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and stores in memory which bus request signal has a
highest priority and whether the device follows two-
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1

BUS ARBITRATION SYSTEM FOR GRANTING
BUS ACCESS TO DEVICES FOLLOWIN(
TWO.WIRE BUS ARBITRATION FROTOCOL AND
DEVICES FOLLOWING THREE-WIRE BLIS
ARRITRATION PROTOCOL

BACKGROUND OF THE INVENTION

The present invention relates t0 a bus arbitration
Bystem and, more particularly, 1o o bus arhitration sys-
tem for granting access to an expansion bus to devices
following two-wire bus arbitration protocol or (hree-
wire bus arbitration protocol.

Many existing devices, such as the Motorola ¢68000
type of devices follow three-wire bus arbitration prato-
col. In order for such a devies 10 access. the bus, the
devive mnust assert & bus request strobe. When the bus
recognizes the device and chooses o allow the device
o gecess the bus, the bos asserts a prant strobe to the
device. Upon receipt of the bus grant strobe, the device
asserts a bus grant acknowliedpge strobs to the bus con-
firming that the device is accessing the bus.

It is important to most system users that a system be
easy to access and that data can be processed as quickly
as possible. Therefore, any sheort cuis which can be
taken or desigo changes which can be made 1o acceler-
ate processing time are desirable. in most systems, if is
unnecessary to have both a grant signal asserted by the
bus and an acknowledgment signal asserted by the de-
vice, :

The present invention is directed to a hus arbitration
systen which follows two-wire bus arbitration proto-
eol. A devige seeking access fo the bus asseris 2 buos
request strobe fo the bus. When the bus wishes to give
the device access to the bus, the bus assers a grant
strobe o the device. Singe only two signalg are neces-
sary o provide a deviee aceess to the bas, the process-
ing time of the system is significantly decreased. Fur-
thermore, only (wo wires are needed fo process bus
Tequosis,

In addifion, the fwo-wire bus arbitration protocol is
an asynchronous system which 1= capable of runming
independently of the microprocessor clock. Most three-
wire bug arbitration protoceol deviees arc synchronous
deviees which must be driven in accordance ta certain
edges of the microprocessors elock eyele, This can be
tithe consuming and delay processing time since a de-
vice may be ready prior to when the appropriate clock
edee is detected.

While a iwo-wire arbitrarion protocal system is more
efficieni than a three-wire bus arbitration protocol sys-
tem, & bus arbitration system which cannof accep! de-
vices which (ollow three-wire bus arbitration protocol
as well as devices which follow Lwo-wire arbitration
protocol will be at a significant disadvantage. Since
most of the present deviess are three-wire bus arbitra-
tion protocol devices, a bus arbitration systemn which
cannot accept these devicss witl cause these devices ro
bacome obsolete. This will result in a majonty of the
devices having 1o be redesigned which will be ar grear

¢o5l 10 the system user as well as possibly hampering a

system user from perfortning cerfain procedures.
Therefore, 1t 1x desirable w1 have 3 bus arbitration
system which foliows two-wire hus arbitration protogol
and which is capable of accepting devices which follow
three-wire bus arbifration protocal. In this way, system
wsets can still use thelr threewire bos arbitration proto-
col deviees while upgrading (o newer devices which
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follow two-wire arbitration protocol and thus are more
efficient. In addition, devices requesting access to the
bus can be prioritized so that devices following two-
wire bus arbitration protocel can gain access 1o the
expansion bus before devices following three-wire bys
arbitration protecol. This will significantly speed up
processimg time and produce & more elficient system.

SUMMARY OF THE INVENTION

Briefly stated, the preseat invention eomprises a bus
arbitration sysiem capable of granting access o an ex-
pansion bus to devices following two-wire bus arbitra-
tion pretocel or three-wire bus arbitration protocol.
The bos arhitration gystem comprises means for raceiv-
ing 2 plurality of bus request signals from a plurality of
devices. Each bus request signal is made up one or more
coded palses and has 2 predetermined priority. Each
bus request signal it used 10 request aceess to the expan-
sion bus, A prionity encoder receives the bus reguest
signals and assigns a prierty level o each bus reguest
signal. Arbiter means determine and store in memory
which bus request signal has the highest priority and
whether the device follows fwo-wire bus arbitration
protocol or three-wire bus arbitration protocol, Bus
granting means grant access of the expansion bus o the
device having the highest priority once a previous de-
vice, il any has relinquished the bus. The arbiter means
fransmits from its memory to the bos granting theans
whether the device having the highest priority is a
devire following two-wire bus arbitration protocol or a
three-wire bus arbitration protacol. The bus granting
means forther includes interfacing means for following
pwo-wire bus arbitration protocol il the device fallows
twoewire bus arbitration prafocol or the interfacing
means following three-wire bus arbitration protocol if
the device follows three-wire bus arbitration protocol.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following
detailed description of preferred embodiments, wiil be
better understood when read in conjunction with the
appended drawings. For the purpose of fllustrating the
invention, there it shown in the drawings an embodi-
ment which i presently preferred, it being understood,
however, thet the invenfion is not limited to the specific
methods and insteementalites disclosed. In the draw-
Inges:

FIGE. 1a-1¢ are collectively a schematic of the over-
all bus arbitration systcm in accordance with the pres-
ent invention;

FIG. 2 is a schematic of 2 cycle select gircnit of the
bus arbitration svstem of FIG. 1;

