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This invention relates in general to the field of
electronic devices, and, more particularly, to a

1

communications interface device, and, even more

" particularly, to a method for extracting control

information from packetized data transferred via a
platform-specific communications PCI-interface device
such as one complying with the IEEE 1394 Standard or

similar computer interface standards.



2 BACKGROUND OF THE | NVENTI ON For many nul tinedi a
applications, not only is processor speed inportant, but also

I nput / out put bandwidth is a critical factor that limts applications
5 on personal conputers. To address this l[imtation, the | EEE
1394 standard enabl es hi gh-performance nul ti nedi a connections with
cancorders, televisions, stereos, CD changers, set-top boxes, m xing
consol es and nusic keyboards, as well as traditional personal
conputer 10 devices. Also known as £he "FireWre" standard, |EEE

1394 provides a bus interface standard fof portable and deskt op
conputing environnents. The | EEE 1394 St andard serves as an

i mportant |inking technology that bridges t he consunmer and conputer
mar ket s and describes a serial 15 bus driven by an advanced

conmuni cati on pEgéggg!: !Ee :ﬁgE 1394 serial bus is designed for
| ow system cost; ' ' the data transfer rates needed.
for high- persé o rkEiyC fupPeinddiar appbisdSions, not only isDevel oped by
the Institute of Electrical and 20 El ectroni cs Enggggeég (IEEE) and its
list of nenber Processor speed important, but also input p
bandwidth is a criticai factor that limits applications
5 on personal computers. To address this limitation, the
IEEE 1394 standard enables high-performance multimedia
connections with camcorders, televisions, stereos, CD
changers, set-top boxes, mixing consoles and music
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
15 bus driven by an advanced communication protocol. The
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
20 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)
25 via both asynchronous and isochronous data transfer
modes. The IEEE 1394 Standard interface lends itself to

video applications because it operates an isochronous



conput er conpanies, the | EEE 1394 standard is a serial’ bus

I nterface that enables | ow cost, high-speed digital data transfer
and comruni cation. Transfer speeds between devi ces can reach up to
400 negabits per second (nbps) 25 vi a bot h asynchronous and i sochronous
data transfer modes. The | EEE 1394 Standard interface lends itself
to vi deo applications because it operates an isochronous

3 time-slice system For exanple, if the system was

configured to output one frame per 1/15 segonds, at | east one frame
will exist in every packet that is sent out. This results in snooth
| ooki ng video. For that reason, 5 the I EEE 1394 Standard interface is
hi ghly conpati bl e wi th technol ogi es |i ke asynchronous transfer node
(ATM whi ch al so operates in an isochronous node.

Benefits of the LERE.4BR4 Shapdard P‘%‘i‘eei‘alﬁﬁfé i he system.twra%nsm ssion of
data that provides the benefit of an 10 ‘ideal interconnect for

nultlned|a app||@gpfgggred[gg Aytput one frame per 1/15 seconds, at least
one frame will exist in evexry packet that is sent out.
This results in smooth looking video. For that reason,

5 the IEEE 1394 Standard interface is highly compatible
with technologies like asynchronous transfer mode (ATM)
which also operates in an isochronous mode.

‘Benefits of the IEEE 1394 Standard are a real-time

transmission of data that provides the benefit of an

10 ideal interconnect for multimedia applications. Using a
small, durable and flexible cable and cable - connectors,
the IEEE 1394 Standard generates cost savings and
eliminates certain cable requirements. The IEEE 1394
Standard provides universal input/output interconnects

15 that integrate input/output ports while consolidating
printed circuit board space. Moreover, the IEEE 1394
Standard provides peer-to-peer communication structure
that permits peripherals to communicate directly with
each other without burdening the host unit.

20 The IEEE 1394 Standard provides a high speed serial
bus that uses packetized data that includes a header.
The header includes routing information. In addition,
the packetized data includes payload data. Physical
characteristics of the media are not necessarily designed

25 for a long transmission distance. The IEEE 1394 Standard
is designed for short distances such as local area.

networks that operate on a desktop bus. The distances



smal |, durable and flexible cable and cabl e connectors, t he | EEE
1394 Standard generates cost savings and elimnates certain cable
requi renents. The | EEE 1394 St andard provi des universal

i nput/out put interconnects 15 that integrate input/output ports while

consol idating printed circuit board space. Mreover, -the | EEE 1394
St andard provi des peer-to-peer communi cation structure that permts
peripherals to communicate directly with each ot her w t hout

burdeni ng the host unit. 20 The | EEE 1394 Standard provides a high

speed seri al bus that uses packeti%ed data that includes a header.
The header includes routing information. In addition, t he

packeti zed data includes payl oad data. Physical characteristics of
the nedia are not necessarily designed 25 for a long transm ssion
di stance. The | EEE 1394 Standard . I s designed for. short _distances
such as | ocal ar@ke often lopgendrhad shEPlYthedesktor: R0l BFEE The

di stances 1394 Standard is not intended to be used for4local area
network operations. In essence, therefore, the IEEE 1394
Standard provides a high speed interconnect to replace

5 serial buses and parallel buses for accessing devices
such as workstations, home computers, televisions, VCRs,
and camcorders with various media types such as audio,
video and text.

A limitation associated with existing interface

10 devices is that there is no effective way to provide an
automatic path for receiving video packets from many
types of desktop cameras, such as certain Sony desktop
cameras and sending payload video data to a display
interface bus. One way to direct video data into a PC

15 from an IEEE 1394 Standard bus is to feed zoom or video
data into the port that allows a the zoom video data
input into the associated computer. Currently known
video chipsets have the ability to manage in hardware a
wihdow that comes in from the zoom port. This permits

20 autonomously displaying the video image in a hardware-
managed window, without software operational support.

A significant limitation associated with existing
methods for extracting control information relates to
data formats. For example, certain Sony cameras provide

25 YUV data, which is real-time data, for transfer across an
IEEE 1394 Standard bus. A limitation associated with

this raw data is that it comes in an unusual format that



are often |l onger than sinply the desktop, but the | EEE 1394 St andard
is not intended to be used for |ocal area networ k operations. In
essence, therefore, the | EEE 1394 St andard provides a high speed
i nterconnect to replace 5 serial buses and parallel buses for accessing
devi ces such as workstations, home conputers, televisions, VCRs,
and canctorders with various nedia types such as audio, vi deo and
t ext. Alimtation associated with existing interface 10
devices is that there is no effective way d0 provi de an automati c
path for receiving video packets from many types of desktop caneras,
such as certain Sony desktop caneras and sendi ng payl oad vi deo data
to a display interface bus. One way to direct video data into a PC
15 froman | EEE 1394 Standard bus is to feed zoom or video dat a
into the port that allows a the zoom vi deo data i nput _into the
associ at ed comp &S “8&r?8$ﬁTﬂPq?ﬁ8w£%e use A%VPHBSIc?ﬁﬁﬁﬁ§?s%ﬁgve°??ﬁ?:abiIity
to manage i n harchyr@sa wi ndow that cones in fromthe zoom port.
This permts 20 aut ononousl y di splaying the video image in a hardware-
managed wi ndow, w t hBOtEET t RERRI eGpaFsPTRiAd YiipPoprtracting control p
significant |im{otd,qRe38808+&H Ghtet D284 &da'ds that, bdBRisedgnkor
extracting control i1nformation relates to data formats. For
exanpl e, cértai NIERR\A384nErardyrdiisde pslativeldy agvwaPChninteriigceeal -ti ne
g_gtsgé:i ;'?redt Cma?ﬁfgéax?ﬂr%sgvgglable or rLEEEl;}%gv‘LﬁSﬁ’igaéQsPéﬁs 43 ln'og1 tation

_ all comply with the IEEE 1394 Standard in precisely the

same way. This limitation can make some systems, while
they comply with the IEEE 1394 Standard, not necessarily
10 be easily compatible with one another.
Yet another important limitation associated with the
control and use packetized data transfer according to the
IEEE 1394 Standard or similar standards relates to
stripping away from the data packets horizontal and
15 vertical synchronous headers. With existing IEEE 1394
Standard bus and associated PCI-Serial Bus interface
devices, there is no effective and rapid mechanism for
stripping horizontal and vertical synchronous signals

that control the display and properly use the associated
20 video image data.



this raw data is that it cones in an unusual format that

5 does not accommodate the use of other formats from ot her
camner as. Anot her probl em associated with extracting control

i nformati on from packetized data is that, because the 5 | EEE 1394
Standard is a relatively new PCl-interface standard avail abl e or
readily avail abl e systens do not all conply with the | EEE 1394
Standard in precisely the same way. This limtation can make sone
systens, while they conply with the | EEE 1394 Standard, not
necessarily 10 be easily conpatible with one another. Yet
another inportant limtation associated with the _ control and use
packeti zed data transfer according to the | EEE 1394 Standard or
simlar standards relates to stripping away fromthe data packets

hori zontal and 15 vertical synchronous headers. Wth existing | EEE
1394

In light of the above-stated limitations, there is a
need for a method and system that integrates zoom video
port output from a PCI-interface device that permits

5 integrating zoom video port output from an interface
device for an IEEE 1394 Standard or similar
communications interface bus.

There is a further need for a method and system that
helps to establish a standard for data encoding and

10 compression that works well for evolving systems and
components that comply with the IEEE 1394 Standard and
similar PCI-interface standards.

There is a further need for a method and system that
autonomously generates control signals for video

15 applications from a data packet transfer that is
transferred via a IEEE 1394 bus.

In accordance with the present invention, a method
and system for extracting control information from

- packetized data are provided that substantially eliminate

20 or reduce disadvantages and problems associated with
previously developed methods and systems for extracting
control information from packetized data in an IEEE 1394
Standard or similar PCI-interface device.

In accordance with one aspect of the present
25 invention, there is provided a method and system for

autonomously outputting video data from data packets that

include a header portion and a video data portion. The



St andard bus and associated PCl-Serial Bus interface devi ces, there
Is no effective and rapid nmechani smfor stripping horizontal and

vertical synchronous signals that control the display and properly
use the associated 20 vi deo i mage dat a.

SUMVARY OF THE | NVENTI ON In light of the above-stated

limtations, there is a need for a nmethod and systemthat integrates
zoom vi deo port output froma PCl-interface device that permts 5

i ntegrating zoom video port output froman interface device for an

| EEE 1394 Standard or simlar communi cations interface bus.

There is a further need for a nethod and systemt hat hel ps to
establish a standard for data encoding and 10 conpressi on that works

wel | for evolving systens and conponents that conply with the | EEE
1394 St andard and

method and system receive data packets in a PCI-interface
device. The data packets are associated with an address
and include a plurality of address fields within the data
packets. The present invention further includes the

S steps of decoding the header portion and address to
determine whether the header portion includes a vertical
synch signal, and decoding the data portion address to
determine whether the data portion includes a horizontal
synch signal. Moreover, the present method and system

10 include separating the header portion from the video data
portion and flowing the video data portion into a zoom
port. _

A technical advantage of the present invention is

that it provides a way to autonomously have the video

1s data and control information transferred via a IEEE 1394

Standard or similar bus to a hardware managed window,

without any software support once the system is

operating.

Another technical advantage of the present invention

20 is that it provides a way to generate and synchronize
control signals for the zoom port of a personal computer
based on certain packet information that is contained in
the packet header and data fields from a given video
camera device.

25

An additional technical advantage of the present
invention is that it solves the problem of autonomously

extracting control information, such as horizontal synch



simlar PCl-interface standards. There is a further need for a
met hod and system t hat aut ononously generates control signals for
video 15 applications froma data packet transfer that is

transferred via a | EEE 1394 bus. I n accordance with the
present invention, a nethod and system for extracting contro
information from packeti zed data are provided that substantially
elimnate 20 or reduce di sadvantages and probl ens associated with

previ ously devel oped net hods and systens for extracting control
information from packetized data in an | EEE 1394 St andard or
simlar PCl-interface device. I n accordance W th one aspect of
the present 25 invention, there is provided a nethod and system for

aut ononously outputting video data fronldata packets that i ncl ude a
header portion and_a Video d gfﬂtlc

7 netﬁd%na¥ﬁ19§y§ em recé cﬁﬁ%? Ckef ?F%fﬁ&ﬁz?sn 3Ff ace
that contains embedded control 1nformat10n, such as

encoded video.
Still another technical advantage of the present
S invention is that it provides a mechanism for autonomous
control signal generation when implemented in the correct
environment that outputs.

Another technical advantage of the present invention

is that it provides for flexible control signal
10 generation by changing addresses or data patterns.

Still another technical advantage of the present
invention is that it provides a mechanism for selecting
control signals from a data stream with minimal external
intervention. This provideé for autonomous vertical and

15 horizontal synchronous signal information from the data

that is generated outside of the microprocessor.



device. The data packets are associated with an address and i ncl ude
a plurality of address fields within the data packets. The present
invention further includes the 5 steps of decodi ng the header portion
and address to determ ne whet her the header portion includes a
verti cal synch signal, and decoding the data portion address to
determ ne whet her the data portion includes a horizontal synch
signal. Mreover, the present nethod and system 10 i ncl ude separati ng
t he header portion fromthe video data portion and flow ng the

vi deo data portion into a zoom por . A techni cal
advant age of the present invention is that it provides a way to
aut ononmously have the video 15 data and control information
transferred via a | EEE 1394 Standard or simlar bus to a hardware

managed w ndow, wi t hout ané sof tware support once the systemis
oper ati ng. tage of the present

invention 20 is ahabré tc&{p@.gté%&m&nwnge&er@eepfitesleﬁe{nchr oni ze
control signals for the zoom port of a personal conputer based on

certain packet |rﬁ%ﬂﬁﬂ&ﬂpénaQ¢uﬂ§VP§t%$ﬁﬂeﬂhﬁ€é°fnmay be acqvhéeéabket header
and data fields f % \ : An
xreq‘{grq_*& g ?@ t\ﬂe ?8%}1%‘“61[963 g%?g?f)@l&? ﬂa(ic%n 1

addi ti onal techni age o nventlon is that it
sol ves t he probl emrgunatitionomiois cyie accompanying draw1ngs in which like

referenced numerals indicate like features and wherein:

FIGURE 1 illustrates an operational overview of ‘the
personal computer environment incorporating the present
invention;

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 S5 illustrates in further detail 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;



extracting control information, such as horizontal synch

8 signals or vertical synch signals, from packetized data
t hat cont ai ns enbedded control information, such as encoded vi deo.

Still another technical advantage of the present 5 i nvention is that
It provides a nmechani smfor autononous control signal generation
when i nplenmented in the correct envi ronnent that outputs.

Anot her technical advantage of the present invention is that it
provides for flexible control signal .10 generati on by changi ng
addresses or data patterns. St?1 1 another technical advantage
of the present I nvention is that it provides a nechanismfor

sel ecting control signals froma data streamw th mnimal externa
intervention. This provides for autononous vertical and 15 hori zont al

synchronous signal information fromthe data
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

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

FIGURE 13 provides a table for illustrating the
assignment of priority based on the currently active

10 channel;

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 PCI master bus

15 commands corresponding to bits 31 and 30 of the internal
PCI address bus when the autoboot pin of FIGURE 14 is set
active;

FIGURE 16 depicts the local bus interface of the
present invention in block diagram form;

20 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

25 data packet to a single scan line;



that is generated outside of the m croprocessor. '
9 BRI EF DESCRI PTI ON OF THE DRAW NGS A nore conpl ete

under st andi ng of the present i nvention and advant ages thereof nay be
acquired by referring to the follow ng description taken in 5
conjunction wth the acconpanying drawi ngs in which |ike referenced
nunerals indicate |i ke features and wherein: " FIGURE 1

il lustrates an operational overview of the per sonal conputer

envi ronnment incorporating the present : i nvention; 10 FI GURE
2 provides a general operational overview &} t he functional |ogic
of the present invention; FIGURE 3 illustrates a conceptual

vi ew of the conparator logic for the present invention;

FI GURE 4 provides a nore detail ed conceptual 15 representation of the

conparator |ogic of the present _
FIGURE 19 shows the operation of the present

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

FIGURE 20 illustrates a memory maps of packet

5 control list data 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;

10 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 isochronous transmit operation of the

15 present invention;

FIGURE 24 provides an exemplary auxiliary func¢tion
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

20 of the present invention; and

FIGURE 26 conceptually diagrams, at a high level,

the functions occurring in the FIFO circuits of the

present invention.

25



i nventi on; FIGJRE 5 illustrates in further detail the header

conparat or functions for packet receiver logic of the pr esent

i nvention; 20 FIGUREs 6 through 9 illustrate possible data val ues
for matched data set fields applicable to the present i nvention
FIGURE 10 illustrates the one enbodi nent of the pr ogr ammabl y
selective wite enable data flip flops of 25 the present invention;

10 FI GURE 11 provides an address field exanple for

i npl ementing the programuable bit sel ect agpect of the pr esent

I nventi on; FIGURE 12 provides a FIGURE of a direct nmenory 5
access, nulti-channel environnent that is nmultiplexed in tinme to

illustrate the DVA command processi ng operation

DETAILED DESCRIPTION OF THE INVENTION

Preferred embodiments of tlie present irvention are
illustrated in the FIGUREs wherein like numerals refer to
like and correspcnding;parts.of.the various drawings.

) FIGURE 1 conceptually illustrates personal computer
environment 10 that includes a personal computer 12 that
the dash-lined box 12 indicates and associated peripheral
devices as indicated by dash-lined box 14. Within
personal computer 12 there are various buses 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 PCI
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.

25 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



of the present invention; FI GURE 13 provides a table for

illustrating the assi gnnent of priority based on the currently
active 10 channel ; FI GURE 14 shows a portion of the

i nterface device architecture for the present invention applicable
to the aut oboot functi on; FI GURE 15 provides a table
of PCl master bus 15 commands corresponding to bits 31 and 30 of the
i nt er nal PCl address bus when the autoboot pin of FIGURE 14 is set
active; FI GURE 16 depicts the_|ocal bus interface of the
present invention in block diagramform 20 FI GURE 17

di agrammatically shows the | ogic of the I nterface device of the
present invention in detecting t he presence of horizontal and
vertical synch signals; FIGURE 18 illustrates another aspect
of the present L. I nvention including the ogeration of directing a
single 25 d2H S bt RAeP oC2S e thGl BeeREdeY ((NER) that interfaces

with video cable set top box 56.
In FIGURE 1, PCI-interface ASIC 20 performs a

primary function of controlling transfer of data packets
5 betweeﬁ 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

the IEEE 1394-1995 standard environment establishes.

PCI-interface ASIC 20 of the present embodiment complies

10 with IEEE standard 1394-1995 and with PCI specification
revision 2.0. Moreover, PCI-interface ASIC 20 performs
the function of a cycle master, particularly in the IEEE
1394-1995 environment, and has the ability to detect lost
cycle start messages. PCI-interface ASIC 20 has the

15 ability to generate 32-bit cyclical redundancy check
{CRC) signals for transmission of IEEE 1394 standard
packets, as well as to perform 32-bit CRC checking on
receipt of IEEE 1394 packets. PCI-interface ASIC 20
suppoxts an isochronouslation barrier between PCI-

20 interface ASIC 20 and physical interface layer 18.
Moreover, PCI-interface ASIC 20 supports IEEE 1334
transfer rates of 100, 200 and 400 mbps, as well as
provides three size programmable FIFOs (e.g., ASynch
transmit, Isochronous transmit, and general receive).

25 As discussed below, PCI-interface ASIC 20 provides
programmable channel address comparator logic for

receiving incoming data packets and assigning them to a



FI GURE 19 shows the operation of the present enbodi nent for mappi ng
a single data packet into nultiple vi deo scan | i nes;

FIGURE 20 illustrates a nenory naps of packet 5 control list data
structures and data buffers used by the DVA packet processor of the
present invention; FI GURE 21 shows a partial flow di agram of
t he DVA machi ne show ng the packet processor operation of the
present invention; 10 FI GURE 22 provides a partial flow diagram
of the DVA machi ne show ng t he a;égchronous transmt operation of

t he present invention; FIGURE 23 is a partial flow diagram of
t he DVA machi ne show ng an i sochronous transmt operation of the
15 present invention; FI GURE 24 provides an exenplary

auxiliary function _ fl ow di agram of the present invention; _
the local bus T 0P GHBE b isHEFarFBn J0/Ltioh brgyides, JASY, TEaFCT 10
and ottd @ifibd2fiestONFdpustatyt ¢lf -a@ither, DMA chdnmgils enelre
the functions chﬁgréék Egcﬁggaggeigzgégcégté;égzc%ggnel may be
programmed to support (1) asynchronous packet

5 transmissions, (2) isochronous packet transmissions, (3)
asynchronous packet receive, and (4) isochronous packet
receive functions.

PCIl-interface ASIC 20 also provides PCI master bus
functions to support DMA operations, as well as PCI slave

10 functions for read and write access to internal
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

15 external local bus for implementing a dedicated path to
external logic. In addition, PCI-interface ASIC 20
provides an 8-bit or 16-bit interface to zoom video (2V)
port for transferring video data directly to an external
motion video memory carrier.

20 FIGURE 2 provides block diagram 58 that shows the
functional partitioning of PCI-intexrface ASIC 20 of the
present invention. The logic within PCI-interface ASIC
20 includes PCI bus logic 60 that includes serial EPROM
interface 62 for communicating with serial EPROM 22. PCI

25 master logic 64 and PCI slave logic 66, as well as PCI
configuration and control status register 68 provide the

necessary logic for communications with PCI bus 24.



present invention. 25 " 12
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Pref erred enbodi nents of

the present invention are illustrated in the FI GUREs wherein |ike
nunerals refer to | i ke and correspondi ng parts of the various

drawi ngs. 5 FIGURE 1 conceptually illustrates personal conputer
environnent 10 that includes a personal conputer 12 that t'he
dash-lined box 12 indicates and associ ated peri pheral devi ces as

i ndi cated by dash-lined box 14. Wthin 15 personal conputer 12 there
are various buses and nodes 10 that control personal conputer
operations. For exanple, ~interface bus 16 supports comuni cation
with three-port physi cal |ayer interface 18 and interface device 20
of the present invention. Serial EPROM 22 supports

operation of PClrddiehlaCentidace 289iET o igHtili85Che necessary
control logic for interfacing to auxiliary port local bus
26.

Within PCI-interface ASIC 20, DMA logic 72 includes
S DMA engine 74 and DMA control and status register 76 for
controlling operations and communications with PCI bus
logic 60 and FIFO loéic 78. FIFO logic 78 includes
general received FIFO 80, asynchronous transmit FIFO 82,
isochronous transmit FIFO 84, pointer address mapping
10 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
functions within the link layer control logic 90. Packet
transmit control logic 98 and packet receive control

15 logic 102 work with logic, and cycle timer 94 and cycle
monitor $6. Physical link interface logic 104 includes
parallel-to-serial and serial-to-parallel functions.

