CPU- BUS CONTROLLER BACKGROUND OF THE | NVENTI ON The pregg@yvﬁﬁiedﬁ?gﬁtﬁ
relates to mcroprocessor bus controllers and in particular to bus
controllers incorporating state nachine technology to provide a functional

| i nk between m croprocessors having di iferent size data widths, and a data
bus which allows access to devices having different size data widths on the
data bus. In a mcroprocessor controlled conputer system such as a persona
or desk top conputer, the conputer requires a set of electronic connections
bet ween the m croprocessor and ot her devices maki ng up the conputer system
These conmuni cation lines are collectively called the input/output system
or 1/0O bus. Al'l nessages in dat@FPFYS Sé?ﬂ% e m croprocessor and

ot her system conponents travel on the bus. A conplete I/O bus includes

several conponent parts: the data bus, |ines over which data flows; the
address bus, a set of |ines tdxixcRpERDIOF i TEWBRYIGNIAr esses to which data
wi Il be transferred; and various support lines carrying control signals and

power for the vatheousprhsentes imyenkdohusredates cbht r BRFEPPHARESEAr es PHAd

controls all 1/0O hus cycles, The controller contrqls.the_ interface.t.o the
|/ 0 bus, thERFRLETSartPYat™ %ﬁfr‘éi”g?rt & &5, ??{}é.‘r(?il?%g? TEROTR. A Cass

nenory acce
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I nt egr at ed rnto an uncti oned as a par of the m Cr oprocessor

ar chi t ect ur gicrdprdtctcops ORESRM different size data widths, and a data bus
which allows access to devices having different size data widths
on the data bus.

In a microprocessor controlled computer system such as a
personal or desk top computer, the computer requires a set of
electronic connections between the microprocessor and other devices
making up the computer system. These comﬁunication lines are
collectively called the input/output system or I/O bus. All
messages in data pass between the microprocessor and other system
components travel on the bus. A complete I/O bus includes several
component parts: the- data bus, lines over which data flows; the
address bus, a set of lines that specify the memory addresses to
which data will be transferred; and various support lines carrying
control signals and power for the various devices on the bus. A
pus controller initiates and controls all I/0 bus cycles. The
controller controls the interface to the I/0 bus, the address and
data buffers, the CPU, the direct memory access (DMA) device and
other memory controllers.

Prior art bus controllers were integrated into and functioned

as a part of the microprocessor architecture. As microprocessor



-2- technol ogy has advanced, bus controller technol ogy has becone separate
and di stinct. Simlarly, as the nunber of peripheral devices avail able
for wuse wth various mcroprocessors has increased, it has becone
obvi ous that peripheral devices usable 2awth one integrated

m croprocessor-bus controller architecture can not generally be used with
the bus controller of another m croprocessor. Separate m croprocessor and
bus controller architectures provide systemdesign flexibility as well as
facilitating interface of many peripheral devices anong many different

M cropr ocessajethnbbodN€hps e 2ARNEER] €bAE cBALASIlerTl E4EHHANGEFS Has MHeétome
expected to interface with nenory manage units, CRT controllers, floppy

di sc control Isepgrater andi déstinmt-ol | @imilagpiyt hast tbecoveber oeésperiphamdlt he

like. In addition, it i | kpown that the next, generation of 32-byte
n%croprocessiﬂglglﬁﬁgt %V:?%&\t%ﬁéet P‘?"r'lt S5LacEITR ¢ H’%I"P ﬁdym’egé?tr?ﬁﬁsﬁ%’r‘sr %h’@ﬁal

devi ces wi t hqul, LBEe4 MBI 34 of YbviBEE! &ﬁ@i}#i%%%&gﬂege@%es usable

controllers. However, even though the present da roprocessor an us

control |l er amdlitht65é Unteghsted alaopLocedibt-608tddtitrol tet eftci®dct@re can
interface with a specific type or range of types of mcroprocessors and
peri pheral d&@tcegergraldy I%eli¢ﬁ%dujwm§hcethQﬂlbu§ysFen¢IRiﬂﬁrguP§ti@nnth&wd
further limt .design flexibilitas for the next generation of
nicroprocess8?§?°§£h97§ﬁpréxanple the well- known personal conputer nodels

known as the "PC dpa@ii@ " BfciprocdaButacid egué‘”d:oﬂeli'gﬁ@zd R¥chDEedtRl¥es

Corporation. In the past, |/0O bus structures and small m croprocessor based
provide system design flexibility as well as facilitating interface

of many peripheral devices among many different microprocessors.
In the present state of the art, microprocessors are expected to
interface with memory manage units, CRT controllers, floppy disc
controllers, hard disc controllers, arithmetic cove processors and
the like. In addition, it is well known that the next generation
of 32-byte microprocessors must be able to interface with already
existing peripheral devices without the immediate need for
specifically designed bus controllers.

However, even though the present day microprocessor and bus
controller architectures are separated, bus controllers designed
to interface with a specific type or range of types of
microprocessors and peripheral devices are still limited to certain
system configurations and further 1limit design flexibilitas for
the next generation of microprocessors. See for example the well-
known personal computer models known as the "PC XT" and “PC ATY,
manufagtured and marketed by the IBM Corporation.

In the past, I/0 bus structures and small microprocessor basec



-3- conputer systens conprised little nore than buffered extensions of the
m croprocessor |/0O pins. Wiile mcroprocessors speeds, data w dths,
architecture and I/ O protocols evolve at a rapid rate, systemlevel |/0O bus
configurations remain essential upghanged in structure and timng for
five to ten years. For exanple, reflecting the capabilities of its 8-bit
8088 m croprocessor, the original IBMPC utilizes an |/O bus which permts
only eight bits of data to be transferred at one time. Wth the nore
advanced PC AT, while maintaining the sinplicity in functionality of the

original PC ldo@pites sysidnadetppraseiitileOficle Bhalnbastdreaseitensivnsl 6 bus to
provide for 16-bit data transfers. Mire recently, new nore sophisticated

| / O buses havihggrifrerreeessapab/? irtpes [Akde P ORERRESEPET SPreTs e faFDl e, the
|BMM cro aReed, oS dgVEloPeR bobeddiL Sobale’ RY & repiiPULEL, Model s.

| BM s basic m cro-channe esi g upports 8-bit data transfers with
addi ti onal pisystes Qevekd/Pobusl ContihrdRidyist rempamaessansial hmchamrpdsin

advant age of the new m cro-channel thgige |/ buses, is ox;[ he’itr "mul tiple
mast er ar chi tSEEPEFEe I hEAPEWEORi FEEBr Fe el Y BRSexpahdi o BBAPYs t o

have full acgegsedtinghend QEPaBiAitSySbeM s BEEMB0ES nikRoPFddREsd, 8R4I eve
capabilities and functionality of the new buses, a bus controller is

requi red whi c¥igiRadnaBl B9 pfiticesmfbd4P ssonbid PREFESIPRIV FiBR e S46Fs,
whi ch may hayg glif qpepd twagf&&agaétao% d&,inri.. ang Wi natd %W%a{;\%% P
er Sl a Ich may

m croprocessors to access ot evl ces, ves", on the bus
have di ff er emr,dahile daintsiingsy f tlen siaphicitdyerirantbrictbondlliey of the

Wle(HJroceSSQnginal PC I/0 bus, IBM added an additional 8 data lines to the
-I/0 bus to provide for 16-bit data transfers. More recently, new
more sophisticated I/0O buses having greater capabilities have been
developed; for example, the IBM “Micro Channel" I/0 bus developed
for IBM's new “PS/2" computer models. IBM's basic micro-channel
design §upports 8-bit data transfers with additional pins provided
for 16- and 32-pit operations. The biggest advantage of the new
micro-channel type I/0 buses, is their “multiple master
architecture" which allows microprocessors on expansion boards to
have full access to the computer system's resources. In order to
achieve capabilities and functionality of the new buses, a bus
controller is required which automatically accommodates one or more
nmicroprocessors, which may have different word or data widths and
which allows the microprocessors to access other devices, "slaves",
on the bus which may have different data width sizes from each

other and from the microprocessors.



-4- SUWARY OF THE | NVENTI ON A m croprocessor and |/ O bus controller
according to the principles of the present invention conprises a state

machine |/ O bus controller which provides a functional control |ink between
t he m croprocessors and the main /0O data_bus.

the signals required to control the data flowto and fromthe 1/O bus. It

further generates the control

strobes required to facilitate comrunication

between the m croprocessors and plug in adapters of 8-,16- or 32-bit
wi dths. Wiile the interface between the nlcroprocessors and the bus

controll er

i s synchronous in nafURMARY OFe THE/ DVINIION nterface may be

asynchr onous. The n1cro rocessar ave t dt 16 or 3 Its
or nore while the d%%/‘f%oepsr (fr?stsﬁg W % g?s?) CO&ar 1‘&‘: g:cﬁ;'dl g Eo ghg

32 bits.
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and the bus device accessed is automatically accommodated by the bus

controll er
controll er

sbas camchil her whHichuprowuides atﬁunctaanhlrnpnnrphlhlnk.batween the
provides the ability to change the function and timng

various si gnBASFRRFISESFORAd 2Bdsithy, makn EX%ode%vPﬂ%s tﬂﬁenﬁ%ﬁsc?ﬁfqﬂkéﬁﬁe
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/O conditioRS

controll er

conputer system In the bus control

or specl f I c”m Croprocessor access reques
akfe DiPYudes i@sﬁirtﬁei‘tcf&leﬁ&@s%@& kco@&&enaétmdso%@iﬁd the

er of the present i nvention, the state
facilitate communication between the microprocessors and plug in
adapters of 8-,16- or 32-bit widths. While the interface between
the microprocessors and the bus controller is synchronous in
n;ture, the I/0 bus interface may be asynchronous. The
microprocessors can have a data width of 16 or 32 bits or more
while the devices on the I/0 bus can have data widths of 8, 16 or
32 bits. Any difference between the data width size of a
microprocessor and the bus device accessed is automatically
accommodated by the bus controller state machine. The use of a
state machine within a bus controller provides the ability to
change the function and timing of wvarious signals quickly and
easily, and also provides the means to change the bus cycle
functionglity and timing (in a dynamic sense) in response to I/0O
conditions or specific microprocessor access requests. The bus
controller also provides reset control and clock generation logic
for the computer system. .