FIG. 3 is a schematic of & motherboard cycle select
circuit of the bus arbitration syslem of F1G. 1,

F13G. 4 15 a schemaiic of a2 slave collision detection
cirouit of the bus arbitration system of F1G. 1,

FIG. ¥ 16 a schematic of an error logic circuit of the
bus arbitration system of FIG. I

FIG. 6 i5 a schematic of & bus buffer direction cireuit
af the bus arbitration systern of FIG. 1:

FIG. 7 15 a schematic of a primary bus arbiter of the
bus arbitration system of FIG. 1;

FIG. 8 is » schematic of 2 bus reguest arhiter of the
bus arbitration eystem of FIG. 1;

FIG. 915 a schematic of a local bus grant ecknowl-
edge circuit of the bus arbitratien system of F1G. 1.
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FIG. 1 is a schematic of # bus request processor of
the bus arbitration system of FIG, 1;

FIG. 13 is a schematic of & prioritizer of the bus arbi-
tration system of FIG, 1;

FIG. 12 is a sehematic of a bus grant latch of the bus
arbitration system of FIG. I; '

F1G. 13 is a schematic of an arbiter control citcuit of
the bus arbitration system of FIG. 1; '

FiG. 14 is a schematic of a registry latch of the bus
arbitration systerm of FIG. 1; '

FIG. 1¥ is 2 schematic of a priority enable circuit of
fhe bus arbitration system of FIG, 1;

FIG. 16 is a schematic of a prearb laich of the bos
arbitration system of FIG. 1,

FIG. 17 is a schetnatic of an arbitration contro] oir-
cuit of the bus arbitration system of FIG. 1:

FIG, 18 1% a schematic of an arbiter support logic
circuit of the bus erbitration system of FIG, 1;

FIG. 1% is a schematic of & mastership scheduler of
the bus arbitralion system of FIG. 1

FIG. 20 is a schematic of an arbiter interlock circuir
of the bus arbitration system of FIG, 1

FIG, 21 is a schematic of a bus grabber cireuit of ihe
bus arbitration system of FIG. 1;

FIG, 22 is 4 schematic of a mastership timeout cirenit
of the bus arbitration system of FIG. 1

FIG. 23 is a schematic of a cycle state circuit of the
bus arbitration system of FIG. 1:

FIG. 24 is a schematic of an address buffer enable
circuit of the bus arbitration system of F1G. 1;

F10G5. 25 is a schematic of a oyele strobe circuit of the
bus arbitration system of FIG. 1;

FIG. 26 15 a schematic of an end of eycle cireuit for
the bus arbitration system of FIG. 1 '

FI1G. 27 it a schematic of a multiple transfer strohe
circuit of the bus arbitration system of FIG. 1:

FI3. 1B it a schematic of a buffer enable cireuit for
the bus arbitration system of FIG, 1;

FIG. 29 is a schematic of a data buffer enable circuit
of the bus arbitration sysiem of F13. 1.

F1G. 30 is & schematic of e data output enable circnit
of the bus arbitration system of FIG. 1;

FIGG. 31 is a schematic of a 16 bit DMA synehronizer
of {he bus arbitration system of FIG. L;

FIG. 32 is a sclhiematic of 8 16 bit cycle termination
and DTACK generator of the bus arbitration system of
FIG. I; '
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Fi(3. 33 is a schemaric of 8 32 kit DMA synchronizer |

of the bus arbitration system of FIG. 1

FIG. 34 is a schematic of a 32 bit cyele terminatisn
and DTACK genetrator of the bus arbitretion system of
FIG. 1;

FiGs. 35 is a schematic of 3 eycle strobe circuit of the
bus arbitration system of FIG. 1;

FIG. 38 is 4 schematic of a transfer sizing circuit of
the bus arbitration system of F1Q, 1;

FIG. 31 is a schematic of a ¢ycle termination cireuit
of the bus arbitration system of F1G. 1;

FIG. 38 is a schematic of a cycle sequencer citouit of
the bus arbitration system of FIG. 1. and

FIG. 39 is a schematic of an interrupi arbiter of the
bus arbitration system of FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to the drawings, wherein like pumersls
equal like elements throughout, there is shown in FIGS.
La-Tr a bus arbitration system 10 which is implcmenred
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Tequesting access to & 32 bit expansion bus, In

4

in conjunction with & 32 bit high performance processor
(not ghown} and 2 plurality of devices (not shown)
the pre-
ferred embodiment, the 32 bit processor is preferzbly a
68030 manufactured by Motorols, However, it is to be
vnderstond by those skilled in the art that any processor
could be adapted to be used with the cxpansion bus.

The 32 bit expansion bus follows two-wire buos Brbi-
tration protocol and iz upwardly cotopatible with an
expainsion bus having three-wire bus arbitration proto-
col. The two-wire expansion bus zllows fast 32 bit pe-
riphersls and memory devices ta be added to the high -
performance processor while 2t the same time allows
standard three-wire bus arbitration protocal devices ta
be capabie of being implemented into the system. The
two-wire expansion bus is primarily driven by inte-
gtated bus coniroller chip ¥2. The bus controller chip
12 contains the majority of the intelligence of the bus
arbilration system §0 and is capable of distinguishing
between devices following two-wite bus arhitration
protacol {new style) and devices following three-wire
bus arhitration protacol (old sivle). The bos controller
chip 12 conirols len external buffer chips and one pro-
grammable erray logic (PAL) device 14, The rffer
chips are divided into an address sector 16 and » data
tector 19,

