PERI PHERAL CONTROLLER The present |nvent|on relates to conputer system
architectures and is nore particularly concerned with ‘a peripheral

control l er which is connected between a host conputer system and the

peri pheral equi pment of the’ systen1 The #Iéxrblllty ‘of any m croconput er
systemis determ ned by the“nunber -and variety ofithe peripheral devices
that can be connected to and used by the processor of the host conputer (:
system Desk top m croconputers. con5|st essentlall of a host conputer /
system having a m croprocessor, a=Herps ERAL A QONTROLLE nMenory access
controller, interconnected by a systen1of busses conprising an address bus,

a data bus and a control bus, together with interfaces to connect the host
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peripheral device to the m croprocessor bus systema perip era %erface

I s required dompetteh Pestoncand dnei peri WE&E&%HﬂéQbﬁﬁﬁéh&rﬁﬁréﬁées§§56& the
formof an electrical connector socket brings the electronic
signals, at the anpeome:aihwbtyage eayehd crioecdniputaeEystesnpig positions.

Internally a
determined by the number and variety of the peripheral

devices that can be connected to and used by the processor

of the host comphter system.

Desk top microcomputers consist essentially of a host
computer system having a microprodessor, a memory and a
direct memory acceés'controller, interconnected by a system
of busses comprising an address bus, a data bus and é
control bus, together with inﬁerfaces to connect the host
computer system to peripheralidevices.

The peripheral devies of such systems can be used to
provide input data (e.g. a scanner) for the microprdcessor
or to accept'output data (e.g. a printer) from the (
microprocessor, Peripheral devices are also used for file
storage which the microprocessor can both read from and
write to.

In order to connect a peripheral device to the
microprocessor bus system a peripheral interface is required
for each peripheral device. Externally each interface takes

the form of an electrical connector socket which



peripheral interface is required to provide an intercomunication mechani sm
all owi ng the microprocessor to operate and conmuni cate with the peripheral
devi ce using control and data signals on the m croprocessor bus. The

peri pheral interface may be a dedi cat interface arrangenent, specific to
a peripheral device, or a general purpose interface, usable with oné of a

nurer, Ofb:dﬂ'ri%ser@ﬂé Qf’ééﬁ?gﬁﬁf‘ghgféh‘éﬁ-, Ehrﬁrﬁér%gffé%f@ﬁ assgd general -

pur pase interYaces: para eri al e par I nterface conprises a

number oflélﬁél?spoeJ,Stﬁéy%égi‘fyeai gah PosiivilRRy) PeivdddalNg the transfer

of eight or sixteen bit words sinultaneously, together with data flow
control FekihrdHs) SigPatfdcshss Fhgaiede tof grgvldeslan Nterface is used

for keyboard and printer interfaces, for exanplg, and can be adapted for
use with irtssrsdmragecaeion atechahfsmabiid owitigorihe \wdlareprerdsage di spl ays.
One such interface, originally devel oped for printers, is referred to as

t he Cent romiapsexafd Mnd ntenfunitcateewidhi dhe mesriipheralsdevacsi ngle wire
for transmtting data one bit at a tine to a receiver. Serial interfaces
nor mal | y usiforeonbrohtandadsbnasignagscon Shenieroprogersasy RYS-32C or

RS- 449) whi ch anong -3- other things, specify connector size, allocation
of pins, Ths (eepivkerrl pteEbRGRNRRYt PO pASAICHATEe] dngerfaces of

transmtting bits). RS-232C interfaces us'allx )
arrangemént, specific to a peripheral device, or a

general purpose interface, usable with one of a number of
different peripheral devices. There are two main fypes
of general purpose interfacesf péfallel and serial;

The parallel interface comprises a number of data
ports (typically eight or sixteen) permitting the-
transfer of eight or sixteen bit words simultaneously,
together with data flow control and status signal paths.
This type of parallel interface.is.used for keyboard and
printer interfaces, for example, and can be adapted for
use with mass storage deéices, robdt arms, motors, valves
or lémp—displays. One such interface, originally
—/ developed for printers, is referred to as the Centronics (RJWW)

interface. |

The serial intefface-uses a single wire for
transmitting data one bit at a time to a receiver.

Serial ‘interfaces normally conform to internationally

agreed standards (such as RS-232C or RS-449) which among



provide both a transmtter and a receiver circuit which are capabl e of

I ndependent and si nul taneous operation. Cearly, the parallel and serial
general purpose interfaces provide a restriction upon the efficiency of the
operation of a particular peripheral, device which would not be applied if a
dedi cated interface was provi ded for &ach peri pheral device. Wth a general
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personal conputers are only provided with a l[imted nunber, two with

expansipyowidd bt a r&xsai deerpahipherdcdivelf fdceuidnmedidon points. |t
I's an object of the present invention to overconme the limtation on the

provi sieore afaphlsis adf imdepéndentdcandesimalvammemaTppesatiysi.ens and to
enable nore efficient use of an interface arrangenent for such systens
-4- Accordi iflearkhe theaparahleheandi sepiali dremexrajepugpos® control | er
suitabl e for, connecting a selected one of a plurality of peripheral
deviceéQﬁﬁﬁfﬁﬁﬁﬁnﬂﬁﬂvkggt%n¥§§ﬁ§%¢§%ﬂ§ vPproddes ¢ffigiepdr wfand a direct
menory access controller interconnected by a system contraql bus, the

the operation of a particular peripheral device which

would not be applied if a dedicated interiace was

provided for each peripheral device. With a general

purpose interface, the specified interface protocols have

to be conformed to regardless of the most eificient

protocol for the specific peripheral device. However, it
discrete dedicated interfaces for the wide range
of peripheral devices which may be used with a desk top
microprocessor system. Indeed most personal computers
are onlf provided with a limited number, two with
expansion up to six, éf external peripheral interface
connection points.

It is an object of the present invention to overcome

the limitation on the-provision of discrete interface

. devices in microcomputer systems and to enable more

efficient use of an interface arrangement for such systems



. peripheral controller conprising a plurality of progranmable |ine
driver/receiver devi.ces each capabl e of .operating selectively in a
unidirectional signal transfer node in whjch the transfer of signals

bet ween the conputer system-and the seled ed peripheral device is in a
sel ected one of input and output directions and in a bidirectional signal
transfer node when the transfer of said data is in both said input and
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programmabl e Iine driver/receiver devices into an appropriate one of said
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I npl enenting transfer of signals between the conputer system and the

sel ect ed peontdrikler cinterconitectéd® bpnarsysbémt benprodedasr,. thee

peri pheral controller can thus be operated as a dynam c interface adapting
itsel f, inpecd@ldarak contrdhkerocdmpuisingnacpiburelitixt af progaa@mmable
peri pheral device and -5- transfer required, thereby permtting nore
conpl ex pediipieeGivan raceivendevicestedch ocanabipcefppoerasdngus

wi t hout -the requirenment for the provision_of individual conplex dedicated
har dwar e | Fededdeebrina pidi rpriignal signal transfer mode in

which the transfer of signals between the computer system

N and the selected peripheral device is in a selected one of
input and output direcfions and in a bidirectional signal
transfer mode when the transfer of said data is in both said
input and output directions:; énd a re-configurable logic
array adapted to be configured to implement a particular
interface required for the selected peripheral device under
the control of configuration control data generated by thé
processor and communicated to the peripheral controller,
said configuration control data also being useable to place
at least one of the programmable line driver/receiver
devices into an appropriate one of said signal transfer
modes whereby the peripheral controller is capable of
implementing transfer_of signals betwéen the computer system
and the selected peripheral device under the control of the
processor. |

The peripheral controller can thus be operated as a
dynamic interface adapting itself, in accordance with the

configuration control data, to each peripheral device and



devi ce connected. The invention provides for the nore efficient use of theé

peri pheral interface since the peripheral controller is used in each

peri pheral transfer operation, and is not dedicated to a particular

peri pheral device. The invention advanmt &yeously may use a configurable

| ogic array of the type disclosed in U K Patent No. GB2180382B (referred

to as a DPLD), which essentially consistes of an array of logic cells, {p .
ches |nterc Egected under the control ‘of
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device is tO onnec e m croconputer system

confi gur algefs s@Nedhelbd, t%ﬁ@“ih@&ﬁ@xaﬁ b%%&ta@%efw tHmd¥d | pher al
device is |loaded into a data area in the nenory of the conputer dedicated

to the perdfiiient Aisé 0bf eEhe TPor EPheehl WheBe¥ace! Bindesita@ calls for the
-6- use of that peripheral device, the peripheral controller is |oaded with

the confi pecipherdl lcontbholberaiscasedeinr egochnperdphiertale tiarsfer
driver/receivers and the
operation, and is not dedicated to a particular peripheral
device.

The invention advantageously may use a configurable
logic array of the type disclosed in U.K. Patent No.
GB2180382B (referred to as a DPLD), which essentially
consistes of an array of logic cells, in the form of NAND
gates and latches, interconnected under the control of
switches controlled by storage node/Random Access Memory
cells. The switching functions required to create a
specific interface can be dynamically configured by
communicating configuration control data to the storage
node/RAM cells and this data is derived from stored <
information (held as a configuration file) accessed by the
microprocessor when a peripheral transfer is called for.

. When, for example, a new peripheral device is to be
connected to the microcomputer system, the appropriate

configuration control data to configure an interface for
that peripheral device is loaded into a data area in the

memory of the computer dedicated to the peripheral

controller. Thereafter, whenever the system calls for the



\configuration of the re-configurable logic array to inplenent the interface

required for the peripheral device selected for use, before handling the
requi red peripheral transfer. Upon the conpletion. of the transfer, the
peri pheral controller is free to be reconfi'glred ‘t'd-handl e anot her

peri pheral transfer operation involving a differentiperipheral device and

interface inplementation. The peripheral controller can include, in

addi t¥on to (ke o fdHa ?@%%ﬂ@l{'&lfﬁé@ifceﬁ%éf %gégﬂé?ﬁag%ﬁgg%gie_r is

driver/receiver circultr cl ock generator ncy syn

circuitry, fobadiedVkdith) the|RRe gt dh YL APRISh CEAGERE' xgérm' ement ed

on the configurable logic array and to provide synchroni sation between. the

processor bupragd awif ne oo el i tdiver /radelivérs &RgMERECation flags,
permtting the peripheral controller to create direct nenory access and

system i nt er copf igapatsion af thek meMcotgEiantsbld hbogbe i @heagl teontrol | er
can al so i nclude synchronisation circuitry which produces synchroni sation
pul ses synchimpdement tthe [dmtiqrfaced meguimdd efor nthee neériphekalfdewiee
asynchronous access to conmuni cation registers of the controller. -7-
The peri pher &elestedoifloar user iheflaree handldng rthrisrequiped operiphereis
adapted to receive configuration control data used in the peripheral

control l er, EFangfeds a ither fompeddan Qf dhe dexansfer, teheondition
() peripheral controller is free to be reconfigured to handle
another peripheral trahsfer operation involving a different
— peripheral device and interface implementation.:

- The peripheral controller can include, in addition to
the configurable logic array, and the programmable line
driver/receiver circuitry, (i) clock generator/frequency
synthesis circuitry, for providing a clock to drive
synchronous circuitry implemented on the configurable logic
array and to provide synchronisation between the processor
bus and the pe:iphéral-coptroller, and (ii) communication
flags, permitting the peripheral controller to create direct
memory access and system interrupt requests and
acknowledgements.