In the bus controller of the present invention, the state
machine senses and evaluates an access request from a

microprocessor; i.e., what kind of processor 16~ or 32-bit

The bus controll er provides



machi ne senses and evaluates an access request from a

m croprocessor; i.e., what kind of processor 16- or 32-bit -5-
processor, and which bits have been requested, etc. Then the state nachine
eval uates the data bus width of the dévice which is being accessed by the
m croprocessor request to determi ne the proper action to be taken. For
exanple, if a 32-bit mcroprocessor requests 32 bits of data froman 8-bit
device, the bus controller accesses that 8-bit device 4 tinmes in
succession, to gather the requested data bits and then passes all 32 bits

to the m cpepeasess0andi WhidbeeyHave BheR rdguested) @coC eteor thadtate
controlling application software typically do not have to be aware of data
bus wi dt hs mapbine sevalyategstherdatsl bus widtdmedi £hel dediceovhiaht b5 heipg

di fferences in _da hs bet ween the m croprocessqr _and. t he accessed

devi co. - SFRBSEER RbEhE) PAFEPRRTIRISCT] GEREST Fo: AP RETRA SR AIREeS! 1/ O
bus cycles jbequhr d o S@ike.y aFHl-C(eS&Qﬁ%P@SSQf dat3-beguaskbrbpracauyrndat e
for the differences in data width sizes between a m croprocessor and
accessed dewgaests s bitiei be ddéea Hreamcant §-ditedewité, geree basecbherallleyt e

enabl e bytes required for any m croprocessor_ access request, if a 16-bit
wi de ni cr opesessesrthatyferRid Pevilres4ofimes ol rIRcRS32oB; t tQ gt

device, U Ra el AT L ORLY ASECBbREe LY 0°VSEROTES

tes 0 satlsfy ata request
i mpl enment a@dl@?oﬁfoé&&“%lﬁﬁ@ﬁéﬂéé@lﬂf iPhasPr €8€Nhicroprocessor and its

controlling application software typically do not have to be aware
of data bus widths, because the bus controller automatically
accommodates any differences in data widths between the
microprocessor and the accessed device. The bus contreoller
includes logic to determine the number of I/O bus cycles required
to satisfy a microprocessor data request to accommodate for .the
differences in data width sizes between a microprocessor and
accessed device. Thus, while the bus controller will generate the
4 byte enable bytes required for any microprocessor access request,-
if a 16~bit wide microprocessor requests 16 b‘its of data from a
32-bit wide memory device, the bus controller will only access the
mémcry device once to transfer the two bytes to satisfy the 16-bit
data request. |

The implementation of the bus controller of the present
invention also provides additional features. For example, if a
microprocessor needs to " access a co-microprocessor, which is
physically not on the system main I/O bus, but on the

microprocessor" board, then the bus controller disables the data



i nvention al so provides additional features. For exanple, if a

m cr oprocessor needs to access a co-m croprocessor, which is physically

not on the system nmain 1/0O bus, but on the mcroprocessor board,
then the-bus controller disables the dd#ta 6 buffers to and fromthe main
/O bus to allow the m croprocessor to access the co-m croprocessor.
Further, the bus controller generates special control.signals that disables
the I/O bus data buffers and the 1/0O bus control strobes generated to all ow
a read access to "private" on board systemnenory, to allow a nuch faster
access t han RwiflaFshécaand efear ttheomghnt FEO shus &9 RALAY| FRE hRACTOPFacaSSoT

control | er ?_%ot ng%ses@r?é LQl’xﬁ‘ézi-Cof’pgrr?%%ggQ?. | m%%%@}edtﬁgi B3 ?ggi&f%rl on

conponent . Is alTows very erti e of I'ogi'c partition an

of the total genupaitesl sp¥SILIN SRR ICHigAEYd GOt dibabi&ertiy /o bassystLem
operates faster because of tighter {ogic integration. BRI EF DESCRI PTI ON OF

THE DRAW NGS@f fpnse afidi shay Iicobksdecantzoh strabey piarwratedr bpralcless or read
controll ed conmputer systemincorporating an 1/0O bus and a CPU Bu

control | er aREERsH &9 TRFAYRESSr PRAGRRS SgFt?’héneﬁ‘Pé'_gen’P e R S’Fifﬁﬁf'%r 2
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the present 1 nvention, ures are a‘functional "bl ock diagram
of the CPU Buss Cestitr@iler 8hOvRei préddhit Griientionr €sn 4se atubléhentedaas ogi C

di agram of the state machine . .
single VLSI component. This allows very efficient use of logic
partition and reduction of the total computer system component
devices. Furthermore, the system operates faster because of

tighter logic integration.
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Figure 1 is a block diagram of a typical microprocessor-
controlled computer system incorporating an I/O bus and a CPU/Bus
controller according to the principals of the present invention:

Figure 2 is a block diagram of a CPU/Bus controller according
to the principles of fhe present invention:

Figures 3a, 3b and 3c are a functional block diagram of the
CPU/Bus controller shown in figure 2;

Figures 4a and 4b are a logic diagram of the state machine
shown in figures 2 and 3a:

Figures 5a and 5b are a logic diagram of the last cycle detect
circuitry shown in Figures 2 and 3a;

Figure 6 is a diagram showing the package and pin layout for

a vs21 chip implementing the CPU/Bus controller of the present



shown in figures 2 and 3a; Figures 5a and 5b are a | ogic diagramof the

| ast cycle detect circuitry shown in Figures 2 and 3a; Figure 6 is a

di agram'showi ng t he package and pin |ayout for a VS2l chip inplenmenting the
CPU Bus controller of the present ~7# -invention; Figures 7a-7b are
timng di agrams showing the relationship between various signal waveforns
in the CPU/ Bus controller of Figures 3a-3c; and Figure 8 is a concept ual
bl ock di agram of an alternate inplenentation of the bus controller of the
present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT
Referring novirvenkignre 1, the mcroprocessor controlled conputer system
bl ock di agramis shown. The systemis controlled by a central processing
unit (CRU) 11, sufhouxes Z2=1h tane drigingcddograpsr showingethgoI@dationship

manuf actured b nt el oratlon described ip the In "M cropr essor
and Peri pherﬁ&l‘-‘lﬁﬁﬂbé’ﬁﬁm ?/olsﬂlﬁﬁaﬁé'avﬁf%%rb’&egﬁrcﬁé%‘és S

t hrough 4- 12&,8@Qgs|§a¢ﬂ§pgmgrated by reference as if fully set forth
herein. The CPJ 11 is connected t hrough buffers 27 to the main system
menory 13 via | ocaliqiie 85 fndaa condepyudls blockAldageannedt eth t altémmdwecal
bus 15 is a math co- grocessor or NPU 17 and a direct nenory access (DWVA)
control | er 19mPAgmgptation afethe PiHUEFPLIRE 76 ithe, PE&?‘E’W\M@F"‘B@‘%?
manuf actured by Intel Corporation, nay be used as the

ON O 10)3)

Referring now to Figure 1, the microprocessor controlled
computer system block diagram is shown. The system is controlled
by a central processing unit (CPU) 11, such as a 32-bit
microprocessor part number 80386, manufactured by Intel Corporation
described in the Intel "Microprocessor and Peripheral Handbook",
Volume One, Microprocessor, 1988, on pages 4-1 through 4-128, and
is incorporated by reference as if fully set forth herein. The CPU
11 is connected through buffers 27 to the main system memory 13
via local bus 15 and a memory bus 16. Alsoc connected to the local
bus 15 is a mﬁth co-processor or NPU 17 and a direct memory access
(DMA) controller 19, An 80-bit numeric processor extension, part
number 80387, manufactured by Intel Corporation, may be used as the
math co-processor‘17. The main system memory 13, which can be

" expanded up to eight megabytes or more of page/interleaved memory,
is also coupled to a memory controller 25 and to the address/data
buffers 27 via memory bus 16. The CPU 11, NPU 17 and DMA
contréller 19 are also coupled to the address/data buffers 27 and

the CPU/Bus controller 21 via the local bus 15. To provide access



mat h co-processor 17. The main system nmenory 13, which can be expanded up
to ei ght negabytes or nore of page/interleaved nenory, is also coupled to a
menory controller 25 and to the address/data buffers 27 via nenory bus 16.
The CPU 11, NPU 17 and DVA controller g9 are al so coupled to the
address/data buffers 27 and the CPU Bus controller 21 via the |ocal bus 15.
To provide access to the remai ni ng conponents of the conputer system
the m croprocessors 13,17, the DVA controller 19 and main system nenory 13
are coupled to the systemmain 1/0O bus 23 via the address/data buffers 27.
The remai ni ngp sytteeMremaiadagt Scanminentsft | offpy tlesccomputerd | sysgémandthe

ot hers as shown are connected to the systemmain |I/O bus 23. The system

mai n |/ O buPRIEFoPFogessoRs 118 i dheaPHA (GontEglleri st AR B2 SYSHRR PBRPNY cro
Channel or Appl e Ca ter.,l.nc' s Nubus,. ar chj u 0 i of
|/ O bus pr O\B#d@ﬁt FRURLPALTT iF§ SYSHID P&;}Po£2§s S rEc?trl"?'giéd?'lt?‘?l %:déir’%g 3/ 5XP§.
connect ed t Guif}erBUsy.t OTRE! réfainTRY! Sfstdl WdipilentsNsdc s V!ﬂo'@??heiwl n
system m croprocessor 11 and whi ch fray” assune tenporary control of the
entire syst esantiolileraz$ andcothend ag fhovn Aremepnnectedida thetsywstiemOmbins 23

architecture, allocates mcroprocessor bus access and assures_that no_ one
devi ce can rgfifbpeRF z@3the Th® System PAdn| IP0H RUD323 pidyiYed2ThYTe sHAP®I

for add-on ga W eyices.s aphi iQLe
controller s,'aoxrrbq'h%l"laﬁurie\é\%flgt ?gﬁi}{garlgpﬁ cg ?sgﬁgyg%ggédggégnﬁfe %déﬂ {‘gp%ﬁi S
system The dtpputlr! henél Witus?3 enRabhpshRdRausel 01t BRidetyeoron/bhBus/ O
bus 23 and is controlled by the CPU Bus controller 21.

provides the capability of microprocessors on add-in cards

connected to the bus, to act as "master" processors on a par with
the main system microprocessor 11 and which may assume temporary
control of the entire system. Arbitration circuitry (not shown)
included in the I/0 bus 23 architecture, allocates microprocessor
bus access and assures that no one device can monopolize the I/O
bus. The I/O bus 23, provides full support for. add-on cards,
allowing other devices such as graphic printer controllers, or high
resolution graphic display boards to be added to this system. The
use of the I/0 bus 23 enables access to.the devices on the I/0 bus
23 and is controlled by the CPU/Bus controller 21.