The address sector 16 inciudes three Jatched address
buffers 202, 204 and 20¢ and one non-leiched address
buffer 22. The address buffers are responsible for man-
aging addresses (hat must pass between the mother-
buard and the expansion buses. Under the control of the
bus controlier chip 12, the address buffers driva G2030
addresses anto the bus when the motherboard asts g5
MASTER. The address boffers drive the eppropriste
bus addresses onte the motherhoard when the mother-
board acts as SLAVE t6 2 bus master, The controller
determines when warious bus to bus connections are
made, and when address latching is required. Addition.
atly, the address buffers .'f[l-a, 20, 207 aid to increase the
processing speed of the arbitration system. The PAL
device 14 is also located in the address sector 16 and is
responsible for determining the type of cycle that is run
after a device has been granted the bus. All threg-
wire/'16 hit devices obey the 16 hit syrchronous proio-
col, but any 32 bit/two-wire device, or the 37 bit host
pracessat, can ron either 1§ or 32 bit cycles, depending
on the need. The cycle type is determined by bus ad-
dress, thus the decoding PAL .

The data sector 18 includes two latching data buffers
24a, M5 and three non-latching data buffars 284, 265,
26¢ including a non-lawhing bi-directional data buffer
26d. The daia buffers act under control of the bys con-
troller 12 to make the proper data connections betwecn
motherboard and expansion data Buses when the two
transact. When the motherboard acts mg MASTER,
either 16 or 32 bits must be transferred between mother-
board and expansion bus with tead latehin & in the 6 hit
case. When the motherboard acts as SLAVE, a 32 bit
connection is made for 2 new style bus mester, and a 1&
bit connection with 6 or 32 bit word bridging for an
old style bus master.

The two-wire expansion bus is based on a 100 pin
single piece conneclor, The bus is divided inta thres
distinct mapping regions, three-wire bus arbitration
protocol memory spece, three-wire bus arbitration pro-
tocol 1/0 space and two-wire hus arbitration protoro]
space. The three-wire bus arbitration protocal space is
limited to a 16 Mbyte region and is in ariginal Motorola-
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style 6RO memory mapping for any bus implementa-
tion. The two-wire bus arbitration spece can be physi-
cally anmywhere in the 32 bit memory,

The two-wite expansion s functions in one of two
different mejor modes depeading vpon the memory
address present on the bus, Adl'bus eyeles start with a 32
bit address. Ifthe memory address #s determined to he in
three-wire bus arbitration protocal space, i.e., an expan-
siin device zcoessing the bus having a 24 bit address, a
{hree-wire bus arhitration protocol compatible cycle is
inittated by the bes master and all responding slave
devices arg expected o be thres-wire bus arbitration
protocol comparible, If a two-wire bus arbitration pro-
toool address 1 detected, i.e, 2 32 bit address device is
accessing (he bas, the oycle completes when the two-
wire expansion bus slave device responds (0 an instrue-
tion sent By the main controller or when the bus times
oul,

11 15 important that no two-wire cxpansion bus device
respond in a two-wire bus transaction protocol mode oo
& three-wire expansion bus since the bus transactions of
two-wire expansion bus devices and three-wire expan-
sion bus devices require different bus protocols. In a
typical bus transaction, a bus master generates bus ad-
dresses, strobes and writes data. A bus slave responds o
thr bus address and generates read data. The type of
slave responding to a cycle is always the same as the
type of bus master.

Referring to FIG. 2, there is shown 2 schematic ]EIE,'LC
dizgram for a cycledselectl circuit 27 for deteomning
whalt type of device is currently accessing the bus, and
what cyeles the particular device is running. Vanous
tnpuats 28 can be received from fhe controdler chip 12
which identify the tvpe of cycle heing run. An signal
received z2f a MEMZ2 input 30 indicates that a three-
wire bus arbitrafion protocol (old stvie) memory cycle
is being run by an old style device. An signal received at
# IOZ2 inpur 32 indicates that an old scyle 1/0 cyele is
being e by gn old style device. If neither the MEMZ2
nputl 3 or the IDZZ input 32 iz recoiving a signal, then
a signal 15 culputied fiom the NOZ2 aofpuf M imdicat-
ing that no old style cycles are being run on the bus.
This % stgnificant, becauvse unlike noew cvele devices
which access the bus for a predetermined number of
cyeles, an old style deviees rematnt on the bus until it
relinguishes i, If a signal 15 recetved at either the
MEMZL input 3¢ or the 1OZ2 input 32, a signal is out-
putted at the SFPACEZ2 output 36 indicating that old
style memary space s being used.

When zn old style device 1s accessing the bus, an old
style compatibility cycle strobe (CC8) 15 also asserted (o
the CCS inpui 38, The CCS strabe indicates 1o the buos
that an old style device 15 currently acting as the bus
master. The CCS input 38 causes a signal to be cutput-
ted at the BIGZ outpat 40, The BIGZ signal indicates
to the motherhoard that a 16 kit {old style} device is in
charge of the bus and causes the local bus controller to
supply high crder B address bits of the full 32 bat address
ta the bus, The high order address bits act as dummy
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bits which cavse the old style signal to be tn the form of 0

z typical 32 bit device signal, i.e., a 24 bir signal, The
remaining 24 address bits are supplicd by fhe old style
bus masier.