The peripheral controller can also include
synchronisation circuitry which produces synchronisation
pulses synchronous to.the peripheral controller internal

clocks from an asynchronous access to communication

registers of the controller.



configuration control logic (b) the programmable |ine driver/receiver

devices, (c) the clock generator/frequency synthesis circuitry and (d) the

communi cation flags. The invention, together with its various features wll

be nore readily understood fromthe fotldwng description of one enbodi nent

thereof. The description should be read in conjunction with the ~

acconpanying drawi ngs. In the drawi ngs: Figure 1 shows, in block diagram
nfi gurabl e i pheral controller;
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shows the DPLD Core cells wth programm ng ;
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synthroni sation port associated with the DPLD l[ogic array; Figure 9 shows
in detail danivértsgepoiveri déviées, (c) the clock generator/frequency
synthesis circuitry and (d) the communication flags.
The invention, together with its various features will
be more readily understood from the following description of

one embodiment thereof. The description should be read in

conjunction with the accompanying drawings.

In the drawings:

Figure 1 shows, in block diagram form, a microcomputer
system with a configurable peripheral controller;

Figure 2 shows microprocessor interface circuitry of
the configurable peripheral interface device;

Figure 3 shows register allocations for the
microprocessor interface circuitry;

Figure 4 shows programmable line driver/receiver
circuitry;

Figure 5 shows a single programmable line
driver/receiver circuit;

Figure 6 shows a configurable logic array according to

one embodiment of the invention using a DPLD;



Fi'gure 10 shows clock generator circuitry; Figure 11 shows frequency
synthesis circuitry. of Figure 10; Figure 12 shows 'synchroni sation
circuitry; Figure 13 shows a timng diagramfor Figure 12; Figure 14 shows
a bl ock di agram of the peripheral controller configured to act as an

i mpl emented interface for a.printer;-afld=Figure 15 shows waveforns for the
operation of Figure 14. Referring now to the drawi ngs, Figure 1 shows the ’
conti gurabl e peripheral controller of the inventi'on being used in a

ooy VN 6 SRguSr BRBR Y Bheh BN  n ol BEORRERETREL 3 <,

contai ns gai.r of external clock sources 10 which, for the pur poses of

this embodi meht, may be both the mcroconputer system clock -9- and an
external ref e?@?ﬁ%ecrsy%%%lwso%ﬂé | rdfun it 185 £§,System 2
communi cates w Th external peripheral equipnmrent 12 via a re-confi-gurable

peri pher abng@ghrablier ikteddonhetd Bifs ,C Fdd Wkt tén@CdymehpdniBheibace

bet ween the m croconputer system 2 and a particul ar peripheral device. That
I s, datapostt agsstdated kditheahaRLD Jgliiessrsppce of the m croprocessor
4 and the peripheral equipnent 12. The format, (data.ordering, timng,
error check, Faguxge9dl ehews dinc detfadrl dadeh filkag portns¢ercustvysi ed to suit

t he : -
Figure 10 shows clock generator circuitry;

Figure 11 shows frequéncy syhthesis circuitry of Figure

w 10 | | |
Figure 12 shows synchronisation circuitry;
Figure 13;§hoﬁs;é timihé diagram fdr Figure 12;
Figure 14 shows é block diagram of the peripheral
controller configured to act as an.imPlemented intérface for
" a printer; and | _ o
Figuré 15 éhows.waveforms for the operatidn.of Figure
14. |
Referring now tozthe drawihgs; Figure 1 shows the
R configurable peripheral céntfoliér éf the invention being

used in a.¢onVentiona1 micrdpfocessér system 2, composed of
a microprocessor 4, a memorf MEM 6 and a direct memory
access controller DMAB; 'Thé system 2 alsb contains a pair
of external clock sburces 10 which, for thé purposes of this

embodiment, méy be both the Micfbcomputer system clock



particul ar requirenents of an individual piece of peripheral equipnment. The
m cr oprocessor 4 | oads configuration data into the re-configurable
peripheral controller 14 and it is this configuration data which determ nes
the precise data format for the transfer.9There are two broad types of data
used by the systemof the invention: 1. Configuration Data. This data_is
used to configure the re-configurable peripheral controller 14 to control,

it f to t fer data t d f i | device in a’
bart | cul ar 300 AR PEEEERAAIEPERTeRGEn CrSRAN ORT AR he TRE | pheral
troll 4 ' h i i pher,al trol i t
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my be an instruction to performa partlcular operatlon In the 1 nter ace,

e.g. initiahbcrotompater systemnznand a partdlnar ferprerdl Bewhte.

peri pheral controller 14 conprises a mcroprocessor interface 16, a

confi gur ablEhabgis, adaty is transferred between memory address space of
the microprocessor 4 and the peripheral equipment 12. The
format, (data ordering, timing, error check, voltage levels

etc.) for each data transfer is varied to suit the

particular requirements of an individual piece of peripheral ~
equipment. The microprocessor 4 loads configuration data
into the re-configurable peripheral controller 14 and it is
this configuration data which determines the precise data
format for the transfer.
There are two broad types of data used by the system of
the invention:
1. Configuration Data. This data is used to
configure the re-configurable peripheral
controller 14 to control its performance to <

transfer data to and from a peripheral device in a
particular format (or standard). Each
configuration of the peripheral controller 14
requires the loading of the peripheral controller
with a configuration file made up of a number of

configuration data words.



18, programable line drivers/receivers 20," a cl ock generator 22,

synchroni sation signal generator 2#4;:-cotmuni cation registers 26 and a
comuni cation flag port 28. The configyﬁipLg |l ogic array 18 in the
preferred enbodi nent i.s of a formpreviously described in U K Patent No.
GB 2180382B. This describes, a configurable |ogic;,device conposed of an
array of logic cells in the form.of NAND gates and | atches and referred to"

as ‘& dynani cal | y progLR@Fedded Patadevints GUEY o l1aa cadvactbope can be
i mpl enent ed by 1 nterconnecti'ng these |ogic elenents; the interconnect is

realised utilising syirbnh®erGed 1o laad Brdn A pasticodlandper bphessal
menory cells. The invention is not limted to this inplenentation of
configurabl e | ogi c agesige.bullt ayabehitiectdata frofusctransfareed No.' GB
2180382B i s considered nost suitable for this purpose. The preferred

confi gurabl e | ogi ¢ abetwesn Ithee miordoempidsr isystemt2randtbheeference to
Figures 6, 7 and 8. The m croprocessor interface 16 is connected to the
m croprocessor 4 of pesipherady sawhprenty h addiledRapResdN a data bus 52
and a control bus 54. The m croprocessor interface 16 receives, , .
configuration data fAsstEmetion te AeFEOHMtR PRI BT PREERELERsIPhe
configuration data to_each of functional bl,ocks described_above. The data
is directed by meansthe inderfage ald -G dHTAtHR BKARFECECF nternal data
bus 32. In this way, ,the . peripheral cqntroller 14 can be condigured to

i mpl enent a parti cul é‘lerﬂzl’?’étl"‘g@ettf Ttg on '

The re-configurable peripheral controller 14 comprises
~/ a microprocessor interface 16, a configurabie logic array
18, programmable line drivers/receivers 20, a clock
generator 22, synchrqnisation signal generétor 24,
communication registers 26 and a communication flag port 28.

The configurable .logic array 18 in the preferred
embodiment is of a form previously described in U.K. Patent
No. GB 2180382B. This describes a configurable logic device
composed of an array of logic cells in the form of'NAND
gates and latches and referred to as é dynamically
programmed logic device. Complex logic functions can be
implemented by intérconnecting these logic elements; the
interconnect is fealised utilisihg switches controlled by
storage nodes/random access memory cells. The invention is
not limited to this implementation of configurable logic
arrays, but the architecture proposed.in Patent No. GB
2180382B is considered most suitable for this purpose. The
preferred configurable logic array will be further described

later with reference to Figures 6, 7 and 8.



the requirenents of the particular piece of peripheral equipnent to be
connected. The flag port circuitry 28 is configured under the control of
data supplied to it by the configuration control bus 30 and data bus 32.
The flag port circuitry 28 provides a control conmmunication interface

bet ween the user configured peripheralllcontroller 14 and the host -

m croconputer system 2. The peripheral controller 14 uses the flag portes °
circuitry 28 to indicate that it requires attention fromthe host

m cr oconput er BéstemZ The flag .,port circuitry 28 is conpected to the

di rect menoryT c@%gr?BHRFe§§ﬁFrdﬂﬁ§‘§?QﬁM% QQQRES¥?%CFﬂoﬁPEdge and

of the host, mcroco The
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and, there r IrCUIt 'S prOV|de to force t nes tristate
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data (i.e. the data involved in a peripheral transfer operation) is

transf erd ffedeédcBy inBAnEl OFOR conFigurativn awmtifo Rrisus h30 candi gur abl e
ogre ar;jggrnal data bus 32.

In this way, the peripheral controller 14 can be A
condigured to implement a particular interface depending on
the requirements of the particular piece of peripheral
equipment to be connected.