Referring now, also to Figure 2, a functional block diagram
of the CPU/Bus controller 21 constructed according to the
principles of the present invention is shown. The CPU/Bus
controller 21 performs the I/O bus control functions for a
multiprocessor computer system and acts as the functional control
link between the microprocessors 11,17 and the main I/0 bus 23.

The CPU/Bus controller 21 controls the interface between the CPU



Referring now, also to Figure 2, a functional block diagramof the
CPU/ Bus controller 21 constructed according to the principles of the

present invention is shown. The CPU Bus controller 21 perforns the I/0O
bus control functions for a nultiprocesser conputer systemand acts as the
functional control |ink between the m croprocessors 11,17 and the main I/0O

bus 23. The CPU Bus controller 21 controls the interface between the CPU
-9- 11, NPU 17, DVA controller 19, the main systemnmenory 13, the
address/data buffers 27 and the nenory controller, 25 and the main_1/0O bus

b

23. The "CPU/ Blis ¥B%ht 8t | BHAOREREXSIHEE li%h thfe R0 FYSIPE DFRCRY ohdusth
whi | ' ' | hal h )
v | e, e Ty e ) e, AN 9Ly g 0 e

The function rinterrace between s 23 1S

acconpl i shedrjay russtal e 7L ltipbgrdd doatkBeléPUddtationkwitherndlcruThe are
CPU Bus controller 21 conprises 8 blocks or sections. These bl ocks are the

cl ock gener asynchtr®nouss éh matuneowhillle thieabperitianspmétertig3I/0\hus @3abte
detect 35, last cycle detect 39, state machine_ 31, acc¢ess | atches 45 and

buf fer cont r®F? loasyRehrenousy o They BpnchigRal $0%S FDERFIAFe RREHesy Bhe
| . ! | ! -
controller 2dparg Lhgtoge t ggg'(%:ﬁ/ Lgc%\i&g}bgt faghed Q%ﬂrfko :'.E €n

cl ock generation section o 1 generates cloc
signal s .for ¢ icruyBakhesntestiliedn210f e croyplsctotdlderapt Eaptilsessst he

reset control block 41.and the clock generator block 43. The reset control
circuit 41 peladkfeortsectianser Thesenglogks paestheiickogkigenerakptr o sesetor

reset signal cg'r?tgrol 41, status interpreter 33, byte enable detect 35, last

cycle detect 39, state machine 31, access latches 45 and buffer

control/byte enable 37. The major signals utilized by the CPU/Bus

controller 21 are listed and defined in Appendix 1 attached hereto.

The clock generation section of the CPU/Bus controller 21

generates clock signals for various other sections of the computer

system and comprises the reset control block 41.and the clock

generator block 43. <The reset control circuit 41 provides the

proper timing and pulse width for a microprocessor reset signal and

a system reset signal derived from a raw ‘reset signal. The reset

control circuitry 41 couples the microprocessor reset signal to the

clock generator 43 where the processor reset signal is synchronized

with the processor clock.. The clock generator 43 generates various

clock signals to be used in othef- functional sections of fhe

computer system; e.g., serial port communications and floppy disk

controller functions. The main clock input signal, CLK48M, to the

clock generator 43 has a fi‘equency of 48 megaHertz (MHz). This 48

MHz clock signal is frequency divided to provide a peripherals



a systemreset signal derived froma raw reset signal. The reset control
circuitry 41 couples the m croprocessor reset signal to the clock generator
43 where the processor reset signal is synchronized with the processor

cl ock. The cl ock generator 43 generate® various clock signals to be used in
ot her functional sections of the conputer system e.g., serial port

comuni cations and fl oppy disk controller functions. The main clock input
signal, CLK48M to the clock generator 43 has a frequency of 48 nmegaHertz
(MHz). This 48 MHz clock signal is frequency divided to provide a

peri pheral s clock,] PERCIKGCeigPRERCIA¢ingi gnétedueariayg of Lk 846 ez, OfThe. fidin

MHz. The main, clock input signal is also, divided by 3 to provide a disk
cl ock, DSK16f4°%f g)m*toﬁlsea?ws vt Eh ddNAdeR RSy HRy PrREife o slisk skock,
controller o ot I L equi i | ogk. A variable
frequency clg?: , Dsé%‘agg%fﬁaqgi@%g?\fgd%ﬁ%o%%t S\lgjega:%'r?zcﬁ%&%ifﬁﬁﬁt él%?’(f;nal

and has a frecueijeef§ of. GniHetRér dydven dearrt HeqRirihie &t ol cibex.
DKCK16 i nput signal to the clock generator circuit 43. A system cl ock,

SYSCLK, si gnalvardabdeifzefiuensy checkr 08636y siynak,isCiEPRBRd ifrpwttieoma e
cl ock generator 43, and has aiéreq ency equal to one-half the frequency of
the processof i ¥FockPUt THEITWRL R cPBE Kk 2 LTGTUEREY SfnnSorifiZe el Bus

Con! o 51 chopltlnd Sl G ARE" S o SR D gL ) S Locle"

frequency of gdteddtiornbicBuytetsls a syyste eloek, Frst@x)Heignal is derived
from the processor clock, CLKPRO, input to the clock generator 43
and has a frequency equal to one-half the frequency of the
processor clock. The system clock is used to synchronize the
CPU/Bus controller 21 with the microprocessor 11 and the memory

controller 25. When the CPU 11 comprises a 80386 microprocessor,

the processor clock has a frequency of 40 MHz which yields a systenm
clock of 20 MHz. . .
The status interpreter block 33, the byte enable detect block
35 and the last cycle detect block 39 comprise a CPU interface
section in the CPU/Bus controller 21. This section responds to an
access request from the CPU 11, as indicated for example, by a /ADS
_ signal from the microprocessor 11 in the case of a 80386
microprocessor. The response can be in the form of a I/O bus
access to memory or to a port location. The type of access
requested is defined by \the signals WRITE, DATA, and MEM/IO in the
case of an 80386 microprocessor. This access can be a read or a

write and .typically takes place through the I/O Bus 23. In

addition to normal read/write accesses, the CPU/Bus controller 21



The status interpreter block 33, the byte enable detect block 35 and the

| ast cycle detect block 39 conprise a CPU interface section in the CPU Bus
controller 21. This section responds to an access request fromthe CPU 11,
as indicated for exanple, by a /ADS sighal fromthe mcroprocessor 11 in
the case of a 80386 m croprocessor. - The response can be in the formof a

| /O bus access to nenory or to a port |ocation. The type of access
requested is defined by the signals WRITE, DATA, and MEM IO in the case of
an 80386 m croprocessor. This access can be a read or a wite and tiglcally

takes place tHSSUHANEIRS ‘the Brstem cycles GRRIAPFSFTYRF AGKRAVISdgRY WRtt &nd
th |
Mterrupt ackinioqly S Bhieacest sropd chY RAKUERCELE U A 8R 19

access stops the

mi cropr Ocess%u@%elrﬁtﬂ@ﬁ 2R AL bas QRar a;trhaaaéﬁamaicm_sdat ahel 8RsEEdWrON
occurs. The shutdown access is also not an I/O bus operation, but in this

case t he CPU@xsessorisr @liser niots s I¥Or dmst opegationo huk imctbis occasssdthe | n
a normal cycl t he n1crogrocessor concludes the I/Q bus access request by

sanpling a R@&wﬁeﬁgﬁar FRHen IRFUSF Bhaeest) BNt oFe MAREAPEORERT N re
31 at the cong gt thm%hf 18CCE% Ji%g'ugf‘éce%%} CINNAT e Bl RBEOLAS Hils %Méﬁssbe

detects the presenc he feady si current access cyc

concl uded i f }dueS¥SAK SagPbing Saa®HEADE, sikmhalheydherataacess tiguesteshsmay
begin. The status interpreter block 33 interprets status information input
fromthe |/0 ¢antrpdlandtater opebines3aray éé}ee@qmnlmépmt @R APPRAS reauesthe

CPU 11 to det‘%:t t'!:}xet ;[nggrggzrcorc% l’sggeslslorde ects the presence of the ready

signal, the current access cycle will be concluded if the SYSCLK
signal is active, and the next access requested may begin.

The status interpreter block 33 interprets status information
input from the I/0 bus 23 and microprocessor request information
input from the CPU 11 to detect that the microprocessor has
requested a bus access or an access to the system. memory 13. In
accordance with Table 1 below, the status interpreter 33 determines
what type of access has been requested and provides the proper

stimulus signals to the state machine 31 to commence the proper I/0

bus 23 cycle activity.

HALT (address=2}
SHUTDOWN {address=0)
I0 WRITE

MEMORY WRITE

PWRI PDAT PMEM SON SIN
INTERRUPT ACKNOWLEDGE o o] 4]
CODE READ {memory read} O 1 Q
I0 READ 0 1 0
MEMORY READ 0 1 Q
NA 1 1 1l

1 0 0

1l 0 o

1 0] 1l

1 o] 1

FHOOOKHOO
POHRKFROMFOKMO

:



requested a bus access or an access to the system nenory 13. In accordance
with Table 1 below, the status interpreter 33 determ nes what type of
access has been requested and provides the proper stimulus signals to the
state machine 31 to commence the propgkr 1/ 0O bus 23 cycle activity. PWR

PDAT PMEM  SON SIN | NTERRUPT ACKNOALEDGE 0 0 0 0 0
CODE READ (nmenory read) O 0 1 1 0 I O READ

0 1 0 1 0 MEMORY READ 0 1 1 1
0 NA 1 0 0 1 1 HALT {address=2}

1 0

010 WR TE 1 In rgsponsoe %.?U{XQ%A%\Imigido%r %Sn%_(c):lmbrol gﬂ"ﬂé&/ﬁ%?%ﬁﬂi‘ cPu
1 1" © 11land thd 1/0 Bus 23 thé bit erla@iR08EEdtObLBER IR lh@NuaBEs ARl I Ol
signals fromthe CPU 11 and the I1/O bus 23 the bit enabl e detect block 35
eval uat es t kiatdabus bwisith aiththé nimraprocepsarassandltharkit enablée siyrale
signal input, information in accordance with Table 2 for a 32-bit )

i cr opr ocesS&PUEndinERImationorin, pECRFRaRFRr YAEBCcAIE t B fQ%er A 2 itch

data bits . ' t t s IS t] LS, then
rel ayed to %%rpﬁbg%ﬁ%&gugé 1\%%]1@%5 ?ﬁ %E#? é%’t ?%%%ch# ctb E%Q%:%/ gggeﬁ?me
control l er tmiRhOPddtd BEESSSarehepéepiyeteqdesdedd. pyhecHastreyale detmgls

bl ock 39 eval uates input information
information is then relayed to the I/0O bus 23 as well as other