In FIGURE 2, PCI bus logic 60 implements the logic
for interfacing PCI-interface ASIC 20 to PCI bus 24. PCI

20 slave logic 66 provides the ability for external PCI
agents to read and write sléve interface control logic
for assessing all of the PCI-interface 20 control and
status registers 68, 76, 88, and 92 which are required by
application software to control the operation of PCI-

25 interface ASIC 20 and monitor its operational status.

PCI master logic 64 provides to DMA logic 72 the ability

to initiate data transfers over the PCI bus 24 as a



15 device 20 further interfaces wwth PCI bus 24 and auxiliary
port local bus 26. Also comrunicating with PCl bus 24 are |ocal bus
28 and PCl agents 30 and 32. PC host bridge 34 perforns host
bridge functions between | ocal bus 28 and PCl bus 24. Auxiliary
port |ocal bus 26 20 comuni cates with flash PROM (or RPL ROM 36,

di rect nmenory access (DMVA) channel control static RAM (SRAM 38,
user-defined function (AUX) 40, and zoom video (ZV) port 42 for

vi deo input and output. Host |ocal bus 28,¢ conmmuni cates wi th host
CPU 44 and | ocal nenory 46. 25 Peri pheral devices 14 that may
communi cate with physi cal |ayer interface device 18 may include CD
ROM device 48, laser printer 50, desktop canera 52, and

13 digital video cassette recorder (VCR) that interfaces

with video cabl ensé&iert @ovREX. 5%c1 configuration! Bofd¥3IRGEnk sPatud nterface
ASI C 20 perforns a

10

15

20

25

registers 68 are usable by personal computer system 12
application software for configuring and programming PCI-
interface ASIC 20. This includes the PCI-required
control and base registers, as well as an interrupt
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
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
(FIGURE 1). 1In power up, serial EEPROM interface 62
initializes a small number of locations in the PCI
confiquration registers 68 from serial EEPROM 22. While.
the serial EEPROM state machine is accessing serial
EEPROM 22, any incoming PCI slave access is terminated
with retry status.

Serial EEPROM 22 also includes configuration data
for PCI configuration control and status register 68.
This inﬁormation is read and written by host CPU 44
emulating a two-wire serial bus protocol through the
control register for serial EEPROM 22. The two-wire

serial bus is manipulated from host processor 44 by



primary function of controlling transfer of data packets 5 bet ween

devi ces operating in an environnent that supports ~ PCl bus 24 and
devi ces operating in a high-speed i nput / out put peri pheral

envi ronment such as that which t he | EEE 1394-1995 st andard

envi ronment establi shes. PCl-interface ASIC 20 of the present
enbodi nent conplies 10 with | EEE standard 1394-1995 and with PCl

speci fication revision 2.0. Mreover, PCl-interface ASIC 20

per forns the function of a cycle master, particularly in the | EEE
1394- 1995 environment, and has the abilit§7to det ect | ost .cycle
start nessages. PCl-interface ASIC 20 has the 15 ability to generate
32-bit cyclical redundancy check (CRC) signals for transm ssion of
| EEE 1394 standard packets, as well as to perform 32-bit CRC

checki ng on .recej pt_ of. EEEE 1394 packets. P I-igterface“A$IC 20
supports an i soffrEABEsTRT iST 1BAr FrER M ERvRRPBCenabl§ bit 9% 'face AsIC

20 and physi cal jimtantasead@denlfccessing th&bd£ay &ind BEbek bedd aee ASI C 20

supports | EEE 1394 transfer rates of 100, 200 and 400 nbps, as well
as _ pr ovieged 3CRr BB SiWhs VpFB gFelifabPES FPFRECYRY 9. FCASynch

transmt, |sochrQn@yg,tbaiedNdont28f JRNGEALuECEESVEler 680 includes a AS

di scussed bel ow, PCl-interface ASIC 20 provi des pr ogr ammabl e

channel adfir ess tigmpabatofor ayioyifibng a time refexendefaméaming thea a
packets and aSSiéuHJwir%hgg}{éii%us protocol events.
PCI master logic 64 implements the control required
for PCI-interface ASIC 20 to operate on PCI bus 24 as a
master device. This logic permits the operation of
10 memory reads, memory writes, memory read line, and memory
write line and write-invalidate instructions. For the
memory read function, PCI-interface ASIC 20 DMA read
operatién results in a memory read of memory read line
command on the PCI bus. For the memory write operation,
15 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
necessary for PCI-interface ASIC 20 to operate on the PCI
20 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
transfers when enabled by the slave burst bit in the
25 miscellaneous control register. PCI slave logic 66
performs posted write operations when enabled by a

control bit in the miscellaneous control register.



14 DMVA channel . The present invention provides, in at |east
one enbodi nent, five scatter-gather DVA channels where t he data
packet operation of each channel nay be programed to support (1)
asynchronous packet 5 transm ssions, (2) isochronous packet
transm ssions, (3) asynchronous packet receive, and (4) isochronous
packet recei ve functions. PCl-interface ASIC 20 al so
provi des PCl naster bus functions to support DVA operations, as well
as PCl slave 10 functions for read anlq3 wite access to internal
registers. Inplenmenting a 32-bit PCl address-data path,
PCl-interface ASIC 20 provides, not only PCl address-data parity
checki ng, but also software control for interrupt events.
PCl-interface ASIC 20 provides a progranmmble 15 external |ocal bus for
irrplerrentingadedicgl; ath to . e‘g{ernl logic. In addig'on,
PCl-interface ASIC 2 &dcgnhg'ﬁ%r\/‘i°&e§°ﬁﬁr -tﬁ’}dagltafg§bf?glisﬁte§|$f e to zoom
video (2V) propidd sy@teir ansfRiplingt Yol asbddaaedivientdne to an external
capability to perform the PCI operational configuration
of PCI-interface ASIC 20.
5 Local bus interface logic 70 provides a group of
special input/output ports that share common logic.
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-
10 interface ASIC 20 to connect to external devices or
interfaces for providing autonomous data transfers
between such devices. All local bus interfaces, except
the zoom video bus interface, are synchronous to a local
clock, which is an offered version of the PCI clock. The
15 . ZV port clock is programmed to be based on versions of
the PCI clock, the IEEE 1394 clock, or an extermnal clock.

Local bus interface logic 70 provides a shared local
address bus which, in the present embodiment, is a 16-bit
address bus, and a shared 8-bit or 16-bit read or write

20 data bus with programmable wait-states and ready
conditions. The local bus addresses and data buses are
shared among the ROM, RAM, AUX, and ZOOM port functions.
Also, the 2V output port provides horizontal synch,
vertical synch data valid, and ZV-PIXEL.CLR. Other input
25 and output for local bus interface logic 70 includes four
general purpose'I/O (GPIO) pins that feature programmable

direction and polarity functions. Miscellaneous signals



notion video nenory carrier. 20 FI GURE 2 provides bl ock diagram 58

t hat shows the functional partitioning of PCl-interface ASIC 20 of
t he present invention. The logic within PCl-interface ASIC

20 includes PCl bus logic 60 that includes serial EPROM i nterface
62 for conmunicating with serial EPROM 22. PCl 25 master | ogic 64 and
PCl slave logic 66, as well as PC configuration and control status
regi ster 68 provide the necessary | ogic for conmunications with PCl
bus 24. 19 15 Local
bus interface logic 70 provides the necessary control logic for
interfacing to auxiliary port |ocal bus 26. Wthin
PCl-interface ASIC 20, DVA logic 72 includes 5 DVA engi ne 74 and DVA
control and status register 76 for control ling operations and

Corr.mmi cations Wii;lhtlllaeCI rbussent: embod'ln%%igco 018‘@91 'ﬂ soilneg;:fagg'lcfdi%o7 ogi ¢
78 i ncl udes genera Fecerved O 80, asynchronous transmt FlIFO 82,

include local bus clock output, reset output, interrupt
input, and external ready input. PCI configuration
control and status registers 68 provide the necessary

5 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

10 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-reset.
Additionally, ROM interface will be generalized to
provide functionality beyond accessing the RPL ROM alone.

15 Local bus interface logic 70 supports PCI slave and
internal 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

20 enabled by writing a 1 to the least significant bit of
ROM base address register. A ROM interface may be
configured as either an 8-bit or 16-bit wide data, a
specified number of wait-states or similar functions.
ROM options are configured at power-reset via serial PROM

25 22 and enter via PCI slave accesses.

RAM interface is accessed through a second PCI

memory based register within PCI configuration control



I sochronous transmt FIFO 84, pointer address mapping 10 | ogi ¢ 86, and

FI FO control and status registers 88. Link | ayer control logic
90 includes control and status registers 92 that control and report
status of all functions within the link layer control |ogic 90.
Packet transmt control |logic 98 and packet receive control 15

| ogic 102 work with logic, and cycle tiner 94 and cycle noni tor 96.
Physical link interface | ogic 104 incl udes paral |l el -to-serial and
.serial-to-parallel functions. In FIGURE 2, PCI bus logic 60

i mpl enents the | ogic. for interfat®ng PCl-interface ASIC 20 to PC
bus 24. PCl 20 slave logic 66 provides the ability for external PC
agents to read and wite slave interface control |ogic for
assessing all of the PCl-interface 20 control and status registers

68, 76, 88, and 92 which are regU|red b a ication software to
control the opeP®6 §habps frgaisssr 68 151 BERORG| YZ(?eaHﬁe‘flro T s

operational statdshtrol structtiFes"Bs!@icd MRiF¢ebd &HF WHHRY fhem&MA | 0gic 72
the ability toinitiate data transfers over the PCl bus 24 as a
interface to other functions such as a digital signal
processor; The RAM interface may be configured as either
5 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
port that may be accessed through a third PCI memory-
based address register within PCI configuration control

10 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
video processor/frame buffers. If the ZV port is
enabled, then a portion of the AUX address space is

15 mapped to the 2V port. Otherwise, this space is available
as part of the auxiliary address base in the preferred
embodiment. 1In the present embodiment, auxiliary
interface may be configured as either an 8-bit or 16-bit
wide data, a specified number of wait-states, or external

20 ready paced.

FIFO logic is designed arcund a single 256 X 33
clocked dual-port ram in the preferred embodiment, which
is partitioned into three logical FIFOs. Each FIFO is be
programmable ih size from 0 to 256 words. For a given

25 combination of FIFO sizes, the sum total of the three

FIFO sizes shall be less than or equal to 256 words.



16 master device. PCl configuration control and status

regi sters 68 are usabl e by personal conputer system 12 application
software for configuring and programm ng PCl - i nterface ASIC 20.
This includes the PCl-required 5 - control and base registers, as well
as an interrupt control and status signal for PCl-interface ASIC 20
and m scel | aneous control and status registers. Local bus

interface logic 70 includes an auxiliary port to i nterface and
control RAM ROM auxiliary functions, zoom 10 vi deo port, and four
GPlIOinterfaces. Moreover, serial 2EEPROM i nterface 62 provi des
certain required PCl configuration data and constant system contr ol
regi ster i nformati on after power-up. Seri al EEPROM
interface 62 provides conmunication 15 between PCl-interface ASIC 20

d i al EEPROM 22 Fl GURE 1). n_power . erial EEP
hterface 62 Srerat i Se TSoRErS (CRRBoRSLiSPLdsY sneerr o1R o

configuration regisied pABtesopaserronl uEERROMCE2ss Wiy €he FIFO quhbe seri al
EEPROM st ate nachine is accessing serial 20 EEPROM 22, any incom ng

PCl slave access PRt d¥Mi-naFagh pointer ggunisy dpr fhgtegnge from 0 to its
Serial EEPROM 22 91§5Léf¥é_§g§§e(H¥HUSgyfaITﬂH1ﬁQ%baRAM addressing range

-5 for each pointer is set by logic which generates an
offset 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 DMA channel
to read asynchronous or isochronous packets from the PCI-

10 side of the RAM, and ﬁrite them into host memory.. The
IEEE 1394 receiver uses the write pointer to write
asynchronous or isochronous packets - received over the
IEEE 1394 bus - into the link-side of the FIFO RAM. The
two pointers are communicated to both sides of the FIFO

15 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.
Each pointer counts in the range from 0 to its -

20 fifo_size_value minus 1. The FIFO RAM addressing range
for each pqinter 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
active DMA channel uses the write pointer to write

25 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



for PCl configuration control and status regi ster 68. Thi s

information is read and witten by host CPU 44 25 enmulating a two-wire
serial bus protocol through the control register for serial EEPROM
22. The two-wire serial bus is manipul ated from host processor 44
by 17 setting the
serial EEPROM 22 out put enable bit to a "1" I n value, and then
accessing the data and clock bits to enul ate the two-wire serial bus
protocol. PCl configuration controi and status register 68 includes
a b5 timer bit for providing a tine réference for timng the

two-w re serial bus protocol events. PCl master logic 64

i npl ements the control required for PCl-interface ASIC 20 to
operate on PCl bus 24 as a master device. This logic permts the
operation of 10 . pepory reads, .menory wites no read |i.ne, and

rrFe) nory WECEE T ne° a%é& APTYRSHERRS i“% BRI TS tflr}%c :aéﬁ sf”g(o'rs ]‘trar?e

of the FIFO RAM, and transmit them over the IEEE 1394
bus. The two pointers are communicated to both sides of
the FIFO RAM through a synchronizer logic, since either

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

Isochronous_transmit FIFO 84_inc1udes a read and
write pointer for accessing the FIFO dual port RAM. Each
pointer counts in the range from 0 to its fifo_size_value

10 minus 1. The FIFO RAM addressing range for each pointer
is be set by logic which generates an offset value. The
offset is added to the value of the poiﬁter to map it to
a unique range of addresses. The active DMA channel uses
the write pointer to write isochronous packets - that it

15 reads from host memory - into the PCI-side of the FIFO
RAM. The IEEE 1394 transmitter uses the read pointer to
read isochronous 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 the

20 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

25

of the FIFO read-write pointer pairs to a unique range of

addresses in the FIFO dual port RAM. The pointer address



menory read function, PCl-interface ASIC 20 DVA read operation
results in a nenory read of nenory read |ine command on the PCl bus.
For the nmenory wite operation, 15 PCl-interface ASIC 20 DVA wite
operation results in a PCl menory wite, nenory wite line or a
menory wite I nval i date command on the PCl bus. PCl
slave logic 66 perforns the control 1ogic necessary for
PCl-interface ASIC 20 to operate on the PCl 20 bus as a sl ave devi ce.
When enabl ed, PCl slave function 62 responds to nenory read or
wite commands at PCl menory addre 3 ranges specified by base
address registers contained in 68. PCl slave logic 66 perforns

sl ave bur st transfers when enabl ed by the slave burst bit in the
25 m scel | aneous control register. PC slave logic 66 per forns

posted wite operatiqns en.enabLed Qy a control bit in.Hpe
m scel | aneous corfMBPRANEFIRGtHon s all be generated in accordance wit

18 the equations as shown in the table below:

Read-Write Pointer Address Mapping Logic

5 let ITF = Isochronous Transmit FIFO
let ATF = Asynchronous Transmit FIFO
let GRF = General Receive FIFO

Isochronous Transmit FIFO pointer RAM address =

ITF_pointer_value (0 to (ITF_size-1)) + 0x00

10 Asynchronous Transmit FIFO pointer RAM address =

ATF_pointer_value (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)

1s FIFO Control and Status Registers 88 implement the
control and status register set of the FIFO logic 78.
FIFO Control and Status Registers 88 include a FIFO size
register for setting the size of each logical FIFO. This
register provides three size parameters for programming

20 the size of isochronous transmit FIFO 84, asynchronous
transmit FIFO 82 and General Receive FIFO 80. This
register is accessed via a PCIl-slave 66 read or write
operation. A PCI-side FIFO pointer Write-Read port
provides a PCI-slave 66 write-read port for software to

25 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



PCl configuration control and status registers 68 provi de system and
application software wth the capability to performthe PCl
operational configuration of PCl-interface ASIC 20. 5 Local
bus interface logic 70 provides a group of speci al input/out put
ports that share comon | ogic. These ports are accessible from
either PCl bus 24 or DVA engi ne 74. External devices on these ports
cannot function as nmaster devices. These ports allow PCl- 10
interface ASIC 20 to connect to external devices or interfaces for
provi di ng aut ononous data transfers 24 pet ween such devices. Al |ocal
bus interfaces, except the zoomvideo bus interface, are
synchronous to a | ocal clock, which is an offered version of the
PCl clock. The 15 ZV port clock is progranmed to be based on versions
of the PCl clock, the I EEE 1394 cl ock, or an external clock.

Local bus interfdde |VGrenyovphusy Pethe limkreddeopainters or walke ess bus

whi ch, in the presgnle @EPEALAENGy b Pallﬁze@a dhaes pBH da
shared 8-bit or 16- blet read or \/I\b‘/rlG © dat a Eﬁ‘é"ﬁ‘?ﬂ prog? o Tﬁye]
wai t-states and resghive a 32- bxrowdatfemteTh@ kevat bus datdr gesdtermn dat a

buses are shar d .ano the %}\4 AUX a Z(p\/l port functions.
Al so, the zZV outh% %de?%gg de€ £8P Yon syncﬁ 99 b laverflégl synch
data valid, sand zs&cm AXHisCpbrt Qahﬁiésl apddta a&adleandoopkbgmﬁfff @hel 0@l bus

interface | ogic 70_includes fou sgeneral ose 1/0O gGPI O pins
t hat feature prog?%”ﬁﬁﬁﬂqg. An Asynchronou Transmi F FO 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
asynchronous transmit FIFO. A 32-bit slave read from

10 this port causes a data quadlet to pop off the top of
asynchronous transmit FIFO 82. An Isochronous 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 isochronous transmit FIFO 84. A 32-bit slave read

15 from this port causes a data quadlet to pop off the top
of isochronous transmit FIFO 84. 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

20 accessed. FIFO Diagnostic test and control register
provides a PCI-slave read-write port for software to
configure the FIFO logic for diagnostic testing and
control it's operation. Also, a Transmit FIFO Threshold
register provides a PCI-slave read-write port for

25 software to set the Transmit threshold for the ASynch and

Isochronous transmit FIFQ's



direction and polarity functions. M scellaneous signals

19 In the present enbodi nent of |ocal bus interface logic 70

i nclude | ocal bus clock output, reset output, interrupt i nput, and
external ready input. PCl configuration control and status registers
68 provide the necessary 5 control instructions and information for
oper ati onal configuration of |local bus interface |ogic 70.

PCl interface ASIC 20 includes a renote program -1 oad (RPL)
read-only nmenmory (ROM that provides to personal conputer 12 the
ability to read boot code froman 10 d&tached RPL ROM  This allows the
systemto boot from an | EEE 1394 device, even though the system may
| ack specific | EEE 1394 boot code at power-reset.

Additionally, ROMinterface will be generalized to provi de
functionality beyond accessing the RPL ROM al one. 15 Local bus

interface |ogic 70 sUftolPrgipdo% igplenprts the logic for performing
the functions, including generating a 32 bit auto-DIN CRC

error code on the header part of the packet data stream
generated by the transmitter logic. The transmitter
5 inserts this code into data stream after the header. For

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

10 the end of the packet stream. CRC logic 100 generates a
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 cpde sent with the packet, then
the receiver considers the header correct. In addition,

15 CRC logic 100 generates a 32 bit auto-DIN CRC error code
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.

20 The 1394 link layer logic 90 implements the IEEE

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
25 . 1394 bus.
The 1394 link layer control and status register 92

implement the control and status register logic required



internal DVA read/wite access to devices such as flash PROM 36,
SRAM 38 and ot her RAM | i ke devices that appears in FIGURE 1. ROM
access is controlled by PCl configuration control and status
registers 68 and is 20 enabled by witing a 1 to the |east significant
bit of ROM base address register. A ROMinterface may be
configured as either an 8-bit or 16-bit w de data, a specified
nunber of wait-states or simlar functions. ROM options are
configured at power-reset via serial PROM _25 22 and enter via PCl
sl ave accesses. RAM i nterface“Ps accessed through a second PCl
menory based register within PCl configuration control
20 and status register 68. This nmenory nay be used for DVA
control structures or data buffers or shared nenory interface to
ot her functions sgc);h rocessaor.

on

i nterface may be %pﬁ%ﬁ?:‘% ic%‘lnstsgélftt%é Qat!_o controlpt:he operatiqueoml\ﬂe
LLC and monitor its operation. A 1394 bus number-node
number register provides the interface for application
software to program the bus and node numbers. A 1394

5 link layer control register provides the interface for
application software to control the operating mode of the
LLC. A 1394 Link Layer Interrupt Status Register
provides the interface for application software to decode
the cause of interrupts generated by the LLC and provide
10 a mechanism for clearing the interrupt status. A 1394
Link Layer Interrupt Enable register provides the
interface for application software to selectively enable
the status bits in the interrupt status register to
generate a LLC interrupt or disable them from generating
1s 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
timer shall be used to time the transmission of cycle
20 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
25 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



5 a 16-bit or 8-bit wide data, a specified nunber of wait-

states, or external ready paced. The auxiliary interface is a
generi c input/out put port that may be accessed through a third PCl
menory- based address register within PCl configuration control 10
and status register 68. This port may be used to I npl ement a high
speed data path to external dedicated resources such as

conpr essi on/ deconpressi on | ogic or vi deo processor/frane buffers.
If the 2V port is enabl ed, then a gortion of the AUX address space
Ils 15 mapped to the ZV port. Qtherwisé&’ this space is available

as part of the auxiliary address base in the preferred enbodi nent .
In the present enbodi ment, auxiliary interface may be configured as
either an 8-bit or 16-bit wi de data, a specified nunber of

I t-stat t FO
gg;lgﬁeg :?ougé :gsfnuﬁrd ngeiffﬁf [ packeP C?ﬂgﬁffeaabﬁ%JgiﬁﬁﬁFeF§n1|gg|%e

preferred enbodi neediistdy dls assigned t6 HaDMA (dhanadl i abfpdtates Legical
FIF@ Each FIFO|s be. 15”0 granmable in size fromO to 256 words.
For a given 25 L[UnCGifRnafPBnPOM SBRRERL| SAWTBRer STRT SR SELERESRhr ee

FI FO si zes shal | Q@tl&ﬁ%ﬂthﬁasﬂflﬁwah tRe Qéﬁnp\&(i"édsalue register, to
5 corresponding bit positions of the first guadlet(word 0)
"of the incoming packet. The bit positions to match are
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
10 to a corresponding DMA channel comparator. The DMA
channel compare logic uses the mask value in this
register to select the bit positions in word 0 that will
be matched against correspondihg bit positions in the
word 0 receive compare value register. The DMA Channel
15 4-0 Word 1 receive packet compare value registers are
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 second quadlet (word 1) of the
20 incoming packet. The bit positions to match are
specified by the mask value contained in the word 1
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.
25 The DMA channel compare logic uses the mask value in this

register to select the bit positions in word 1 that is



21 General 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 fifosizeval ue m nus
1. The FI FO RAM addressing range 5 for each pointer is set by logic
whi ch generates an of fset value. The offset shall be added to the
val ue of the pointer to map it to a uni que range of RAM addresses.
The read pointer shall be used by the active DVA channel to read
asynchronous or isochronous packets fromthe PCI- 10 si de -of the RAM
and wite theminto host nenory. The | EEE 1394 receiver uses the
wite pointer to wite : asynchronous or isochronous packets -

recei ved over the | EEE 1394 bus - into the link-side of the FIFO
RAM The two pointers are conmunicated to both sides of the FIFO
15 RAM t hr ou r.on. | ' ' .S ofpt FI FO
dual port RAM rggfi ééfs?&?n‘{%l?%r%%%‘e%pg%ﬁﬂﬁ%%%?’o’sﬁlgﬁs intdie nglrﬁc%]ronous
transmt Fl FO 82reneliveesompareavdarmd register. wite pointer pair for :

??gﬁ?gin ?Pg FI'FO duﬁérégggf,R§§g4 link layggcgo§g¥3¥‘§hdcgygéésin the range

registers 92 include a busy retry count register, the
5 contents of which specify the number of times the 1394
transmitter should re-txy the transmission of an ASynch
" packet when a busy acknowledge is received from the
destination node. This register shall be read-write by
application software via PCIl salve access. A busy retry
10 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
15 access. Also, there is a state machine vector register
that provides software with the capability to monitor the
state vector of each state machine implemented in the
LLC. Furthermore, FIFO error counters count the under-
runs that occur on the ASynch and Isochronous transmit
20 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 functional
25 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



20 fifo size value mnus 1. The FI FO RAM addressi ng range for
each pointer is set by |logic which generates an of fset val ue. The
offset is added to the value of the pointer to map it to a uni que
range of addresses. The active DVA channel uses the wite pointer
to wite 25 .asynchronous packets - that it reads from host nenory -
into the PCl-side of the RAM The read pointer shall be used by the
| EEE 1394 transmitter which uses the read

22 pointer to read asynchronous packets fromthe Iink-side

of the FIFO RAM and transmt them over the | EEE 1394 bus. The two
pointers are comuni cated to both sides of the FIFO RAM t hrough a
synchroni zer logic, since either 5 side of the FIFO dual port RAM
resides in different clock domai ns. | sochronous transm t
FI FO 84 incl udes 8,0t 3o geternlink! 8¢ P NirloniRE 26HAIMRuENE, FI FO
dual port RAM Each poi nfer counts in‘the range TfromO to its
fifo_size val ue isochronous 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,

5 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.