The flag port circuitry 28 is configured under the
control of data supplied to it by the configuration control
bus 30 and data bus 32. The flag port circuitry 28 provides
a control communication interface between the user
configured peripheral controller 14 and the host
microcomputer system 2. The peripheral controller 14 uses
the flag port circuitry 28 to indicate that it requires
attention from the host microcomputer system 2. The flag
port circuitry 28 is connected to the direct memory access
(DMA) controller 8 over DMA request/acknowledge and
interrupt request signal paths 35 of the host microcomputer
system. The re-configurable peripheral controller 14 can be
controlled so that its internal circuits can be disabled by
means of the microprocessor interface 16 when the particular

interface is not active. 1t is possible, during a



18, by way of the communication registers 26. The data is read/witten to
t he comuni cation registers 26 by neans of ‘the internal data bus 32 under
the control of register control (read/wgiiﬁ)_signals RD and WR COW REG
generated by the mcroprocessor interface 16 and transmtted on a

comuni cati on regi ster control bus 34. This interface data is then
transferred to and fromthe logic array 18 on the conmunication register

bus 3B. The copEigtrealici Tro0k 54 B Sa Pfordl 6p6 08t i 64 abha tb¥puRabRsOf ogies
configuration control bus 30 and internal data bus 32. The comuni cation

regi sters 2gtatesiand Mfevdl£ctd® e teatsmitivedt toobhg airkcti memoirgnal .
The read/wite signals RD and WR COW REG supplied to the comruni cation
regi sters 2@aczessy ddntinkle &relal e sippéredptosignatsnpagbr 86l.e Mhdisc
array 18. In this way in operation on a peripheral transfer the interface
circuit inplcame ctadehthehanirdprpgesser ko i babt apndontherpépres can
determ ne that transfers have taken place and al so that data is valid. -

13 - The sy®dmcaritsat iich Rrgrideddirinrse Jeher binegstansbatpar SHise
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microprocessor interface 16 and the configurable logic array
N 18, by way of the communication registers 26. The data is
read/written to the communication registers 26 by means of
the internal data bus 32 under the control of iegister
control (read/write) signals RD and WR COMM REG generated by
the microprocessor interface 16 and transmitted on a
communication register control bus 34. This interface data
is then transferred to and from the logic array 18 on the
communication register bus 36. The communication registers
26 are configurable by means of the configuration control
bus 30 and internal data bus 32. The communication
' registers 26 can be configured to be read or write only or
bidirectional. The read/write signals RD and WR COMM REG
supplied to the communication registers 26 alohg the bus 34
are also supplied to the configurable logic array 18. 1In
this way in operation on a-peripheral transfer the interface
circuit implemented by the configurable peripheral

controller 14 can determine that transfers have taken place

and also that data is valid.



controller 14 can thus be operated as a cl ocked synchronous system runni ng
asynchronously to the host mcroconputer system The problem of netastable
states occurring when comuni cati ng be& en two systens operating
asynchronously is well docunented (s€e“fol" exanple Mead & Conway,
Introduction to VLSI Systens, P237-242). to avoid this, a signal is R
produced by the m croprocessor interface 16 indicating that an access tqg

t he connunicaLfﬁgléfﬁ@ﬁ£g§§sg@igﬁssiaggQoggggﬁg§§ng4ah%§?q4é%aa Ired‘fo'

t he synchroni sati on signal generator pr oduces

a resol veshptiP u%sﬂfﬁﬁ'\glé‘néeﬁ%ﬁEOQP Whsk Sikarsgrhch-p&%ort&sg{ov.?ﬂe

out put pulse A-SYNC is input intot contigurable | ogic array 1

cl ock gengretinitEFnPE épsE8maciseryepsranreingy theUblbeh ge diCk
generator can be confidﬁfed to prodﬁge an outpgt cl ock CLK?.CLKfﬁgt a

di fferent22 hint respomse €6 camecacyes® 86 theUtofmmiakcationt ragd siterde
sources of input clock: 1. External crystal oscillator 10 or ot her

referenc@6. Thilsl allows thstreiconfigpuablesperépheradk coftrdllerAn

i nternal clock CLKX distributed on a configurable interconnect bus 42 which
i nt er condéetP QReRake | tpkably asymchrenoysly &fndmt kbephogtammubl e |ine
drive recegivers 20. This arrangenent allows different clock rates and data
transferW%ﬁ%ﬂﬁ°@ﬂﬁi§?i§%ﬁ¢?mngny Inieperetignanghedparticydar

interface circuit implemented by the configured peripheral
controller 14 can thus be operated as a clocked synchronous
system running asynchronously to the host microcomputer hd
system. The problem of metastable states occurring when
communicating between two systems operating asynchronously
is well documented (see for example Mead & Conway,
Introduction to VLSI Systems, P237-242). to avoid this, a
signal is produced by the microprocessor interface 16
indicating that an access to the communication registers 26
has taken place. This signal is applied to the
synchronisation signal generator 24 over lead 40 which in
turn produces a resolved output pulse A-SYNC a few clock
cycles later. The resolved output pulse A-SYNC is input
into the configurable logic array 18.

The clock generator 22 performs a frequency synthesis
function. The clock generator can be configured to produce
an output clock CLK1.CLK2 at a different, but related,
frequency to an input clock. There are three sources of
input clock:

1. External crystal oscillator 10 or other reference.



~supported by the re-configurable peripheral controller 14. The clock

out puts CLKL.CLK2 fromthe clock generator 22 drive the synchronisation
pul se generator 24 and also. the configurable logic. array 18 by way of the
configurabl e interconnect ‘bu§ 42. Thirslfi Fl be .déscribed in nore detai

| ater. In operation the particular interface inplenented by the configured
per.i pheral controller 14 drives/receives peripheral data fromthe '

progFanmabl e |ine drjiver/receiver cjrcuitry 20 of the configurable
i nt er connect b '42.HQﬂ£smbﬁ§°39m89#8ﬁssKF%PPeEﬁ%SﬁgﬁOCOnnunfCation-betmeen

he |i ari . : ; conti | . .
e e O verd ! ookl nELERHA CYogR ety BESEO3hLM e d oalc array 18
configuration data tég€€£§a£gﬂ1¥|anQECSBHBFQEPEEI2?6%%?I ol bus 30 and

I nternal data bus 327 n Croprocessor I nterface now be further

described with referfgggrégnﬁ%EEﬁgg?g §Bﬁﬁ§gPEEBQE?139§E0W§f%@e18 and

m cr oprocessor inter ock di agifam form - wher eas

Figure 3 illustratestige§pbstabmaBPeane dritd reeeibedwr alo.on node sel ect
arrangenents for the registers in the mcroprocessor interface 16. Four

regi ster sel ectThigesrédngemesONations dofEecenteclock ratest mdhdaita
m croconput er systeml s address bus 50 and sel ect which internal registers
in the re-trans e teperspéei fil ed oih rmahpr itdeafaceosbandaxdssed.o e wi | |
be appreciated that each of the
supported by the re-configurable peripheral controller 14.
The clock outputs CLK1l.CLK2 from-the.cloék generator 22
— drive the synchrohiéation pulse generator 24 and also the
configurable logic array 18 by way of the configurable
interconnect bus 42. This will be described in more detail
later.

In operation the particular interface implemented by
the configured peripheral controller 14 drives/receives
peripheral data from the programmable line driver/receiver
circuitry 20 by way of the configurable interconnect bus
42. This bus 42 allows bidirectional communication between
the line driver/receiver circuitry 20 and the configurable
logic array 18. The programmable. line driver/receiver
circuitry 20 is configured by configuration data transmitted
via the configuration control bus 30 and intefnal data bus
32.

" The microprocessor interface 16 will now be further
described with reference to Figures 2 and 3. Figufe 2 shows

the microprocessor interface 16 of Figure 1 in block diagram

form, whereas Figure 3 ‘illustrates a register map and



functional blocks of the controller 14 have registers for the storage of
data transmtted to it. Mcroprocessor interface control |ogic 46 receives
control inputs CS, WR, RD derived fromthe host m croconputer system
control bus 54. These signals indicate t¥the peripheral controller 14 that
it is being accessed and also the type of access taking place, nanely read
or wite. The register select signals 44 are latched in a latch 48 during .
an access und ata

o B MR e Bl A S4B S
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Illustrated™in Figure 3. or wite status Is transmtted on t

conf i gur at §an theN idelp ry sindB NP i pReiEa ESE6RL Y1 Er VDR hee 4 dbe AN
identification register 60 contains an 8 bit identification code which is

uni que to dleeessedin§ iTHInElX erdppraciacedt that ceadt. of théb- Before a
new configuration file is |loaded into the peripheral controller 14 an 8 bit

i denti fi cafunctiotalfl Mlodke dbdtthe cdmtr@ller w4 thavet peglistiedsntfior cati on

register 60. If the configuration is inappropriate for the peripheral

control | er the stonage [df siatfd kppnsmikkedttagit. Microprocessor
interface control logic 46 receives control inputs CS, WR,
RD derived from the host microcomputer system control bus
54. These signals indicate to the peripheral controller 14
that it is being accessed and also the type of access taking
place, namely read or write. The register select signals 44
are latched in a latch 48 during an access under the control
of logic 46. Data buffer logic 56 buffers data between the
host microcomputer data bus 52 and the internal data bus 32,
the direction of data transfer (IN or OUT) being determined
by the three control signals CS, WR, RD from the control bus
54 supplied to the control logic 46. Internal register
decode circuitry 58 decodes the latched register select
signals 44 to a 1 of 32 decode, that is to select one out of
16 internal register RD and WR pairs. The registers
selected are illustrated in Figure 3. The read or write
status is transmitted on the configuration control bus as
R/WAR for addresses and R/WDR for data. An identification

register 60 contains an 8 bit identification code which is

unique to the re-~configurable peripheral controller 14.



that this has occurred. This also resets a node register 62, putting the
device into a reset node i'n which access to the internal registers of the
functional blocks of the peripheral contrqller is_inhibited. The node

regi ster 62 receives a confi'gurati on nodel®elmect “Bte for which reference
is now made to Table | which shows the bit configurations for the node

sel ections which can be nmade by the register selection signals 44 received

t hé host i 5Q. -Th figur ati d | ect”
oo e ounor BREGPGHPHER | cBAEE SRR RIBnCEs 181S " At Yns® (e C Se! o0t |

i pher al - Lo Tab . .14 . - 16
P on ey eEiPhofR1 SSpREOMIILE, 1800f b bIE® iR OGN JAILTLAGE T

register |ocghé ORo2ddsybieh ﬁt9§e§rEE€eﬂp%a‘Eﬁedﬁfd%dﬂ1ﬁ i@fleré;%ist *
[ al a data

operation. Figure 3 shows diagrammatically the intern ress a

regi sters ofédhe ffnghéopehebhaskeibn 1Heinappropr@atddedOnaied by their
configuration node nuneral. Then, for exanple, with reference to Table |
nmode (ii) regpeebphesal heontifokeraad decorr R3ldt de 1 adRd GHd L N

| ogic array. There are five configuration nodes and one normal node o
operation (rthiatithigheasooceirrede i Thikatlso weiseltst manmidy mdgikier to
peri pheral devices takes place - 17 - with the controller having been
confi gured. 6&e Putkinmntheuidevice intesaareset fodeovim (hdehTadoeds tdii)
Confi gure Loq{c array/ communj cati on registers. (iii) Confi gure
progranwaM<$ ¢ fteinal / registers of the functional blocks of the

peripheral controller is inhibited. The mode register 62
N receives a configuration mode select byte for which
reference is now made to Table I which shows the bit
configurations for‘fhe mode selections which can be made by
the register selection éignals 44 received on the host
microcomputer address bus 50. The configuration mode select
byte supplied to the mode:register 62 selects the mode for
each use of the peripheral controller as shown in Table I.
The microprocessor interface 16 has an address register
location 212 which storeé'address'data_and a data register
location 214 which stores the operand data in each mode of
operation. Figure 3 shows diagrammatically the internal
address and data registeré’of the functional blocks in the
controller, designated by their configuration mode numeral.
Then, for example, with reference to Table I mode (ii)
represents the address and déta-register of the configurable
logic array. There are five configuration modes and one
normal mode of oéeratioﬁ (mode i). The normal mode is that