0

sections of the CPU/Bus controller to properly access the requested
data. The last cycle detect block 39 evaluates input information
from the I/O0 bus 23, the byte enable detect block 35, the CPU/Bus
controller state machine 31 and the data width of the device being
accessed to determine if the current I/0 bus 23 access cycle is the
last access cycle needed to fulfill the current microprocessor 11
request. If the present bus access cycle is the last access cycle
required, the CPU/Bus controller 23 generates a ready signal to the
microprocessor to allow the microprocessor 11 to proceed with the
next request. The last cycle detect block 39 also generates the
bit enable (i.e., addresses) manipulation control signals for the

buffer control/byte enable block 37.



fromthe 1/0 bus 23, the byte enable detect block 35, the CPU Bus
controller state nmachine 31 and the data width of the device being accessed
to determine if the current I/0O bus 23 access cycle is the | ast access
cycle needed to fulfill" the current mig¢yaprocessor 11 request. If the
present bus access cycle is the |ast-access cycle required, the CPU Bus
controller 23 generates a ready signal to the m croprocessor to allowthe
m croprocessor 11 to proceed with the next request. The last cycle detect
bl ock 39 al so generates the bit enable (i.e., addresses) manipul ation
control si-gRalgrdoprddragbuf fer control /byte enabl e bl ock 37. - 13 -
32-BI T PROCESSOR PBE3N PBE2N PBELN PBEON CW.EN CBHEN CBLEN CBE3N CBE2N
CBEIN CBEONPRE3N PHE2N PBELIN PBEGN CWLER CRHEN CBLEN OBE3N CRE2ZN CBEIN CBEON

01 o 1, 1. 0, Jlgl 0
1 1 1 1 0 1 10 1 1
1 o 1 T o9 1y £ %1 ;110 5 0oF o7 o0
0 1 $1 90 1 031 o to 9145 07 o % 1
0 0 10 0 1 1 1 0 0 0 0 1
11 0101 00 0 o @0 o1 1 01 00 ®o 0
0 1 10 00 0 1 1 a0 (0 ) 1100 0° 0 0
0 o %0 9 ol ot ¢ ® TAB%= 2 96-BI P PROCESSOR®

1 0 0 0 ) 0 0 1 0 o o

0 0 0 1 0 o 1 0 4] 0 1

0 0 0 0 0 0 o o o 0

. O

16—-BIT PROCESSOR

PBE3N PBEZN PBEIN PBEON CWLEN CBHEN CBLEN CBE3N CBE2N CBEIN CBEON

X 0 1 0 0 1 0 1 1 1 o

X 0 o 1 0 0 1 3 1 0 1

X 0 0 0 0 0 0 1 1 0 0

x 1 1 0 1 1 0 1 o 1 1

x 1 0 1 1 0 1 0 1 1 1

X 1 0 o 1 0 o 0 0 1 1
TABLE 3

The CPU/Bus controller state machine 31 generates the proper

I/0 bus 23 control strobes for the I/d bus 23 after the CPU
interface section has determined the type of I/0 bus cycle
requested by a systenm on board microl;:ocessor such as CPU 11. The
state machine 31 is a synchronous state machine which supplies the
required bus control strobes with appropriate timing. The state

_  machine 31 also dgenerates data byte enable signals corresponding

to the low order address lines, as well as the actual command



PBE3N PBE2N PBE1N PBEON CW.EN CBHEN CBLEN CBE3N CBE2N CBE1N CBEON x 0

1 0 0 1 0 1 1 1 0 X 0 0 1

0 0 1 1 1 0 1 x 0 0 0 0 0

0 1 1 0 0 X l1-1-1 - 0 - 1 1 0 1

0 1 1 x 1 0 1 1 0 1 0 1 1
1 x 1 0 0 1 0 0 0 0 1 1 TABLE 3

The CPU Bus controller state machine 31 generates the proper 1/0O bus 23 -
control strobes for the 1/0O bus 23 after the CPU interface section has

determned ! 0e-dndie Bla |4RANS Sl IQRHERL C0 Bhed sHURbCHRBRINOASS also

m cr opr ocessor suc State nachi ne IS a synchronous state
nmachi ne whi Chr&bidalsl egcmesﬁm liadoPSt L sigha B4 r MirarnaiLt bo afty apuj/Bte
timng. The state machine 31 al so generates data byte enable signals
cor r espondi ngettrdlier] 2w % dadigatie sdsichi pestiqms ofethe s hecess \wyicleohFrand
-14 - strobes and system status signals. The state _nachi ne 3%&5 SQ

such as

provi des cycFerEaMRlYsPRIRY SKEUERs| griaFesPonrss F21 1pbeXi EpEP

controller 21, 1o, ]jndi ' post i of ﬂi—%t@ﬁc thiChasks s
currently be%rr’\% ]é%gu%gédfe \I,\%i“f’iegslpo‘grll';seﬁ'[q‘ct)e i3n8tt gfena SI gn%?g such gs taﬁgelsast
cycl e signal géfedt N8138xgesEr ahad éytdrhall asiprcceignakbs edio bthek c¥U/ansl

external input signals to the CPU Bus controller such as 1/0O ready si gnal S
and bus cont contrrlieresuch A5 &/9 feadyesimnalsuand ipasdcPRtER) gErobe 4isaPde

frenory accesi%foégg%i%%a%Stilized in a fast on board memory access), the state
machine 31 also generates the READY signal to the microprocessor
11. _

The buffer control/byte enable block 37 generates the control
signals which control the data path buffers 27 to control the data
flow between the CPU 11 and the I/O bus 23. The byte enable (ie.,
addresses) signals which are necessary for the devices on the I/O
bus 23 to properly decode the access are also generated by the
buffer control/byte enable block 37. There are 2 data bytes to be
controlled in a 16-bit systenr and 4 data bytes in a 32-bit system.
A portion of the data path comprise crossover buffers which steer
data from the lower data word to the upper data word as well as
from a lower byte to an upper byte. Three additional buffers can
store information on the lower byte for presentation to the
microprocessor on subsequent I/O bus commands. This is used when
the microprocessor 11 requests a 16— or 32-bit access to an 8-bit
device on the I/O bus 23. 1In this case, the CPU/Bus controller
commands up to 4 I/0 bus 23 accesses to satisfy the CPU 11 request.

Each access request from the microprocessor 11 can generate



machi ne 31 lal so generates the READY signal to the mcroprocessor 11. The
buf fer contlrol /byte enabl e bl ock 37 generates the control signals which

control

the data path buffers 27 to control
11 and the I/O bus 23. The byte enabté5(ie., addresses) signals which are
necessary for the devices on the I/O bus 23 to properly decode the access

the data fl ow between the CPU

are al so generated by the buffer control/byte enable block 37. There are 2
data bytes to be controlled in a 16-bit systemand 4 data bytes in a 32-bit

system A portion qf the data path conprise, crossover buffers which steer
data from t#@ t'r"O\i\"/eBa gyvﬁ)

GarBYWeRd 18 PRieNgferabat r ASPRBFFSIRT FEgHess

| over byfe I—_)Q%aék 8" cBMEfo11ldY %%yaﬁgﬁiw%c&%f €he £78 ﬂsorzgsiﬁ f og np

on the | ower

yte'for presentationto € m croprocessor on subsequent

bus commandgimeld} Fot SexsaRd eWhe s 3-8 M SQURFTOES TS BFbit deaqidRSUS1 1 rbfuife
32-bit access to an 8-bit device on the I/Obus 23. |In this case, the

CPU Bus contrasidess cyahesds up to 4 1/0 bus 23 accesses to satisfy the CPU

11 request.

- 15 - up to 4 JREaPHFTIREC

Each_ access rquest fromithe mcroprqcessor .11 can generate

CPU/ Bus Congds | Ll uP2¥s B9 BEESSSe ksl /«Qiltefisrzéuweé O 4 dde8S cybps

exanpl e,

a

bit"request to a 8-bit device w

ti
I/

require 4 access cycles.

The m cropr @ sOr32kbiti deviicerascacdesas 2Pches frou oPrDEasidOdevdter efuLSt
up to 32 bits of data which requires 1 access cycle

access cycles from an 8-bit device. Each block of 8 bits requested
requires a data bjte enable signal to be generéted by the CPU/Bus
controller. The number of bus access cycles required is a function
of the microprocessor data width, the device data width and the
request. When a request is made, the data starting address is
provided to the CPU/Bus controller by the microprocessor 11. 1If
the request is a 4-byte (i.e., 32 bits) regquest then the access
cycle has to start at byte 0 or byte 4. A 2-byte request (i.e.,
16 bits) can starf at bytes 0, 1 or 2. Similarly, a 3-byte access

can start at byte 0 or 1 and a 1-byte access can start at any byte

level. Since a device access proceeds in a known sequence, once

the state machine.31 knows when to commence the access cycles, all
it then needs to know is when to stop the access operation: i.e.,
wheﬁ the request has been satisfied. The last cycle detect block
39 determines wheh the process stops by comparing the current
request information from the microprocessor, the accessed device
data width size and the data byte address. The highest requesteé
data byte address is compared with the current access cycle and the

current data byte enable signal and a READY signal is generated

on
O

&FSGFabt (8 B4 A7 95 YO CBETRFEPEGTERE t he



froma 32-bit device, 2 access cycles froma 16-bit device or 4 access
cycles froman 8-bit device. Each block of 8 bits requested requires a data
byte enable signal to be generated by the CPU Bus controller. The numnber of
bus access cycles required-is a functlfon of the m croprocessor data wi dth,
the device data wdth and the request. When a request is nmade, the data
starting address is provided to the CPU Bus controller by the .

m croprocessor 11. If the request is a 4-byte (i.e., 32 bits) request then

th | h t tart at byte Q b 4. A 2- byt t_ Yy
(19,200555 CUgRS Do S0t S Sl gBlad BV a8,
at byte 0 of cfa@Nthd sLkte 1206635 8Nk Aile Hatd 1M Gl VRlLaSI nCe a

devi ce access proceeds in a known sequence, once the state machine 31 knows
when to commence Agpemii&es2 cyeteshed| lheretbhenisieedxhieo EpowW bes whascese
stop the access operation; i.e., when the request has been satisfied. The
| ast cycl e depubinatiisgis 89 aldupchiorofnpessilie pate &ysest A agFess mAichAg

th t t.inf t] t ' th d
dovi oo data RPN sPRBSSREC: hootindhas RewRin, JL80 TRRSHPETRG! TEM aiede
data byte adg%ﬁﬁﬁé ScPBRoRE 1Mk o Ui QUIFERPLAECHERRC Qnaggnwﬁ%&%hent

data byte en e signal and a DY signal is generated - - en a
mat ch i s fousdlgndl=e B Byghhé I,0i baseg3t anBheh€POPUl lhat Appensdzedy¥ i s
conplete and the data lines are valid. Appendix 2 attached hereto lists the

|/ 0 bus acced§teehs MATeHDs ldsta thacerafiionsosapsrevBarh Byt el2shFisdCess
device detect block 39 generates a LAST CYCLE signal to the state machine

31 on line 38.