A sipnzal is zsserted to the ADDPEZS input 42 when
gny two-wire bus arhitrarion protocol device {new
sivie} is corrently accessing the bus. In addition, 2 full
cycle strobe must be aseerted for any new style device
to access the bus which is asserted 1o the FCS input 43.

k=l

]
A signal ts ourputted at the SPACEZS cutput 44 in
response 1o theé ADDRZS input 42 indicating that new
style mermory space 1s being accessed.

A signal assenied to the COP input 46 indicates a
motherboard processor interrupl Oor coprocessor service
condition, The COP input 46 i3 a decode based on M50,
M51, M52 and the bus mastership state of the system.
The COF input 46 can carry 8 memory code (o the
interropt space decode at the QINTZY output 48 The
exisience of an asserted COF decode input will inhibit
any peacration of old style cycles. The COP decods
input will also inhibit the new style cyele which is ndi-
cated by an output at SFACEZ3 oulput 44 inmead of
generating an interrupt response cycle at the QINTZ
outpel 48,

A signal asserted to the MS1 input 52 indicates what
type of cycle is beiug run as recognized by the host. The
information received at the MS1 input 52 is outputied at
the DATALQ output S0,

Referring to FIG. 3, there is shown a schemaiic logic
diagram for a motherboard cyvele select circuit 54 for
determining whether the motherboard is requesting
access 1o the bus. Typically, the motherboard (not
shown) becomes the bus master as a resull of a default
condition, i€, when no other device is requesting ac-
cess to the bus ar that time. The matherboard is usually
assigned the lowest pricrty for receiving access to the
bus.

- A number of signals are intemally generated bazed on
signals inputted (0 the comtroller chip 12 at various
inputs and including the SPACEZ2 input 36, the
DATAIQ input 30, the SPACEZS input 4% and an
ANYSLY inpat 56 which logically DRz the bignals
together ta determine which devices are requesting or
responding to the bus. I no device is currently request-
ing or responding ta the bus, a signal is putpuited at the
PROC outpur 38 indicating to the controller chip that
the motherhoard should be given accers to the bus.

Al the same lime, a number of sighals afe received at
the MSO input &0, the M51 input 52 and the MS2 input
62 which are logically ANDed together to indicate
cycle subitype, data, memory or an intercipt. A signal
outputted at the PROC cutput 58 indicates an access (o
a motherboard SLAVE ar an eguivalent resource. An
170 stgnal at the OWN input indicates 3 motherboard
default MASTER when the sigral is negated and an
expansion MASTER whef the signal is asserted. 1§ no
device ig currently aceessing the bus, o signal is oorput-
1ed gt the COP guiput 46 indicating a defanlt condition
and acfs to request access to the bus for the mother-
board.

Relerming to FIG. 4, there is shown a schematic logic
diagram {or a bus contention detection circuit 64, Aus
contention occurs when maore than one device tries 1o
access the bus at the same time. The bus contention
detection circuit 4 monitors the bus and detecis the
presence of any slave device (not shown) currently
accessing the bus al a particular point in time. A slave
device can either be a new s1yle device or an old style
device. Each device has its own slave ontpul. When any
expansion bus device responds to an address on the bus,
it must assert a slave signat 66. If the motherboard s
responding to a bus address, the PROC signal 58 is
asserted (o the bus contention detection cirewit 6. IF
inore than one slave signal 68 ocours for the same ad-
dress, Or if a device asserts its slave output for an ad-
dress resarve by the local bus, a collision is registered
and the bus asserls 4 bus error signal which is outputied
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at the COLLIS putput 68. The asserted stave signal 66
will cause the bus addresses to latch onto the falling
edge of the [l cycle sirobe (FCE). The FCS strobe is
only driven foy valid bus eddresses. The ull cycle
sirobe deflines whether or not a cvele is corrently run-
ring on the bus, Only one slave signal 66 may respond
to any given bus address in order to avoid bus conten-
tian. Il'a bus contention condition 1s detected by the bus
contredler, the bus controller must determing whether if
is a motherboard condition error or an expansion bus
condition £rror.

Referring {0 F1G. 5, there is shown a schematic logic
diagram for an error logic circait "M far determining the
type af error condition present. The error logic eircuit
T0 receives a signal at its FCS input 43 indicating whar
type of ¢yeie is currently be run on the bos, I a slave
collision 15 detected, a signal to the COLLLS input 68 is
also asserted. Otherwise, the particular type of error
which is present on the bus, such as an expansion bus
error, a signal is asseried to the BINT input 72 and
received by the circuit. If a signal is ontpotted at the
BEER. cutput 74, the bus controller is informed abont s
motherboard errer condition. If a signal is outputted at
the BINT output 12, the tos controller is informed
about a bus expansion condition error.

Once the type of device which is accessing the buy 15
determined and no error condifions are detected, the
bus controller must determing the direction which in-
formation is flawing across the bus.

Referring to FIG. &, thers is shaws o schematic logic
diagram for a bus buffer direction circuit 76 for deter-
mining the divection in which data can be transmitted
through the bus buffers. The bus buffer circuit receives
a signal Mo the device currently accessing the bus is
received at onc of the SL'V inputs 66. The current bus
master transmits address bits for each eyele, The OWN
stgnal determines whether the MASTER 15 a bus device
ot the motherboard. The circuit 76 defermines the data
flow either from MASTER 1 SLAVE or from
SLAYE 1o MASTER. Accordingly, the bus controller
clirects the bus so that the address bits ot data bits are
flowing in the correct direction so that they are re-
ceived by the micnded recipient.