in which transfer of data to7peripheral devices takes place



Logic. (iv) Configure clock generator. (v) Configure Flag port.
(vi) Configure Synchronisation signal generator. The peri pheral
controller 14 has the facility to read back the configuration data for test
purposes and this is determned by the |least significant bit in the 8-bit
word. The next four least significant 1Its of the 8 bit code are used to
sel ect the current configuration node. The three nost significant bits are
control bits (vii in Table 1) which can supply signals along the '
configuration control bus 30 to: a) force all configurable circuit blocks
|nto a reith Sbﬁt§°nGEQBABﬂQB!¥Pn9?b49n configured; heThenfiwvei ver out puts,
an % simlarly tristate the flag port drivers, TF. Once in a
partlculﬁ nEbﬁPFgGP&P|Hﬁde§UG§EhGEht fiﬂﬁnﬁﬁ%ﬁﬂ%ﬁphﬁth)mords of the file

can be MW|tte£ 8 regis .of a artlcular f nctlonal bl ock, by neans of
the address and*data reép QE&F 3R EAYACRRMUNLERELONT ERILRESIGar vi ng
fromnode to Part dat a formats .f ecifig fu ctiopal bl ocks
will be descri gg)laterb%¥ﬁ3qgﬁﬁ qﬁ&ﬁRﬂ?@ﬁRﬁéﬁé&h%c ¥*%ﬁ§ FReepyer

m cr opr ocessor gq terface 16 are used to commnicate with the
conmmuni cati ons reglster 5 and are referenced COW REG AO-A3 and COWM REG

BO-B7 in Figugev§. Theycontigtié fodihGdnststisy. of

(v) Configure Flag port.
(vi) Configure Synchronisation signal generator.
The peripheral controller 14 has the facility to read o’

back the configuration data for test purposes and this is
determined by the least significant bit in the 8-bit word.
The next four least significant bits of the 8 bit code are
used to select the current configuration mode. The three
most significant bits are control bits (vii in Table I)
which can supply signals along the configuration control bus
30 to:

a) force all configurable circuit blocks into a reset

state, GLOBAL RESET GR;

b) tristate the line driver outputs, TL; and

c) similarly tristate the flag port drivers, TF.

Once in a particular configuration, subsequently
communicated data words of the file can be written to
registers of a particular functional block, by means of the
address and data registers 212,214, the exact protocol for
this varying from mode to mode. Particular data formats for
specific functional blocks will be described later. The

last twelve address locations in the microprocessor



interface data (i.e. the data to or fromthe peripheral device) which is to
be passed between the configurable logic array 18 and m croprocessor 4. The
Programmuabl e |ine driver/receiver circuitrﬁﬁjs shown in Figures 4 and 5.
Figure 4 shows twenty-five. pgogramuabl e ik driver/receiver circuits

desi gnated PLEl-25. Fromthe-follow ng description-=it will be apparent that
each. line driver/receiver circuit is capable of supporting signal transfer
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| ected. feh e eult L n .
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appropriate one of line driver/receiver decode lines 69 is actlvated.

Confi gurati ofleddéa) i ®hibaNikoddethe Pagsed bitwden IR Sofidupabtet N6gic
selected line driver through a data buffer 70 via a line driver/receiver

bus 73. The decrayily hnd mierapgdoeessoagidster to auto increnent after every

data byte read/wite is provided. The type of access, either configure

(wite) or readbaThe(Pragyrammabdet dimendd ilver/iredeider ciéyitayi 8 si gna

on the - 19 - configuration control bus 30 which is input to the data.
shown in Figures 4 and 5. Figure 4 shows twenty-£five
programmable line driver/receiver circuits designated

— PLE1-25. From the following description it will be apparent
| that each line driver/réceiver circuit is capable of

supporting signal transfer in either or both of two
directions depending on the operation which is selected.
That is, each circuit can operate in an input only mode, an
output only mode or a bidirectional mode. 1In configutation
mode (iii), an address byte from the configuration file,
passed over the internal data bus 32, is loaded into a local
address register 66. This address is decoded by an address
decoder 68 to give a 1 of 125 decode, that is to select one
out of five signals for each line driver, amongst 25 line
drivers. The appropriate one of line driver/receiver decode
lines 69 is activated. Configuration data is then loaded
into an internal register inside the selected line driver
through a data buffer 70 via a line driver/receiver bus 73.
The facility for the address register to auto increment
after every data byte read/write is provided. The type of

access, either configure (write) or readback (read), is

determined by the R/WDR configuration signal on the



buffer 70. The line drivers PLE 1 to 25 can be forced into a reset state,
by using the global reset signal GR and forced into a tristate by the
tristate line signal TL fromthe node register 62 in the interface
illustrated in Figure 2. For the normal9node the line drivers PLEl-25 can
be individually programmed to interconnect to the configurable interconnect
bus 42. As illustrated in Figure 5, there are three types of signals og,the
conflgurabl . nterconnect bus nal s CLK1, CLK2.

f
2. Li nSopfdguratian cp?é?tr%o]i_dip’ 3 (])fél?*é\ﬁ ?'SSEBEPSt E°| ﬁbgt data@ out put
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86 the functional operation nay progranme I nput out put ,

b fogan E8PP 1 2
(1) openteoliay Zeditas 32 Bh the Tagerbace °?%?§§ﬁ65$‘°'9§“( SR

or tie |y (goxehTdrme @dod@gﬂié VEL el Bt Yvers ePNBLL X5 . cahebk ne
I nterconnect signal pair LIP to be driven from or onto, is selected by
i nput andndivid@ually ipdogramndd dic Dtercoddeabi tb the configuiradhley t he
mul tipl exor register 84. The multiplezor register 84
interconnect bus 42. As illustrated in Figure 5, there are

three types of signals on the configurable interconnect bus

42 as follows: ~
1, Clock Signals CLK1,CLK2.
2. Line Interconnect pairs LIP (32 pairs of separate
input and output signals).
3. Enable outputs (2 signals) EN OUT 1, EN OUT 2.
In Figure 5 a single programmable line Ariver/receiver
PLEN is shown. Each line driver/receiver has five
configuration registers drive up/down register 82,
multiplexor register 84, functional register 86, ; pull up
and pull down resistor programming registers 88,90. By S

writing to the function register 86 the functional operation
may be programmed to be (i) input, (ii) output, (iii)
bidirectional (controlled by the enable outputs EN OUT 1, EN
OUT 2), (iv) open collector output, (v) TTL/CMOS input
threshold, or (vi) tie high or tie low (drive positive or
negative supply externally). The line interconnect signal
pair LIP to be driven from, or onto, is selected by input
and output multiplexor blocks 92 and 94 which are controlled

by the multiplexor register 84. The multiplexor register 84



20°- also controls the sel ection oﬂgfhé_bidiréctional control signal, EN
QUT 1 and 2. The output drive capability, both pull up and down, is also
programmabl e, by means of | oading an 8-bit value into the drive up/down
register 82. This is achieved by switching in a programmabl e nunber of
buffer elenments. Typically the output- &0 vers have a programmabl e out put
current drive capability in.the range 4mA-to 50miXrat standard TTL out put
vol tage levels for high and”l ow. Two programmable.t:erm nating resistoLs R1
and R2 are connected_to. the input/output signal_ 216 fed to pad 218. These
typi cal | yY2H5QeCAPbFBYFakhifh 8 LESHION O £n bt & digRsronat ¢wm%llsl, |

det er m ned. by_t he_nu up resi gtor _progranm.nng r.egister 88 and pu own
resi stor ?)}%%?gnr@ﬁgbﬁggsPEa go ?ﬁ‘@ ?’ 'Péltto%ri_ é‘??@ﬂté&]r’o‘?yc?tf‘lo% f
achi eved i ching ank _of .pal ysilicon resistors w.th tplerance o
+/ - 10% Fﬁ%};\gﬁ% ghgwggvﬁé %8nf“|1§§_r ﬁ%f’grl 3‘6".3@%-%7 QV iR c‘??r' s:ﬁ% 109

speci fic grbod as digi a e | Qgj M 10
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' egi ster sadiifeddd bpr shpechiRh 1HCaCBTBYRLRHaLAR HRAitCor Hyeddy Lhi s
preferred enbodiné%f, thgécén igurgt?gggdapa I's loaded into the array 100
and comuel&ménes, I epypieas1¥0€nandutpdtiarivelriac ha¥e® d Praygimms Be bus
32, i.e. for configuration purposes it is convenient to think of the
comuni cadutput egustent asivei ogpabiditgninothefl rahge agiA ty r50mA Rtgure 7
shows eight core cells d,C2 ... of the logic device 100. In this exanple
functi onsstandardl TTL output voltage levels for high and low. Two

" programmable terminating resistors Rl and R2 arc connected
to the input/output signal 216 fed to pad 218. These
typically have a programmable.range of between 100ohms and
10Kohms, defenmined by thé pull up_resistor.programming
register 88 and pull down resisfor programming register 90.
The fesistor implementétion can be acnieved by”switching a
bank-of ooiysilicon fesiétors with a tolerance of +/-10%.
Figure 6 shows the configurable logic array 18 which
shows a specific embodiment of a digital programmable logic
device 100 and commnnication registers_loz and 104lin more
— detail. The communication registers 102,104 form part of
the communicétion registérs 26.. In this prefeired |
embodiment, fhe confiouration'data is loaded into.the array
100 and communication registers-loz and 104 using the same
internal data bus 32,.i.e; for configuration purposes it is
convenient to think of the communication registers as being
an extension of the logic array.
Figuré 7 shows eight core:ceils Ccl,C2 ... of tho logic

device 100. 1In this example functionality and



- 21 - interconnectability of each core cell is determned by 8 RAMcel | s
106. Data is |oaded into each RAM cell row by raising a signal on the word
line 108 associated with that row and driving differential bit line pairs
110, 112. The contents of the RAM cel | s—18% are then overwitten with the
data present on the bit line pairs 110,112. RAM storage structures and the
techniques used to read and wite data are well knomn to those skilled ip

fjgtee?;r;[ ned 1| fﬁ\‘j‘r r"ﬁ'égl 4 {Ulﬁqﬁ*e{h%f’cﬁyagg oﬁPﬁﬂégﬁr’E{ng\Mﬁi 17’h \éVFtS\K/‘O “llbeé‘@ig’é’r ured IS
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Control Ioglc recei ves node con sitgnalrs - rrom nlcroprocessor

i nterface ahérﬁaf§g§é£%q§5|ggtcp éogaggg Q?OaQ%%enth ation

of the rOM/reglster 114 according to t signal's nfiguration data is

| oaded int @8 tdid RAMLSIES Y04 haFeaghdhi begrsbtbhywitl themddiq i nternal
data bus 32 using the wite/read data reg R'VIDR signal on the configuration

control bupridienitheoniatite Wit 1Dné ppaite Lhe, blpli NRAM18@okage( Fi gure 7),
Is built up a byte at a tinme by successive accesses to the data register

and read/ wsittirmotuxes tand 1te técinidwes cusedate bgad andl aaxdeed datdte
transfer of data fromthe data register and read/wite circuitry 118 to the
RAM cel | r@we siefek fknownl. taHeheser sigilbedt ke tbeesstis controlled by the
control lTogic Referring again to Figure 6, the RAM cell row to be
configured is determined by the contents of a row register
114. The row register 114 is loaded from the internal data
bus 32 by using the write address register R/WAR signal on
the confiquration control bus 30 (Figure 2), when the device
is in "configure logic array and communication register"”
mode (ii). Control logic 116 receives mode control signals
from the microprocessor interface 16 via the configuration
control bus 30 and enables the operation of the row register
114 according to these signals. Configuration data is
loaded into a data register with Read/Write circuitry 118
from the internal data bus 32 using the write/read data reg
R/WDR signal on the configuration control bus 30. The data
word, output to the bitlines 110,112 (Figure 7), is built up
a byte at a time by successive accesses to the data register
and read/write circuitry 118. When the last data byte is
loaded a write transfer of data from the data register and

read/write circuitry 118 to the RAM cell row is performed.