The preferred embodiment of the CPU/Bus controller 21 is
implemented in one VISI chip integrated circuit housed in a
rectangular 68-pin package. Figures 3a, 3b, and 3c are a
functional logic block diagram of the VLSI integrated circuit which
implements CPU/Bus controller 21. Figures 4a and 4b are a detailed
logic diagram of the CPU/Bus controller state machine 31 and
Figures 5a and Sb are a detailed logic diagram of the last cycle
detect block 39. | The package layout and pin assignments are shown
in Figure 6. Appendix V attached hereto lists the electrical
specifications for the V£51 chip package. Figures 7a through 74
are timing diagrams showing the relationship between the various
CPU/Bus controller signals for pipelined and non~pipelined I/O bus
access and for private memory access.

Alternatively, the functions of the buffer control/byte enable
block 37 may be implemented in sections of the address/data buffers

27 as shown in Figure 8 (the address/data buffers 27 may also be



size. Appendix 3 attached hereto |lists the proper byte enable signals
corresponding to the different states of the information signals input by
the 1/0 bus 23 and the CPU 11. Appendix |V attached hereto lists the
condi tions under which the |ast cycle getect block 39 generates a LAST
CYCLE signal to the state machine 31 on line 38. The preferred enbodi nent
of the CPU Bus controller 21 is inplenented in one VLSI chip integrated
circuit housed in a rectangul ar 68-pin package. Figures 3a, 3b, and 3c
are a functional |ogic block diagramof the VLSl integrated circuit which

i mpl enent sivBEEBRSed At raoFPE?r%e VESEueliP)ra AREDAS &F‘Bm&iwtal tB8 TWyi c

di agr am of tr state ma 3 r and. 5b
are a det a"#‘% g ogf1 agaf gmg Fg?]ﬁeselc%'ton SH‘ aercFegcé’g’?g%ﬁb% c@‘%eg% ri’p"ackage
| ayout and,qiresasshd mat EndM K §H?m&1¢ Q:hE'cHU&ﬁpér oﬁmdgétéﬁ aliaches
hereto lists the electrical specifications for the VLS1 chi p package.

Fi gur es 7apushrasughThe data ttlrahageﬂlex@tbassbshsvumt; Bhd BBERtandn$hepwdmst ween

t he various CPU Bus control]er naI s for déﬁ:el i ned and non-pipelined I/0O
bus accesseRfR}e it pPFb]a’t@drTé:t?o §€Ee§%taﬁ PﬁéFFvé‘I"yE) taﬁé ISRETR YRR of

the buffer Lo gb/? sgh gn y % e
a v sdch 3 g&(?
t he address‘fﬁ %{ers as s ogm %‘7%& l}tr&essg? e ad ess a'(tég fers
27 may al sgadiess and lbyte idHabeEESiGih1RS t8 ?smfasﬁea ¥hSthé hdade chipt s
enbodi ment, the TTL buffers in the data buffer section 271 are controlled
directly bto have the same timing.
While the present invention has been described in conjunction
vith a specific embodiment thereof, it will be understood by those
skilled in the art that alternatives, modifications and variations

in form and detail may be made without departing from the spirit

of the invention or exceeding the scope of the appended claims.



address and byte enabl e signals which appear on the systemmin |/O bus 23.
The data transfer enable bits (BHE and BLE) and the word enable bit
utilized to select data addresses (WLE) are generated in the address buffer
section 273. This provides for all- 1 -t he address and byte enabl e signals
to generated on the sanme chip and to have the sane timng. Wile the
present invention has been described in conjunction with a specific.

enbodi nent thereof, it will be unde¥PEYBEXbY t hose skilled in the art that
alternatives, nodifications and variations in formand detail may be nade

W t hout departing fromthe spiriicaf | i on or exceeding the scope
of the appended cl ai ns. APPE%\I‘ID?QLS%%EITA{%NI TI ONS CLOCK GENERATI ON
CLK4ABM~ 48 MHz Gscillator O ock An input signal used to generate 0SK96M
OSK16M and PERCLK. CLKPRO 40 MHz GOscillator C ock. An input signal used
to run the Bus §iptkcENemaTONGt € nachine. A frequency of 40Mhz Yields a
system speed of 20Mhz. Thus this signal is a 2X clock |like the one which
drives the | NTEL 80288, 80388, 80386[err], 30385 etc. DKCK15: Di sk C ock 16.
The state t BLS8M ¥8iMHE Ogpillatior Clocke Aninpud sighabused loQeneniid DSKICUOD SIELBM( dndgh) or 9. 6
MHz (low). BERGEM A Variable Fregency Cock. This is an output signal used

as the flop S ock.. |t el ther 9.6 MHiz cr %Iz -deggndi ng on the

state of th R LA ShgRar  DORTONS Bpacye 1% w % L, out put

signal is agg Qﬁ‘ Nikin Ghivels the NYES 80208 }(;._&' ) ;‘;7-‘3-‘.&1}, E9NF A % used
'S

byt he fl oppy control | er or any ot ner s em el enent that needs a 16

DKCK16: Disk Clock 16. The state of this input signal determines if DSKS6M is 16 MHz (high)
or 9.6 MHz (low).

DSK96M: A Variable Frequency Clock. This is an output signal used as the floppy disk cloci. it
is ether 9.6 MHz or 16 Mz depending on the state of the DKCK16 input signal.

DSK16M: Disk Clock.16 MHz. This outpes signal is 2 clock whictt is the CLIK48M divided by
thres. it can be used by the floppy disk controtier or any ciher system element that needs a 16
MHz clock.

PERCLK: Peripherai Clock. An output signat that provides a frquency of 1.846 MHz for use in
serial pent applicatians, it is a divide by 26 of CLK48M.

SYSCLK: System Clock. An cutpxst signial that is used to synchronize the Bus / CPU Controier:

1o the processor and the Memory Cantrolier. its frequency is equai to 1/2 the frequency of
CLKPRO.

CPU INTERFACE

PADSN: Processor Address Status. This active low input signai from the processor indicates
that an access has been requested and that a valid address is present on the processor cutput
pins. '

PDAT: Processor Data / -Controt. This input signat from the processor indicates whether the
current cycie is a Data (high) or Controt (fow) operation. (see tabla 1)

PSON, PSIN: Processor Bus Cycle Status. These active low input signals indicate initiation of a
tus cycle and define the bus cycle type in a 80286 system.

PENAN: Processor Enabled. This active low input is the hold acknaowledge from the processos
cr a simifiar function from the DMA. it it is not active, it releases the bus o to cther devices and
thus prevents contention.

IORDY: VO Ready. This input delays the generation of READYN 16 the processor.

I-1



MHz cl ock. PERCLK: Peripheral Cock. An output signal that provides a’
frequency of 1.846 MHz for use in serial [err] applications. It is a divide
by 26 at CLK48M SYSCLK: System C ock. An output signal that is used to
synchroni ze the Bus / CPU Controller f,o_the processor and the Menory
Controller. Its fregnency is equal to 1/2 the frequency of CLKPRO CPU

| NTERFACE PADSN:. Processor Address Status. This active |ow input signal
fromthe processor indicates that an access has been requested and that a
valid address is present on the proce®ENDIXput pins. PDAT: Processor

Data/ Control . This input signal fromthe processor indicates whether the

current cycl I o) o1=ly ' &;able 1)
y ﬁ}m nal s
%us Hﬁfrrﬁw

PSON, PS1N: .

i ndi cate ini §hf . Py sicRaif BG {sbéat cycle type in a 80286
system PENAN: Pr ocessor nabl ed.. Thi s actrve Iow input is the hold
acknow edge PMEN: PideassdriMaaeyd HO.O Thisingu sigriai from DA If it

i s not acti veymrentcyciesis a Memory(tigh) ¢n¥O (low) cperaionijsestabiafices and t hus prevents

contenti on. err O?DY 1/.0 Re%% Thi s input del ays the generation of
READYN to t h&R ‘PBEG\P“' NX‘WE%&'GF' Byt e
Enabl es. The V, F§W:§ Dﬁ ﬁﬁ?%%“{'d I ch bytes
of the data ﬁéﬁ“ ﬁ"'ﬁ é@@"ﬁ“{' curre ranster |nterr’1{g|n -
X _

circuitry deferm nes rom e signals the proper bus signals to enable
{see tabl e -2ReRb Rdiay CRisattive kin s is the READY! tighai ke p 80386 pgemsorf 1 om t he
processor indicates whether the current cycle is a Menory (high) or 1/0

(1 ow) oper at READYON; feady:Baisyed. | TGRS pw optpas in the REEADsigeal for ¥ BAOE$SHE- hi gh
out put is uddssinisripheAEADYN oigp sigast by is deltyed by one PROCLI

ASTPRON: Resat Processor. mmmmummpaoasrwmsgw.m
wiil not reset the rest of the systemm.

SYSRSTN: System Reset This active low output is used for general System reset.

PWRI: Processor Write / -Read. This input signai from the processer indicates whether the
current cycle is 2 Write (high) or 2 Read (low). {see tabile 1}

KILLN: Shutdown instruction. This active low-signal is a decode of tha processor stutdown

insruction which causes a panial reset 1o the system. & goes 10 the GC183 DMA part 1o assure
that there is proper timing of the reset to prevent partiai OMA cycles from occuring.

MICROCHANNEL lNTE!leACE
ADLN: Address Decode Latch (MicroChannel signal). This active low output signal is used by
channet devices 1o iatch vaiid address and status bits.

CBEON - 3N: Channel Sus Enables (MicroChannet signais). These active low cutput signais are
used duting 32-bit data transfers o indicate which bytes will be valid on the bus.

CBHEN: Channet Byte High Enable. This is an lactive low bi-directional signal used o enable
transter of data on the high byte of the data bus. {see table 2}

CBLEN: Channei Byte Low Enabie. This is an lactive fow bi-directional signal signal (same as
address bit AO) used tc enable transter ot data cn the low byte of the data bus. {see table 2}

CMON: Command {MicroChannel signal). This active low bi-directional signal is used to execute
readandw_riteccnmndscmhe micro channel bus.