10 Cycle timer logic 96 implements the logic for
performing the cycle timer function. Cycle timer logic
96 conforms to the requirements of a cycle time function
as specified in the IEEE 1394-1995 standard. The cycle
timer contains the cycle counter and the cycle offset

15 timer. The offset timer is free running, or reloaded on
a low-to-high transition on a selected signal pin, or
takes a reload value from the receiver, based on the
state of the cyclemaster and cyclesource bits in 1394 LLC
control and status registers 92. The cycle timer shall

20 be used to support isochronous data transfers. The cycle’
time.shéll 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 period, or
(40.69ns). The next 13 high order bits shall be a count

25 of 8khz (or 125 usec), and the highest 7 bits count in

seconds.



10 mnus 1. The FIFO RAM addressi ng range for each pointer S
be set by | ogic which generates an offset value. The of fset is
added to the value of the pointer to map it to ' a uni que range of
addresses. The active DVA channel uses the wite pointer to wite
| sochronous packets - that it 15 reads from host nenory - into the

PCl -si de of the FIFO " RAM The | EEE 1394 transmtter uses the read
pointer to read i sochronous packets fromthe |ink-side of the FIFO
RAM and transmt them over the | EEE 1394 bys. The read and wite
poi nters are comuni cated to both sides of the 20 FI FO RAM t hr ough a
synchroni zer | ogic, since either side of the FIFO dual port RAM
resides in different clock domai ns. , Poi nt er dual - port
address mapping | ogic 86 uses the three size values fromthe FIFO

Size register to nmap (@,@Qaﬁmit&f .153‘?%29'4?&%9%‘8%'}(&; ttqleoqbﬁﬂggrf&ai rs to a

uni que range of addresses In port RAM The poi nter
addr ess performing the cycle monitor function. CyZ3de monitor

mappi ng function fggﬁé J%es9855¥€“f%gchﬁbé§ﬁ%°ﬁg%chrgﬁégérs to monitor
the LLC activity and handle the scheduling of isochronous
5 activity. When cycle menitor logic 94 receives or

transmits a cycle start packet, cycle monitor logic 94
indicates the occurrence of these events by generatimng a
cycle started or cycle received interrupt. Cycle monitor
logic 94 also detects missing cycle start packets and

10 generates a cycle lost interrupt. When an isochronous
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

1s and status register 92.

1394 packet transmit control logic implements the
logic to control the movement of IEEE 1394 packets from
either isochronous transmit FIFO 82 or asynchronous
transmit FIFO 84 to PHY-LINK interface logic 104 for

20 transmission over the IEEE 1394 bus. Transmit control
logic 98 conforms to the functional requirements
specified in the IEEE 1394-1995 Standard. Transmit
control logic 98 formats the transmit packet formats.

The 1394 packet transmit control logic 98 unloads

25 quadlets from asynchronous transmit FIFO 84, and
correctly formats them into a 32-bit parallel 1394

asynchronous packet stream. Control logic 98 unloads



t he equations as shown in the table bel ow ' Read-Wite
Poi nter Address Mapping Logic 5 let | TF = I sochronous Transmt FIFO
| et ATF = Asynchronous Transmt FIFO | et GRF = CGeneral Receive FIFO
| sochronous Transmit FIFO poi nter RAM address = | TF_poi nter _val ue
(O to (ITF size-1)) + Ox00 10 Asynchronous Transmt FlIFO pointer RAM
addr ess ATF_pointer_value (0 to (ATF_size-1)) + ITF size

General Receive FI FO poi nter RAM address = GRFpoi nterval ue (O to
(GRF_size-1)) + (I TFsize + ATFsi ze) 15 4, FI FO Control and Status
Regi sters 88 inplenent the control "and status register set of the
FI FO | ogi c 78. FI FO Control and Status Registers 88 include a FIFO
si ze regi ster for setting the size of each logical FIFO This

regi ster provides three size pararret ers for progranm ng 20 the size of

| sochronous tran IFQ_F%4 nchronous r i F O%and
CGeneral Receive ia—%l ronousr etbraéf’tsmrltl glgécgi;se \?F%E?ic -sl ave
66 read or witeformats thepeintd GN32AbPC paiaia ekl E@spoimcﬁfro%hbe Read port
provides a PCl-slave 66 wite-read port for software to fetch the

current val ue of PRAESPEEERe pLiingeFbe FRGAGdC to C°“‘p‘é1t‘?/§l GBCt 5°%hem A

| i nk-side Fl FO pgbit ehe Wdalder RORH payload s ilor 0¥ Hesackdt(] wohavs) read
port for software to fetch
5 logic 98 inserts the CRC codes into packet stream in the

time 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

10 serial data stream format for transmission to the PHY.

The 1394 packet transmit control logic 98 transmits

the cycle start packet when the LLC is programmed to
operate as the cycle master. The 1394 packet transmit
control logic 98 sends the 1394 transmit bus requests to

15 the PHY. The PHY layer will arbitrate for the bus and
send the indication to the transmitter to start
transmitting when the BUS grant is received. The 1394
packet transmit control logic 98 executed re-try
transmissions using the single phase retxry X protocol as

20 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.



24 the current value of the link-side pointers or wite a

value to them A General Receive FIFO POP-PUSH port may receive a
32-bit slave wite to cause the data quadlet to be pushed onto the
top of GRF 80. A 32-bit slave read 5 fromthis port causes a data
gquadl et to pop off the top. of GRF 80. An Asynchronous Transmt -FlI FO

POP- PUSH por t

may receive a 32-bit slave wite to this port to cause

the data quadl et to be pushed onto the top of asynchronous transmt
FIFO A 32-bit slave read from 10 t hisz port causes a data quadlet to

pop off the top of

asynchronous transmt FIFO 82. An |Isochronous

Transm t FI FO POP- PUSH port may receive a 32-bit slave wite to
this port to cause the data quadlet to be pushed onto the top of
i sochronous transmt FIFO 84. A 32-bit slave read 15 fromthis port

causes a data quadl et piyo-PNK @htetficd QRgic 104 iMldneReBr 0RO Usodilansmni t
FIFO 84. A FIFO Control Token

for interfacing PCI-interface ASIC 20 to the physical

layer chip. PHY-LINK interface logic 104 conforms to the

requirements of the link-PHY interface specification in

5 the IEEE 1394-1995 standard. This function provides PCI-

interface ASIC 20 with access to the physical layer

services. The PHY-LINK interface logic 104 uses packet

speed code from the transmitter to select the number of

serial data streams to generate. If the speed code is

10 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 50 mbps. PHY-LINK interface logic 104 uses a

15 PHY receive speed indication to convert the incoming

serial data streams from the PHY into a parallel data

stream for input into the receiving control logic. For

any incoming packet, the PHY will generate two serial

data streams to PCI-interface ASIC 20, if it is receiving

20 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.

25

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



Status Read Port provides a slave read to return the val ue of bit
33 of the last data quadlet that was popped fromone of the three
FIFO s that was previously 20 accessed. FIFO D agnostic test and
control register provides a PCl-slave read-wite port for software
to configure the FIFO logic for diagnostic testing and

control it's operation. Also, a Transmt FIFO Threshold regi ster
provi des a PCl-slave read-wite port for 25 software to set the
Transmt threshold for the ASynch and 33 Isochronous transmt FIFO s.
25 CRC Logic 100 inplenents the logic for performng

the functions, including generating a 32 bit auto-DIN CRC error code
on the header part of the packet data stream generated by the
transmtter logic. The transmtter 5 inserts this code into data

Ist r_eamlgg ter therBeageds set@hl acknowlRAgkehscidl £ nkaendeftad aHagyl 0oad, CRC
ogi c :

into a parallel format. 1In addition, PHY-LINK interface
logic 104 accepts transmitter packet transmit requests or
PHY register read-write access requests and formats them
5 into a serial request stream for transmission to the PHY.
Moreover, PHY-LINK interface logic 104 may optionally
operate with an electrical isochronouslation barrier -
between the PHY and PCI-LYNX devices.
DMA logic 74 uses PCI master logic 64 to acquire the
10 PCI bus 24 and function as a master device. DMA logic 72
includes DMA engine 74 which includes a common state
machine which is priority-time multiplexed. The DMA
engine also contains arbitration logic for activating the
channel based on assigned priority level. 1In addition,
15 DMA control and status registers 76 provide serve each
DMA channel along with the PCI slave 66 data path control
for accessing these registers from PCI interface ASIC 20.
DMA engine 74 implements the state machine logic for
fetching control parameters and data buffer pointers from
20 the PCL. The state machine logic or packet processor
uses these parameters to control the transfer of dafa to
and from the data buffers.
FIGURE 3 illustrates header compare logic contained
in the 1394 packet recéive logic 102, that receives 32-
25 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



generates a 32 bit auto-DIN CRC error code on the data - payl oad
portion of the packet stream generated by the transmtter logic. The
transmitter inserts this code at 10 the end of the packet stream CRC
| ogi ¢ 100 generates a 32 bit auto-DIN CRC error code on the header

part of an I ncom ng packet data stream I|f the conputed code is
equal to the header CRC code sent with the packet, then t he

recei ver considers the header correct. In addition, 15 CRC | ogi c 100
generates a 32 bit auto-DIN CRC error codes, on the payl oad section
of an incom ng packet data stream If the conputed code is equal to
the data CRC code sent with the packet, then the receiver considers
the data payl oad correct. 20 The 1394 link layer logic 90
i npl ements the | EEE 1394 Link Layer Control Logic (LLC) as
specified in the;_ 44 I - day 4. IS f td trols

t he trans %décs:?%?]d akﬁggre gggé?‘%egﬁélg% E?EE@?QQ?&%& kg?fd%%bé:%

bet ween t he Fl FOpiroyided 83 2iid totrhad/wisitiec@sceas t tre HHEEEomparator 1394 bus.

The 1394 link | ayer ., control. and status. regi.ster 92 . ment the
control and stat )tés?nf'gal?s %glsi%c%lscc?réﬁﬁnreé%gm flwSér 110, Link"PIF

indicates the header compare match output for DMA channel

5 0. Line 119 indicates the header compare match for DMA
channel one. Line 121 shows the header compare match for
DMA channel two. Line 123 shows the header compare match
for channel three. Each of these cutputs go to priority
encoder 128 and logical OR circuit 129. Priority encoder

10 128 generates DMA channel output 130 that goes to 1394
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.

15 DMA engine 74 may be viewed as five (5) or more
independent DMA channels that all run concurrently. The
actual implementation uses one main control state machine
to multiplex between the DMA channels over time.

Priority superisochronous logic continuously examines the

20 current context of all channels and assigns the channel
with the highest priority having pending activity to the
state machine for execution. |

FIGURE 4 illustrates in more detail the general
concepts that FIGURE 3 describes. 1In FIGURE 4, receive

25 data 106 includes header data 108 having words WDO and
WD1. Words WDO and WDl are provided to each of the N DMA

channel header compare blocks of logic 110 (e.g., such as



26 by application software.to control the operation of the

LLC and nonitor its operation. A 1394 bus nunber-node nunber

regi ster provides the interface for application software to program
t he bus and node nunbers. A 1394 5 link |ayer control register provides

the interface for application software to control the operating node
of the LLC. A 1394 Link Layer Interrupt Status Register

provides the interface for application software to decode t he cause
of interrupts generated by the LLC and proyide 10 a mechani sm f or
clearing the interrupt status. A 1394 Li nk Layer Interrupt Enable
regi ster provides the i nterface for application software to

sel ectively enable the status bits in the interrupt status register
to generate a LLC interrupt or disable themfromgenerating 15 a

LLC interrupt. An3%bueyehéhndleh-Regd HIGURPI Vi dASMA header &bwpdrd erface
for application software to programthe cycle tiner wwth an initial

val ue or to read YeE st¢rFefpr each DMAV%R%9931Vh%nl?$%FlHR§ 18chpeeating as a
cycle master, thifseryctionk! I ﬁgaur)b%o'fs@gmﬁ&iﬁémheta@%rt wBN§Mssi on of

cycle 20 start packets every 125 m'croseconds. A 1394 Physi cal
Layer Access Regi &rtqpmatrheseldns registfeacgohpents 120 and control
5 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
10 [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
15 130 and address match output 132 flow to IEEE 1394
receiver logic 102.

DMA header compare registers and logic 110 and
priority encoder 128 implement the logic required to
determine if én incoming packet is to be accepted and

20 loaded into the GRF 80. FIGURE 3 shows four DMA
channels, that five or more DMA channels are within the
scope of the invention. Each DMA header compare register
and logic circuit 110 is assigned to service a DMA
channel. A comparator includes a WD 0 field select

25 register 122, a WD 1 select register 126, a WD 0 compare
value register 120, a WD 1 compare value register 124 and

logic. The two field select mask registers specify the



application software to wite data to or read data from
Physi cal Layer I/F 18 control and status registers.
di agnostic test control register provides the 25 interface for

application software to perform di agnostic

| ogic. The 1394 |ink |ayer control and status registers
I ncl ude DVA Channel

4-0 Wrd 0 receive packet conpare val ue registers. Each register is
assigned to a DVA channel conparator |ogic3e function. The

conpar at or

are

t he
A 1394

testing of the 1394 LLC

92 al so
27

DVA channel

mat ches a sel ected set of bit positions in the conpare
val ue register, to 5 corresponding bit positions of the first
guadl et (word 0) of the incom ng packet. The bit positions to match

specified by the mask value contained in the word O

recei ve packet cwiRarktel@skin e ot 8hd wb DVBfCHRENAcAriBg packet WadHAt0
recei ve packet conpare mask register is assigned 10 to a correspondi ng
DVA channel COWde&GOP? ma{ch o an expected value by the comparator

10

15

20

25

logic. The two compare value 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. Priority encoder 128 collects the DMA channel
match indications from each DMA header compare register
and logic 110 and generates a bit 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 registers and logic 110 and
generates a single comparator match indication to IEEE
1394 receiver logic 102. The IEEE 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
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 superisochronous logic continucusly
examines the current context of all channels and assigns
the chaqnel with the highest priority of pending activity
to the state machine for execution. A DMA channel
initializes after reset to a static condition where it is

waiting for a valid PCL pointer to be written to the



channel conpare logic uses the mask value in this register to sel ect
the bit positions in wrd O that wll be mat ched agai nst
corresponding bit positions in the word O receive conpare val ue

regi ster. The DVA Channel 15 4-0 Wrd 1 receive packet conpare val ue
regi sters are assigned to a DVA channel conparator |ogic function.
The DVA channel conparator matches a sel ected set of bit

positions in the conpare val ue regi ster to correspondi ng bi t
positions of the second quadlet (word 1) oksthe 20 i ncom ng packet .
The bit positions to match are specified by the mask val ue
contained in the word.1 recei ve packet conpare mask register. Al so,
a DVA channel 4-0 word 1 receive packet conpare mask register

Is assigned to the corresponding DVA channel conparator. 25 The DVA

channel conpare IQgketussaridie 1TRsKks¥Ati&ddrekli Segister, ah@OtREEr tO
select the bit positions in word 1 that is

28 channel enable and link bits to be set in the DMA control
' register. A valid PCL pointer is determined by the state
of bit zero of the packét control iist start address
S register. A one indicates an invalid address, and a zero
indicates a valid address. The DMA will then go to the
address pointed to by the packet control list start
address register, fetch the new address, and, if valid,
will make this the current PCL address and begin
10 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.

15 This mechanism provides a sanity check on the PCL memory
structures as weli as provides a relatively easy way to
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

20 control register and fetch the first control words at the
PCL offset. A check is then made to determine whether
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

25

highest priority channel that has a match identifies a

particular DMA channel to be selected.



mat ched agai nst corresponding bit poSitions in the word 1 receive
conpare val ue register. Moreover, 1394 |ink |ayer control and
st at us registers 92 include a busy retry count register, the 5
contents of which specify the nunber of tinmes 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 access. A
busy retry 10 transmt tinme interval rggister contains the tine
Interval 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 15 access. Also, there is a state nachine vector register

t hat provi des softwar ' ISkt | L,ar: ¢t cState
vect olro of each state %gﬁﬁnest Fﬁgﬁ%ﬁ%ﬁ?gl{] ¥%Lﬁ1éé@raett%ll gﬁﬁc?p?:fjartt oerm)re,
FI FO error count exfs acgamentbMA- ghdenel header comperd HagicctlP arcdridngSynch -

and | sochronous transmt__20 FLFQ s 82_and 84 during. packe
transni ssi ons and® Rfi’e present Sw?éﬂfﬁ%'ocgﬁ’fr?’ﬁi}“p%e'eigcgbvﬁuéﬁtnag packet

reception. that  incPad&etworas ewnelandOWbL OdodHF L hkRAernpbaperd S t he
|l ogic required to receive incqning | EEE 1394 packets. Recei ver
control |ogPc corfifs 18-t nEhifet BFtudsm Eardngl €09 seamentq Pt e das

speci fi ed_ in | EEld3 Y £89QestiHa@E6n ID compare logic 136. WDO portion

138 goes to tcode compare logic 140. WDO portion 142
goes to compare logic 144 for WDO bits 15:6 and 3:0. 1In
addition, compare logic 146 receives bits 31:16 as

10 indicated by WDl portion 148. Compare logic outputs from
destination ID compare logic 136, tcode compare logic
140, compare logic 144 operating on WDO bits 3:0 and WDO
bits 15:6, as well as compare logic 146 output for WD1
bits 31:16 go to AND function 150. The output of AND

15 function 150 is a channel select output {[x] that may be
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.

20 ' FIGUREs 6, 7, 8 and 9 provide detailed views of the
receive data bits that go to DMA channel header compare
logic 120. 1In pafticular, FIGURE 6 shows that T code 160
includes [7:4) of asynchronous header 162. Similarly,
tcode bits 164 form bits [7:4] of isochronous header 166.

25 In a given DMA channel, the match data set 168 includes
match data header for WDO at 170 corresponding to header

WD 0 at 162 and select match data set 172 corresponding



i nclude the follow ng functions of using the bus and node | D
regi sters and/ or the DVA channel receive packet

29 conparators to determne if an incom ng asynchronous or

i sochronous packet is to be accepted. The CRC | ogic function
verifies correct reception of an incom ng packet by checking the
header CRC. If the packet has a payload, 5 the data CRC shall be
checked, and received packets | oaded into the GRF 80 if the packet
passes the addr essi ng and CRC check Packet receiver control |ogic
102 gener ates acknow edge on asynchronous Teceive packets. 10
Cycle tinmer logic 96 inplenents the logic for performng the cycle
timer function. Cycle tiner logic 96 conforns to the requirenents
of a cycle tinme function as specified in the | EEE 1394- 1995

E]E ?gg?r d. The Cy(i:'oeheadér WD t0i TEM é).nt qxisni‘l&gﬁECé/Ciﬁ&s%l{g grs, atrpe the cycle
[{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

5 this is ANDed with other partial results to determine the
match value 117 for a particular DMA channel.

FIGURE 6 shows a possible target data value layout
for particular fields. The present invention takes
receive data, one field at a time, and tries to show

10 possible ways of setting the compare words and select
words to receive a particular result. In particular,
FIGURE 6 shows the against the tcode 160 field. One of
the codes 160 or 164 provides an operational code that
identifies the data type on receive data bus 16 and 1394

15 serial data as isochronous or asynchronous data. In the
example of FIGURE 6, codes are in the same field. This
operates on both asynchronous headers and isochronous
headers in the same way. There may be different ways to
decode isochronous and asynchronous headers. They may be

20 as shown or may be merged together. Actual encoding may
range, but behavior 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

25 bits 182 and [15:8] channel bits 184 of isochronous
header 166. The [3:0] bits of header WD 0, either

primary bits 178 or synch bits 182 are compared with



15  tinmer. The offset timer is free running, or reloaded on a

| ow-to-high transition on a selected signal pin, or takes a rel oad
value fromthe receiver, based on the state of the cyclenaster and
cycl esource bits in 1394 LLC control and status registers 92. The
cycle tinmer shall 20 . be used to support isochronous data transfers.
The cycle time shall be 32 bits wde. In the present enbodi nent,
the I ow order 12 bits count as a nodul o 3072 counter, whi ch :

i ncrements once every 24.576 MHZ cl ock periaod, or (40.69ns). The
next 13 high order bits shall be a count 28 of 8khz (or 125 usec), and
the highest 7 bits count in seconds.