Referting to FIG. 7, there s shown a schematic lagic
disgram for a primary bus arbiter 78 which priotitizes
the devices which are currently requesting access 1o the
bus, The primary bus arbiter 78 encodes two types of
bus requests. The first is a fixed priority request in
which certam devices have hipher priority over other
devices. In this system, the three-wire expangion buses
are sssipned the lowesl priority and the fwo-wite ex-
pansion buses are assigned the highest priority. The bus
controller detezmines which device is. assigned the
highest pricrity. When devices of equal prionity request
the bus, round robin scheduling is wsed which is based
on a fairness mechanism to be discussed hereinafter. In
the case of iwo-wire expansion bus devices, the control-
lar determinas the amount of ¢yveles in which the ge-
lected device can temamn on the bus In the case of
three-wire expansion tus devices, the selected devieo
maintains control of the bus uniil the device relinguishes
the bus, :

The primary bus arbiter 78 receives reguests from all
deviers whick scok aceess to the bos, A CPUCLK is
used 10 sequence the erbitration logie. A signal asserted
to the TREGZS inpur 82 indicaies that a 32 bil device
(ncw shyle) is reguesfing direct memaory access of the
bus. A signal asseried 1o the EREQZ2 input 84 indicates
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that a 16 bit device (old style) is requesting direct mem-
ary access of the bus. The primary bus arbiter 78 re-
cefves (he requests from the various devices and priorit-
izes the devioes such that one particular deviee is giver
the highest priority and is designated as the next device
to be given aocess 10 the bos. & signal outputted al the
MASTERZ3 output 86 indicates the device which has
been given the highest priority and which will be the
next bus master accessing the bus. A signal outputted at
the EGRAZ3I cutput 88 indicales that a 32 bit deviee
which is requesting access to the bus has won the bus, A
signal outputted at the EGRAZZ output 90 indicates
that a 16 bit device which is tequesting access to the bus
has won the bus. The actual device which wins the bus
is handled in the spproprisfe secondary arbiteation
logic. :

Refetring to FIG. B, there is shown a schematic logic
diagram depicting a bus reguest arbifer 92, The bus
request arbiter 92 is acfivated when special conditions
£kist in the system, such as when an external device
requests access Lo the bus. A reguest from an sxternal
device to access the bus is raceived at the PBR input 94.
The PHR arbitration is uted 10 determine the mother-
board bus master. External devices can be any devices
which are compatible with the bus such as 2 63040
processor or other high speed devices which request the
bus. The bus request arbiter monitors a particular clock
edge at which the external device can assert s bus
request. Before an caternal device is granted access to
the bus, the bus controller must make sure that na other
devices are currently accessing the bus. All hus requests
from the external devices must compete with other
devices requesting access 10 the bos.

When an external device wishes to access the bus, the
external device asserts a bus request sipnal at the PER
input 94 of the bus reguest arbiter 92 As well as receiv-
ing bus request sigtials from external devices, the bus
request arbirer 92 receives bus request signals from old
style devices at. a EBRENZ input 96 and new style
devices at a EBRENS input 98. §f & 63030 type device is
currently accessing the bus, a bus grani acknowledge
signal is received at the PEGACK input 100 of the bus
request arbiter 92 to signal to the arbiter %2 that a device
i currently accessing the bus.

The bus request arhiter 92 also monitors the CPU
clock at its CPUCLK input 80 to detect a particular
clock edge. When the particular clock edge is detacted
by the bus request arbiter, the external device bus re-
quest signal can be outpuited zt the PBR oviput 94 to
the bus cantroller for further processing. Other devices
currently requesting the bus receive bus grant holds
until all internal logic required for allowing the external
device to aceess the bus is completed,

Referting to FIG. 9, there is shown a schematic lagic
dingram depicting a local bus grant acknowledge circuil
102. A bus grant acknowledge signal is the mechanism
for aceessing the bus based on the type of grant received
by the bus controller. The bus artbiter 78 observes gl]
incoming bus requests atd acts as the mechanism which
actually atlains access of the bus. New style bus request
signals are received at the EBRENZ3 input 94 and old
style bus requests are received at the EBRENZ2 input
46 of the local bus grant acknowledge circuit 102, 3 a
device 15 already accessing the bus, the docal bus grant
acknowledge circuit 102 will receive a signal af its
PBGACK mput 100 indicating that the devige has al-
ready received 4 bus grant acknowledge signal. Devices
which have received a prant pending signal continue to
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assert & bus request signal af the EPENDZ2 input 104 of
the bus grant acknowledge crcuit 102, Once fhe local
grant acknowled e circuit 102 has acknowledge a granit
signal from g parboular device, the cirewt device asseris
a sigral et the PRGACK owtpui 100 of the local bus
grant acknowledge circuit 102 to indicate to the moth-
erboard bus controller, which in this case is a2 Motorola
GBI} device, that a device is currently sccessing the
bus. I eddition, a signal is sznt to the local bus at the
LME output 106 ar the expansion bus ar the EML out-
put 108. To form the expansion bus as (o which device
15 currenily being granted access fo the bus. A sigmal
asserted from the local bus gramt scknowledge circuit
102 ot the IME output 106 indigates cthat the Jocel bus
has mastered the expansion bus and a signal asserted ai
the EML cutput 168 indicates that the expansion bus
has mastered the local bus. '

11

13

In general, old style devices follow thres-wire bus -

arbitration protocol. An old style device requires & bus
request strobe, a bis grant strobe and a bus grant ac-
knowiedge strobe. An old style slave device requesting
access o Lhe bus controller asserts a bus regquest sirobe
until & bus grant sttobe has been received fram the bus
controller. Once a bus grant sirobe is received, the
requesting od style slave device is allowed access fo the
bus ance the previcus]y selected slave device has relin-
guished the bus Once the newly selected old style slave
device has receivad the bus prant signal, the selecied
pld style slave device asserts a bas acknowledgment
strobe back 1o the bus controller.