CWLEN: ‘Channe) Word Low Enable. This is an tactive low bi-directional signal {(same as
address bit A1) used {0 select {address} bytes of data. {see table 2}

b\hsuz Data Size 16 Return (MicroChannet signai). This active low input signal aliows the bus
ccntroller to monitor the data size infonmation,



RAVWRSTN: Raw Reset. This active |ow. input causes the systemincluding the
processor to reset for as long as this input is |ow READYN Ready. This
active low output is the READY signal for a 80386 processor. READYDN
Ready Delayed. This active |ow outputzCis the READY signal for a 80286
processor. It is simliar to the READYN out put signal but is delayed by
one PROCLK. RSTPRON:. Reset Processor. This active low signal wll produce
t he PRORST out put signal but w Il notppessix tzhe rest of the system
SYSRSTN:. System Reset. This active | ow output is used for general system
reset PWRI: Processor Wite/-Read. This input signal fromthe processor

I ndi cates whether the current cycle is a Wite (high) or a Read (Il ow); (see
tabl e 1) Kl LDOM3NSDataEiza32 Ratstni(MicoChannel Sigrial. Hummwwmecode of
t he processommtammmmﬁm causes a partlal reset to the

system It oe%' Cl t to ase er timng
of the reset 9 CCUI’I ng NNEL
| NTERFACE Al ress code LatcC m(c‘ annal signal). This active | ow

out put si gnalypiceusNe ﬁMﬁWmm&&maﬂu Thiesttvedoeoutiatl St at us
bits. CBEDN sigmaNe u&mmuumammgw s). Thess active
| ow out put signals are used during 32-bit-data transfers to indicate which
bytes will b&ON.SINGIStatss Bin 45d IMicmihmnel sionais) TRpserty-dienciqng gicnaisindicate the s | s an
active | ow blsmmmgﬁ&l(%%‘lo enabl e transfer of data on the

hi gh byte of %ﬁp bl e.
W ?Same as a rés@g bi t
n

This is an ad

AO wused to &?a | ow byte at the data bus. (see
table 2) CVDN OomTand (M croChannel signal). This active | ow
bi-directional signal is used to execute read and wite conmands on the

m cro channel basFFERVIONTROCISIGNANS Wrd Low Enable. This is an active |ow

bi -directional signal (sane as address bit Al) used to sel ect (address)
byt es of data see a% V16N:, Data Si A Q‘FM
otonar). T e b b Ty Pl P BB o o
the data si z

OT: Data Transmit. When this outpest signai is high, it enabies data front the processor to the
bus. When it is low, the data direction is from the bus to the procsssor.

LBON - 2N: Latch Bytes. These active low signais go to the GC184 butfer chin and cause bytes-
on the bus o be saved in latches for a susequent read by the systent processor as an
word. {used in conjunction with the ENRXN signals).

ENBON - 3N: Enable Data Buffers. These active low output signals act as byte enable controis”
for the 32 bit data butfers.

ENRON - ENR2N: Enable Laiched Byte Read. These active low signais control reading of the
bﬁammmmwummmmsnmammm
mechanism used for the reading of 32 bit quantities from devices with data paths as smail as 8
bits.

ENXIN: Enable Byte Crossover. This active low output enables the data bufter to crossover fromr
data byte 0 to_databm 1.

ENX2N: Enable Word Crossover. This active low output enables the data butfer to crossover
the lower 16 bits to the upper 16 bits, {ie byte 0 tc byte 2, and byte 1 to byte 3}.

ENX3N: Enabe Byte Opposite Byte Crossover. This active low output enables the data butterto
crossover from data byte 0 1o data byte 3.

MMCYCLN: Matched Memory Cycle. This active low input is used to indicate a Maiched
Memoty cycie is in progress.

PASLEN Processar Address Bus Latch Enable. This active low output signal is used to laich
the address bus buffers.



- 20 - APPENDI X | DV32N. Data Size 32 Return (M croChannel signal). This’
active low input signal allows the bus controller to nonitor the data size
i nformation. |1 OCHRDY: 1/ 0O Channel Ready (M croChannel signal- CDCHRDY).
This input is used by a channel device to extend the tine needed to -

conpl ete an operation. MVCCVDN: Mat Zhed Menory Cycle Command (M croChannel
signal). This-active |low output signal is used to indicate valid data on
the bus during a Matched Menory cycle. ?ﬁ? SlN Status [err] O and

1(M croChannel signals). These bi- di*f signals indicate the start
and type of a channel cycle. (see table 1) TR32 Transtate 32 (M croChannel

| BleaiSih | b e hedand
Slrgggs)sor om gﬁgm s to o BroEd2sdes s 3

SI GNALS™ BUSB&MMMW ye | ow | nput Si gnal di sabl es
data buffer control signals so that bus col |'isions are avoi ded when the
CPU prograns the nuneric co-processor registers. DI: Data Transmt. \Wen
this output signal is high, it enables data fromthe processor to the bus.
When it is | ow, TEHeN direction is fromthe bus to the processor.
LBON - 2N Latch Byt es. These active low signals go to the GC184 buffer

chip and ca w?nggg‘ Sg I|:p gﬁ% susequent
read by theggyst em prog‘f?l an assﬁ s Eus in conjunction

wi th the ENfg&{n: w&wwﬁwmﬂwﬂam.m@&_a Buf fes. These active | ow

out put signals act as byte enable controls for the 32 bit data buffers.
ENRON - ENR2N: Enabl e Latched Byte Read. These active | ow signals control
readi ng of the byte | atches contained within the GC184 bus buffer chip.
This is part of the bus translation nechani sed used for the reading of 32
bit quantities fromdevices with data paths as small as 8




bits. ENXIN: Enable Byte Crossover. This active | ow output enables the data
buffer to crossver fromdata byte 0 to data byte 1. ENX2N. Enable Wrd
Crossover. This active |ow output enables the data buffer to crossover the
| ower 16 bits to the uppet 16 bits, (ie byte O to byte 2, and byte 1 to
byte 3). ENX3N: Enabe Byte Opposite #yte Crossover. This active | ow out put
enabl es the data buffer to crossover fromdata byte O to data byte 3.
MMCYCLN: Mat ched Menory Cycle. Thisy@aghip¥e tow input is used to indicate a
Mat ched Menory cycle is in progress. PABLEN. Processor Address Bus Latch
Enable. This active |ow output signal is used to |latch the address bus
buffers. 1-3 - 21 - APPENBUS ACCEBBICOMBINATIONS sabl e. This active | ow
i nput signal will disable channel control strobes and buffer enables, as
wel | as enabling the circuit which generates READYN to the processor
thus allow ng main nenory accesses to the processor. TEST SGNALS BUSY:
This active high output signal indicates that a processor request

is being serviced. SESIN. ThEECOND:I ve THIRD: i nputEQURTHAl VDEVICE Siget at e al |

of the outputs. 1-4 - 22 -
SINGLE:
B3 8/16/32
82 816732
81 8/1632
80 8/16/32
B2/83 1632
- BO/B1 16/32
BO/B1/82 32
B1/B2/83 32
B0/B1/82/83 ' 22
B1/82 22
DOUBLE:
B0 81 8
82 83 8
BO/B1 B2/B3 ' ST
BO/B1 B2 16
81 B2/83 16
B1 B2 16
B{ B2 8
TRIPLE. '
B0 B1 B2 8
81 82 83 8
QUADRUPLE:
B0 Bt 82 B3 8

II-1



APPENDI X || BUS ACCESS COVBI NATI ONS FI RST SECOND © THI RD
FOURTH DEVI CE SI ZE SI NGLE: B3

8/ 16/ 32 B2 ' 8/ 16/ 32 B1
8/ 16/ 32 BO _ : . 8/ 16/ 32 B2/ B3
16/ 32 B0/ Bl -23 - 16/ 32 B0/ B1/ B2
32 B1/B2/B3 32 B0/ Bl1l/ B2/ B3
32 B1/ B2 ’ 32 DOUBLE: BO
B1 . APPE%D%% III B3
8 B0/ B1 B2/ B3 16 BO/ B1 B2
16 B1 B2/ B3 ENM B2
16 "Bl B2 DATA BUFFEH 8 TRI PLE: BO
B1 ‘Processor Buffer Enables: 8 Bl B2 B3
8 QJADRUPI%E:B s BO " B1 B2 PBEIN _§3& TR32=0 8 11-1
ENB2  if: PBEIN=0 & TR32«0 & DV{6N=0
or: CWLENat & CBLEN=0 & TR32:0 & DVitNa=t
{ume&ﬂzmlmmm
ENB1 if: CBHEN=0 & ' TR32=1
or: CWLEN=O & CBHEN=O & . TR32=0
or: SINGBN=0
mmuaummmmm
ENBO if: CBLEN«O & TR32at
or: CWLEN=O & CBLEN=0 & TR32=0
or: SINGBN=0
{16 bit and 32 b processors fequire thase difisrent conais)
Buffer Latch Controis:
LB2 it: CWLEN=1 & CBLEN=0
LBt it: CWLEN«O
L8O if: CWLEN=O & CBLEN=D
. Buffer Read Enables:

ENR2 i DTa0 & ENB2Naf
ENR1 if: DT=0 & ENBiNs=1
ENRO i DT=0 & ENBONat

DATA BUFFER ENABLES
Buffer Crossover Enables: == :
ENX3 il: CWLEN=! & CBLEN=1 & DV32N=1 & ODVi6Net & TR32s0
(32 bit processor crossover}
ENX2 if. CWLEN=1 & DV32N=t & OVi6N=0 & TR32=0
or: CWLEN=1 & CBLEN=0 & DV32Na=t & DVi6N=t & TR3220
or: CWLEN=1 & DV32Ns0 & ' TR32=1

{32 bit processar crossover if 16 bit device}
{32 bit processor crossover if 8 bit device)
{18 bit processor crossover i 32 bit device)

ENX1 it. CWLEN=0 & CBLEN=1 & DViIEN=1 & CBHEN=0

or: CBLEN=1 & DVi6Nat & TR32at & CBHEN=O
(32 bit or 16 bit processor crocsover f A1=0}
{16 dit procassor crosacver ignores Af)



- 23 - APPENDI X 111 DATA BUFFER ENABLES Processor Buffer Enables: ENB3
PBE3N-0 & TR32-0 ENB2 i f

PBE2N=0 & TR32=0 & DV16N=0 on CW.EN-1 &
TR32=0 & DV16N=1 (for enabling ENR2 during a bit device access) ENBL
CBHEN=0 &

i f:

CBHEN=0 &
CBLEN=O &

TR32
i f:
DT=0

DATA BUFFER ENABLES Buf f er

i f:

=0 or SI NGBN=0 Butter

CW.EN=0O LBO

- 2% -

TR32=0 or:

TR32=1 or. CW.EN=O &

Latch Controls: LB2

i f: CANLEN=0 & CBLEN=0 Buffer
& ENBZ2N=1 ENR1 i f:

Last Access Detect:

LAST

it: SINGBN=0

DT=0

Crossover
CW.EN=1 & CBLEN=1 & DV32N=1

{INTA, HALT, and SHUTDOWN}

or: DV32N«0

& ENBIN=1 ENRO

Enabl es:

APPENDIX IV

{32 bit device always singis access}

or: DV32N=t & DViIEN=O &
or: DV32N=t & DViIEN=0 & PBE3IN=1 & PBE2N=1 &
or; DV32N=1 & ODViéN=0 &

{16 DA device andg 16 bit processor will be single access)

CBLEN=0 &

TR32=1 or.