30 Cycle nonitor logic 94 inplenents the logic for
perform ng the cycle nonitor function. Cycle noni t or | ogic 94
support isochronous da a transfers _to noni he LLC activity and
handl e t he scheduﬁu%'r?g R e BB H0s0 3t 176 é@tf“ﬁ?ﬂf/led Wrerd3¢Qti Rit®ni t or

| ogic 94 receivesig¥y of compare select WD 0 at 172. Moreover, [15:7] bits

' of header WD 0 at 170, either asynchronous header 162,

{15:7] bits 180, or isochronous header 166, [15:7) bits

5 184, 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 corresponds to the WD 0 bits ([3:0] and [15:7) of
compare logic 144 of circuit 110.

10 FIGURE 8 shows a further corresponding to the .
destination ID compare logic circuit 136 of DMA channel
compare logic 110. Asynchronous header 162 includes
destination ID bits [31:15) designated by reference
numeral 200. These same bit positions, ([31:16] bits of

15 header WD 0 at 166 contain data length bits [31:16]
designated by reference numeral 202 for isochronous data
packets. Likewise, bits ([31:16] of a particular link
layer control register 92, here designated by reference
numeral 204 contain node number and bus ﬂumber data.

20 FIGURE 8 depicts the of asynchronous receive header WD 0
at 162 or isochronous receive header WD 0 at 166 with
match data set 170 bits 206 for [31:16] bits as modified
by data set 172 bits 208. Match data set 210 includes
bits [15:11) as destination ID set bits 212. BRased on
25 the s that FIGURE 8 produces, a DMA channel number is

derived in logic block 146 that goes to AND function 150
of DMA channel compare logic 110.



transmts a cycle start packet, cycle nonitor logic 94 I ndi cates the

occurrence of these events by generating a cycle started or cycle
received interrupt. Cycle nonitor | ogic 94 al so detects mi ssing
cycle start packets and 10 generates a cycle lost interrupt. Wen an
I sochr onous cycle is conpleted, cycle nmonitor |logic 94 asserts a
cycle done interrupt. Cycle nonitor logic 94 signals the

transmtted to send a cycle start packet when the cycl emast er
enable bit is asserted in 1394 LLC control,, 15 and status register 92.
1394 packet transmt control l|ogic inpleneﬁts t he logic to contro
t he novenent of | EEE 1394 packets from ei ther isochronous transm:t
FI FO 82 or asynchronous transmt FIFO 84 to PHY-LINK interface

| ogic 104 for 20 transm ssion over the | EEE 1394 bus. Transmt
control | ogi

C..98 ,conf or t.o.th u I gnal reqguirenents
specified in the | EEETri%Sﬁ‘-gT'QS & at?ll ar g?gﬁgtsor#tasyncgmno%%n G515 ogic 98
formats the trangpi b ¢@ackaivel @pe@isl meaning becausell® tBe4wpacdteic tuhansm t

control logic 98 unloads 25 qguadl ets from asynchronous transmt FIFO
84, and ~ TEBEr 8R4 FWFﬁﬁ?st’f??érﬁ ARG, ideph i 51 £EF - 1 Ror
asynchronous packgbmpié eABEECaBbE ObndRing 88sLGhPALLS broadcast type of

5 messages to different hea@ers. For the receive header,

there is a compare word 0 and a bit select word 0 that
allows one to select a specific receive header word. 1In
addition, each bit in compare select word 1 {15:11] 212
selects individually a particular destination ID

10 equation.

FIGURE 9 shows asynchronous header 162 that includes
sourcelID bits ([31:16] at 220. These bit locations 222 in
an isochronous header 166 are part of variable data. .In
WD 1 compare logic 146, DMA channel 120 cowmpares bits 16

15 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

20 single register write operation. Circuitry 250 shows one
of an arbitrary number of similar circuits. Each circuit
controlling a particular bit out of the arbitrary number
of data bits. In register write circuitry 250, general
purpose ;/0 (GPIO) write data input 252 goes to data flip

25 flop 254. Data flip flop 254 also receives clock signal
256 and write enable input 258 from AND function 260.

AND function 260 receives GPIO address okay signal 262,



31 quadl ets fromisochronous transmt FIFO 82 and correctly
formats theminto a 32-bit parallel 1394 isochronous packet stream
Using the CRC logic to conmpute a CRC code for the header and payl oad
sections of a packet, control 5 logic 98 inserts the CRC codes into
packet streamin the time slot as required by the format of the
packet being ' transmtted. The 1394 packet transmt control |ogic 98
i nputs the parallel packet streanms to the PHY-LINK interface | ogic
for conversion froma parallel toa 10 ,, serial data streamformat for
transm ssion to the PHY. The 1394 packet transmt control

|l ogic 98 transmts the cycle start packet when the LLC is

programed to operate as the cycle master. The 1394 packet transmt
control logic 98 sends the 1394 transmt bus requests to 15 t he PHY.

The PHY | ayer w r f e th tion to
the transmtter “tl"lolt%t l%k%é&?d sty "yl] %és)&r:wsat'?]@n\?h%%dr %e %%5 gﬁgﬁ?d%%a

recei ved. The 13D functlonpmﬂ(egirotrllddﬂsml‘te @yt potploBsd 38 wxeteited re-try
transm ssions usj na% h%l 99& P%%%g Ef ryfloppl‘ngOCOJ)nfly flip-flops
250 with a 1 in their partlcular assigned address bit 266
5 will be written with its respective GPIO write date 252.

Register write circuitry 250 permits writing only to
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

10 data bits without having to recall, specify, or operate
on register bits not related to a particular action.

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

15 number input 266 represent the address bit that would
base this write on to determine if there is a write to
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

20 258 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

25 register address bits 274 and individual bit select field
276 addresses bits A,, A,, A,, and A, according to the bit

value, 0 or 1, of the associated bits in address field



20 specified in the | EEE 1394- 1995 Standard when a busy

acknowl edge is returned in response to an ASynch transmtted
packet. In addition, the 1394 packet transnit control logic 98 sets
t he speed of packet transm ssi on.

32 PHY-LINK i nterface logic 104 inplenents the |ogic

for interfacing PCl-interface ASIC 20 to the physical | ayer chip.
PHY-LINK interface | ogic 104 conforns to the requi renents of the
| i nk-PHY interface specificationin 5 t,he | EEE 1394- 1995 st andard.
This function provides PCl - interface ASIC 20 wth access to the
physi cal | ayer services. The PHY-LINK interface |ogic 104 uses
packet speed code fromthe transmitter to select the nunber of
serial data streans to generate. If the speed code is 10 set for 100

nbps, the parall eb;glat aI‘h'%t ﬁgé&f %w%OQYE’é U8 of addrebllFdMP 56r1al data

streans, each runni ng at
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

5 Ay, A,, A,, and A, permit addressing foﬁr bits individually
or in different combinations. The higher order or most
significant bits are the particular addresses specified
or allocated for this particular function. Therefore,
there is a fixed set of bit patterns address the given

10 GPIO address value to select the particular addresses.
The result is a whole array of addresses from 0000 to
1111 (i.e., 16 different possible combinations) that
could be addressed.

The DMA priority selector is responsible for

is 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

20 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

25 conditions are such that the execution can cqntinue. One

obvious case is when a channel is idle and waiting for a

valid PCL address to be loaded, the channel enable bit to



If the speed code is set for 200 nbps, the parallel data streamis
converted into four serial data streanms each running at 50 nbps.
PHY-LINK interface | ogic 104 uses a 15 PHY receive speed indication to
convert the incom ng serial data streanms fromthe PHY into a
paral |l el data stream for input into the receiving control |ogic.
For any incom ng packet, the PHY will generate two seri al

data streans to PCl-interface ASIC 20, if it is receiving 20 t he
packet at 100 nbps or four serial data st&ganms, if it i's receiving
t he packet at 200 nbps. The serial data streans are each cl ocked at
50 MHZ. PHY-LINK interface | ogi ¢ 104 detects and receives serial
stat us responses fromthe PHY and converts theminto a parall el
format. 25 The status responses convey PHY interrupt indications

and/ or return dajed siefl, r £8P aHeE 158k bW 88i §EE€l r@afther case DEGAFH
request. PHY-LINK interface |ogic 104 detects and .

33 reébFF€§1§%r?QﬁnW§ikhﬁwW%&ﬁﬁ?9p§€Re@§t%nﬁ‘6ﬁﬁV€FF§1Yﬁen1

FIFO. If a channel is waiting for receive data and
another channel is ready to transfer data into the

S 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

opportunity" where anoﬁher channel 's execution can
proceed. The priority selector looks all of these

10 possible spin states and selects which state and channel

has the highest priority at that time.



into a parallel format. In addition, PHY-LINK interface | ogi c 104
accepts transmtter packet transmt requests or PHY regi ster
read-wite access requests and formats them 5 into a serial request
stream for transm ssion to the PHY. Mor eover, PHY-LINK interface

| ogic 104 may optionally operate with an el ectrical

| sochronousl ation barrier bet ween the PHY and PCl - LYNX devi ces.

DVA [ ogic 74 uses PClI naster logic 64 to acquire the 10 PCl bus 24 and
function as a master device. DMA |ogic 7245 i ncl udes DVA engi ne 74
whi ch includes a common state machi ne which is priority-time

mul tipl exed. The DVA engi ne al so contains arbitration logic for
activating the -channel based on assigned priority level. In
addition, 15 DVA control and status registers 76 provide serve each
DVA channel al ong wit FIEHREFF sdionscamsexdampaepaf hONMDd mamgland processiorg
accessing Fhese A e'éﬁvif‘%e%g bﬁlt erfnaﬁcﬁ&qu'pcx register erVA
engine 74 inplenments the state macfzu ne logi ¢ Tor fere 'nhg cont r ol
paranmeters and dalatadiioRegopnitnt ewdtiplarez0304. thelti@lexethsost &lso nachi ne
| ogi c or packet processor . . uses these parapeters to control the
trgnsfer gf dat aplfe()celves DMA &8 56 Y’Fﬂetedszégba?fers?he appropriate | qURE

3 illustrates headtada GotRaceis a@ileceeding\edepending o) dHe opd384r packet

receive logic 102, that receives 32- 25 bit packet data stream 106 from
PHY- LI NK i nt er f ack® [RfgiRexformed.  Thg outpyji fromcRuttirieren 04n¥208 toes to
| EEE 1394 DM:EQ@g\i%li:_e!ré’géfo WR2cRNdid @HeNg 1RGPS LPHAMB1LEOTI C

include the six channels, channel ¢ through channel 5.
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 wmaster signal 332, DMA PCI master cycle input
334 and slave done input 336. DMA channel arbitrator 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 registef
20 read data output 350 returns DMA register data to the PCI
interface. Multiplexer 346 provides ocutput 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.



34 i ndi cated by reference nuneral 110. Al so, PCl sl ave 66
provides 32-bit read/wite access to the conparator control

regi sters contained in nunber 110. Line 117 i ndi cat es the header
conpare match out put for DVA channel 5 0. Line 119 indicates the
header conpare match for DVA channel one. Line 121 shows the header
conpare match for DVA channel two. Line 123 shows the header conpare
mat ch for channel three. Each of these outputs go to priority
encoder 128 and logical OR circuit 129. Prggrity encoder 10 128
generates DMA channel output 130 that goes to 1394 receiver logic
102. The OR logic circuit 129 provides a conparator match to
receiver control logic signal asa 0O i ndicating no match, or 1
indicating a match at |ine 132 whi ch goes to 1394 receiver logic

102. 15 - DVApRAGHMhnéd BBNith@acdrewad asnéidEs (Which' cHRASe]
I ndependent DMA channel s that all run concurrently. The
will be in execution. This arbitration is based on
signals from the FIFO 358 such as "FIFO active channel
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
each DMA channel. DMA registers 310 support each DMA |
channel with numerous functions. Fof example, previous
packet control list start address/Temp register 312
provides a register that is updated by the DMA engine 74
as it processes a queue of packets during asynchronous
transmits. It is also used during auxiliary commands as
a temporary holding register for locad and store data.
Packet control list start address register 314 is
initialized by application software to point to the start
of the first (dummy) PCL in a PCL chain. DMA engine 74
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
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



actual inplenentation uses one main control state nmachine to
mul tipl ex between the DVMA channel s over tine. Priority

superi sochronous | ogic continuously exam nes the 20 current context of
all channel s and assi gns the channel with the highest priority
havi ng pending activity to the state machine for execution.

FIGURE 4 illustrates in nore detail the general concepts that

FI GURE 3 describes.” In FIGURE 4, receive 25 data 106 incl udes header
data 108 havi ng words WDO and WD1.4-Words WDO and WD1 are provided

to each of the N DVA channel header conpare bl ocks of logic 110
(e.g., such as 35

the four channels 0-3 of FIGURE 3). DVA header conpare regi sters for
each DVA channel in |logic 110 includes instructions in circuitry for

conparing header ¢ D feidtis compledd leheMBEEIVS BEC IcHaRGES RFiNt@dt s 120
and control 5 val ues logic 122. Likewse, WO 1 at 109 is conpared
status information of this register \back into PCL at
offset O0xC.

DMA control regisﬁer 322 contains control bits to
allow application software to enable or disable the
operation of the DMA channel and re-fetch the next
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
conditional branch to during execution of a BRANCH
command. This condition is selected by the control
word(s) of the PCL. Current DMA state register 324
stores the state vector for the DMA channel. This
register is updated during the active time of the DMA
channel and maintains the last state vector generated
when the channel goes inactive.

DMA registers 310 also may include a Receive Packet
Count Register (not shown) that contains the current
received packet count. DMA engine 74 loads this register
with the receive packet count péssed in GRF 80 token

words. This count is then decremented as the data is



usi ng conpare .instructions as indicated by content of

regi ster 124

and the contents of select register 126. The out put of DMA header
conpare registers and logic is represented as channel select [0]
t hrough channel select 10 [N- 1]. FIGURE 4 further indicates that

priority encoder 128 receives these channel select outputs to

produce a channel nunber at DVA channel selected |ine 130

address match out put 132. As FIGURE 3 and the

and an-

acconpanyi ng text
descri be DVA channel selected output 15 ,, 130 and address match out put

132 flow to | EEE 1394 receiver |logic 102. DVA header
conpare registers and |logic 110 and priority encoder 128 i npl enent
the logic required to determne if an incom ng packet is to be
accepted and 20 | oaded into the GRF 80. FIGURE 3 shows four DVA

the i nvention. Eac

eEI rcuit

channel's, that f| ¥% %gﬁgpgge M-£hannsl,s aﬁf%o tf“d&A g?obal T?ﬁﬁ scope of

neader conpar € regl's

110 i s assigned tlooseshawe aap\¥e 1nc1udedcbnaﬂe&onn%m@npaaeé ofldgiclfegdes a

W 0 field select 5 register 122, a WD 1 sel ect
conpare 93?3%Vr%§ﬁ §?gF lﬁﬁFh%¥em5°ltEB%$a fﬁFﬁBg
| ogic. The two faeyAciamals FRaKshBgiglchkes . SPerée foma R@obal register

may store the lower bound bits used in conjunction with

ister_ 126, a WO O
1Rk & 124 and

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

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

(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

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 intefrupt 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 continue to

channel PCL execution in the event a next address link is



36 bit fields in WD 0 and WO 1 of the incom ng packet, that

wll be matched to an expected val ue by the conparator | ogi c. The
two conpare val ue registers specify the expected bit patterns that
wi |l be matched against the 5 selected bit fields in word 0 and word 1
of the incom ng packet. Priority encoder 128 collects the DVA
channel mat ch i ndi cations fromeach DVA header conpare register

and logic 110 and generates a bit code that maps the i ncom ng packet
to a particular DVA channel. The OR 10 4bogic circuit 129 conbi nes the
sel ect indications from - the DVA header conpare registers and |logic
110 and generates a single conparator match indication to | EEE

1394 receiver logic 102. The | EEE 1394 receiver logic uses the DVA
channel nunber, and conparator match 15 indication to determne if the

i ncom ng packet imiskedbeéi.e., invaleﬁﬁjVQﬂmhﬂDEACEEQth 74 detects a I'nthe
present enbodi nent, .the DNA acket grocessor erate_ as

i ndependent DVA Eﬁ&ﬁﬂeng%Jq Aregs. DMA eng&BﬁcZﬁr%ﬁﬁﬁ fs TRt ate RHA
i npl enentati on Utdonkz83 2HE@ stltus PBETEY MRl anlager MY RBrUbi £0 the

mul ti pl exes between the -

appropriate PCL. A check is then made to determine
whether the command is a receive, transmit, PCI to/from
local bus, or auxiliary command.

FIGURE 21 continues to illustrate how, at section
137, DMA engine 74 performs Receive Operation for
isochronous 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
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
‘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 this case,
the PKT ERR bit is set in the DMA control and status
registers 76 and DMA engine 74 flushes the remaining data
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.



mul tiple DVA channels (e.g., five DVA channels) over time. Priority
superi sochronous | ogi c continuously exam nes the current context of
all channel s and assi gns the channel with the highest priority of
pendi ng activity 25 to the state machine for execution. A DVA channel
initializes after reset to a static condition where it is wai ting
for a valid PCL pointer to be witten to the

37 packet control list start address register, and the

channel enable and link bits to be set in tbhe DVA control regi ster.
A valid PCL pointer is determned by the state of bit zero of the
packet control list start address 5 register. A one indicates an
inval i d address, and a zero i ndicates a valid address. The DVA wi ||
then go to the address pointed to by the packet control l|ist start

address register, fetqhiléendieigaddesstromtRF 8b ¥altie PCI intewfhte make

this the current PCL address and begin
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
will request a transfer of the PCI master whenever the
number 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 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
GRF 80 by the link layer control logic 90. It uses this
transfer count to determine if the data in GRF 80 is the
remaining data in the packet and, if so and the size is
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
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 intoc GRF 80 to mark
the end of a packet. Embedded in this control word are

status bits that indicate the completion state of the



10 execution. If this address is invalid, the link bit is
cl eared in the DVA control register, a DVA halted interrupt is
generated for this channel with associated status in the I nterrupt
status register, and the channel goes inactive. 15 Thi s mechani sm
provi des a sanity check on the PCL nmenory structures as well as

provides a relatively easy way to conti nue channel PCL execution in
t he event that a next address link is mssed. When a valid next PCL
address is detected, the DVA wil | %Pen set the BUSY bit in the DVA
20 .control register and fetch the firsi control words at the

PCL offset. A check is then made to determ ne whet her t he command
is a receive, transmt, PCl to/from | ocal "bus, or auxiliary

command. From priority encoder ~ 128, depending on which DVA channe
dentifice a | PadRer on (el BRS RO snbaRel oL eeo taiPognd OF wbiec
38 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 address and transfer
count and starts the packet's transfer all over. 1If
there was no busy acknowledge status indicated from the
end of packet marker then DMA control and status
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
the corresponding 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 appropriate PCL offsets.

FIGURE 13 shows table 360 to indicate the operation
of DMA channel arbitration circuit 340. Table 360 shows
that, if a channel is currently active on the IEEE
Standard 1394 bus, that channel has the highest priority
to be scheduled for execution in the DMA channel.
Otherwise, channel priority is in order of channel
numbex, 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



FIGURE 5 shows in yet further detail the operation of a given DVA
channel header conpare |ogic 120 according to the present

enbodi ment. For exanple, receive data t hat i ncludes words WDO and
WD1 goes to header conpare 5 | ogi ¢ 120. This includes having code
segnent 134 of word- WD0 go to destination ID conpare |ogic 136. VDO
portion 138 goes to tcode conpare | ogic 140. WDO portion 142

goes to conpare logic 144 for WDO bits 15:6 and 3:0. In addi ti on,
conpare |l ogic 146 receives bits 31:16 as 10 i ndi cated by WDl portion
148. Conpare logic outputs from Sdestination | D conpare |ogic 136,
t code conpare | ogic 140, conpare logic 144 operating on WDO bits
3: 0 and WDO bits 15:6, as well as conpare |ogic 146 out put for W1
bits 31:16 go to AND function 150. The output of AND 15 function 150
Is a channel select output [x] that.may be channel sel ect [0]
through channelisdihecchrnpels [thalti ght schedulegr abriky LIGET 128 recei ves
as described a duce DVA channel sel ected signal 130 and
addr ess mat ch Wl C°“""r“‘1‘§’f% FIGUREs 6, 7, 8 and 9

provi de detailed Vi ke © ﬁetiﬁnon of DMAremmmand gabaebsing tdeyt bgo seen DVA

channel header ar.e logic 120, In particular, | GURE 6 shows
that T code 160thr ugh’ the, fo}lpuing, exanpte ﬁ?8ﬁot€e & 162.

S|621 larly, currditQqe opbist ik chOERuRhS F.7: All10keySOCd DTS header
166.

channel 3, therefore, are selected via multi@lexer 346
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 diagraﬁ of the
personal computer environment 12 of the present
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
reference numeral 31, through PCI bus 24. Commands for
autonomous operation of PCI-interface ASIC 20 may use RPL
ROM 36 and SRAM 3B. In addition, through interface bus
16, PCI-interface ASIC 20 may communicate with PHY
interface 18.

When the autoboot pin 370 is active (i.e., tied
high), the autoboot mode of the present invention is
selected. The autoboot mode enables a number of features
which allow PCI-interface ASIC 20 to function
autonomously. Autonomous operation includes the feature

of, after power reset, fetching the address of the first



25 In a given DVA channel, the match data set 168 incl udes

mat ch data header for WDO at 170 correspondi ng to header WD 0 at
162 and sel ect nmatch data set 172 correspondi ng

39 to header WO 0 at 166. As FIGURE 6 illustrates, the

[7:4] conmpare bits 174, as nodified by [7:41 bits 176 of conpare
select WD 0 at 172, determnes the match results for recerve header
WD 0, bits [7:4]. The output from 5 this is ANDed with other partial
results to determ ne the mat ch value 117 for a particul ar DVA

channel . FI GURE 6 shows a pos3ible target data val ue | ayout
for particular fields. The present invention takes recei ve data,
one field at a tinme, and tries to show 10 possi bl e ways of setting the
conpare words and sel ect words to receive a particular result. In

particul ar, FI GURE 6 shows the against the tcode 160 field. One of
the codes 160 orPagkeprepntded Ahsbpesring HMA| charre) (Pt After power

reset, also, the autoboot mode makes possible enabling
the DMA master access to external RPL ROM. 'Moreover,
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, ﬁhe 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
to select the PCI command.