Referming to FIGE, 10-13, there are shown schematic
logic diagrams depicting the arbitration systcm nmple-
mented 10 grant old style devices {16 bit device) access
to the Hus. Referring specially to F1G. 10, there &
shown a schematic logic diagram for a bus reguest pro-
cessor 110, The bus reguest processor Y10 receives all
incoming bus reguests from both new and old style
devices al its EBR inpul 112, The bus request processor
110 filters out the new style devices {rom the old style
deviees and determines whether a bas request should be
given to a particular old style device, The bus reguesi
processor 110 also receives bus grant signals asserted by
the old siyle bus grant processor 128 at the BGZD input
114 which informs the hus request processor 185 if a
device iz currently accessing the bus. In the svent of &
reset condifion, or when all requests have been ser-
viced, 2 signal is received af the FCLR3 input 116
which acts to clear the bus reguest latch such that the
bus reqoest processor 1100 5 reinitialized, ie., has not
assipned priority to any device as is essentially the out-
pul from the old style fairness mechanism. The bus
request pracessor 110 determines whether 2 device isan
old style device or a new style device by monitoring the
request signal for two clock cycles. Since new style
devices asscrt a bus request stgnal in the form of pulses,
the request signal vesually doss nol excesd two clock
cycles, I the request signal remeins in a low state, it
indicales 1o the bus request pro¢essor 110 that the bus
roquest is being asseried by an old stvle device. Selected
ol siyle bus request signals are gutputted at the BRZ2
cutpat 118, Oid stvle bus request signals which are not
selected are ontputted at the nBRZ? output 120 and
new siyle bus reguest signals are simply passcd through
the bus request processor at its NEREG output 122,

Referring 1o FIG. 11, there i shown 2 schematic
logic diagram for an old style device prioritizer 124
The prnontizer receives mpuis from all old sivle devices
requesting access (o the bus, Selected bus reguest sig-
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nals are received at the BRZ2 input 118 and 3]l other
old style bus request signais are inputted at the nBERZ2
inputs 120. The ofd style bus request signals are sent
through o sedes of comparators o determine the order
of prority of the various bus regquest signals. The bos

_request signals are outputfed in priocity order at the

BEZ2 output 126, whereby the first signal cutputted is
assigned the highest priority apd the last signal outpui-
ted is assigned the lowest priority.

Referring 1o FIG. 12, there 8 schematic logic dizgram
of 2 bus grant latch 128, The bus grant latch 128 physi-
cally latches cutgoing prant signals which are sent frem
the bus in response o bus request signals from varions
devices requesting access to the bus. The bus grant lacch
128 receives the bus request signal from the highest
priosity old style device at its BEZ2 input 126. All other
bus reguest signals are inputted o the bus grant latch
1268 st the BRZ2 input 118 If 4 new style device is
curreatly accessing the bus, a signal is inputted et the
BSEL input 130 of the bus grane latch 128 (o indicate
that the bus is sending a grant signal to a 32 bit devige.
If an old style device {5 currently accessing the bus, a
signal i asserted at the EPENDZ.2 input 104 (o indicate
that a grant signal is being transmined to an old style
device. Since old style devices lollow Motorola-style
08000 convention, the selected device rataing access of
the bus until the sclected device decides to relinguish
the bus. The oid style device cannot be removed by a
higher pricrity bos master device while the old style
device has access to the bus,

Once the bus grant latch 128 determines that ¢he bus
is no longer being accessed by & device, the bus grant
latch 128 outpuis a bus grant signal at its BGZ2 output
1M ia the device selected o next have aceess to the bus,
and in tutm, st the EBG output 132 of the bus grant
latch.

Referring to FIG. 13, thers is shown o schematic
logie diagram of an arbiter contral 134 for determining
the current status of the bus. The arbiter control 133
looks at all incoming bus requests from varous devices
at ite nBRZ2 input 120 and all grant signals being trans-
mitted froim the bus to vericus devices at its BG22 input
114, 1f no requests are cutrently incoming to the arhiter
134, & clear signal is asserted at the FCLR input 116 of
the arbiter control 1M which csscotially clears out the
arbiter conlrol 134, At this point & new arhitration cycle
can be initiated.

If a device is currently accessing the bus, a signal is
inputted at the EBGACK input 136 and the OWN input
of the arbiter control 14 which applies only to old style
devices. The EBGACK and OWN signals indicate that
a master of some kind currently owns the bus. This
serves to Iatch the state of EREQZ2 if the current mas-
ter was an old style device, since the tBRZ.2 inputs will
negate shortly after that MASTER takes the bus. The

‘PBGACK signal indicates that the local bus has not vei

been taken over. If a device is eorrently accessing the
bus and is a 68030 type device, a signal is outputred ar
the FBGACK output 100 of the arbiter control 134, All
pendimg bus  grent signals are outputied ai the
EPENDZZ ovtput 14 of the arbiter contra) 133, Like-
wise, all pending bus request signals are oulputted at the
EREQZ2 cutput B4 of the arbiter control 18, The
arbiter control 134 is respaonsible for controlling accass
of the devices onto the bus in order to prevent hus
contention and 1o be able (2 monitor the current status
of various devices with tezpect 1o gaining access to the
bus.
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In general, a2 new style device follows fwo-wire arbi-
tration protocol, A two-wire expansion bus comprises g
first wire which caerries a bus request sirobe and a sec-
ond wire which carries a bus graint strobe, The reguest
strobe is asscrted by a device 1o request access from the
gentral bus controller for a predetermimed number of
bas cycies. The request signal is transmitted in the form
of cné or more coded pulses on the reguest line. The
roquest signal informs the bus tequest processer 118 of
the natere ands/or priority of the request. The priority
encoder 148 asserls & bus grant strobe 1o the new style
device having the highest priorily, thus aliowing the
selected slave device to access the bus.