The timing for the access is controlled by the control logic



- 22 - 116. The gl obal reset signal GR to the control circuitry 116 resets

‘the logic array 100 i.nto a power down state. Figure 8 shows the preferred

enmbodi ment of the array 100 split into twy_halves |1 00,1 O by the

confi gurabl e interconnect "busi42. Each Naff Tontai'ris 5, 000 core cells. The
I nsi de edge of each half | OCa, | OCb contains nultiplexor and buffer cells
120 to connect internal logic sighnals fromthe array 100 to the

f Fgur abl e j nt t. bus_42 t t f. Si:anals '
e erred to Hive, TRANESPET orroeh onifliiy RE B Sher SBAERD Mibliery,
LI P, d ' : T, 1 ds; T FRAE h hal f
100a, arﬁnﬂlﬁe%%%g#% ?:%gm:géﬁ]ég!t\llaon ?’eélagt érﬁgoBge BWe‘ifG B 122é,¥qttfl%cupp2r
edge to communi capiHnrsegi $hehs CnEPYBESr Ped2bmboReRRIEGES e drrap t he

regi sters designated 102,104 in Figure 6. The access synchroni sation pul se

A- SYNC (Fi gui¢p 13p1 Bt 2pRtbewbOnbovEshabuas100bt by &heaonfd gurylaks i ve
synchroni sati on ports 126. Each, conmuni cation register block 122,124 is 8

bits w de anthis@seénnéctebhs. 4ZachEbth halEheoantaimsi 51000 goamE ekl ock
spans two cells, one for an input signal path and the other for an out put

si gnal pat h.THéeinshBenedgei ofi eaghshelfr 2a0awlio0d cogtaisisRnl i pAezoVM
REG for each conmmuni cation register block 122,124 are also applied fromthe
m cropr ocessamd i buEfénceelbsviaot he connegktcaintesnadgilogic &anals rom,,
There is a flag port 128 which is 4 bits wide, ,and al so can _be caonfi gured
to be input theoarpay. 10fcte| thepepnfigyrapafsintergonnact And ¥omhe he

conmuni cati on _ . :
form the three types of signals referred to above, namely

—/ clock signals CLkl,CLKz line interconnect pairs LIP, and
enable output signals EN OUT 1 and 2. The outer edge of
each half 100a, 100b connects to communication'registers B
COMMREG B 122, the upper edge to communication registers A
COMMREG A 124. These registers form the registers
designated 102,104 in Figure 6. The access synchronisation
pulse A-SYNC (Figure 1) is applied to both halves of the
array via respective synchrohisation ports 126. Each
communication register block 122,124 is 8 bits wide and
spans 20 cells. Each bit ih:Ehe communication register
block spans two cells, one for an input signal path and the
other for an output signal path. The communication register
read/write signals RD and WR COMM REG for each communication
register block 122,124 are also applied from the
microprocessor interface'ié via the communication register
control bus 34. There is a flag port 128 which is 4 bits
wide, and also can be'configured to be input or output. The

flag port 128 transmits data to and from the communication

- flag port 28 along bus 220.



flag port 28 al ong bus 220. - 23 - Figure 9 shows the circuitry of the
communi cations flag port 28. Configuration circuitry conprises a flag
address register 130 and a data buffer 132, enabled by a node flag signal
M supplied via the configuration control bus 30 al ong one of the nobde
lines (Figure 2). The flag address +a@B ster 130 is 2 bits wide and is
connected to the lowest two bits of the internal data bus 32. The flag, -
address register 130 is |loaded/read fromonto the internal data bus 32
under control of the read/wite Address register signals R 'WAR supplied by
communi cat i oRdguset Soishows 3he fixquitxy 1ok the ccommpications ﬁgésssed
with the read/wite data register, signals RRVWDR, The 2-bit contents of the
flag adBPESs2Bagi SORELgYFation SRR G LY LOMRELRSS 18/£180pJEress of 4

oot or < BREker! 458" ab8 5 Wi A o Bl SR BT IR e B 1
buffer PL/OB 4 ] Pl - P4 b
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al ong the~con I'guration cont rol 30 resets the configuration in t he
buf fer sghg biesdictaltne Sintlernaln@aded Bwe 34| aoPhéi prag d8aeekgut fromthe

node register 62 in the mcroprocessor interface 16
register 130 is loaded/read from/onto the internal data bus
32 under control of the read/write Address register signals "’
R/WAR supplied by communications control bus 30. Similarly
the data buffer 132 is accessed with the read/write data
register signals R/WDR. The 2-bit contents of the flag
address register 130 are decoded in a decoder 134 to give a
1 of 4 decode output, which selects which one of four
programmable input/output buffers PI/OBl to 4 is to be
configured. Each configurable input/output buffer PI/OBl to
4 is connected to an output pad P1-P4 and can be configured
to be either a TTL or CMOS threshold level input buffer, an
output, an open collector output (pull down only) stage, or
disabled/unused. The programmable input/output buffers
PI/OBl to 4 can be controlled by two control signals. The
Global reset signal GR supplied along the configuration
control bus 30 resets the configuration in the buffers to
the disable state. The tristate flags signal TF output from
the mode register 62 in the microprocessor interface 16

(Figure 2) allows the buffers PI/OBl to 4 to be temporarily

tristate while being configured. Mask logic 136 inhibits



(Figure 2) allows the buffers PI/OBl to 4 to be tenporarily tristate while
bei ng configured. Msk logic 136 inhibits. - 24 the passage of signals

to and fromthe configurable |ogic array 100 and the progranmmabl e

i nput/out put buffers PI/OBL:tio 4. This~g24es thé host mcroconputer system
2 the capability to selectively enable and disable interrupt and direct
menory access requests. A block diagram of the clock generator C|rCU|try 22
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Feadiw | t o Y, 90 %%Yﬁgoqﬁﬁe%% fadifrrRtebEohirsers 2o
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out put S|gnals as (i nput nmux progranmm ng) iplication

Factor); andibPe¥t %@%dyyﬂéddgggsyéqhégﬁgcns 1 and 2) to program t he

operation of the clock generator circuitry. The IMsignals condition a

mul ti pl exor 142 phiblocke!ddgrms of e relock cgondritdr| direuiaryr aqudrcy
synthesis circuitry 144. The avail able sources are as referred to above,
nanmely two shbenndn Figures IHCS MlodlodomysdEnladbckl4addrecgivaes a
oscillator, and an internal clock CLKX fromthe configurable interconnect
bus 42. Thesdockomiodso wigesa laMC minamplanedf the mode lines of the

configuration control bus 30 designating mode (iv), along
N with read/write address register signal R/WAR, read/write
data register sighals R/WDR and read/write configure signal
RD/WR-CONFIG. The clock mode signal MC enables the clock
generator circuitry for configuration. The clock control
logic 140 contains configuration data registers and a decode
block. It provides control logic output signals as follows:
IM, (input mux programming); MFS (Multiplication Factor);
and DIVl and DIV2 (Division factors 1 aﬁd 2) to program the
operation of the clock generator circuitry. The IM signals
condition a multiplexor 142 which determines a reference
clock CLK IN for a frequency_synthesis circuitry 144. The
available sources are as referred to above, namely two |
external soﬁrces ECS 10, host system clock and crystal
oscillator, and an internal clock CLKX from the configurable
interconnect bus 42. These clock sources are multiplexed
into the frequency synthesis circuitry 144 via the
multiplexor 142. The output multiplex clock signals OM1 and

OM2 from the clock control logic 140 determine which of the



into the frequency synthesis circuitry 144 via the nultiplexor 142. The
output multiplex clock signals OML and OW fromthe clock control |ogic 140
det erm ne which of the - 25 - available clock sources is used to
generate the two clock outputs CLK1 an@5CK2. The clock signals OML and OW
are supplied to respective Qutput nultiplexors 146 and 148 which can be
programmed to invert t he out put clock signals. There are two output buffers
150 and 152 ) i h current. drive sta to drive the S|gnals
around v ablerelerhoatuere §ya§he§f-§ da &ﬁqerv e 11 Cro g lagkd w th

5?;322224%%% %%%Z?ﬂd%ﬁzref 3PencaoEk wignars) diefpod i 45 the.
5246{3”3%‘%}5@%@%1 RepBebRiplbltpfty qﬁ‘%ﬁ’é@% .8 B B an e,
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t he S|gn cl ock control Flgure The out put

160 of arhr.*é‘tt%@%uﬂﬁbéaﬁﬁffei‘ybeeénaSQB'z' Qi}ﬁrchl%oﬁd@ké B bit
counter 164 the output of which is conpared by a conparator 166 with a

progr ammaiierén®i drivét sphgeat tondkdeeothrSilgnals herqunmd kivondhdp. | 0gi C
140. When the count value is equal to the nultiplication factor signal M-S

a flag | Thetfrdimenogensynthebésf tdgchditry 9414 iis programmed)aritth the next
rising edge of CLK DIV by a phase delay conparator 170 which provide a
control | iskgnals M, f PEVleand DEREQ fsomhiheaopntrol logic circuitry

140 as discussed in more detail with reference to Figure 11.
In Figure 11, the reference clock CLK IN is initially
divided down by an input clock divider 154 to produce an
output CLK DIV oscillating at between 500KHz and 1MHz. The
factor of the division, either 1,2,4,8,16,32,64,128 is
programmed using the signal DIV1 from the clock control
logic 140 of Figure 10. The output 160 of an internal
voltage controlled oscillator 162, clocks an 8 bit counter
164 the output of which is compared by a comparator 166 with
a programmable 8 bit multiplication factor MFS from the
clock control logic 140. When the count value is equal to
the multiplication factor signal MFS a flag is set. The
event of the flag being set is compared against the next
rising edge of CLK DIV by a phase delay comparator 170 which
provide a controlling voltage frequency VFREQ so that any
offset between the two events is corrected for by raising or
lowering the frequency, thereby increasing or decreasing the
frequency of oscillation of the VCO 162. The 8 bit counter