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



Identifies the data type on receive data bus 16 and 1394 15 seri al

data as isochronous or asynchronous data. In the exanpl e of FI GURE
6, codes are in the same field. This oper at es on bot h asynchronous
headers and i sochronous headers in the same way. There nay be
different ways to decode i sochronous and asynchronous headers. They
may be 20 as shown or may be nerged together. Actual encodi ng may
range, but behavior is simlar in that we end up with a conpare or
not conpare. FIGURE 7 highlighfgs [3:0] bits 178 and [15: 8]
bits . 180 of asynchronous header 162, as well as [3:0] synch 25
bits 182 and [15:8] channel bits 184 of isochronous header 166. The
[3:0] bits of .header WD 0, either primary bits 178 or synch bits
182 are conpared with : 40

[3:0] bits- 186 of qd & Q;tonjtzglﬁéatf@(ylfa' QgElﬁ’yliﬁ; Q.]o Bhbfher systeh88 Of-

conpare select WD 0 at 172. Moreover,
Accordlngly, an env1ronment that employs the autoboot

mode of the present invention could be used for
peripheral devices, where there may not be a suitable
processor available to manage the PCI interface
environment.

Circuitry of FIGURE 14 provides another mode of
operation for the chip via an external pin. The effect
is to enable and pre-specify a portion of the memory map
to allow enough resources to be accessible to the DMA
engine 74 on power-up to execute and have access to all
required functions to perform useful work. B&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.

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 wmemory commands, and
input/output commands all from PCI-iﬁterface ASIC 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

modifies the behavior of DMA engine 74 when the autoboot



of header WD O at 170, either asynchronous header 162, [15:7] bits
180, or isochronous header 166, [15:7] bits 5 184, are conpared to the
[15:7] bits 190 of conpare WD O at 170 as nodified by [15:7] bits of
conpare select WO O at 172. The output fromthese matches occurring
per FIGURE 7 corresponds to the WD O bits [3:0] and [15:7] of
conpare logic 144 of circuit 110. 10 FI GURE 8 shows a further _
corresponding to the destination ID conpare logic circuit 136 of DVA
channel conpare | ogic 110. Asynchrossus header 162 incl udes
destination ID bits [31:15] designated by reference nunmer al 200.
These sane bit positions, [31:16] bits of 15 header WD 0 at 166 contain
data length bits [31:16] desi gnated by reference nuneral 202 for

I sochronous data packets. Likew se, bits [31:16] of a particular

l'i nk | ay afodedRlsl 8b1éCGHE! erh2, péeii lavquasing dynavef er ence
nuneral 204 contain node nunber and bus nunber data. 20 FI GURE 8 depicts
the of asynchroniRetiustdppef FRIhdedefbcated ROM adgdreggupen iRYEA BRous

receive header {01681 Y ddkss addresBBE S e datayset id70ndigres2a6 for
[31:16] bits as%@?ﬁ%& ssbf/i dé?i set 172 biyts 208. Match data set

210 incl udes impldnersafisn 11]Thes idwent ben i bHirghers propides A1 methgded on
"n logi o bl dok 14bo TR Rs808E SRBRaRe S PRag el B riuigeg dn atCy ! Vel
conmpare | ogi ¢ 110normal environment. :
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
10 to act as a master agent on an external PCI bus to
configure, initialize and manage other PCI devices on
this external bus. .
Table 380 of FIGURE 15 depicts the mapping of
internal PCI address bus [31:30] bits to commands on the
15 PCI bus, when the autoboot input 370 is active. For
example, in the event that bit 31 assumes a value of 0
and bit 30 assumes any value, PCI memory command is
activated. Thereafter, with address bit 31 assuming a 1
value and address bit 30 assuming a 0 value, PCI I/O
20 command occurs. With an address bit 31 value of 1 and
address bit 30 value of 1, the PCI configuration 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
25 invention. Local bus interface block 390 includes local
bus configuration registers 392, zoom video (ZV) decode

interface block 394 that communicates with 2ZV machine



41 The high order bits [31:16] of asynchronous header

WD 0 can have special neani ng because of the way that the | EEE 1394
Standard treats destination identifiers. For exanpl e, | EEE 1394
encodi ng desi gnat es broadcast type of 5 nmessages to different headers.
For the receive header, there is a conpare word O and a bit sel ect
word O that all ows one to select a specific receive header word. In-
addition, each bit in conpare select word 1 [15:11] 212 sel ects

i ndividually a particular destination ID % equat i on.

FI GURE 9 shows asynchronous header 162 thal incl udes sourcel D bits
[31:16] at 220. These bit locations 222 in an i sochronous header
166 are part of variable data. In WD 1 conpare |ogic 146, DVA

channel 120 conpares bits 16 15 t hrough 31 of match data set 170 as
TDS:I;ed by COWF%%SIGfagk/ggﬁﬁc%eggiégwéLé%Jﬁéﬁ 3ggllnc uég a%%?aéé?é&%%?ar VD
bit enable holding registers 398. Local bus interface
block 390 also includes local bus interface state machine
400 and slave acknowledge interrupt block 402.

5 ZV port of FIGURE 2 is an output-only port designed
to transfer data from the IEEE 1394 Standard bus to an
external device on PCI-interface ASIC 20. When correctly
programmed, the 2ZV interface logic provides a method for
receiving IEEE 1394 digital camera packets and transfer

10 the payload to an external ZV-compliant device with the
appropriate control signals.

ZV decode circuit 394 is accessed via a subset of
the third PCI memory based address register. When ZV
decode circuit 394 is enabled, auxiliary addresses

15 between 0xF000 and OXxFFFF map to the ZV port. The ZV
port is enabled when one of six available clock sources
395 is selected as the 2ZV pixel clock. If none of the
six clocks are selected, the 2V port is disabled and the
auxiliary interface claims the entire address space.

20 . When the 2V port is disabled, all ZV-related outputs are
tri-stated with the exception of the data bus, which will
still be driven during auxiliary, RAM and ROM accesses.

With the ZV port, a vertical synch signal is
generated on detecﬁing the IEEE 1394 isochronous packet

25 header synch field equal to 0X1. In the present
embodiment, data bit 24 contains the significant synch

field data. Upon detection of this vertical synch bit, a .



FI GURE 10 shows register wite circuitry 250 for witing an

arbitrary nunber of data register bits wwth a 20 single register wite
operation. Circuitry 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,
gener al -purpose I/O (GPIO wite data input 252 goes to data flip
25 flop 254. Data flip flop 254 al so receives cl ock signal 256
and wite enable input 258 from AND functgen 260. AND function 260
recei ves GPl O address okay signal 262,

42 wite standard signal 264 and GPI O address bit input 266.
AND function 260 provides the AND output 258 to wite enable bit 268
of data flip flop 250. Only flip-flops 250 with a 1 in their
particul ar assi Qaﬁélé‘éiﬁrsﬁﬁféhbbht&@@ i geneWauad be pdd th@N réinhndd:S of
respective GPlO wite date 252 Regi ster wite circuitry 250

permts witi ngt3ﬁ|§r§@¢, a horizontal synch output is generated
whenever a special address is accessed when transferring
video data to the zoom port. By properly programming the
5 packet control list, 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

10 detected signal 409. When PCI slave address bits [15:0]
assume a value of OXFOOO 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
is address bits {15:0) provide the 0XF004 to compare
circuitry 417, a horizontal synch detected signal appears
on line 409.
FIGURE 18 shows one video scan iine for packet
zoom port address map 410 according to the present
20 invention. 2oom port address map 410 includes
Isochronous packet header 412 beginning at address O0XF000
and Isochronous packet data space starting at address
0XF004 and ending at OXFFFF as reference numerals 414
through 424 detail.. Each isochronous packet is
25 transferred to the zoom port address space, with the
header quadlet being transferred to address O0XF000, the
first data payload quadlet 428 being transferred to



bits that nust change in a register, while preserving the previ ous
val ue of the remainder of bits. Register wite circuitry 250 al so
permts software to nodify critical 10 data bits wi thout having to
recall, specify, or operate on register bits not related to a
particul ar action. " When there is an address of a register to
whi ch the wite enable bit 258, 1 to 4 GPIOs may be witten to
based on the address field. The Alerr]'s in [GPIQ address 15 nunber

I nput 266 represent the address bit that weuld base this wite on
to determine if thereis a wite to this bit or not. The wite
strobe 264 says that this is a wite operation. The GPlI O Address K
262 is a basic address decode for the entire register. The wite
enable 20 258 to flip-flop 250 is the AND function output. Wen

the wite enabl addgesst 0Xry04 ARGt thé | Fenadinlifg2§dadlets in theVpadkean to
flip-flop 254 and appears on fl.ipflop output 270. .

FI GURE 11 shows b&aasesgawﬁfar&ez’l?g%ﬁ%ﬁuweﬁadeed@ﬁﬁs mtil the gng o

address bits 274cangel pbndlualy1Bhb $8 LGl kirghrerred to adrader esses bits

Alerr], Alerr], Alerr], and A3according to the bit value, 0 or 1,
of the associ at d@X5PP8 #n(Nddreforfpatigets N quadlets long.
5 FIGURE 18 shows that the present invention permits

autonomously 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
10 in a compatible format that goes into the video
controller chips as input data. This permits
autonomously displaying data, while maintaining
horizontal and vertical frame synch.
In operation, zoom video port is mapped into a
15 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. 1In the case of
20 the Sony camera complying with IEEE P1394 Digital Camera
Specification, a bit in the isochronous header synch
field indicates start of a video frame. By decoding this
particular isochronous header synch field bit, a vertical
synch signal is generated. One can use that information

25 to synchronize the receipt of zoom port data to the zoom
port.



43 272. The latter two bits 278 of address field 272

general ly assune a zero value. In address 272, the two | east
significant bits assune a zero value this is due to the bus
architecture. The next four bits specified as 5 Alerr], Alerr], Aerr],
and Alerr] permt addressing four bits individually or in different
conbi nations. The hi gher order or npst significant bits are the
particul ar addresses specified or allocated for this particular
function. Therefore, there is a fixxd set of bit patterns address
the given 10 GPl O address value to select the particul ar addresses.
The result is a whole array of addresses from 0000 to 1111 (i.e.,
16 different possible conbinations) that coul d be addressed.

The DVA priority selector is responsible for 15 activating the context
of the channel which Tward R@enesd cases of thpenimpleddntatidif] otat £or .
novenment. The DVA i s achitecte a pain state_nachine (dmafsmv)

d as
whi ch executes sfgfigontal synchand the. obBET i YAIEiR: E¥PR edFhannel

has a number the v&ft&AQr %QnEH,HOHﬁei QRSodt AdWLiGRe BOpAktidulddre. These
20 stored conditions are called its context. Part of a

channel ' s cont exfdisesne ang Beparsiqlarofispehrenqua tiegder synch Rkt he main

state nBCh'i“L Horizontal synch is generated by decoding another

particular address.

The video zoom aspect of the present invention
provides the ability to autonomously extract control
information, such as horizontal or vertical synch

10 signals, from packetized data containing embedded control
information such as encoded video. logic 411 and 413
detect transfers to a specific destination address of
specific data values.

The present invention also provides software or

15 hardware control structures that specify appropriate
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

20  different lengths. Accordingly, the present invention
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.

25 The present invention further provides programmable'
counters that may be used to base control signal

generation on multiple accesses to particular address



The state machi ne has several potential spin states where the

execution of a channel nust wait until certain 25 condi tions are such
that the execution can continue. One obvi ous case is when a
channel is idle and waiting for a valid PCL address to be | oaded,

t he channel enable bit to 44
be set, and the link bit to be set. Another case is when a receive
channel is waiting for data in the receive FIFO. If a channel is
waiting for receive data and anot heréchannel is ready to transfer
data into the 5 transmt FIFO then we need to service the transmt.
These ki nd of scenarios can happen in a nunber of cases. Each
one of these spin states present "w ndows of opportunity" where

anot her channel's execution can proceed. The priority sel ector |ooks

all of these 10 lopasiind enggon d4tat gatandnsel exttis wiecohbs stimtaigingdhehannel
has the hi ghest paggré£y§éﬂnééggttéié?%e the option of multiple packets
per horizontal line or betweén horizontal synchs.
Accordingly, immediately after vertical synch there may
5 be generated a horizontal 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
through the address. This permits packing four packets

10 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
port address map 410. Zoom port address map 410 includes

15 Isochronous packet header 412 that adjoins Isochronous
packet data 414. Memory spaces 416 through 424 are as
described in FIGURE 17. Zoom video Isochronous packet
440 includes header quadlet 0 which may contain a start
of frame bit in the isochronous header synch field.

20 Quadlet 1 is the first video data payload quadlet which |
indicates the beginning of video scan A. A horizonal _
synch signal is generated by the write of this quadlet to
address 0XF004. Similarly, the write of data quadlet 442
to address 0XF004 indicates the beginning of video scan A

25 + 1 by generating a ho;izonal synch. Data writes
starting at 0XF000, going to [0OXF000 + (N-1)] will
actually be the data that is output through the zoom



45 FI GURE 12 shows an exanpl e of DVMA conmmand processing
within environnment 300. In FIGURE 12, PCl register wite data 302

goes to nultiplexer 304. Multiplexer 304 al so recei ves DVA register
wite data 306. The appropriate 5 data source is selected 308,
dependi ng on the operation to be performed. The output from

mul tipl exer 304 goes to DVA registers 310 which, in the illustrated
exanpl e, i nclude the six channels, channel 0 through channel 5.

Wth each channel, DVA fields include previgpus address or 10 tenporary
field 312, current PCl address field 314, data buf f er address 316,
status 320, command 322, current state 324, and ready bits 326. DVA
regi ster wite arbitration select circuit 328 al so provides input
to DVA ' regi sters 310 that are responsive to PCl sl ave signal 15

330, PCl master §%%%QIE§3?, DA PQLe Wﬁih?%a%$0|eTthHEader is st3

sl ave done i nput thannél —arbrtrator recei ves ock

channel input 342ffndngdroot desti RPuthe glata fleldeI ti pl exer 346. Sl ave
regi ster read address control

(29N s9hcn
mul ti pl exer 344. DVA P&ﬁg‘ééﬂéyzothls FEEY A ggg%Pputp %daet u?ng DIVA
regi ster data to ddie aPRbrizontal syhAtRrfaceheVflitispl packeB4h @ siddes out put

to DVA statg frame. The following packets signify following scan

lines that fill out the rest of the video frame headers,

but the headers do not contain the synch fields. The
data flows the same way for all packets, each starting at
the point OXF000, where the header is and, if there is no

10 synch bit in the header, then the vertical synch will not
be set. When it writes to F004, the horizontal synch
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.

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

DMA engine 74 of the present invention is controlled
by data structures called packet control lists or PCLs.

20 The PCL contains command information command information
which the DMA fetches from memory as needed. These
commands tell the DMA the sources and destinations for
the data and how many bytes it is to transfer. Some
commands, move chunks of data between the IEEE 1394

25 transmit FIFOs and PCI bus 24, or between the general
receive FIFO 80 and PCI bus 24. Another command moves

data between PCI bus 24 and auxiliary port local bus 26.



machi ne next state Iogic 352. DMA state machi ne next state val ues

354 are witten back to the state register and ot her out put
registers via multiplexer 304. Qutput 25 from DVA comand processi ng
envi ronnment 300 i ncludes FIFO read, wite, and select signals 356
and nunerous signals. 46 .

DVA channel arbi-trator 340 controls which channel w1l be in execution.
This arbitration is based on signals fromthe FIFO 358 such as "FI FO
active -channel requires data"” and "FIFO a2tive channel,” as well as which

FIFOis ready to transfer data and what channels are enabled and active.
DVA Regi sters 310 inplenent a control and status register set for

controlling and nonitoring the status of each DVA channel. DVA registers
310 support each DVMA channel with nunerous functions. For exanple,

previous packetod¥ (Rmmhh&t StdlforaddeS8dd e Muncedbsteindlide called

auxiliary commands. These auxiliary commands allow the
DMA to peek and poke quadlets of specified data to any
PCI address and permit some conditional branching using

5 | 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 uses of the

10 DMA will evolve.

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

15 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

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

As a minimal requirement, the PCL starting address

25 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



provides a register that is updated by the DVA engine 74 as it processes a
queue of packets during asynchronous transmts. It is also used during
auxi liary conmands as a tenporary holding register for |oad and store
data. Packet control list start address register 314 is initialized by
application software to point to the start of the first (dumy) PCL in a
PCL chain. DVA engine 74 wuses the Next Address |loaded in this PCL to |ink
to the first actual PCL. Packet control |ist start address register 314

i s updated by the active DVA channel as PCLs are processed. DMA buffer
start address register 316 is |oaded with&3he data buffer pointers fetched
fromthe PCL 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
processi ng of 47

may be aligned to an arbitrary byte boundary. For
optimél DMA performance, the present invention aligns
data buffer pointers on a cache line.boundafy. If this
is not possible, the next optimal data buffer pointer

S alignment should be on a guadlet boundary. The sum of
the sizes of thé data buffers pointed to by the PCL are
approximately limited to one kilobit for an IEEE 1394 bit
rate of 100 mbps or 2 kilobits for an IEEE 1394 bit rate
of 200 mbps.

10 In the present embodiment, the active DMA channel
fetches the commands and control parameters from the PCL
and uses them to configure the channel itself to perform
the command in transfer.

Application software programs allow the DMA channel

15 to transfer multiple IEEE 1394 data packets by chaining
éogether multiple packet control lists into a PCL list
queue. The present invention constructs the queue by
setting the next address field of each PCL to point to
the starting address in memory of the next PCL. The last

20 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 gueue may mix feceivé and transmit and auxiliary

25 commands together; however, an asynchronous transmit
command must be followed by another asynchronous transmit

command due to the potential pipelined nature transmits



the PCL is conpleted, the active DVA channel wites the status information
of this register\back into PCL at offset OxC DVA control register
322 contains control bits to allow application software to enable or

di sable the operation of the DVA channel and re-fetch the next address of
a PCL for linkage. DVA control register 322 stores the data buffer
transfer control, transfer bit count, and commands that are fetched from
the PCL. The Ileast significant bit of DVA ready register 326 can cause

the DVA channel to wait for a ready condition before it continues
execution of a XMI, RCV, LOAD, STORE, STORE® or STORE1 command. This ready
condition is selected by the control word(s) of the PCL. The | east
significant bit of DMA ready register 326 can cause the DVA channel to
condi tional branch to during execution of a BRANCH command. This condition
is selected by the control word(s) of the PCL. Current DVA state register
324 stores the sPRfethrRIFSiIPIILEhCIDRAPRRSPMACETYhi SO S¥eTi s updat ed

during the activepphg® &dedihg PHE «eangeh spsh i i B3 fe | ast state
vector generated when the channel goes inactive. DVA regi sters 310

al so may include @sReebronousatkansmitCapmmamdgpraciudesothinovpguiceaent.
contains the current pf&a&l v8d; PAGKSIaeQURL: P 1RNGNE TALRdS L

regi ster
5 packet control lists, according to the present embodiment

of the invention. In FIGURE 20, PCI queue 450 begins at
start address 452. From start address 452 process flow
goeé to dummy packet control list 454. Dummy packet

control list 454 sends process flow to transfer command

10 packet control list 456. 1In transfer command packet
control list 0, data buffer count command and data buffer
address information goes to data buffers 460, 462, on to,
for example, data buffer 464 indicating, in this example,
fourteen data buffers in use.

15 Transfer command packet control list 0, at reference
number 456, includes next.list address 466 that goes to
auxiliary command packet control list 1, at reference
numeral 470. Auxiliary command packet control list 1, at
reference numeral 470, includes load command 472, source

20 . address at location 474 and store command and location
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

25 if true destination address 484 that conditionally sends
PCI process control to transfer command packet control

list 2, at reference numeral 486. Transfer command



with the receive packet count passed in GRF 80 token words. This count

then decrenented as the data is
transferred to PCl bus 24. Also, a DVA gl obal register (not shown) may

i ncluded that contains state flags for

i's
48
be

use by the state machine to track

t he execution of an asynchronous transmt packet. The DVA gl obal register
may store the | ower bound bits used in conjunction with the cache line
size register to determne the burst size requested of the PCl naster.
FI GURE 21 shows how a DVA channel initializes after reset to a static
condition at section 135. Each DMA channel®310 waits for a valid PCL
pointer to be witten to a packet control |ist start address register 314,
enable and link bits are set in the DMA control register.
A valid PCL pointer is determned by the state of bit 0 of the current
packet control i st

“and the channel

10

15

20

25

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
data buffer addresses 492 and the like go to data buffer
494 and the like. In the event that if true destination
address 484 controls process flow of the PCI queue, next
list address 468 goes to transfer command packet contrdl
list 2, at reference numeral 486. This information then
goes from next list 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.
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
desired list of PCLs for doing the operation with the
data transfer or some type of auxiliary command, such as
the auxiliary commands that do actual processor-like
instructions.

The spaces in the next PCL address, include an error
address, a reserve location, and status. The next pair
is the control stat, transfer count. The next one after
that is the data buffer address. These two long words

constitute one instruction or data transfer to one data



(PCL) address register. A value of 1 indicates an invalid address, a val ue
of O indicates a valid address. The DVA 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 current PCL address
and begin execution. If this address is invalid, the link bit is 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 goes inactive. This mechanism provides a sanity check on the PCL

menory structures, as well as provides a.reﬁ%uively easy way to continue
to channel PCL execution in the event a next address link is

49 m ssed (i.e., invalid). When DVA engine 74 detects a valid next PCL
address, DVA engine 74 sets BSY bit in DMA control and status registers 76

and gets the words agfthe ro riate PCL. f Check_LEftheQ d%;t
det er mi ne whet her PR %’Bm"&ﬁ% |ga’és e EFFEPLE AR iUt e ?‘g’?efsr or'ﬁ?’la&al
bus, or auxiliary poifitfitko a datklkiiffer?loeadionuas the wkhousy rad avbiew, at
sectlpn the data is to be transferred to or from. If data is to
be continually transferred, the present embodiment makes
S possible forming a large control loop for continuous data
transfer.
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
10 operation. In a receive operation, as FIGURE 21 shows,
for isochronous and asynchronous data in GRF 80, process
flow begins by checking to see whether a wait condition
exists. For an isochronous transmission, as FIGURE 23
shows, if the channel enable equals 1, the transmit
15 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

20 where the current transfer count is checked to see if it
has gone to zero. 1If 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 layér controller

25

writing a special control token word into GRF FIFO, then
an exrror has occurred because more packet data is to be

transferred than the buffer éan hold. In this case, the



137, DMA engine 74 perforns Receive Qperation for isochronous and
asynchronous data in GRF 80. DMA engine 74 proceeds by checking to see if a
wait condition exists. Once the wait condition no | onger exists, the
processor enters a data novenent phase. Here, DVA engine 74 enters a | oop
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 is the last data buffer of the PCL
buffer list. If it is the last buffer and a packet boundary has not been

i ndicated by the Iink |ayer control logic 90 witing a special control
token word in GRF 80, then an error has oclrred because nore packet data
Is to be transferred than the buffer can hold. In this case, the PKT ERR
bit is set in the DVA control and status registers 76 and DVA engi ne 74
flushes the remai ning data up to the packet boundary. If the current
transfer count has_decrenmented, to zero,- and thﬁ%§¥is anot her, buffer [n the

PCL |ist, then DMAPERGTHES TR aRti 12 STNE neRG BFALV R SERY  t #hst er

count and proceeds tiet bMA heilllr D6£Iche remaining data up to the packet
50 Wi | e viag data from CGRF 80 to the PCl interface |ogic 70,
DVA engine 74 wai t SOPBIAERF 86 £BerrFent kranstet cauprh 1R slesrerenead i ng

the PCl bus master tb0zep&drd fharé a1 Shethed Nk feraRaf ehe tBILIRGLT {iSen
reached whenever one of two conditions is net. DVA engine 74 will request

a transfer of>the PEF R¥R(3GAUiKERCHA nepWebuffer address and transfer
count and proceeds with the transfer.