Referring to FIGS. 14-21, there is shown the arbitra-
tion and DMA support logic reguired for a new style
device to obtain access 10 the bus. Referring specifically
to F1G. 14, there is shown a schematic laogic diagram of
a registry latch 138, The registry latch 138 receives all
new style bus request signals at its nBREG input 122, I
a new stvle device is currently accessing the bos, an
input is received at the BSEL input 136G of the registry
laich I8, A full cycle strobe is asseried at the FCS
mput 43 which indic¢ales that valid bps sddresses are
being driven on the bus, As dispoussed above, the full
cycle strobe defines whether or not a cycle is curreatly
running on the bus. The full cycle strobe also deter-
mimes which type of eyele is to be run. The negation of
the full cycle strobe at the FCS inpur 43 and the input
from the sclected device at the BSEL input 130 indi-
cates ta the registry latch 138 that no device is currently
accessing the bus. A signal received at the MCERR
input 140 indicates that a grant signal has been transmit-
ted from the bus controller io a particular device, but
that the selected device has not staried running cycles
within a certain amaount of timie. The presence of the
MCERR signal causes the registry laich 138 of the
device currently pranted the bus 1o be set to the pnregis-
tered state. This will cause a re-arbitration of the bus,
~ and the next master, if any, will get a chance at the bus,
Omce the bus is determined 1o be in an unaccessed state,
the registry latch 138 asserts a nBRL ontpit 142 for
ench device which is requesting acoess to the bus.

Thc registry latch 138 and the bus run onder 3 fair-
ness Jopic mechanism which denjes access 1o the bus to
any master device which has previously had access to
the bus until afl other requesting master devices have
gained access to the bas_ IF 2 new style device is request-
tng access onto the bus, the bus (st detsrmines if the
device has previously requested and received agress (0
the bus. All bus requests are received by & priority en-
coder which singles out the device having the highest
priority.

Referring specifically to FIG. 16, there is shown a
schematic logic diagram of a prearb latch 144, The
prearb latch 144 receives all outgoing bus request sig-
nals [rom the repistry lateh 138 that its BRL input I42,
In addition, the prearb latch 144 receives all signaels
from thase devices which have been selécted to be
eranted access to the bus at its BSEL 1nput 130. The
prearh latch 144 turns off all the sclect signals to those
devices which have been selected to grin access 1o the
bus. In addition, any dewvice which is determined to
have already had access to the bus prior ta other de-
vices which are currently reguesting access to the bos
are denied their regquest due to the fairness lopic mecha-
nism, The preart laich 144 output sigoais from all de-
vices which are currently selected and beinp selected at
its BSET output 186, All selected device signals enter
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cnzble circoit 148 deteomines which device should be
granted the highest priority and thus be the next deviee
10 rececive access 1o the bus. The selected devices are
putputted {rom the priority engble circuil 148 at s
BSEL output 133

Referring 10 FIG. 17, there is shown 2 schematic
logic diagram as &n arbitration control circuit 153 The
arbitration control circuit 150 receives all incoming
signals from devices currenily selected to acoass the bus
at its BSET input 146, A clock sipnal is alse ibputted at
the CPUCLEK input &0 gnd used as a sampling mecha-
nisml 10 quantize the BSET inputs. The acbitration con-
rof citeuit 150 moaitors the status of a deviee which is
currently accessing the hoe and determines the order in
which succeeding devices will be atlowed access to the
bus. When a signal is outputied at the REARB output
152, it indicates that a new arbitration or a re-arbitration
is t0 e initiared. When the REARB signal is asserted,
the WANTZS omput 154 is nepated. If additional new
style bos masters are reguesting access (o the bus as
indicated by the BSET input 148, a signal 35 asserted at
the WANTZ3I output 154 once the clock signals
CPUCLEK and CLE90 signals are sampled, thus begip-
ning the snable process for the next new style bus mas-
ter.

Eeferring to FIG. 18, there is shown a schematic
logic diagram for arbiter support Jogic 156, The arbiter
support logic 156 receives all outgoing bus request sip-
nals from the registry latch 138 at its BRL input 142,
The arbilet support ingic 156 also receives all incoming
signals from those devices which have been selected 1o
Zain aceess 10 the bus at its BSEL inpot 130, If a situa-
tion exists where all’ bus request signals have been
pranted by the bus, & signal i= asserted to the BUISED
input 158 of the arhiter support logic 156, This canses an
FCLR signal to be sotpaiited at the FCLR. output 116 of
the arbifer support logic 156 which clears all signals so
that the registry lawch 138 can be reset. The FCLR
signal is asscried if no devices are eurrently requesting
access {0 the bus or any situation where alt of the de-
vices which have requested access to the bus have al-
ready gained access 10 the bus. If there are devices
which are currently requesting access to the bus, the
bus request signals are passed through and ootputted
from the arbiter supporl logic 156 at it EREQZ3 output
82, Likewise, if a device has been granied access to the
bus, the grant signal is owtputted from the arbiter sup-
port jogic 156 at the GRANTZS output 180, If the
device is currently accessing the bus, the arbiter support
logic 156 can ontpat & signal at the REARE output 154
which pravides gaps between succeeditig grant signals
asserted by the bus.