164 is reset over lead RST when the output of the 8 bit



of fset between the two events is.corrected for by raising or lowering the
‘frequency, thereby increasing or decreasing the frequency of oscillation of
the VCO 162. The 8 bit counter 164 is reset over |ead RST when the output
of the 8 bit - 26 - counter 164 and the programved 8 bit value are
identical; the count then resunes. The-o@6pdat 160“0f the VCO is divided
down -by an output clock divider 171, the division factor bei ng programred
by the signal DIV2 fromthe clock control |ogic 140, to give
/1,/2,14,/8,/16 ... [/16384,/32768. Figure 12 shows_the syng Q sat on
gener at or ZPuntexi164 Ewﬂmhh%hpﬁﬁﬂﬁ?@®§§ Bhbiti yadpenazena

circuitry produces a pul se synchronous to the internal clocks CLKl and CLK2
froman as dﬁﬂﬂs JeRRR ST@BUPRR - cormuni cati on.regi sters as shown in

Fi . Th

a's33|L?_oﬁ§uJyer i st 60 "ot chfin HOR Y f gt PaPeR BBt n, qupeut
resolfvin
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device 1S Idhe Wrﬁmnmmﬁawaeﬁl 88k reeNeogier 1aede toigi' sainder

control sitghals on the configuration control bus 30. The two
bi ¢ val ue SEpr P8, 74, A80/86! ect s/1bish, #B2vbe . cl ocks; CLKL or CLK2, the

out put signa 38 1s"to be synchronous with. Sychronisation signal 40 from
the mcroprocessPigure 12 shows the synchron1satlon generator 24
circuitry SG which generates the s1gna1 A-SYNC 38. Thls
circuitry produces a pulse synchronous to the 1nterna1
clocks CLK1 and CLK2 from an asychronous access to the
| communication registers as shown in Figure 13. The
circuitry.blocks labeiled sync in Figure_lzlare'
asjchronously resetable strong feedback D—type latches
optlmlzed for resolving metastable states. o
A synchronlser confrgurat1on register 180 contalns a 2
bit value, loaded from the internal data bus 32 when the
device is in "configure.sjnohronisation signal generator
mode (vi)" under control of the R/WDR signals on the
A .configuration controilbus:30. The two hit value stored in
180 seleots'which of the ciocks; CLKl_or CLKZ, the output
s1gna1 38 is to be synchronous with. |
Sychronlsatlon signal 40 from the microprocessor
interface is connected to the reset input of synchroniser
circuits 182 and.d—type flip-flops 184. Signal 40 sets the
set-reset flip- flop formed by a cross—coupled NAND gate pair

' 186. The resultant s1gna1 188 is input to the synchroniser

chain 182 followed by f11p—flops 184. Signal 192 is fed



Interface is connected to the reset input of synchroniser circuits 182 and .
d-type flip-flops 184. Signal 40 sets the set-reset flip-flop forned by a
cross-coupl ed NAND gate pair 186. The resultant signal 188 is input to the
synchroni ser chain 182 followed by f+i®7ftops 184. Signal 192 is fed -
27 - back to the reset input of NAND gate pair 186. The A-SYNC signal 38
forms a logic pulse of duration 1 clock cycle after signal 40 goes hlqH

a |Iy

This is shown in Figure 13., The ration of the circuit shoul.d be re
under st oBBCH Gifl (T SRR 1RPYE Of JUAND19abe PRAZC1ER:| | 308 ASTRG ¢ |
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i nt er nal reglster deco&ﬂ? In the m croprocessor interface 16, under the
control glerdiliheneh i croprocessor 4. The configurabl e

logic array 18 Is conoltloneo by the configuration data words received to

enpl oy the cormmArdpeétaion cghét Rost 12crodompdtesr dasendsgitest ahe for the
requi red peripheral transfer operation, while the sequencing of the
oper at i opemiqdrteraI arontroller 14, over the data bus 52, a

configuration file to configure the peripheral controller 14
for the peripheral transfer operation requifed. The
configuration file consists of an 8-bit identification code
followed by a series of configuration data words. The
configuration data words are distributed to appropriate
functional blocks within the peripheral controller 14 using
the mode register 62 and the internal register decoder 60,
in the microprocessor interface 16, under the control of the
address bus 50 from the microprocessor 4. The configurable
logic array 18 is conditioned by the configuration data
words received to employ the communication registers 102 and
104 as data registers for the required peripheral transfer
operation, while the sequencing of the operations needed for
the transfer operation will be created by the setting of the
logic array 100.

Similarly the configuration data words will be used,
distributed by the internal data bus 32 under the control of
the configuration control bus 30 driven from the address

data in the configuration file, to set up the programmable



. the transfer operation will be created by the setting of the logic array
100. Sinmlarly the configuration data words wi |l be used, distributed by
the internal data bus 32 under the control of the configuration control bus
30 driven fromthe address-data i'n the~céffiguration file, to set up the
pr ogr ammabl e - 28 - line drivers/receivers 20, in accordance with the
liné requirenents for the particular peripheral deviice to be served in the
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of the peripheral transfer is nonitored by the con ogiCc array

circuits wimd €hé Vel6ER ﬁéﬁéﬁ&téﬁtEQHWKEQQaﬂﬁbth%8cdﬂﬁﬂahﬂﬁﬁ;é&eYiOU5|y
configured according to the peripheral transfer requirenment, creating

i nterrupt resmested dsy acheofbedgepoint sher confequriitiony FAQesss demands as
appropriate to the transfer operation. The operation of the configurable
peri pheral cont rtheérxeafitétr the perilpherabetrapsfercoperiat ion aakdst er
interface with a 32 character buffer store which generates an interrupt
when enpty.PlRcgvel ik dabashbeingbpaskedi bgtueehothe thamueriiqatdoxd
control l er configured in accordance

_ registers 26 in the peripheral controller 14 and ultimately

to or from the microprocessor data bus 52. The progress of
~ the peripheral transfer is monitored_by the configurable
logic array circuits which drive the communication flag port
28, which was previously configured according to the
peripheral transfer requirement, creating interrupt requests
.or acknowledgements or Direct Memory Access demands as
~appropriate to the transfer operation.

The ope;ation of the configurable peripheral controller
will now be described by an example of a printer interface
with a 32 character buffer store which generates an
interrupt when empty. Figure 14 shows, in block diagram
form, the peripheral controller configqured in accordance
with the interface to be implemented.

Firstly, the microcomputer system 2 must be configured
to implement the required interface function. The exact
format for this will vary from system to system, but for the

purposes of'this example we will assume that a printer setup

. command is input to the command line.



with the interface to be inplenmented. Firstly, the mcroconputer system?2
must be configured to inplenent the required interface function. The exact

format for this will vary fromsystemto system but for the purposes of
this exanple we will assunme that a primnt28 -setup command is input to the
command | i ne. - 29 - e.g. > setup printer This setup command perforns
two functions: 1. Configures the peripheral controller hardware to
performthe printer function. 2. Installs the printer device driver into

the conmputer sy®t8m (Installing a device driver is readily understood by
those skilled in thﬁ art%_ A device driver provides the |ow | evel
i nterfacing funttPERYPLBERBERThar dware and software. A configuration file

System The sct EpLBoRRERE FoRE=RAPSESH IR, o BaRSrede L e configurati on
file f h A ' .
cgnfigL?glfoﬁtf?fgr22?5nfﬁgagﬁggkggeﬁg%%ﬁgyi|%CU|t%%éﬁ??%ﬂ?ﬁehgggyggf

operating frequency, the i8Pyler?ddndedt/prititdr dldddom! the programmble
Line drivers/receivers 20 and comunication flag ports, and al so the "user
logic circuits to bezi,npl gxeRla@dsOkhie'@rinter device driver into the
computer system. (Installing a device driver
is readily understood by those skilled in the
art). A device driver provides the low level
interfacing functions between hardware and
software.

A configuration file is stored on the hard disk (or
similar storage means) in the computer system. The setup
command runs a program which transfers the configuration
file from that storage means to the peripheral controller.

The configuration file sets the clock generator
circuitry 22 to the correct operating frequency, the input
and output functionality of the programmable Line
drivers/receivers 20 and communication flag ports, and also ~
the "user" logic circuits to be implemented on the
configurable logic array 18. In this case, the logic array
18 is configured to implement a first in/first out buffer
FIFO 230 and timing control 232,

The peripheral controller and the computer system is
now fully configured, software and hardware, to drive a
standard printer interface. A schematic representation of

the implemented printer interface circuit is shown in Figure

14.



_configurable Ioglc array 18. In this case, the logic array 18 is configured
to inplenent a first, in/first out buffer FFFO 230 and timng control 232.
The peripheral controller and the conmputer systemis now fully configured,
software and hardware, to drive a standaB@l printer:interface. A schematic

representation of the |nplenented printer interface circuit is shown in
Flgure 14. -30 The user can now initiate a file print operatlon by
typiig the apprqpriate command on, t he, comman > print "fil enanme"

The file to be prifit¥RPF sc?%c%?‘@d"ﬁrt}ﬁEerchgbh&TBE?-@F 89&‘ Gien Bt em and
characters (j ormof an.8-bit na y usual Ly ~ASCI | )

transferr eﬁ#ﬁﬁs{]eteh%oﬁlf%?%rﬁ%\:ﬁ c%°‘H'P oPogFﬁeCB@PPBﬁerld'lnec,’ont rol l er 14.
The software drl‘%/eq conti nuously checks the Status of the print operati on,
by accessing a us register 234, to determne: if an error has occurred

in the transfer ,(epﬂ tpr-oﬂfé &ﬁéu of paper): the internal FIFO (First In
First Qut buffer) 7s fuII t interface is currently busy stream ng

data fromthe FifHa lrifered Cbé herivtéd eis iéchbea! B%'e{:fxécﬁub%o'c%n@ul%‘éﬁ:' tion
to accept data, the software driver transfers 32 bytes of data to the FIFO

buf fer vi a dpexraifitmy rgstsdmerand hatectid s e(iffuthef Fagmi B£t Ba BLWiEs
register is then set

binary code - usually ASCII) transferred via the software

device driver to the peripheral coﬁtroller 14.

The software driver continuously checks the Status of

N the print oberation, by accessing a status register 234, to
determine: if an error has occurred in the transfer (e.g.
printer out of paper): the internal FIFO (First In First Out
buffer) is full: or the interface is currently busy
streaming data from the FIFO buffer to the printer.