While moving data from the receive FIFO in the PCI
interface, the DMA waits for the FIFO to have sufficient
data before requesting the PCI bus master to perform a
10 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." This
high watermark is equal to the greater of the cache line
15 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
this transfer count to determine if the data in the FIFO
20 is the remaining data in the packet and, if so, and the
size is less than the high watermark, it réquests a
transfer of the PCI master where the transfer count is
equal to this remainder. While the DMA is transferring
data, the data buffer start address register in the data
25 buffered transfer length bits in the DMA control register

are updated to reflect the current state of the transfer.



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 gl obal register. The DVA gets |
informati on 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 remaining data in
t he packet and, if so and the size is less than the high water mark, it
will request a transfer of PCl Master |logic 64 where the transfer count is
equal to this remainder. While DVA engineé§4 is transferring data, the
data buffer start address register and the data buffer transfer |ength
bits in the DVA control and status registers 76 are updated to reflect the
current state of the transfer. As section 139 of FIGURE 21

I ndi cates, when |ink | ayer control logic 90 encounters the end of a
packet, it wites aWbpacthd ldakt Layexr cloatradler enaougRErgOthe erdd bf t he

end of a packet. ﬁ{i&%‘i@‘é‘? k{‘ JdleRsCONLLl; MOLLL LS rolled U8 ffed N3k
i ndicate the conpléetion State o the _

FIFO to mark the end of a packet. Embedded in this
control word are status bits that indicate the completion

S 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
indicates an IEEE 1394 busy acknowledge, the DMA
reacquires the PCL's first buffer address and transfer

10 count, and starts the packet's transfer over again. If
there is no busy status indicated from the end of packet
marker, the DMA status register is loaded with the
acknowledge status passed from the link layer controller
in the end of packet marker, the packet complete is set.

15 It is then written to memory in the PCL status word along
with the number of bits transferred for this PCL. 1If the
INT bit is set for the data buffer control/byte count
command in the PCL, then an interrupt is signaled and
latched in the corresponding DMA PCL bit in the interrupt

20 status register. If the command was a receive and update
command, then the remaining transfer count and next
bﬁffer address are written to the PCL. The DMA then
determines whether another PCL has been linked to the
current PCL by fetching the next list address field of

25 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,



51 packet on the bus. DVA engine 74 uses this end of packet marker to
termnate the transfer of data fromGRF 80 to PC bus 24. If the end of
packet marker indicates a | EEE 1394 busy acknow edge signal is present,
DVA engine 74 re-acquires the PCL's first buffer address and transfer
count and starts the packet's transfer all over. If there was no. busy
acknow edge status indicated fromthe end of packet marker then DVA
control and status registers 76 are |oaded with the acknow edge status
passed fromlink |layer control logic 90 in the end of packet nmarker, a
packet conplete bit is set. The packet com&%ﬂicwlstatus Is then witten
to nenory in the PCL status word and an interrupt is signaled and | atched

in the corresponding bit in the Interrupt Status register. |If the command
was -a receive-and-update command, then the renmaining transfer count and

next buffer address _are w.itten tqQ a rQEriate PCL offsets. FI GURE
13 shows tabl e 360tP&R| Hef R BAES TS ICINAKECHARNEIe BB trati on

circuit 340. Tabl ec360rsNOMSistBa} ,a ioMA2 halBBACint dirriptl €8t dehadGicewerepn t he
| EEE this channel with associated status in the interrupt
status register, and the channel becomes idle.
5 For the DMA asynchronous transmit operation, as
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
10 the asynchronous packet processor is to remain one packet
ahead of the current packet .being transferred from the
FIFO to the IEEE 13%4 bus by the link layer controller.
From the DMA's point-of-view, this packet on the bus was
a previous packet. BAny status reported by the link layer
15 controller is assumed to be for this previous packet;
however, setting “"wait for status" bit in the "data
buffer/byte count/command® in the PCL will prevent this
pipelining operation. The DMA keeps the address of the

previous packet control list start address in the

20 previous packet control list start address/temporary
register. The flag called "previous PCL valid" is kept
by the DMA in the DMA global register to keep track of
whether it has a stored valid address. A transmit
operation for an asynchronous channel proceeds by

25

checking to see if a wait condition exists. A wait
condition is determined by the wait select bits of the

"data buffer control/byte count/command" in the PCL. A



Standard 1394 bus, that channel has the highest priority to be schedul ed
for execution in the DVA channel. Oherw se, channel priority is in order
of channel nunber, with O being the highest priority. A "don't care"
value is assigned as the value "X' at 362. This neans that no nmatter what
ot her values may be, the currently active channel is the highest priority.

That 52 I's the channel s that
get schedul ed at the earliest possible convenience. The operation of

DVA command processing nmay be seen throu the foll owi ng exanpl e. Suppose
the DMA is currently operating on channel 3. Al registers for channel 3,
therefore, are selected via nultiplexer 346 wthin the DVA. The DVA

selects the particular slice of registers to appear on the DVA state
machi ne current state and next state | ogic. :

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
conditions are ignored during retries.

5 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
is checked to see if it has gone to zero. 1If so, a check

10 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. While moving
data into the asynchronous transmit FIFO from the PCI

15 - 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 high
watermark as defined with regard to the DMA receive

20 operation. Wﬁile 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.

When the last bit of data from a buffer has been

25 transferred to the asynchronous transmit FIFO and the

buffer is the last of the PCL list as indicated by the

last buffer bit in the control/byte count PCL word, then



FI GURE 14 provides a sinplified diagramof the personal conputer
environnent 12 of the present enbodinent that includes the auto boot
function 370. Pin 370 of PCl-interface ASIC 20 provides a direct input to
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, PCl
device #2, at reference nuneral 31, through PClI bus 24. Conmands for

aut ononous 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 wwth PHY interface 18. Wigh the aut oboot pin 370 is
active (i.e., tied hi gh), the autoboot node of the present invention is
sel ected. The aut oboot nbde enabl es a number of features whi ch al | ow
PCl-interface ASIC 20 to function aut ononousl y. Aut ononpus operati on

i ncl udes the featurg, ol 21520, ROVRL, (83°he L1 SN e, ldress of the
reached. 1If the previous packet address is valid, the
DMA will delay checking status until there is a full
packet queued in the transmit FIFO. This way, the return
5 status is always for the previous packet, unless the wait
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
10 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
15 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 controller to indicate the
completion of the FIFO flush by the removal of the retry
20 indication. The DMA then “"backs up to" the previous
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
25 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



packet contro

i st using DVA channel 0. After power reset, also, the
aut oboot node nakes possi bl e enabling the DVA naster access to external
ROM Mor eover,

RPL

after power reset, the autoboot nobde enables the feature of

DVA naster access to internal link registers. Once enabl ed as naster
bus 24, PCl- interface ASIC 20 can issue PCl configuration,
| nput/ out put,
speci fying the appropriate address range in the controlling packet control
list. In the autoboot node of operation, the external PCl address space is
limted to 30 bits. The two nost significanf?2address bits are always at a 0
value. Internally, these two bits are used to select the PCI comrand.
The state of autoboot pin 370 can be read froma special bit in a

m scel | aneous control register for diagnostic purposes. Wth the autoboot
node sel ected and an external ROM the present invention may operate PCl-
interface ASI C 20t88 PRRVIQEaFPChr ocks ddie 8E8EYURp Rift| 1FnERE gt the
PCl -interface ASI 6c20 £R&H ShflidcelPuptiild BibRS1&I NRIa da¥ERES AN Al bus 24
and to build and queue other PCLs. e various DVA channels may be enabl ed
to execute these PEEFeFRONGiNgsHiBEeHEdMRL £H088S FeRISEEEPEB94 Dbus.

on the PC

addi ng external
is provided for devices on PCl

have | oca
54

and nenory read and wite commands on PClI bus 24 by

us 24 to o

frenor spegiatatentinodnsbken tRCIther byansmitc FITFOhen mawn Sfher

10

15

20

25

end of the packet. The packet count is incremented to
one to indicate to the link layer controller that the end
of packet has been written by the DMA. 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 DMA global register.
The DMA then determines whether another PCL has been
linked to the current PCL by 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
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
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

By

| ocal  fiisn RANM ts?.gﬁ’&l i G‘Jefegcﬁheg?éﬁ,c%héopmﬁ’qrriséeasv% menory

taln control i1 nfornmation and



device control /data via | EEE 1394 to another system Accordingly, an

envi ronnent that enploys the autoboot node of the present invention could
be used for peripheral devices, where there may not be a suitable
processor avail able to manage the PCl interface environnent.

Circuitry of FIGURE 14 provides anot her node of operation for the chip via
an external pin. The effect is to enable and pre-specify a portion of the
menory map to all ow enough resources to be accessible to the DMA engine
74 on power-up to execute and have access to all required functions to
performuseful work. Also, the effect is to’odify the behavior of the DVA
engine 74 so that, when the DVA nmachine is in a particular node, the
machi ne requires new i nstructions froma dedi cated ROM instead of becom ng
I nactive. DVA engine 74 conmes up active and acquires a certain
address for obtaining instructions. This pernmits PCl- interface ASIC 20 to
operate in a standigl 5hen Hrfatedhin thy £6La| | Fwthenevgehe?hitd Srasemie

menory commands, arRdmebBPWY Yk PY! o ¥TRNASt Bhdy THOPoBE bl dtiGlfa¢ge ASI C 20.
Usi ng aut oboot pin 370, the present invention ermts reconfiguring the

pover -up nemory magasgeenegsis i§ nackengerangspending i zThg P@Vadsderapsbase
address registers. il §; AldQ0R bPond¥ng™ENbOEs 11530 «BNEkYE ' &%und the
5 PCL{s) which form the stream of data to this particular
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
10 valid, then the DMA will continue execution with that
PCL. 1If this address is not valid, then the DMA channel
will go idle the same as at any time it encounters the
next PCL address marked invalid. If this next stream
feature is not to be used, then this value should be set
15 to the same value as the next list address. If the DMA
halts posting a DMA halt interrupt status and the next
PCL stream entry is invalid, then rewriting the next PCL
stream is necessary, since the DMA is in the get-next-
stream state and the DMA is ignoring the next list
20. address. Always setting the "next list address" and the
“next PCL stream" to the same address is, therefore,
required if the next stream feature is not to be used to
prevent a hang in any asynchronbus transmit channel that
invokes the next PCL stream entry due to an error.
25 FIGURE 24 shows a flow diagram similar to that

described above for the asynchronous and isochronous



access after power-up. Mreover, the present invention nodifies the
behavi or of DVA engi ne 74 when the aut oboot

55 node is selected. This permts acquiring a new

i nstruction froma dedi cated ROM address upon power - up. The initial
access address is exactly O in the present I npl ement ati on. The

I nvention further provides a nethod 5 to generate bus commands and
protocol not required in a nor mal environnment. . DVA
engi ne 74 can acquire and execute instructions from RPL ROM 36 when
t he autoboot option is sel ected. Thi & pernits DVA engine 74 to
generate required commands 10 to act as a master agent on an external
PCl bus to configure, initialize and manage ot her PCl devices on
this external bus. Tabl e 380 of FI GURE 15 depicts the mapping

of internal PCl address bus [31:30] bits to commands, on the
' transmit operations, 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

5 data between 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

10 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

15 condition is determined by the Wait Select bits of the
data buf0 ctl/bit_cnt/cmd at PCL 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. If so, a check is made to see if this

20 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 the transfer. While the DMA is transferring
data, the Data buffer start address register and the data

25 buffer transfer length bits in the DMA control register

are updated to reflect the current state of the transfer.



15 PCl bus, when the autoboot input 370 is active. For

exanple, in the event that bit 31 assunes a value of 0O and bit 30
assunmes any val ue, PClI nenory conmand is activated. Thereafter

Wi th address bit 31 assunming a 1 val ue and address bit 30 assum ng
a 0 value, PCl 1/0 20 command occurs. Wth an address bit 31 val ue of
1 and address bit 30 value of 1, the PCl configuration comrand
goes to PCl interface ASIC 20. FI GURE 16 shows a di agram of ‘a
| ocal bus interface bl ock 390 acconﬂgng to one aspect of the
present 25 I nvention. Local bus interface block 390 includes | ocal
bus configuration registers 392, zoomvideo (ZV) decode I nterface
bl ock 394 that comunicates with ZV machi ne

56 396. Pack/unpack state nmachi nes 398 include address/data/

bit enabl e hol di ng regﬁﬁ%é”f%eSEQ tngg bggtargr,rfacguffer has H%%k 390 al so
I ncl udes | ocal bus interface's e Tach

transferred to/from the LOCAL bus and the buffer is the
last of the PCL list as indicated by the LAST BUF bit of
the ctl/bit_cnt PCL word then the DMA knows that the end -

5 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
transferred. If the INT bit is set in.the data bufo

10 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

15 (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

20 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

25 80, asynchronous transmit FIFO 82, and isochronous
transmit FIFO 84. The FIFO logic of the present

invention includes a link-side cloék domain 502 and a



400 and sl ave acknow edge interrupt block 402. 5 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. When correctly programmed, the ZV interface | ogic provides a
met hod for receiving | EEE 1394 digital camera packets and transfer
10 the payload to an external ZV-conpliant device with the

appropriate control signals. ZV decode circuit 394 is accessed
via a subset of the third PC nennrﬁ based address regi ster. Wen
ZN decode circuit 394 is enabled, a ﬁiliary addresses 15

bet ween OxFO00 and OxFFFF map to the ZV port. The 2ZV port is
enabl ed when one of six avail able cl ock sources ' 395 is selected as
the zZV pixel clock. If none of the six clocks are selected, the zZV

port is disabled: th auxiliary interface.cl aj the entire
addr ess space. ng&'ﬁﬁ%@ncﬁﬂﬁkﬂ?"ﬁd‘f‘ts & diréhlflcéd?lg?l%ﬁ‘rgf’ﬂ?éﬂ WHhput s
are tri-stpitEsl dbntlol han®)eteRUEORe@istdi® @8t ardUSealManahwiritden
still be driven during auxiliary, RAM and. ROM accesses. Wth

the zV port, a verPYcHre Erichusjirgripse logic. BAdgey oaF B SPNG&EPELET Ng t he

| EEE 1394 i sochrongiigeRaGeglistérs 88 preddge Sth bl phin€balagk@s@X1l. In
t he present enbodi ment, -data bit 24 contains the significant synch

field data. Gpon dBeeRinAogict$fs Reirrexnl addirss peppipg logic 86
generétes RAM address mapping offsets to FIFO read-write .
pointer pairs.

The dual port RAM 501 provides data storage for GRF
80, asynchronous transmit FIFO 82, and isochronous FIFO

10 84, and straddles the demarcation between link-side clock
domain 502 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

15 status to DMA logic signal 510. On link-side clock
domain 502, clock 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 logic signal 516.

29 ' Dual port RAM 501 receives address inputs from
multiplexer 518 and multiplexer 520. Multiplexer 518.
receives input from general receive write pointer 522,
asynchronous transmit read pointer 524 and isochronous
transmit read pointer 526. General receive write pointer

25 - 522 receives control from 1394 receiver and address
mapping logic. Asynchronous transmit read pointer 524

and isochronous transmit read pointer 526 receive control



57 vertical synch output is generated. For the remmi nder of

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 programring the 5 packet control list, all I|IEEE 1394 digital
canmera packets may be transferred via the ZV port. FlI GURE
17 shows one enbodi nent of the synch detect circuitry 405 of the
present invention for generating vertical synch detected signal 407
and horizontal synch 10 detected signal 409. Wen PCl sl ave address
bits [15:0] assume a val ue of OXFOO3’and sl ave data bit 28 assunes
the value of binary 1, the conpare circuitry 411 and 413 send signals
to AND gate 415. This produces a vertical synch detected signal on
line 407. Simlarly, when slave 15 address bits [15:0] provide the

OXF004 to compare circuitry 417, a_horizontal sy ch det cted S|gna
appear s Onf Pﬂel§Rﬁ)transm1tegr and addrqu GBﬁEng ﬁ

scan line for packebm generalZ@e8e PR tvraddr gssnt@p 5210 aﬁﬁx&fﬁildih@ubo the
present 20 invention, Zoom port address map 410 incl udes

| sochronous packettTRBEHEY %Bd Beifttfifi fF4at 28Q dtIRTORPREG-ransmit zagd

I sochr onous paCketpo‘iﬂEérSEPfsC%lit%Std&g;z%hsﬁ\géééﬁsand recei X4 @Hdend' ng
at OXFFFF as reference nunerals 414 hrough 424 detail. Each

i sochronous Ppacketstiagugslogic 5afsfekraxd dpmatthepqmrpélrﬁﬂa%ﬁm@s’s lsgice,

with the der .4 I bging.ty ansferred to address OXFOOO the
first data payl oa é?et gb%e?%gg%ransferred to
General receive pointer 528, asynchronous transmit

write pointer 530, and isochronous transmit write pointer
532 all receive control from DMA logic and address

10 mapping logic. General receive read pointer 528,
asynchronous transmit write pointer 530, and isochronous
transmit write pointer 532 all provide output to DMA FIFO
status logic 508, clock domain pointer translation lbgic
512, and multiplexer 520. _

15 Dual sort RAM 501 also receives data in from 1394
receive logic along 33-bit data bus 534, link clock 25
MHz signal 536, and control from 1394 transmit/receive
logic at line 538. Also, control from 1394
transmit/receive logic 538 goes to link-side address

20 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
port RAM 501 PCI-side data input. Byte unpack logic 544
receives data out from dual port RAM 501 PCI-side data

25 output 33-bit bus 546 to provide DMA write data to host

memory. Also, control from DMA logic goes to byte unpack



58

packet payload data is transferred to address
packets N quadlets long. 5
I nvention permts

in a
pr esent

verti cal

into a 15

address OXF004 and the remaining quadlets in the packet
being transferred to sequenti al addresses until the end of the

FI GURE 18 shows that the present

(OXFOOO + (N-1)) for

aut ononmousl y di spl ayi ng the video i mage di spl ayed
har dwar e managed w ndow wi t hout any software support.

i nvention pernmits raw data to be shi pped across the | EEE
1394 bus and to flowinto the zoom port 10 in a conpatible format that
goes into the video controller chips78s input data. This permts
aut ononously di spl ayi ng data, while maintaining hori zontal and

i nformati on or signals. By building up the correct contro
structures to nakeledic fdddemupaiidexedafa0 and Dualt pantfRAM t591a par texal ar

address based on the AIGEESSer clonk oiblify! QU N bliah OB U BRI 1

In the case

fields.

10

15

20

25

In conjunction with the description given in FIGURE
2 in the accompanying text, the following deséription
further detail regarding the function of the FIFOs, GRF
80, asynchronous transmit FIFO 82, and isochronous
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
status is used by the DMA logic to pace the transfer of
data between host memory and the FIFO. Sihilarly, in
computing the link-side FIFO status, the PCI-to-link
clock domain translation logic samples the current value
of each pointer on the PCI-side of the FIFO and translate
these samples from the PCI clock domain over to the link
clock domain. Each translated PCIl-side pointer is
compared to its corresponding link-side pointer to
compute an occupancy status for each FIFO. This status
is used by the 1394 transmit-receive logic to pace the

transfer of data between the 1394 bus and the FIFO.

The

frame synch. I n operation, zoom video port is napped
certain address space. The headers contain frame synch



20 the Sony camera conplying with | EEE P1394 Digital Canera

Specification, a bit in the isochronous header synch field indicates
start of a video frame. By decoding this parti cul ar i sochronous
header synch field bit, a verti cal synch signal is generated. One
can use that information 25 to synchroni ze the receipt of zoom port
data to the zoom - port. '

59 There are two cases of this inplenentation, one for

hori zontal synch and the other for vertical %yn For t he vertical
synch, the decode requires a particular address and a particular

| sochronous header synch bit. 5 Hori zontal synch is generated by
decodi ng anot her parti cul ar address. The vi deo zoom
aspect of the present invention provi des the ability to autononously
extract control i nformati.on, such as horizontal or vertical synch 10

signals, from packeti zeBVEmPRCKOMPSI TS SMBLERRES GRer dPIic to assemble

i nformation such ag @ﬂ??%dﬂe@egsnllé)giaﬁ:adfgféaénﬁlr&l%ost memoEle iR byte
transfers to a specific destination address of .specific data

val ues. alipne@raddnesseavinitiien agkive Wy ichasnedt ¢ \iEhee logigs
har dware control gﬂé%ya .lbl%tluags%ée&e 3PRE LR @%(ereg&stersdﬁﬁi'f'&%y g0

addresses for différent segnents o ata. The
architecture all owsa-hemdbtiplexelye. Each ngsﬁhéeedmv¢E@G&t?@#tﬁﬁnﬂydﬁhap a

particul ar packet Ca%ygg lane. ’lJRreolfgﬁxtyQ:f' Qgghdfééfsrt%ql cgﬁééél[@téoogn

addr esses of
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
10 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
1s 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
20 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 corresponds
25 to a byte lane. The input of each register connects to
an input byte lane, which is driven from the FIFO. The

output. of each multiplexer connects to an output byte



20 different lengths. Accordingly, the present invention can
wite header fields to a particul ar address and data fields to
anot her address. Using this feature the present invention controls
what portions of the PCl interface device see what addresses. 25
The present invention further provides progranmabl e counters that
may be used to base control signal generation on nultiple accesses
to particul ar address 60
| ocations and/or data patterns. This occurs through the use of
counters to give the option of nultiple pacRBts per horizontal |ine
or between horizontal synchs. Accordingly, imediately after
vertical synch there may 5 be generated a horizontal synch signal
This permts counting the nunber of tinmes that a system goes through
a particul ar _address.. The system only Benerates anot her

u

hori zontal synch siFgRaFRioR i Smitehed (R thsuPMPichammegngo the h°'Scthrough

the address. This mesio¥ylsS Pe€ldatt bOUENPALKRLS mdDriplexeREOUBHUL NGputs
hori zontal line, according to the particular canera, resolution,
etc. connect in a one-to-one correspondence to each register

output. The remaining four inputs connect in a one-to-

5 one correspondence to each register input. This
configuration allows the gquadlet read from the FIFO to be
cross-point switched in a different order onto the output
byte lanes. The control of the byte lane multiplexers is
by the active DMA write channel.