SI NGBN=0 ENBO
CBLEN=0 &
i f: CAMEN=1 & CBLEN=0 LB1

Read Enabl es:
i f:

& DV16N=1 & TR32=0

{18 bit device and 32 bit processor will be single access i 1ower word acosss) -

{16 bit device and 32 bit processar will be last acoess # Al=1)

or:
or.
o
or:
or:
or.

DV1EN=1
OV1i6N=1
DOV16N=1
DV16N=1
DV16N=1
DV1i6N=1
DV1iEN=1

Ro o 0o Qe 0. Qv Qe

PBE3N0
PBE3N=1
PBE3N=1
PBE3N=1
PBE3N=1
PBE3N=1

Iv=-1

fio Qo fo G0 ge G8

PBE2N0
PBE2N=1
PBE2N=1
PBE2N=1

PBE2N=1

Re  fo Qo Qo ge

DT=0

CWLEN=1

CWLEN=1
CWLEN=1
PBE1IN=0
PBEIN=1

PBEIN=1
PBEiN=1

o Qe

CW.EN=0 &

i f:

ENR2 i f:

& ENBON=1
ENX3

TR32s1-

CBLEN=1
CBLEN=Q--
CBLEN=1
PBEDN=1
PBEON=1
PBEON=1



(32 bit processor
DV16N=0 & TR32=0 or:

CWEN=1 &
crossover
{16 bit

&

DV16N=1 & TR32=1 & CBHEN=0 (32 bit or

crossovent) ENX2
CWLEN=1

DV32N=0 &

if 16 bit device) (32 bit processor crossover
processor crossover if 32 Bt device) ENX1 | f:

DV16N=1 &

I f: COALEN=1 &

DV32N=1 &

& CBLEN=0 & DV32N=1 & DV16N=1 & TR32=0 or:

TR32=1 ( 32 bit processor

CBHEN=0 or:

16 bit

Al=0) (16 Dbit processor crossover jigppabes Al)

Access Detect:

LAST

(32 bit device al ways

DVI6N=0 & PBE3

DVI6N=0 &

I f:
singl e

"EkctRcal speCIchToN:

and 16 bit processor wll
bit device and 32 bit processor wll

access).
or:

be single

[err]) or:

access)

be single access if

LMASK Product Code LMA9050C

processor

- 24 -

& or
DV32N=1 &

if 16 bit device)
CW.EN=0 & CBLEN=1
CBLEN=1 &
crossover
APPENDI X |V Last
SINGBN=0 (I NTA. HALT. and SHUTDOWN) or OV32N=0
DV32N=1 & DV16N=0
TR32=1 or:
CW.EN=1 & TR32=0 ( 15 bhits

[err]

DV32N=1 &

devi ce
TF32=0 (16

| ower word
{1(§egt device and 32 hit prockd will be last access if Al=1)

CW.EN=1 & CBLEN=1

Suffer Type Attributs Paramatsr Condition Pins
SRVT4 I TTL . 1.75VCVD0<S,25Y  CLXPRO=3
VIHe(2,0V,V00) 4, 75<VD0<S. 25V
IIL=(=10UA,N/A) ViN=0,00V
ITH= /A, 10T)
SCEMITC I SEMT VIL=(VSS, 1.0V} §- 7sv<vnn<s.2sv RANRSTH=25
VIH= (4. 0V, VO0} 4. 75V<voD<s
ITL=(-100A,¥/A) ViN=0.,00V
_ IIH= (N/A, 100A) VIN=VO0
- R VIL=(YSS,0.8V) 4.75VeVDOCS.25V  RSTPRONs1O,
<t 7IHe(2. 0V, VDD} 4.75Y<VD0<5.25V  TESTNw27
ITL=(~10UA, N/A) ViN=q. 00V CX16=28
<Zda (N/A, L8UA) VI¥=VDD BUSDISNe2d,
srantsx-so.
cumx-sz.
ovaaN=34,
OV1EN=35,
PWRI=3§,
POAT=37,
MEMe3,
pADSN=34,
PSON=40,
PS1Ne4l
I0ROYe43,
TOCHROY=44,
PENAN=AS,
PBEON=SY,
PBELN=40,
PBEZN=61,
PREIN62
204 3 7Tl VIL=(VSS, 0.8V} 4. 75VevDD<s, zsv SON=12,
o4t YIK=(2,0¥,VOD) 4.75Y<VDDC5.25¢  SlNeld
Lty ViN=0.00V Nel5
ZIHw{(N/A, L0UA) VINeVOD Cacoxell,
z JOL=(VSS, 0. 4V} 0.0MACIOLCA.OMA  CBE1Ne2Q,
voH=(2. 4V, 0D} -i. ozmxou«o aMA cnux-u.
ZLs (~100A, N/A} VOaVS: CBE3N=22,
10ZHe(N/A,100A) Vomio0 CalEN=23,
I0SL={20MA,110MA)  VOeVDD GHEN=4¢.
[OSH={=10MA,-30MA}  VO=VSS . CWLEN=4
34 o VOL=(VSS, 0. 4V) 0. omaoz.«.om BUSY=48
VOH=(2, 4V, V0D ~4.0MACIOH<=0. OMA
T0SL= (20MA,110MA}  VO=VDD
10SH=(-10MA, -30MA)  VO=VSS
T4 0 2 YoL= (V5. 0411 0.0MACIOLCS.OMA  LBON=7,

J0H= (2. 4V, VOD)
ToeLe (=2 0TAH/A)
TQzHe={N7A, 10UA)
I0SL=(20kA. 110HA)

I0SH=(~i0MA,-30MA)

-4 OHA<IOH<-0 O0MA LB1N=8,
V5SS LB2

N=9,
38:‘68” ADLX=14,
-
VOaVSS amg;sgi'
RORST=S5,
SYSRS“'S i ’
SYSCIXa57

V=1



or: DV16N=1 & PBE3N=1 & PBE2N=0 & OCWEN=1 & CBLEN=0 or

DV16N=1 & PBE3N-1 & PBE2N=1 & PBEIN=0 & CBLEN=1 or: DV16N=1
& PBESN=1 & PBE2N=1 & PBEIN=1 or: DV16N=1 & PBE3N-1 &

PBE2N=1 & PBEON=1 or: DV16N=1 & PBE3N-1 &
PBE1N=1 & PBEON=1 or: - 26DVI6N=1 & PBE2N=1 &
PBEIN=1 & PBEN-=1 |V-1 - 25 - APPENDI X V ELECTRI CAL SPECI FI CATI ON: -

26 - APPENDI X V CLAIMB | C ai mAPRENDIRGharatus for control ling an

i nput / out put bus interface between a microprocessor and accessible devices
on the input/output bus, said apparat us conprising: state machi ne neans

nd signals froma

m CI’OpI’OCGSSOI’ and tO COI'YDHs

oL
-4, muo«-o i EXRLE=S,
mzl-i

1. ¢V, o0)
102L=(~100A, 4/A) VO=VS; ;
T0zHe(M/A, 1GUA) Youvo0 ERCLE=24,
T0SL=(20MA,110MA}  VO=VDD osxsm-zs.
I0SH=(=-10MA, -30MA)  VOeVSS m.r.n«z§
DSK16W=4
EXX1N=58,
ERX2E=63,
ENXTN=64,
EXBOW=65,
CARZN67,
EXBINes’
Z,SIEM  VOL=(VSS,0 0.0MACIOL<S.0MA  PABLENell
3TER 9 VOHw={2. 4v.vnm -§. OMACIOH<~0. 0MA
102L=(-10 m VO=VSS
1028 (M/A,1
- . YOL=(¥SS, 0, L OMACIOLCS. QMR  OT=S4
atsR? O 2Z,SLEM {7S3.0.4¢ m gem 8.0
FoeLe (=L 0B R/A) Tosyas o<
TozZHe (M/A, 100A) V0=VO0
130 : 10CMA/GATE
Jumper of Gates used : N/A

Notes :

3 valid cver the CCMMERCTAL t raguce L.
l. Specxl catxcn37 yalia oye TSV o L .e8pe ange
2. r%e uxn nuzcers ibove are SZHTRY tescer channels, ¥C2§ packiqe
1, ¥/A incicates daca is unavaxlahlo or not applicaole



signals from accessi bl e devices on said input/output bus for generating

| nput/ out put bus control signals coupled to said input/output bus, said

m croprocessor and said accessible devices for initiating and controlling
access operations on said input/output bus; and detection neans coupled to
said mcroprocessor, said input/output bus and said state machine and
responsive to said-conmand signal s and-sai d input/output bus control
signals for detection of a last access cycle of a current access operation

and generat i ng ’l lmml’ i ndi cative of detection of said |ast
access cycle. ﬁuﬂﬂmﬂ?n Claim1l wherein said state machi ne neans
IS responsive to Said Itast! cycle signal for generating a ready signal at
the conpletion of an access operation #ngati ng that said apparatus is
ready te-receive a next requested oper n. 3. Apparatus as in Caim
1 further qokpaising status interpreter neans coupled to said
m-croprocessor and said state machine nmeans and responsive to said command

signal s. and to FnfordRRamatusi fon|eentrehl tag an ﬁ-EEPF(SHFEEHt bys ipgerface
determnin

operation reguest and for. _generatin ate
mchi ne. comREeR 4 APEBEETT AP and 3aeStHtis AReATRe o oiE 1RbaH AR
machi ne meagRs, rg§p@r§§§5q,attqsseb,gpﬁsq§,§ machi ne command si gnal stoinitiate
t he requested operation. 4. Apparatus as in Claim3 further including

enabl e detect state mach1ne means coupled to an input/ocutput bus and
responsive to command signals from a microprocessor and to control
signals from accessible devices on said input/output bus for
generating input/output bus control signals coupled to said
input/output bus, said microprocessor and said accessible devices
for initiating and controlling access operations on said
input/output bus; and

detection means coupled to said microprocessor, said
input/output bus and said state machine and responsive to said
command signals and said input/output bus control signals for
detection of a last access cycle of a current access operation and
generating a last cycle signal indicative of detection of said last
access cycle.