.. If the Interface is in a position to accept data, the
software driver transfers 32 bytes of data to the FIFO
buffer via the data register 236.

The Buffer Full flag in the status register is then set
to indicate to the microprocessor that no further data can
be accepted.

Before the data is transferred to the printer the
Buffer Busy flag is set to indicate that the interface is
now busy.

The data transfer to the printer is now initiated. The

timing control circuitry 232 "handshakes" the data transfers

to the printer as shown in Figure 15.



to indicate to the m croprocessor that no further data can be accepted.
Before the data is transferred to the printer the Buffer Busy flag is set
to indicate that the interface is now busy. The data transfer to the
printer is nowinitiated. The timng eco@X¥ ot circuitry 232 "handshakes" the

data transfers to the printer as shown in Figure 15. - 31 - The timng
control circuitry 232 waits until the printer busy signal is negated, tfen:
pl aces the data byte onto the data lines. It then asserts the data strobe

signal, indi catFhg téming gentred Gifcuwihiny 282 FaitsHunkhl thee data is
coonal s BEiBkeEaBuBY. §iGnadnds BedRRPdre dHah BIRFYS Ahe GACACEY ERCpa: bs
e i Ro AnE8 ERRLaBER"13hel "3 KRR Hap I W R B0 1 <O
rutter cnifefiede, PRaRUakIREr ol he taineut SMC AT AL os N 1S

negated. ToFedbAEOPT SRESARES YS! EOMEINIMEYY AV 1 Uhe PRLEcBE

st at us regi Sf[ er to determ ne en the trans er e_en conp et _ed an
data | oadegnti0ahhgcRibleedde ddltee(AK thivh) iyl ks opesaitea. my be

schedul ed as a "background" process with the interface generating an
Data strobe is then negated and the interface prepares to
transmit another byte of data.

Successive data bytes are shifted out of the FIFO 230
by the timing control circuitry 232 by means of a Shift FIFO
signal. Once all the buffered data bytes have been
transferred in this matter, the Buffer Busy and Buffer Full
flags, in the status register, are negated.

The Microprocessor system may either continuously
*pole" the status register to determine when the transfer
has been completed and new data loaded into the buffer or,
alternatively, the print operation may be scheduled as a
"background” process with the interface generating an
interrupt request for more data when a 32 byte transfer is ~
complete. The latter option is a commonly used technique
that permits the microprocessor to perform other operations
whilst communicating with a slow peripheral device, such as
a printer for example.

The printer interface is mapped onto the Peripheral
controller 14 as follows.

The data and status registers are implemented using the

communication registers 26 addressed directly from the

microprocessor interface 16.



_interrupt request for nore data mhen a 32 byte transfer is conplete. The

| atter option is a commonly used technlque t-hat permts the m croprocessor
to perform other operations whil st conngﬁlcatlng with a slow peripheral
device, such as a printer faor exanple- e printer..interface is mapped onto
the Peripheral controller 14 as follows. The datéa:and status registers are
|nplenented usi ng the comuni cation registers 26 addressed directly from

t he Tii cropr ocesgor xh:[‘éfé%?fi?e&g?ﬁelnte’f‘%aceﬂi‘% g%‘i%%‘ﬁﬁé)r sdrd erface 16

perfornms the sanme func rinter interface Inplenmentation: The

synchroni t 2 d eC3mpl Lieht@tiz l on pul se
A- SYNC fo?ﬂ?he f?ﬁ?ﬁ%@cg%?rgrﬁgﬁ§gu?§F$9§ﬁﬁ' Thgaclock ggherator 22

provi des the sypiemnspheRkenisatibf fefibprateenkuobrovides ran Akeshe
m croprocessor interrupt 35 is driven through the comunication flag port

28 and naysyatcierewi st tonaphitdet A-SYBD Ebe kher ¢imiagssontirdlerface 16. The
| nput/ Qut put buffers 238 are inplenented with the progranmable |ine drivers
20. The Fidianikdy n23®.control circuitry are the only circuits inplenented
on the configurable logic array 18. This exanple denonstrates the

versatility of The cleckngenerabbr aarppheuéescbher§VB@@MLFHQPK#C@QH|ng a

the timing control c1rcu1try 232.
The microprocessor interrupt 35 is driven through the
communication flag port 28 and may be enabled/disabled
— through the microprocessor interface 16.

The Input/Output buffers 238 are implemented with the
programmable line drivers ZO.

The FIFO and Timing control circuitry are thedonly
circuits implemented on the configurable logic array 18.

This example demonstrates the versatility of the
re- conflgurable peripheral controller 14 by providing a
combination of the commonly used interface circuit
structures, e.g. Line drivers, communication registers
etc. whilst using the programmable logic circuifs.to
implement.the circuitry whicﬁ is specific to each type of
interface.:

With a configurable peripheral controller according
to the embodiment of the invention it will be recognised
that a wide range of peripheral equipments can be
accommodated by the peripheral controller dynamically.
?he_additioh of new peripherals to a system is

substantially eased with a re-configurable peripheral



conmbi nation of the commonly used interface circuit structures, e.g. Line
drivers, communication registers etc. whilst using the progranmmabl e | ogic
circuits to inplement the circuitry which is specific to each type of
interface. Wth a configurable peripleral controller according to the
enbodi nent of the invention it will be recognised that a wi de range of

peri pheral equi pnents can be accommodated by the peripheral controller
dynani cal FpRtIed legdiadanrdinadwe ke pinvention sisgstahlithatbisantial Iy
eased with a re-configurable peripheral - 33 - controller according to
the i nvenFPENiZeAcd Sa|d nevacansf iguratiqn | Eikenby thafiguration file in the
M Ccr opr ocessor and a device driver, Typically new configuration

files naymbErBPg?’gm d MeFoFY, &84 i IR PHF At ARtV eRe nEXPHeR] b¥eR8W devi ce
by i ncl udj fl di ith t r i ph | ' Kk . The fl

o sk voul SEagiay =B il itAv, Be RS T Rdted ote TR AR The pori phoral
t f . ] t | [ce. JTh -confi bl
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corresponding installation o I ntertaci dware.  To

accommpda BoppPewiBR %h@ﬁaha&g% thel @Bt iduiieed Sadedh gy dde

correspondi ng device driver an
required for the peripheral transfers to be used with the

new peripheral device.

The re-configurable peripheral controller of the ~
invention has the particular advantage that the addition
of a new peripheral to the system does not require any
corresponding installation of dedicated interfacing
hardware. To accommodate a2 new peripheral the system

will be loaded with.fhe corresponding device driver and

the configuration file to configure the peripheral
controller in use to the implemented interface necessary
for the added peripheral device. Similarly different
peripherals may be driven from a singie port using the
re—-configurable properties of the peripheral controller
to accommodate the different transfer requirements.
Further the re-configurable peripheral controller may be
provided with a number of peripheral ports each having
its own configurable driver/receiver and termination

.equipment.



~the configuration fil'e to configure the peripheral controller in use to the
i npl enented interface necessary for itthe added peripheral device. Sinmilarly
di fferent peripherals may be driven froma single port using the
re-configurable properties of the peripheral controller to accomobdate the
different transfer requirenents. Further the re-configurable peripheral
controller may be provided with a nunber of peripheral ports each having '
its own configurable driver/receiver an@4terninattbh equi prent . -34- The
i nventi on has been describéd vith reference to its enbodinment in a
m croconputer system however, it will be appreciated by those skilled in

the art that t re-confi.gurabl e peripheral.contrpller of the invention
coul d be used i ecd‘rﬂ)’e%ﬂqig?ﬁﬁ'% %ﬁ%r3§§/§fmgg‘§ﬁg*‘aFF§9r‘FH€eprté’séﬂ:ts

i nvention . j ' S S th _bidirkecti.qnal and
unidirectFgggaéﬁ%%%ﬁgfFgggggéﬁﬁﬁgﬁéﬁkF#i?f?ﬁé g&veggrfe& iV@ﬁqp#F%uitry
and this apptect JBUe oy Vdie hO1EE! R he dte LHADSLRE CaPabl ity which
all ows the peripheral to conmunicate w a W der range of peripherals.

- 35 - TABeEcénfigurable peripheral controller of the invention could

be used in conventional computer systems generally.

Thé present inventiop thus provides a system which
supports both bidirectiohal and unidirectional signal
transfer through the line driver receiver circuitry and this
gives a more flexible bidirectional data transfer capability
which allows the peripherdl to communicate with a wider

range of peripherals.



8-BI TS MODE REG STER SELECT X X X 1 0 0 0 X NORVAL
OPERATION X X X1 0010 CONFI G CLA & COWMREG i) XX 10011
READ CLA & COMVREG CONFIG X X X1 01 00 CONFI G LI NE IV | REC. i)
XXX10101 READ LINE DRIV./REC CONFIG X X X1 0110

CONFI GURE CLOCK GEN. (ivV) XX X1_0 11 READ CLOCK GEN CONFIG X X
X11000 CONFI G COW FLAG P XXX 11001 READ GQWM.
FLAGPORT X X X11010 CONFI G SYNC GEN ) XXX11011

READ SYNC GEN CONFIG X X 0 X X X X X (GR) GLOBRST (ALL BLOCK)- i) X O
XXX XXX TRI STATE LINE DRIVERS TL O X X X X X X X TRI STATE
FLAG PORT TF - 36 CLAI M. 1. A peripheral controller suitable for
connecting a selected one of a plurality of peripheral devices to a
conput er system conprising a pr ocessar %tnennry and a direct nenory access
controll er interconnected by a systen1co rol bus, the peripheral

controller conprising a plurality of programmable |ine driver/receiver

devi ces each capabl e ofgopppgti ng select|¥§b§_FE§i§g?%E5&3&&b?nal dat a
transfer node in which the transfer of data between € conputer system and
the sel ected peripheral device is in a selected one of input and out put
directions and in a

(i) XXX1000X NORMAL OPERATION
XXX10010 CONFIG. CLA & COMMREG

(ii) |xxX10011 READ CLA & COMMREG CONFIG
XXX10100 CONFIG. LINE DRIV./REC. ~

(iii) | X XX10101 READ LINE DRIV./REC CONFIG.
XXX10110 CONFIGURE CLOCK GEN.