10 Although the present invention has been described in
detail, it should be understood that various changes,
substitutions and alterations can be made hereto without
departing from the spirit and scope of the invention as

defined by the appended claims.
15



FI GURE 19 shows the process of nmapping a single vi deo packet to

mul tiple video scan lines using the zoom port address map 410. Zoom
port address nmap 410 includes 15 | sochronous packet header 412 t hat
adj oi ns | sochronous packet data 414. Menory spaces 416 through 424
are as described in FIGURE 17. Zoom vi deo | sochronous packet

440 includes header quadlet 0 which may contain a star't of frame
bit in the isochronous header synch field. 20 Quadlet 1 is the first

vi deo data payl oad quadl et which i ndi cates the begi nning of video
scan A. A hori zonal synch signal i<yenerated by the wite of this
quadl et to address OXF004. Simlarly, the wite of data quadl et 442
to address OXFO004 indicates the beginning of video scan A 25 + 1 by
generating a horizonal synch. Data wites starting at OXFO00O,

going to [ OXFOOO + SN-lg] wil | actually be the data that is output
through the zoom YHA 4 : 61
1. A method for autonomously outputting video data
from data packets comprising a header portion and a video
data portion, the method comprising the steps of:
5 receiving the data packets in a data packet transfer
device;
associating an address with a plurality of address
fields within the data packets;
decoding the header portion and an address segment
10 within the video data portion to determine whether the
header portion comprises a vertical synch signal;
decoding the address segﬁent to determine whether
the video data portion comprises a horizontal synch
signal;
15 separating the header portion from the video data
portion; and '

flowing the video data portion into a zoom port.

I



video port, i.e., the zoomdata. The header is stripped of f 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 5 frame. The follow ng packets signify follow ng scan

lines that fill out the rest of the video frame headers, but the
headers do not contain the synch fields. The data flows the sanme way
for all packets, each starting at t he poi nt OXFO00, where the header
is and, if there is no 10 synch bit in &pe header, then the vertical
synch wi |l not be set. Wien it witeS to FO04, the horizontal synch
w Il be generated. This generates the start of a scan line, so that
the remaining data will flow out as part of the scan line. 15

Even further there is the situation of nultiple scan | i nes per

packet. To handle this, the_pack o] t

DVA engi ne 74 of the p?esen']frpei ﬂ\?ghf’go |c§'a&5‘n%roﬁrt&1& %o%gl%ﬁ%g 505
structures call ed eagket &psddrdingi 6hé Iadel port déh aft'ElresE’ﬁira:tuntgai ns
command i nformati on command i nfaormation t he .DMA fetches from

menory as needed. thfeggader portiog et }FbWPdFﬂmgfﬁﬂ\Hﬂﬁ§l§8urces and
destinations for the data and how nmany bytes it is to transfer.
Sone commands nove chunks of data between_ the, | EEE 1%%4 . 25
transnmit FIF8s and PCl 3sus Phae mathed: REeflaife lgelBrEgin said LipwiRg e F| FO

80 and PCl bus 24. ANOther heP"EEH)tiZRKCEhe step of flowing said vertical

synch signal or horizontal synch signal into a zoom port

interface.

10 4, The method of Claim 1, wherein said decoding
step further comprises the step of decoding said header
portion as a vertical synch signal in the event that a
predetermined set of bits of an address field equal a
vertical synch signal value.

15 |

5. The method of Claim 4, wherein said decoding
step further comprises the step of qualifying a vertical
synch signal detection in the event that a slave data
field equals a vertical synch signal flag value.

20

6. The method of Claim 1, wherein said decoding
step further comprises the step of decoding said header
portion as a horizontal synch éignal in the event that a
predetermined set of bits of an address field equal a

25 horizontal synch signal value.

umm m




data between PCI bus 24 and auxiliary port |ocal bus 26.

62 O her commands are for secondary functions and are called

auxi liary conmands. These auxiliary commands all ow t he DVA t o peek
and poke quadl ets of specified data to any PCl address and permt
sonme conditional branching using 5 the PCLs. The intended use is to
permt the DMA to perform speci al data novenent controls and to
function as a stand-al one processor which can build PCLs in an

aut oboot sequence. The entire scope of this functionality is not

regi mrented, and other uses of the 10  D¥MR will evol ve.

Application software of the present invention prograns the operation
of a DVA channel using the PCL data structure, which resides in host
menory. The application software is responsible for constructing PCL
15 and allocating nenory for their storage. A PCL may be

organi zed as a contigubus Fbe eéthndrefyClatmtlovherigdn said datgontain the
comands, control t e n reqgui red by a .
DA channel (o ¢ rBACFErE sombrifl'a Wtatibiiie video SREN"HELS WAL 100 1Y
bet ween PCl bus Zﬁuanhleﬂ()vherelauaaid érlprugtstmaﬂurmhsrzwmwlse@ ¢kecut e
one or nore aUXI cxaFrrer égt aI unber. g rycla%catmns
required by a PCL |§pgenera Mt e u%d‘} ai P’ the current
i npl ementati®n. lines with aAS:oasm;tmxfEalselteqmiﬁmfﬂa,teﬁh&dﬁ‘ﬂsast arting

address 25 IS 1%|c'.-=199§r95t0 a quadl et boundary For opti mum DVA

I



performance, the PCL start address is reconmended to be a line on a
cache line boundary. The data buffer pointers

63 may be aligned to an arbitrary byte boundary. For

opti mal DMA performance, the present invention aligns data buffer
pointers on a cache |ine boundary. If this is not possible, the next
opti mal data buffer pointer 5 al i gnnment shoul d 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
rate of 100 mbps or 2 kilobits for an | EEE 8%04 bit rate of 200 nbps.
10 In the present enbodi nent, the active DVA channel

fetches the commands and control paraneters fromthe PCL and uses
themto configure the channel itself to perform the command in

transfer. . | i cati.on ftmar allow.th DNA channe
15 to transfer nul t?gr)eﬁlgéée?3 Yy R2E ?‘ﬁg ?E{J%Jy cc‘ﬁé’uﬁi g

toget her multipl e Fueek6ihoesnit b@ltphtﬁiﬁglﬂtcﬁoadﬁ'& fi&k data packgresle. The
present invention constructs the queue by settin the next address

field of each PCL G¥PFaFikRg (3 header P%fel%ﬂ &P AgVidre €83 ROFEHGMY of the
next PCL. The |astefbrisingCL in the queue can be programto elther hal t
DVA processing, point back to the start of the queue,

point to a néw queue. PEESiICHM &LAFAFCENGI aeyeeﬁm data paﬁ‘a%/tibe

enbedded anywhere {n a4 g Q tggésggg ke A PCL queue may m X
receive and transmt an ary commands t oget her; however, an

asynchronous transmt addressdﬁﬁwundthnst1¢§;nUﬂth9medf®y'Qﬁﬂﬂ?ﬁéﬁing'an

asynchronous 1 ansfid ess wicn SOPRALIING 4P ddE<Ret e0L1AL RiRgH Beganat ure

transmts
data packets;

10 a vertical synch signal decoding circuit for -
decoding the header portion and an address segment within
said video data portion to determine whether the header
portion comprisés a vertical synch signal or horizontal
synch signal;

15 a horizontal synch signal detection circuit for
decoding said address segment to determine whether said
video data portion comprises a horizontal synch signal;

separating instructions for separating the header
portioh from the video data portion; and

20 video data flowing circuitry for flowing the video

data portion into a zoom port.

RN Hﬂl!l Il



64 and the possibility of a packet retry. On the other

hand, setting the "wait for status" bit in the asynchronous transm t
command precl udes this requirenent. FIGURE 20 illustrates an
exanple of a linked Iist of 5 . packet control lists, according to the
present enbodi nent of the invention. In FIGJURE 20, PClI queue 450
begi ns at start address 452. From start address 452 process flow
goes to dunmmy packet control |ist 454. Dummy packet control list 454
sends process flow to transfer command 10 5packet control list 456. In
transfer command packet control 1|ist 8, data buffer count command and
data buffer address information goes to data buffers 460, 462, on to,
for exanple, data buffer 464 indicating, in this exanple, fourteen
data buffers in use. 15 Transfer command packet control list 0, at
ref erence nunber9 .456'I‘hé w#geaag';)gacjlée§t chqgfc?.ts%ﬁ'gﬁl{: f‘@f (ﬂ%ﬁﬁ to
auxi liary command packet control Tist 1, "at reference numer al 470.
Auxi | i ary command $adkettheontomprilsisg diratitry for dbdeamgdiog sadxkral 470,

i ncl udes | oad com@gaddeAiJZb gour C%EZO adq__r.ess atdlggaa%éronoqidbr? store
conmand and | ocati On POYLIY6 AN 6A0° MG 94 72 §ot YT 83t TogisTer 478
whi ch suppl s£ix3 DBebedgatsd glor486n. Store 1 command 476, provi des

input to nenory |ocation 482. Auxiliary conmand packet control 1|ist
1, at refererice numeral 470, also includes 25 if true destination
address 484 that conditicQnalrhy 8RS data packde cRh@E6B Scia@uitobf terdimansf er
command packet contr ol ) | ist. 2, at reference nuneral 486. Transfer
conmmand 8, wherein said flowing circuitry further comprises -

circuitry for flowing said vertical synch signal or
horizontal synch signal into a zoom port interface.
10 '
11. The video data packet control circuit of Claim
8, wherein said decoding circuitry further comprises
circuitry for decoding said header portion as a vertical
synch signal in the event that a predetermined set of

15 bits of an address field equal a vertical synch signal

value.

12. The video data packet control circuit of Claim

11, wherein said decoding circuitry further comprises
20 vertical synch signal circuitry for qualifying a vertical
synch signal in the event that a slave data field equals

a vertical synch signal flag value.

13. The video data packet control circuit of Claim
25 8, wherein said decoding circuitry further comprises
circuitry decoding said header portion as a horizontal

synch .signal in the event that a predetermined set of

I



65 packet control list 2, at reference nuneral 486, includes
next |list address 488 that goes to other PCls, as i ndi cat ed by
ref erence numeral 490, while data count and data buffer addresses
492 and the like go to data buffer 5 494 and the like. 1In the event
that if true desti.nation address 484 controls process flow of the
PCl queue, next | i st address 468 goes to transfer conmand packet
control li'st 2, at reference nuneral 486. This information then
goes fromnext |ist address 488 to other P{s, as 10 i ndi cated by
reference nunmeral 490, and data buffer O address and count conmand
information go to data buffer 1 and the |ike. Typi cal |y,
in operation host CPU 44 all ocates nenory . for building a packet
control list and a dumrmy next PCL 15 address, because there is ' no
revious PCL in existe .he 5d r &Pk Ldes a
gennry | ocati on Bigd &%E%iaﬁgr%f%gﬁﬁﬁgrgggy%Eﬁ‘%?gg%ng?pthe #f???h?§|
PCL, i.e. P&lud. The host processor then builds up the
desired list of PCLs for doing the operation with the 20 data transfer
or sone. type of auxiliary command, such as the auxiliary comuands
t hat do actual processor-like i nstructions. The spaces
in the next PCL address, include an error address, a reserve
| ocation, and status. The next pair 25 - is the control stat, transfer
count. The next one after that is the data buffer address. These
two | ong words constitute one.instruction or data transfer to one
dat a

* c L M s *



66 buffer. The transfer exanple is a buffer addresé thét

points to a data buffer location in the nenory to which the data is
to be transferred to or from If data is to be continually
transferred, the present enbodi nent nakes 5 possi ble formng a |arge
control loop for continuous data transfer. FI GUREs 21

t hrough 25 and the foll ow ng di scussion descri be the operation of the
present invention for a receive, transmt, PCl to/fromlocal bus, or
auxiliary 10 operation. In a receive opgration, as Fl GURE 21 shows,

for isochronous and asynchronous data in GRF 80, process fl ow begi ns
by checking to see whether a wait condition exi sts. For an

i sochronous transm ssion, as FI GURE 23 shows, if the channel enable
equals 1, the transmt 15 function is ready, and the cycle start bit is
ok, then is o wait KOSehddrnan cOmy@idr eQReihj Cforipridehgt mi ned by the
wait selector bits of the data buffer control word zero. Once a wait

condi ti on no | onger exiaft deasheony PeEipberal employimg s dtdaPack®lvenent

phase. Here a |oop.is,&engd, 20 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 i s the |lastomgater bufFidr corpeirr POMPELUFIRF: |ist. If the

data buffer is the |ast dat ?agg;tt_ e(%)uaggwpgrpgl%geta BeYNGRL Y ang has' not

been indicated by the link l'ayer contro witing a special control
token word into GRF FI FO, tleRCI-interfage éevigre lf9r prewkdisy Bacause nore

Packet fata ls 10 Bfcerace petlS] it pt?hud Wi ULLG pEAHIGLE, shflat i S
PCI-interface device, said PCI-interface device
comprising video data circuitry for autonomously storing

10 video data from data packets comprising a header portion
and a video data portion, said video data circuitry
comprising:

receiving circuitry for receiving the data packets
in a data packet transfer device;

15 address associating circuitry for associating an
address with a plurality of address fields within said
data packets;

a verified synch signal decoding circuit for
decoding the header portion and an address segment within

20 said video data portion to determine whether the header
portion comprises a vertical synch signal or horizontal
synch signal;

a horizontal synch signal detection circuit for
decoding said address segment to determine whether said

25 video data portion comprises a horizontal synch signal;

separating instructions for separating the header

portion from the video data portion; and



67 packet error bit is set in the DVA status register, and

the DVA will flush the remaining data up to the packet boundary. |If
the current transfer count has decrenented to zero and there is

anot her buffer in the PCL list, then 5 the DVA acquires the new buffer
address and transfer . count and proceeds with the transfer.

Wil e noving data fromthe receive FIFOin the PC “interface, the
DVA waits for the FIFO to have sufficient data before requesting
the PCl bus master to performa 10 transfer. This transfer threshold

i s reached whenever one of two con&®Ptions is net. The DVA will
request transfer of the PCl naster whenever the nunber of bytes

in the receive FIFO reaches a "high watermark." This hi gh wat er mar k
is equal to the greater of the cache |ine 15 size register or the [ower

bound field of the DVA g obgl . register. The ets.information of
a packet's data Vl%ﬁ°z af3 fhwias) Fﬂ’ff%ﬁ;ﬁ }ﬁé Eg@%&g? °t VF4¥° bei ng
witten I 846a s thbhCi Mo theobangéfe | ayer controller. It uses .
this transfer count to determine if the data in the FIFO 20 is the

remai ning data in the packet and, if so, and the size is less than
the high watermark, it requests a transfer of the PCl naster where
the transfer count is equal to this remainder. Wiile the DVA is
transferring

L



data, the data buffer start address register in the data 25 buf fered
transfer length bits in the DVA control register are updated to
reflect the current state of the transfer.

68 When the link |ayer controller encounters the end of

a packet, it wites a special control token word into the FIFO to
mark the end of a packet. Enbedded in this control word are status
bits that indicate the conpletion 5 state of the packet on the bus.
The DVA uses this end of packet markeyg to term nate the transfer of
data fromthe FIFOto the PCl bus. If the end of packet marker

I ndi cates an | EEE 1394 busy acknow edge, the DVA reacquires the
PCL's first buffer address and transfer 10 count, and starts the

packet's transfer over again. |If there is no busy status indicated
t

fromthe end of packet 1 LRI shvalcds LEOESI® 14S | oaded
with the acknomfsedgérhgt g@-ﬁéﬁﬁ{a P B 7

s passed fromthe |link |layer controller
in the end of packdurmhekerompriigipacides cizppiere fioy diéscarding said
header portion bit after separating said header portion
from said video data portion header location of said

5 memory.

16. The personal computer system of Claim 14,
wherein said flowing circuitry further comprises
circuitry for flowing said vertical synch signal or

10 horizontal synch signal into a zoom port interface

location with said memory.

17. The personal computer system of Claim 14,

wherein said decoding circuitry comprises circuitry for

15 decoding said header portion as a vertical synch signal
in the event that a predefermined set of bits of an

address field equal a vertical synch signal value.

18. The personal computer system of Claim 17,
20 whereiﬁ said decoding circuitry further comprises
vertical synch signal circuitry for qualifying a vertical
synch signal in the event that a slave data field equals

a vertical synch signal flag value.

I



15 It is then witten to nenory in the PCL status word al ong

Wi th the nunber of bits transferred for this PCL. If the INT bit is

set for the data buffer control/byte count command in the PCL, then

an interrupt is signaled and | atched in the correspondi ng DVA PCL

bit in the interrupt 20 status register. |If the command was a receive

and update command, then the remaining transfer count and next

buf fer address are witten to the PCL. The DVMA t hen det er mi nes

whet her another PCL has been linked to thesgo current PCL by fetching

the next list address field of 25 the current PCL. If there is a

| i nked PCL, the DMA nakes the linked PCL the current PCL and

conti nues executi on. | f another PCL has not been linked to the

current PCL, : 69

then the link and busy bits are cleared in the DVA control register,

a DVA halted interrupt._ is %enerated or this chapn | wth associated
c

h
status in the interrugs The RLFORAL, GYFRIGSET SYRHOTHR tbecones

idle. 5 witdfe irh @ aDYPa SIS DL dry2 FRt he © PO didRs AS _
FI GURE 22 shows, an asynchronous transmt _is determ ned after a valid
PCL poi nter has bedFFYHGt ATt 49 ngaEREY header portion as a

5 horizontal synch signal in the event that a predetermined
set of bits of an address field equal a horizontal synch

signal value.

20. The personal computer system of Claim 14,
10 wherein said data packets comprise a plurality of video
scan- lines and further wherein said flowing circuitry
further comprises circuitry for flowing said plurality of

video scan lines into said zoom port address of said

memory .

el



control list start address regi ster and the ‘channel enabl e and |ink
bits have been set. The overall goal of 10 t he asynchronous packet
processor is to renmain one packet ahead of the current packet being
transferred fromthe FIFOto the | EEE 1394 bus by the link |ayer
controller. From the DMA"s point-of-view, this packet on the bus was
a previous packet. Any status reported by the link |ayer 15 controller
is assuned to be for this previous packet; however, setting "wait
for status"™ bit in the "data buffer/byte count/connand" in the PCL
will prevent this pi pel i ni ng operatPdn. The DVA keeps the address of
t he previ ous packet control list start address in the 20

previ ous packet control list start address/tenporary regi ster. The
flag called "previous PCL valid" is kept by the DVA in the DVA

gl obal register to kee track her it has a stored valid

address. A transni tMETHOD ANBp%‘FSé‘EEI%HOFOFXW%Wﬁ:FPB‘ﬁ' HEQRYBTIFNoceeds

by 25 checking to see i frraMBAExEPIVED m&Aezsnéi:m:: Ayai t
condition is determned by the wait select bits of the "data buffer

control/byte count/command" | fNHEIICATIONS INTERFACE DEVICE

70 flag called "retry" is kept by the DVA in the DVA gl oba
regi ster. The DVA uses this fIéééi&ﬁﬁ&mé%ii%?kD%schﬁﬁuRE the wait
condition shoul d be evaluated as these wait conditions are ignored
during retries. 5 1n o pEPCfndd}all heFROS L} URe! BRERISXI StS. the

invention autonomously outputs video data (440) from ‘data

packets (426) including a header portion (428) and a
video data portion (430). The invention receives the

10 data packets (440) in a data packet transfer device (20),
‘and associates an address with a plurality of address
fields (428, 418) within the data packets (426).
Decoding of the header portion (428) and an address
segment within the video data portion occurs to determine

15 whether the header portion (428) comprises a vertical
synch signal (407). Also, the address segment of the.
video data portion is decoded to determine whether the
video data portion comprises a horizontal synch signal
(409) . The invention separates the header portion from

20 the video data portion and then flows the video data

portion (430) into a zoom port.