2. Apparatus as in Claim 1 wherein said state machine means
is responsive to said last cycle signal for generating a ready
signal at the completion of an access operation indicating that
said apparatus is ready to receive a next requested operation.

3. Apparatus as in Claim 1 further comprising status
interpreter meahs coupled to said microprocessor and said state
machine means and responsive to said command signals and to

information signals from said input/output bus for determining the



means coupled to said mcroprocessor and said input/output bus and
responsive to said conmand signals for generating input/output bus data

enabl e si gnal s.\'ST"‘--\Ap\cL&at%isas in Claim4 further conprising buffer

control neans c d to sai tat e machi ne, sai.d input/output bus, -said

detection neans?wmm/ detect ngans for generating enabl e and
md to data path and address buffer neans. 6.

direction contro
Apparatus as in Cdaim* 1s ther including clock generating neans

responsive to a plurality of master clock input signals for generating a
plurality of clock signals derived fromsaid plurality of master clock

i nput si gnal s-t{,gé uge %/er% T ginﬁrr%%gg%?ciaiagda%%r 2%eux§e:%q:qn§xtsq:rarl%| %a%%E%%m

conponents. 7 Appar at us Ft he nprising reset con

nMeans responsi¥endrd AxHalsoRbughed 883t Sid WtadN@hBhiAg ResYS! dHilEERhte
signal-. 8. Apparatus as in Cam3 wherein said state nmachine neans is

responsi ve t omachihes m@assnmuesporss i@ mransa sl gitake hach jenacamand signadiseto
shut down signal ,apd a halt signal .9 An i nput/output bus controller for

control | i ng adBts¥péhs: FemY ‘b"e‘ﬂ/\é’é’ﬁ_"ﬁﬁ}??'pl e processors and accessibl e
devi ces on an ipput {A%EEPHE\:Q% i&agga%ﬂwtﬂu@&gytimﬁ eRhLEL detect

conprising: state mach neans cou 0 an 1 nput/output bBus and to at
| east one progeasdiconpledi to iguid hdotdpodedsor DAL Ui iput/anitpnt Bigaalds

fromsaid processor and to control signals from
responsive to said command signals for generating input/output bus
data enable signals.

5. Apparatus as in Claim 4 further comprising buffer control
means coupled to said state machine, said input/output bus, said
detection means and said enable detect means for generating enable
and direction control signals coupled to data path and address
buffer means.

6. Apparatus as in Claim 1 further including clock
generating means responsive to a plurality of master clock input
signals for generating a plurality of clock signals derived from
said plurality of master clock input signals for use by components
of said apparatus and externals system components.

7. Apparatus as in Claim 1 further comprising reset control
means responsive to reset control signals for generating a system
reset signal.

8. Apparatus as in Claim 3 wherein said state machine means
is responsive to said state machine command signals for generating
a system shutdown signal and a halt signal.

9. An input/output bus controller for controlling access

operations between multiple processors and accessible devices on



accessi bl e devices on said input/output bus for initiating and controlling
request ed access operations on said input/output bus; processor interface
means coupl ed to said processor and said input/output bus responsive to
sai d command signals and said control signals for determ ning the type of
access operation requested by said processor and generating stimulus

signal s coupled t ' _ I ne.means to initiate the requested
access; and buffe‘q‘mumﬂimﬂumoupl ed to said state machi ne neans, said
processor interface neans, ¥sakd t nput/out put bus and to input/output bus
address and data buffer nmeans, said buffer control neans for generating
enabl e and data flow control signals for controlling said address and data
buffers. 10. aA inpptitdutipuubublSs£ontinpltgoutsut busl abitibiMeer ebrpsbs thg:
processor interface neans includes detection neans responsive to said
command signal s and sa@t@teomacblinei gernss dayiplgdt B2t iufuty OPEBRE et nd

cycle of a cyrrent _access operation and gener.ati | gst_cycl e_si gnal

i ndi cati ve o;{:c’q@tte&ff%?‘l bt Fhgerast 350%%’3‘?839@?’5? °€r1?uatAtr?u|synﬁﬁf PS{_}? & %us
controller aggnabhak rd IWEIG ka3dl GrBULLSRE Carll QL TRRTolNdi§RALE from
accessi bl e devices may have different data w dths, said bus controller
control ling reegessiilk: adeeixesopaf asahsimmityeabpsti dupr 6oessoisiatiichg and

accessible devices .. having different data widths. 12, An input/output bus
control | er asomtrelbing reaiRered RecasF FPEERELNS (Ot 8R4 RASARYtPYUE t s

i ncl udes enabl e detecmgfgéessor interface means coupled to said processor and
said input/output bus responsive to said command signals and said
control signals for determining the type of access operation
requested by said processor and generating stimulus signals coupled
to said state machine means to initiate the requested access; and

buffer control means coupled to said state machine means,

. said processor interface means, said input/output bus and to

input/output bus address and data buffer means, said buffer control

means for generating enable and data flow contrpol signals for
controlling said address and data buffers.

10. An input/output bus controller as in Claim 9 wherein said
processor interface means includes detection means responsive to
said command signals and said control signals for detection of a
last access cycle of a current access opefation and generating a
last cycle signal indicative of detection of said last access
cycle.

11. An input/output bus controller as in Claim 10 wherein
said multiple processors and said accessible devices may have
different data widths, said bus controller controlling requested

access operations between said processors and accessible devices



means responsive to said command signals and said control signals for
determ ning the data width of said processor and for generating enable
signals indicative of data bytes required to satisfy a current processor
access request. 137 "An inputftoeutput—bus controller as in Caiml1l2 wherein

sai d processor int iLncl udes status neans responsive to said command
signals and said c,ﬂ' i ;" ﬂ Fq deéterm ning the type of access
operation requeste said stinmulus signals coupled to said

state machi ne neans. 14. An input/output bus controller as in Claim?9
further clock conprising clock generating nmeans responsive to a plurality
of clock signals derived fromsaid plurality of master clock input signals

for use by comgpamentsreéremi GakHdSwEMH.0l | er and system conponents external
to said bus controller. 15. An input/output bus controller as in Claim9

further conprising2resan toprt/cutpahnbus ecpubrillert @sr é8eCladRt k3| whesem
for generating a systemreset signal. 16. An .input/output bus.control]ger as
| G'am 13 VIR T CSRRE0E CHHERS| PERRS ST CACLINe SHARLE) dekPpetdn
An i nput/out %ar@“’%e%?gﬁéﬁu o 2514 oqn%ln@ L3HOR A 3818 SrRiR1REGAAES
means generates a halt signal or a shutdown signal I n response to
correspondi ngecsrt idaubhtimirg&éheé Qacwd€ ofyssidiptsceBsers and £dr HéneAating

i nput/ out put bus controller as in Caim9 wherein said
enable signals indicative of data bytes required to satisfy a
current processor access request.

13. An input/output bus controller as in Claim 12 wherein
said processor interface includes status means responsive to said
command signals and said control signals for determining the type
of access operation requested-and generating said stimulus signals
coupled to said state machine means.

14. An input/output bus controller as in Claim 9 further
clock comprising clock generating means responsive to .a plurality
of clock signals derived from said plurality of master clock input
signals for use by components of said bus controller and system
components external to said bus controller.

15. An input/output bus controller as in Claim 9 further
comprising reset control means responsive to reset control systenm
for generating a system reset signal.

16. An input/output bus cont;oller as in Claim 13 wherein
said bus controller is implemented in a VLSI chip.

17. An input/output bus controller as in Claim 13 wherein
said state machine means generates a halt signal or a shutdown
signal in fesponse to corresponding stimulus signals generated by

status means.



bus controller is a synchronous controller. 19. An input/output bus
controller as in Claim18 wherein said wherein said i nput/output bus is an
asynchronous busT26-—-A nethod for controlling access operations between
controll abl e devia s in responsé€ to comuand signals representing requested

operations from a Haﬂﬁm ntrel5signals fromsaid controll able
,] (ﬂm of said controllable devices nmay be
t

devices wherein t A
different fromthe data'‘bu8 w of said m croprocessor, said nethod

conprising the steps of : transmtting signals representing data, control
and address information and processor commands al ong an interfacing
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to stinmulus signals corresponding to the type of access operation

request ed:” debws rontirgliere isst sypcheonmpuicostirobleonpl ete a current access
operation; and generating.a ready signal at the conpletion of said |ast

cycl e indicating 9 safl pPrBRE. : “Fh&?sacﬁ5§¥°lé§€e§§ dfer e 8n lPrgaV?’E’éein
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| ast cycle includes the steps o I ng the ytes requested in a
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processor;
controllable devices in response to command signals representing
requested operations from a processor and control signals from said
controllable devices wherein the data bus width of said
controllable devices may be different from the data bus width of
said microprocessor, said method comprising the steps of :
transmitting signals representing data, control and
address information and processor commands along an interfacing
input/output bus;

- generating input/output bus control signals in response
to stimulus signals corresponding to the type of access operaticn
requested;

determining the last cycle required to complete a current
access operation; and

generating a ready signal at the completion of said last
cycle indicating to said processor that a next access operation may
be requested.

21. The method of Claim 20 wherein said step of determining

the last cycle includes the steps of:

determining the data bytes requested in a processor

access request;

determining the data width of the requesting processor;



6 and determning the data width of the accessed controll abl e device. 22.
The nmethod of Claim21 wherein said step of generating a ready signal

i ncl udes the steps of: conparlng‘rhe hi ghest requested data byte address
with the current byt e address; and generating said ready
si gnal when said m! @"“ﬂ(ﬂiﬂ mﬁ dat@ -byt e address matches a current
access cycl e byte «adaress. :

and
determining the data width of the accessed controllable
device.
22. The method of Claim 21 wherein said step of generating
a ready signal includes the steps of:
comparing the highest requested data byte address with
the current access cycle data byte address; and
generating said ready signal when said highest requested data

byte address matches a current access cycle byte address.