(iv) |XXX10111 READ CLOCK GEN CONFIG.
XXX11000 CONFIG. COMM FLAG PORT

(v) XXX11001 READ COMM FLAG PORT
XXX11010 CONFIG. SYNC GEN

(vi) |XXX11011 READ SYNC GEN CONFIG
XX0XXXXX (GR) GLOB_RST (ALL BLOCK)

(vii) |[X 0 XXX XXX TRISTATE LINE DRIVERS TL
0OXXXXXXX TRISTATE FLAG PORT TF




-brdrrectronal data transfer node mhen the transfer of sara“aété“rs Tmboth-

sai d i nput and output directions; and‘a re-configurable J ed
to be configured to inplenment a- particul ar interface req m"'”m mm m
sel ected peri pheral device under the comig o+ of confrguraﬁron con

generated by the processor”and comunicated to the-peripheral controller,

sai d_configuration control data al'so being useable to place at |east one of ,
the prograpmable |ine driver/receiver devices i'nto an appropriate one “of

. said srgné$L$¥¥§sfer nodes whereby the peripheral controller is capable of
I npl ementing transfer of signals between the conputer system and the

sel ected peri pheral device under the control of the processor. 2. A

i ph I t I th R
b ogr ammact o cl ScRefERBPEAoRORERR] e M AP IS ?&fe”r SR & mans: .
A h conpri ses
a g%l:ﬁrﬁﬁ%%‘??ﬁ%agéﬁg g?zrc ggg‘éﬁlkgf 8%?3’ lfg:jipglg syng%cf |sa |aon ngr]aI

to enabl e ddigpeeaBUEPELaNSbEbE2sSATTHN pEdlstc) lahahfhPiildla cONL Tl | er

i n an asynchronous manner, sald synChronisation generator bei'ng operable to

resol ve nmadinsé@bl memnopg hceass éontrblperi Rhatercondlicteld By S sHsidkd in
any preceding claimfurther conprising programabl e connunrcatron regi sters

arranged taormeroabebusp the peaibpheradf cdatzodlercedipalisimigda bet ween t he
conput er systemand the particular interface inplenented on the

confi gur atltality aof aprogrammable line driver/receiver devices each
capable of operating selectively in a_unidireetional data
transfer mode ih which the transfer of data between the
computer system and the selected peripheral device is in a
selected one of input and output directions and in a
bidirectional data transfer mode when the transfer of said
data is in both said input and output directions; and a
re-configurable logic array adapted to be configured to
implement a particular interface required for the selected
peripheral device under the control of configuration control
data generated by the processor and communicated to the
peripheral controller, said configuration control data also
being useab;e to place at least one of the programmable line
driver/receiver devices into an appropriate one of said
signal transfer modes whereby the peripheral controller is
capable of implementing transfer of signals between the

computer system and the selected peripheral device under the

control of the processor. -



A peripheral-controller as clainmed in any preceding claimfurther

5

co 1S ni cation flag port connected between the configurable

I Oa—ﬁﬂlﬂﬂm ﬁwu di rect menory access controller via the system control
bus stioyeontrol comuni cati-ongbetween the configurable |ogic

array and the host conputer system 6. A peripheral controller as clained
I n any preceding claimfurther conprising an internal data bus and a
configuration control bus arranged to receive data fromthe system

control bug.undé perd phenallcantrobier 38 celaimed okntdbaimsilsi whichn of
the configuration control data to the configurable logic array and the
pr ogr anmabf8rther gomprisas fregrapmakle eleck genrrationmaanse

conmmuni cati,on regi sters, the synchronisation generator, the clock generator
and the co&ﬂEﬁP§§HQD#QQQﬁfﬂﬁ¥t§Yé&ﬂﬁFﬁﬁeﬂﬁﬂﬂ,'to configure the periphera

controller. 7. A peripheral controller as clainmed in claim®6 in which the
comuni cation flag port in operation nay be enabl ed/ di sabl ed under control

o ecogi DS 3.0t o Yekisheral SRILAINAL LOUIAGE 23 Claifed bR 3"

preceding cl'ai mi e con e logic array ITs o ype clai med

in UK PaiglcnNGy @B &dhpises A RIS R s $O164 OgéRér iﬁof' té%gﬁﬁib”

claim2 or any of clainms 3 to 8 when appended thereto In ch

frequency S¥NpiIRAuTiiRAE HATENIGENSattior! S Pgita T ofd '&haBlle OERE! tainpluter

produci ng an out put signal and a conpare signal at a frequency dependent on

a system to communicate with the peripheral controller in an
asynchronous manner, said synchronisation generator being

operable to resolve metastable conditions.

4. A peripheral controller as claimed in any preceding
claim further comprising programmable communication
registers arranged to be used in the transfer of data and
control words between the computer system and the particular

interface implemented on the configurable logic array.

5. A peripheral controller as claimed in any preceding
claim further comprising a communication flag port connected
between the configurable logic array and the direct memory
access controller via the system control bus and adapted to
control communication between the configurable logic array

and the host computer system.

6. A peripheral controller as claimed in any preceding
claim further comprising an internal data bus and a

configuration control bus arranged to receive data from the



-control voltage; input clock divfder'hﬁans"for producrng a first clock

ot s ot oo e e of e R

dependence on the phase difference;  -agounter and conparator rfeafls for*
provi ding said second cl ock signal when a count of pulses of the conpare
signal equals a preset nunber. 10. A peripheral controller as clainmed in
any preceding claimin which.each programmabl e |ing driver/receiver device
conpri ses: P¥akemf gpnIodc busy ungerdithec qant ¥l L4 i dus ginterfree for
operating in said bidirectional signal transfer node. 11. A per, pheral
control | er SRecfiskEibukion of %i@@f&%%ﬁﬁ?wwx@éc@iﬁ%g?‘gﬂﬁl e

| i dri / ' Lce . ' ' / |t plexi 112,
A per | pher SFORBRUHERPAF. 300EaPREAY, Ay s Bt ARpAAd, 11PE0; Oh cach

bl | ' [ deyi ' bl t put
Curront ari SE LB e Y B ot ik andl

source ar r abgfitEAiSaridn £eBikiRRE AneORyintnianic Gehdb Y, the

precedi ng In-which e programmabl e Tine driver/receiver device
conprises acPSER' geHBRAGOrNANE k! 2emmuRieetaloh AW pr¥teCiwlien

present, to configure the peripheral controller.

7. A peripheral controller as claimed in claim 6 in which
the communication flag port in operation may be
enabled/disabled under control of the bus interface.

8. A peripheral controller as claimed in any preceding
claim in which the configurable logic array is of a type

claimed in U.K. Patent No. 2180382B.

9. A peripheral controller as claimed in claim 2 or any of
claims 3 to 8 when éppended thereto in which the frequency
o synthesis means comprises:

a voltage controlled oscillator producing an output
signal and a compare signal at a frequency dependent on a
control voltage;

input clock di&ider ﬁeans for producing a first clock
signal; ‘

a phase comparator for comparing the phase of the first
clock signal with a second clock signal and producing the

control voltage in dependence on the phase difference;



14. A peripheral.controller as clained in any preceding claimin which
each programmabl e |ine driver/receiver device conprises programmabl e val ue

pull u mm‘“ﬂ“mu“‘ors for signal termnation. 15. A peripheral
contror“ yeull¥in any preceding_qgain1in whi ch each progranmabl e
line dri*vef/r'ecél ver device conprises sté%age means for retaining
programmabl e | ine driver/receiver configuration data. 16. A peri pheral
controller as clainmed in any preceding claimand fabricated as a single™
seni conduct or i % epuamter End dompRrdter Meang forrprowpding suidem

i ncorporating a peripheral controller according to any of the preceding

cl ai ns. 18S5eRORE IKdQCHk sdsnak iwhem & epunerofypulsesoafr thengomparecessor
a nmenory, a.direct nenory access controller, a peripheral controller and a
plurality SFIB& iﬁﬁ@@g% FeRraset MRe%Rd to the peripheral controller, the
peri pheral controller conprising a plurality of programmable |ine
driver/recei ver devices each capable of operating selectively in a

uni directigpal si ls &1 f i lchythe transfer of signals to and
fromthe sgpéctédgggﬁpéﬁgﬁa(a£§g¥§§%%}}qge#iﬁghﬁéeﬁnoﬂgyo?rFﬁﬁaﬁngnd
output dir kONS nangl sl i | R b 15 t e h
transfer ofégggﬁdggi gﬁéic? %glalhg b%ﬁ]f sal c?%\pu %n%ﬂvégﬁf%ggf‘élg?egf%éﬁg,
the procesgempriges:y, direct nenory

means for selecting the direction of a line signal when

operating in said bidirectional signal transfer mode.

1l. A peripheral controller as claimed in any preceding
claim in which each programmable line driver/receiver device

comprises input/output multiplexing means.

12. A peripheral controller as claimed in any preceding
claim in which each programmable line driver/receiver device
comprises a programmable output current drive selector
having independently programmable current sink and source

arrangements.

13. A peripheral controller as claimed in any preceding
claim in which each programmable line driver/receiver device
comprises a programmable input voltage threshold level

selector.



access controller and peripheral controller being interconnected by a
processor systemcontrol "bus, the conputer systemfurth T '““
reconfigurable logic array adapted_tggbe configured to ﬁ&ﬂﬁﬁﬂ““‘“‘““
particular interface required for the sel ective peripher eviccer. wher®in
t he met hod conprises the steps of: communicating-@a:configuration file from
t he, processor over the processor systemcontrol bus; programm ng said,

progr arawbl eal peeipheral/ contirotlettcusC elatitmed dee atly pa’deddiry of the
programmabl e line driver/receiver devices into an* appropriate one of said
si gnal ¢laimfin whileh; eacH progrgmmabjesiiner drdveryresaivdrogieyive ay
thereby to configure the peripheral controller in accordance wth the

i nt er f RAMPRiGEs chragramhaklecvainedruid vp and dowipresdstdas doxr 19. A
peripheral controller substantially as described and shown in the
acconpahignal dkermination. ‘

15. A peripheral controller as claimed in any preceding
claim in which each programmable line driver/receiver device
comprises storage means for retaining programmable line

driver/receiver configuration data.

16. A peripheral controller as claimed in any preceding
claim and fabricated as a single semiconductor integrated

circuit device.

17. A microcomputer system incorporating a peripheral

controller according to any of the preceding claims.

18. A method of operating a computer system comprising a
processor, a memory, a direct memory access controller, a
peripheral controller and a plurality of peripheral devices
connected to the peripheral controller, the peripheral
controller comprising a plurality of programmabie line
driver/receiver devices each capable of operating
selectively in a unidirectional signal transfer mode in
which the transfer of signals to and from the selected
peripheral device is in a selected one of input and output
directions and in a bidirectional signal transfer mode when

the transfer of said signals is in both said input and



|

output directions, the processor, memory, direct memory
access controller and peripheral controller being
interconnected by a processor system control bus, the
computer system further comprising a reconfigurable logic
array adapted to be configured to implement a particular
interface required for the selective peripheral device,
wherein the method comprises the steps of:

communicating a configuration file from the processof
over the processor system control bus;

programming said programmable line driver/receiver
devices to place at least one of the programmable line
driver/receiver devices into an appropriate one of said
signal transfer modes; and

configuring said reconfigurable logic array thereby to
configure the peripheral controller in accordance with the
interface requirements of a selected one of the peripheral

devices.

19. A peripheral controller substantially as described and

shown in the accompanying drawings.