Figure 1



wites a control token to the FIFO indicating the
packet and enters a data novenent 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 10 is made to see if this is the |ast data buffer
of the PCL buffer list. If there is another buffer in the PCL |ist,
then the DMVA wi ||l acquire the new buf¥/6 address and transfer count
and proceed with transfer. Wile noving data into the asynchronous
transmt FIFO fromthe PCl 15 interface, the DMVA will wait for the

FI FO to have sufficient roombefore requesting the PCl bus naster
to performa read transfer. The DMA wi |l request a transfer

of the PCl master with the bit count equal to the high wat er mark as
defined with regard to the DVA receive 20 operation. Wiile the DVA is
transferring data, the data buffer start address register and the

data buffer transfer link bits in the DVA congrol register are
updated to reflect the current state of the transfe When t he

| ast bit of data froma buffer has been 25 transferred to the

begi nning of a

asynchronous transmt FIFO and the buffer is the last of the PCL
list as indicated by the | ast buffer bit in the control/byte count
PCL word, then PERIPHERIAL DEVICES
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71 the DVA knows that the end of the packet has been

reached. If the previous packet address is valid, the DVA will delay
checking status until there is a full packet queued in the transmt
FIFO. This way, the return 5 status is always for the previous packet,
unl ess the wait for status bit is set. If there is only one packet
I n the transfer, then the pr@vi2éus and current packets are
the sane. If the previous packet address is valid, then the DVA wil |
| ook at the packet counter. Wien a packet 10 has been transmtted to
the | EEE 1394 bus by the Iink | ayer controller and status for this
packet is valid, the link |ayer controller will decrenent the
packet counter. golhe—DMA will spin ing for pac oupter to go
to zero indicati nlc at us i s %C}'gm e for ﬁ]—'@c
previ ous packeER-PROY_OGAhE™S1 aPti nigat eg T 58 previ ous packet
i's to be retriS6R,PROMAIK (T % Aux_ﬂmﬂsh FHFO request to the
link |ayer cont rolm (ﬂm.d, +>6POO]t he |ink |ayer controller
to indicate the Ldmeket i LOCAL faus SR 1)t he renoval of the
retry CBEA3:0] <=7 " ™ |'LocAL BuS y
PAR =5 INTERFACE —AUX_ADR[15:0] =~—y0caL BUS
- AUX_DATA[ 15:0]
FRAMEz <—*{| maSTER||  LOGIC . Z00M PORT
IRDYz < raf [+ AX-O2 CONTROL
66 o AUX_WRz[1:0]
TRDYz ~+* \ ROM
DEVSELz <+ x| [T AUK-ROY
PCl —e IV_HSYNC,ZV_VSYNC,2V_PIXEL_CLK
ST0Pz <+ | siave v
IDSEL —* —- 2V_DATA_VALID
PERRz —* PCl QMLCSZ.ROM_CSZ.RAM_CSZ
SERRz —+| | CONFIGURATION | 72
R~ | CONROLAD | | oMa i
STATUS OMA CONTROL
GNTz —* REGISTERS < ENGINE | | AND STATUS { l«— DMA_RDYz
PCICLK —* P REGISTERS
PCIRSTz —* 68 N\ N
INTAz < _ 74 76
PCI BUS LOGIC DMA LOGIC
[ § [y
b A
r————-_ T g

Floenerat] {asmie | 1s0
Recv | x| | s
farfo | | FiFo | | fIFo

POINTER FIFO
ADDRESS CONTROL

78~ MAPPING | | AND STATUS

l—————————

80 || 81|84 weic | | RecISTERS
FIFO DUAL PORT RAM 35 38
FIFO LOGIC

3

LINK LAYER CONTROL (LLC) LOGIC

104
AN crae | [ 1304 packer £ lewpicnfo:]
TIMER TRANSMIT PHY-UINK | j+—PLD[0:7]
7 gg L CONTROL LOGIC | | INTERFACE |l picixs0
| | S| st | e
AND 1001 CRC LOGIC PARALLEL~ | f+— ISOLATED:
SIAIUS | 96 449 TO-SERIAL | f«— CYCLEIN
REGISTERS | N 1394 PACKET | | oo oo [I—=CYCLEOUT
| CYCLE | |RECEVE CONTROL| |0 - -
MONITOR . LOGIC ARALLEL




20 I ndication. The DVA then "backs up to" the previous

_ packet
and starts the transfer all over. If no retry occurred, then the
DVA wi || update the DVA status regi ster with the acknow edged
status passed fromthe link layer controller, sets packet conplete,
and then 25 wite the conpletion status to nenory in the previous PCL
status word along with the nunber of 3bpks transferred for t he
currently active PCL, which may not be rel evant for
72 the previous PCL. If the interrupt bit is set in the
PCL, then an interrupt is signaled and |latched in the correspondi ng
I nterrupt status register bit. When the status has been
checked, the DVA wites a 5 special control ftpken to the transmt FIFO
to mark the end of the packet. The packeg?bount is incremented to
one to indicate to the lfimk tayer controfter that the end of packet
has been witten by the|DVA. The current PCL S
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address is saved as the previous PCL address, and the 10 previ ous

packet control list start address register and a "previous valid"
flag is set in the DVA gl obal register. The DMA t hen determ nes
whet her anot her PCL has been linked to the-current PCL by fetching
t he next I|i st address value. If it is valid, then the DVA wi |l make
15 this the current PCL address andgGegti nue execution. |f it
is not valid or if the wait for status bit is set, t hen the DVA
waits for the current packet to be transferred by the |ink |ayer
controller. Wen valid status is available, as indicated by the
packet counter 20 decrenenting to zero, the DVA checks to see if the
packet is to be retried as indicated by a | EEE 1394 busy stat us.
If so, the FIFOis flushed as before nentioned and the transmt is
attenpted agai n. If there was a transmt tineout, retry
overrun, or 25 FI FO underrun, as indicated by the link |layer controller,
then the packet error bit is set in the DVA status regi ster, along
wi th the acknow edge status. The status
73
FIG. 4
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is then updated in the PCL. In the event of a transmt ti meout or

1394
RCV_DAT

retry overrun, it nmay be possible that the target node is no | onger
respondi ng. The DMA addresses this situation by making it possible
to skip around the 5 PCL(s) which formthe streamof data to this
particul ar target note. Software can set the next PCL streamentry
of the PCL to point to the first PCL t®/2&6e next stream of transmt
data (i.e., the next asynchronous transmts to anot her 1394 node).
If the next PCL stream address is 10 valid, then the DVA will continue
execution with that PCL. If this address is not valid, then the DVA
channel will go idle the sane as at any tine it encounters the
next PCL address marked invalid. If this next stream feature is not
to be used, then this value should be set 15 to the sanme val ue as the
next list address. |If the DVA halts posting a DVA halt interrupt _
status and the next PCL streamentry is invalid, then rewiting the
next PCL streamis necessary, since the is i Ege get - next -
stream state and the DVA is ignoring the nextz@ ress. Al ways
setting the "next |ist address"” and the =9 il streant to the
sane address is, therefore, requi reP &2t he n&E|stream feature is
not to be used to prevent a hang in any?Z nous transmt
channel that i nvokes the next PCL stge @qutey dug to an error.
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25 FI GURE 24 shows a flow diagramsimlar to that
descri bed above for the asynchronous and isochronous

74 transmt operations, but as applied to the auxiliary
operations of DVA Engi ne 74. The PClI to LOCAL Bus and LOCAL Bus
to PCl Transfer operation, as FI GURE 25 shows, controls the transfer
of 5 data between the PCl bus andé¥R& LOCAL Bus. The PCl
address and the nunber of bits to transfer is derived fromthe PCL
data buf ctl/bit_cnt/cnd word(s) in the PCL as for other transfer
commands such as transmts. The difference is that the destination
or source of the 10 transfer is not the FIFO it rather the LOCAL bus.
The LOCAL bus address@ s generated fromthé AUX ADREegi ster
(see hardwar e Begi st er definﬁ;ions). o A PCl toffrom LOCAL
operation wil I froceed & r——>+——&ecking t'Eﬁ‘see a W treonei-tH-pR exi st s.
The wait 15  “condi t8opti < &etenrfined by the Wit S&{ect<Ets of  the
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data bufO ctl/bitcnt/cnd at PCL offset 0x18. Wen the
conditions no |onger exist, the DVA enters a | oop
transfer count is checked to see if it has gone to zero. If so, a
check is made to see if this 20 is the | ast data buffer of the PCL
buffer list. |If there I's another buffer in the PCL |ist then the
DVA wi || acquire the new buf f&42%ddress and transfer count and
proceed with the transfer. Wile the DVMA is transferring data, the
Data buffer start address register and the data 25 buffer transfer

|l ength bits in the DVA control register are updated to reflect the
current state of the transfer. o

75 When the last bit of data froma buffer hasSbeen
transferred to/fromthe UIALgm&ideim uffer is the (__:1mﬂ_Pfthe
PCL list as indjratedghy the LAST BEF bt thg o/ bitzent RCL

N
word then the knows t hat tmi% >5>  je~of t#e tra-r(rsf‘.én hgsgb‘éer\':
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CWP is set, and it is then witten to the PCL status word at PCL

of fset OxC along with the nunber of bytes transferred. If the INT
bit is set in the data buf0O 10 ctl/bit_cnt/cnd at PCL offset 0x18 then
an interrupt is signal ed and | atched in the correspondi ng
(DVA_PCL[ x]) bit.in the Interrupt Status register. The
DVA t hen det erm nes whet her anot her PCL8 ha& been |l i nked to the
current PCL by fetching the Next List Adr 15 (PCL offset 0x00). If it
is valid as indicated by bit ' 0=0 then the DVA wi Il make this the
current PCL address and continue execution as shown. |f another PCL
had not been linked to the current PCL as indi ed by bit 0=1
t he Link and BSY blts2 re cleared in the DIVA control R0 register, a
DVA hal ted interrupt I iyt i 7254 channel w th associ at ed
status (DVA HLT[ x]) in\t—he—GVﬁ&ﬁdm& d upt §at us re? ter, and.the
channel becomes idj&. ck FlI GURE 26 [shasmofa] F} hi gh | evel
functional bl ock ﬂmm‘gg—tksce eration of FIFGCs for
GRF 25 80, a GJ.@RLQ!&nsmt @ 82) and isochronous
transmt FIFO 84. The h&%’s . he present F[G i nvention includes
allnk5|declockﬂ9{m7 582 —at .
GPIO_ADR ]A;” 258
260
266
272
'/
¢ wooeess 20 28

GPIO_ADR_OK | AAMA | 00

FIG. 11 4 | o |

1

360
/

3621 DMA CHANNEL | priority no. | 1394 tronsfer type

0 (highest) | chonnel currently octive on the 1394 bus

1 ISO receive/transmit ASYNC receive/tronsmit
2 IS0 receive/transmit ASYNC receive/tronsmit
3 ISO receive/transmit ASYNC receive/transmit
4 1SO receive/transmit ASYNC receive/transmit
o)

6

ISO receive/tronsmit ASYNC receive/transmit
(lowest) | ISO receive/tronsmit ASYNC receive/tronsmit

FIG. 13
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76 PCl -side cl ock domain 504. In PCl-side clock domain 504,

FI FO control and status registers 88 are real and witten by the PC
bus interface logic. Also, FIFO controller status registers 88

provi de input to pointer address 5 mappi ng | ogic 86. Pointer address
mappi ng | ogi c 86 gener ates RAM address mapping offsets to FIFO
read-write poi nter pairs. 9/26 The dual port RAM 501 provi des
data storage for GRF 80, asynchronous transmt FIFO 82, and

i sochronous FIFO 10 84, and straddl es the demarcation between |ink-side
cl ock ' domai n 502 and PCl-side cl ogk domain 504. One PCl-side

cl ock domain 504, clock domain pointer tg?nqhation | ogi c 506
generates an input to DVA FI FO occupan@§g§ga§us | ogi c 508. DVA FI FO

occupancy status | ogic 508‘gene§@§§%%51§ status to DVA | ogic signal
510. On link-side clock & = ®&oma n~5)X cl ock domai n poi nt er
t

&L

translation logic 512 "’\\pro i deg Fnﬂﬁ?‘ 1394 FIFO transmtter and
receiver occupgﬁcy status}|! ¢gijc 514=< I ¢h-ldgnerates a FI FO status
to 1394 transnit-recei | ogi ¢ si gnal 516.5x§_‘:§‘>‘z Dual port RAM 501
recei ves address input3~from 28] ] | S S
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mul tiplexer 518 and mnul ti pl exer 520. Ml tipl exer 518 recei ves input

fromgeneral receive wite pointer 522, asynchronous transmt read
pointer 524 and i sochronous transmt read pointer 526. Ceneral
receive wite pointer 25 522 receives control from 1394 receiver and
addr ess mappi ng | ogi c. Asynchronous transmt read pointer 524
and isochronous transmt read pointer 192&e6r ecei ve contr ol _
77 from 1394 transmtter and address nmappi ng | ogic. Qutput
fromgeneral receive wite pointer 522, asynchronous transmt read
poi nter 524, and isochronous transmt read pointer 526 all go to
transmtter and receive occupancy 5 status logic 514, clock domain
poi nter translation |ogic 506, and multi pl exer 518.
General receive pointer 528, asynchronous transmt wite pointer
530, and isochronous transmt wite pointer 532 all receive control
fromDVA | ogic and address 10 mappi ng logic. Ceneral receive read
poi nter 528, .
30
> 20 |
24 “pe —~
DEVICE | 14
1 AUTOBOOT 18 —
ect| et PO )P <
INTERFACE PHY PERIPHERAL
BUS BUS ASIC I/F BUS
PCl LOCAL BUS '
myms l
2 l *1
4 RPL
32 _ ROM SRAM
% S
36 38
FIG. 14
380
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0 X PCl memory Commoand
! 0 PCl 1/0 Command
1 1 PCI Configuration Command
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asynchronous transmt wite pointer 530, and i sochronous

transmt
wite pointer 532 all provide output to DMA FI FO status | ogi c 508,
cl ock domain pointer translation |ogic 512, and mul tipl exer 520. 15
Dual sort RAM 501 al so receives data in from 1394 receive logic
along 33-bit data bus 534, |ink clock 25 MHz signal 536, and
control from 1394 transmt/receive 11/26 |logic at |line 538. Al so, control
from 1394 transmt/receive |ogic 538 goes to |ink-side address 20
mul ti pl exer 518. Byte pack | ogic 540 recei ves DVA read data from
host menory via control fromDMA logic to provi de outgmt on 33-bit
data bus 542 that goes to dual port RAM 501 PCl - si data i nput.
Byt e unpack | ogic 544 recei ves data out from dual port RAM 501
PCl - si de dato%Xng do Oﬁ#l £, 33-bit bus 546 to provide DVA wite data to host
menory. Al so, Coﬂ'rréﬂ roam DVA | ogi ¢ goes to byte unpack
78 | ogi ¢ 544, multipl exer 52‘9 and Dual port RAM 501.} A zero
to 33 Miz POl clock signal 9 BRI 6P T R BR Jdota[31:0]
slv_wr — — >
siv_sd
siv_cfq_sel- oux_read_doto[ 31 0} |
_ , g GPIO doto[3:0]
pei_dota_in [31:0]- >
slv_be [3:0] '
oux_adr_reg[17:16]- oux odr reg
-+ GPIO [+—GPI0 [3:0]
ext_clk— '
ext_clk/2 > » 2v_hsync
sclk/4— "1 IV Decode - ZV_VSync
sclk/2 — . -~ i
c_lé 2 394 - 2v_data_valid
P —-2v_pixel_clk
peiclk/2— x A{15:8]
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39 > w|7:0 \l \ -
> - 396 {74] -- qux_data [15:8]
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N
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In conjunction with the description given in Fl GURE 2 in the
acconpanying text, the follow ng description 5 further detail

regardi ng the function of the FIFGCs, GRF 80, asynchronous transmt
FI FO 82, and isochronous transmt FIFO 84. FI FO st at us
| ogic 514 and 516 inplenent the | ogic required to generate an
occupancy status for each logical 1012/2BIFO. |In conputing the PCl-side
FI FO status, the |ink- _ to-PCl clock domain translation |ogic
sanpl es the current val ue of each pointer on the link side of the
FI FO and transl ate these sanples fromthe |ink clock domain over
to the PCl clock domain. Each translated |ink-side 15 pointer is
conpared to its correspondi ng PCl-side pointer to generate an
occupancy status for each FIFO This state@p i s used by the DVA

|l ogic to pace the transfer of dat a betweerl host nenory and the
FIFO Simlarly, in conputing th}hhnk-si de FIFO status, the
PCl-to-link 20 cl ociv-a#sthath t rjsnempose [on | ogi ¢ sanmples the current val ue
of each pointer on the PCl-side of =t=H|EDOD?—It Qedi d@@%ca{;egeded t hese
sanples fromthe PCl clock domain over to fihe ock domain.
Each transl ated PCl -si dev.siol[?8Er ilscompﬂfe _l— Onpgred yfyits corresponding
| i nk-si de pointer to 25 conmput e==an ng'mgancy status for each FIFOQO
This status is used by the r mt-receive logic to pace the
transfer of data betweesvicdf150394 |beempaayl t he Herir@lol Sync Detected
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79 Byte pack logic 540 inplenents the logic to assenble

a full quadl et using data read from host nenory on byte al i gned
addresses by the active DVA channel. The | ogic preferably includes
four 8 bit-wide registers and four 8- 5 to-1 nmultiplexers. Each
regi ster-nmux pair corresponds to a byte lane. The input of each
regi ster connects to an i nput IB/426 | ane which is switched by the
active DVA channel to host nenory. The output of each nmux connects
to an output byte | ane which drives the FIFO For each 10 8-to-1
mul tiplexer, four inputs shall connect in a one-to-one
correspondence to each register output. The remai ni ng four inputs
connect in a one-to-one correspondence to each register input. This
configuration allows bit-aligned DVA read data fromthe 15 four i nput
byte | anes to be cross-point switched in a different order to the
four output byte | anes. Contral of the byte lane nultiplexers is by
the active DMA read F[C 79
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channel . Byt e unpack | ogic 544 inplenents the logic required
20 to di sassenble the quadl et data read fromthe FIFO into

i ndividually sel ectable bytes for witing to host nenory on

byt e-al i gned addresses by the active DVA channel . This | ogic
consists of four 8-bit-wde registers and four 8-to-1 mul tipl exers.
Each regi ster-nmux pair corresponds %5/26 to a byte lane. The input of
each regi ster connects to an input byte lane, which is driven from
the FIFO The out put of each nultiplexer connects to an output byte
80 ' | ane which is switched by the DVA channel to the host

menory. For each of #pg 8-to-1 nultiplexers, four inputs connect in
a one-to-one correspoxlence to each register out put. The renai ning

f our inputs-eenn{g§g%g#$¥§g$}to- 5 one correspondence to each register
input. Thjs ation allows the quadlet458ad fromthe FIFO to
be
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cross-point swtched in a different order onto the output - byte

associ ating afy address

| anes. The control of the byte lane nultiplexers is by the active
DVA write channel. 10 Al t hough the present invention has been
described in detail, it should be understood that various changes,
substitutions and alterations can be nmade hereto w t hout departing
fromthe spirit and scope of the invent3/t2f as defined by the
appended clainms. 15 81
WHAT |'S CLAI MBRTA PACKET PROCESSoR 1- A method for autonomously outputting
vi deo dat a RESE{romdata packets conprising a header portion and a vi deo
data portion, .th onprising the steps of: 5 receiving the
data packets |n é“ggtﬂﬂgaﬁket transfer devi ce;
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fields wthin the data packets; decodi ng the header portion

and an address segnent 10 within the video data portion to determ ne
whet her the header portion conprises a vertical synch signal;
decodi ng the address segnent to determ ne whet her t he video data
portion conprises a horizontal synch signal; 15

separating the header portion from tilgg26 deo dat a portion; and

fl owi ng the video data portion into a zoom port.

82 ThewBEhed of Caim1l, further conpr|5|ng t he

step of dlscardlﬁg the headgr—porti on afte ara t he header

portion fromthejvi deo datartlon FT@? 32'7'#(3 met hod of Caimi1l,
wherein said fl oy ng tep further conprises the step of flow ng said
verti cal qyrCh signal gor horizontal Synch signa

Into a zopm port
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I nterface. 10 4. The method of Claim1, wherein said decoding

step further conprises the step of decodi ng said header portion as a
vertical synch signal in the event that a predeterm ned set of bits
of an address field equal a vertical synch signal value. 15

5. The nethod of C aim4, wherein said decoding step further
conprises the step of qualifying a yerbecal - synch signal detection
in the event that a slave data field equals a vertical synch signal
flag value. 20 6. The nethod of Caim1, wherein said

decodi ng step further conprises the step of decoding said header

L Bl

&

portion as a hori zont al syg&@
predet erm ned set jof bits
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7. The nethod of Caim1l, wherein said data packets conprise a

plurality of video scan |lines and further wherein said flow ng step
further conprises the step of associating each of the plurality of
video scan 5 lines wth a consistent set of associated address
| ocati ons. 84
8. A video data packet control circulB/R6ér aut ononously outputting
vi deo data from data packets conprising a header portion and a video
data portion, conprising: 5 receiving circuitry for
recei ving the data packets In a data packet transfer device;
address associating instructions for associating an address with a
plurality of address fields within said data packets; 10 a
vertical synch signal decoding circuit for FROM
?FIG. 22C
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decodi ng the header portion and an address segnent within said video
data portion to determ ne whet her the header portion conprises a
vertical synch signal or horizontal synch signal; 15. a
hori zontal synch signal detection circuit for decodi ng sai d address
segnent to determ ne whether said vi deo data portion conprises a
hori zontal synch signal; 19/8parating instructions for
separating the header portion fromthe video data portion; and 20
video data flowng circuitry for flow ng the video data portion
into a zoom port. 85

9. The video data packet controlrgM rcuit of Claim 8, further
conprising circuitry for discarditnd2sai d header portion after
separating said header portion f said video data portion. 5
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10. The video data packet control circuit of Claim 8, wherein said

flowwng circuitry further conprises circuitry for flowng said
vertical synch signal or hori zontal synch signal into a zoom port
interface. 10 11. The video data packet control circuit of
Claim 8, wherein said decoding circuitry further conprises
circuitry for decoding said header po20y26 as a vertical synch
signal in the event that a predeterm ned set of 15 bits of an address
field equal a vertical synch signal val ue. 12. The
video data packet control circuitepg) ﬂ@l 928’“ 11, wherein said

decoding circuitry further conprlse'
for qualifying a vertical
data field equal SF'J(7. 22 verti cal
13. The vi deo data packet cont Caim 25 8, wherein said
decoding circuitry further conp circuitry decodi ng said header
portion as a horizontal synci signal in the event that a
predet erm ned set of NO NEXT
PCL ADDRESS

vertical synch signal circuitry
S|gnal in the event that a slave
synch signal flag val ue.
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86 bits of an address field equal a horizontal synch signal value.

87 14. A personal conputer system conpri sing:

at | east one peripheral enploying a data packet transfer bus;

a conputer, said conputer conprising: 5 a host cpu
conprising a PCl bus; and a PCl-interface device for
provi di ng an I nterface betweenlp26d PCl bus and sai d peripheral
sai d PCl-interface device, said PCl-interface device

conpri sing video datf:fifCUitr for autononmously storin
P g 1SO_XMIT y y g
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10 vi deo data from data packets conprising a header portion and

a video data portion, said video data circuitry conpri si ng:
receiving circuitry for receiving the data packets in a data packet
transfer device; 15 address associating circuitry for associating
an address with a plurality of address fields within said

dat a packets; - a verifpgdasynch signal decoding circuit for
decodi ng the header portion and an address segnment within 20 sai d

vi deo data portion to determ ne whether the header portion
conprises a vertical synch signal or horizontal synch signal ;

a horizontal synch signal detagggggzaircuit for decodi ng said
address segnment to determ ne said 25 video data portion

conprises a Fizont4sl, synch signgl” - separatijng i nstructions
for separatigglgﬁe %ggﬁir 0->BRANOH}i on from t he video data portion; and
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video data flowing circuitry for flowng the video data portion into a

zoom port. 89

15. The personal conmputer system of C aim 14, further conprising the
circuitry for discarding said header portion bit after separating
sai d header portion fromsaid video data portion header |ocation of
said 5 menory. 16. 2Bhr@eper sonal conputer systemof Caim
14, wherein said flowing circuitry further conprises circuitry
for flow ng said vertical synch signal or 10 hori zontal synch signal
into a zoom port interface | ocation with said nmenory.

17. The personal conmputer system of Caim 14,
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wherein said decoding circuitry conprises circuitry for 15 decodi ng

sai d header portion as a vertical synch signal in the event that a
predeterm ned set of bits of an address field equal a vertical
synch si gnal val ue. 18. The personal conputer system of Caim
17, 20 wherein said decoding circuitry further conprises
vertical synch signal circuitry forzﬁﬁ% i fying a vertical synch
signal in the event that a slave data field equals a vertical synch
signal flag val ue. 90
19. The personal conputer @8 g$emPof) C ai m 14, wherein said decodi ng
circuitry further conprises —__circuitry for decodi ng said header
portion as a 5 hori zontal synch sigphal in the event that a
pr edet er m ned set ﬂb s an address field equal a horizontal
synch ' —< CHA ENA=1 20. The personal conputer system
of Caim 14, ?
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scan

conpri ses
into said

i nes

wherein said data packets conprise a plurality of video
further
vi deo scan
menory.
25/26

lines and further wherein said flowng circuitry
circuitry for flowing said plurality of

zoom port address of said
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