Referring to FIG. 19, there 13 shown a schematic
logic diagram of the mastership scheduler 162 for deter-
mining the amount of Hme in which a new style device
can gain access 1o the bus. The mastership scheduler
162 includes a timer which counts the number of bus
cycies which occor while a new style device is acoess-
ing the bus. In the preflerred embodiment, the master-
ship scheduler 162 messuces eight bus cycles before
relinquishitig access of the bus ta the current new style
device. The scheduler wil] permit more than 8 bus ey-
cles when the bus is locked by the current master, as
indicated by the LOCK input. Each tinie a new style
device relinguishes the bus, the mastership scheduler is
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resel such that it can measure the accessing rime for the
next new Style device,

Referring to FIG. 20, there is shown a schematic
logic diagram for an arbiter interlock 164, The arbiter
interlock 164 determines when a new arbitration cvele
1%t begin, When Lhe arbiter mierfock 184 receives an
mput from the vanious number of possible sources indi-
cating that the present arbitration cycle is completed,
the arbiter interlock generates a signal at the ARBIT
output 166 which indiceles the starl of » pew arbitration
cycle. Varioos inputs into the arbiter intetfock 164 can
include an ANYSLV input 56 which indicates that no
device 15 presently requesting or responding to the bus.
The arbiter interlock 164 also receives a signal al its
PROGACK inpot 100 if 2 GBO30 type device 15 currently
accessing the bus, The arbiter interlock 184 also outputs
a GRENB signal 163 which goes low during the perind
in which a new style device is accessing the bus. The
GRENBE oniput 168 canres one of the selector signals to
be twrned on in a low state and to stay in 3 Iow state
pntil soametime doring the eighth clock oyele during
which the new siyle device 15 accessing the hns. As
discuszed above, a new style device is aormally only
permitted oo the bus for eight clock oyeles, The
GRENB output 168, therefore, indicates to the arbiter
mterfock 164 that a currenl ageess cycie 15 ending n a
new arbitrabon eycle will be imbated shorily thereafter.

Referring 10 F1G. 21, there is shown a schomatic
iogic diagram for a bus grabber 170, The bus grabber
170 determines when a new style device can access the
bus. The bus grabber 170 determines when a new style
device lias been indicated to be the next bus maester
when il receives a signal a1 its MASTERZ? mput 86.
Likewise, other devices which are indicated as hecom-
ing the bus master in a later peint in dme are recetved al
mput the EGRAZI 85, If a new style device s already
accessing the bus, a signal is received at the FBGACK
jnput 100. When the particular deviee being monitored
by the bus grabber 170 has been granted accessed 1o the
bus, Lthe bus grabber 170 outputs a signal al its EB-
GACK outpui 136 to indicaie that the device has ac-
knowledged that the new style device is currently ac-
cessing the bus,

Referring o FIG. 22, there is shown 2 schematic
logic diggram for a mastership timeout circuid 172, The
mastership timeout circuit 172 indicates when a device
has heen granted access to the bus but does nor acinally
aceess the bhus within o predetermined period of Lime.
The mastership imeout circuit 172 monitors the bus for
a predetermined number of clock cyeles at its CTM
input 172, If the device which hat been granted access
o the bus does not suppty-a sigesl to FCS input, the
mastership timeout circuit 172 outputs a signal at its
MCERE output 140 to mmdicate that the present arbitra-
tion eycle should be abandoned. As discussed sbove,
the MCERR signal iz teceived at the input of the regis-
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cycle stafe circuit 176 receives inputs at its SPACEZY
mput 44 which indicates that a new style device wishes
to access tew style memory space on the bus. The cycle
state circnit 176 also monilors any old style devices
which are currently accessing the bus at its Z2SNOOP
input 178 to ensure that the new style device pending
access to the bus will not be received by the bus while
the ¢ld style device is still accessing the bus. The cycle
state circuit 176 receives inpuis from clocks af its
CPUCLEK input 80 and its CLE3 input 130, The
CPUCLK elock B0 runs at 80° ghead of the CLE9D
clock 180. Both clock edges are used 0 monitor events

“which cveurred durning the date cycle. When the cycle

state circuit 176 determines that the addresses to be
driven onlo the bus by the new style device have been
valid for a predetermined amownt of time a full cyele
sirabe 18 imitiated at its PCS input 43, The full cyele
sirabe is only doven for valid bus addresses. The full
cycle sirobe defines whether ar not a cycle is corrently
renning on the bus. The full cycle strobe also deter-
mines which type of ¢ycle is to be run. The negation of
the full cycle strobe indicates the end of the eycle. At
this point, data is driven off the bus. When cthe full cycle
strobe Is inttiated, the cyele state circuit outputs a stgnel
at its TAENBE output 182 indicating that the address
buiters can be enabled. The TAENE oulput 182 glso
ensures that there arc no pending etrors, ie., that gl
data buffers are turned off and that sic old style devices
are currently accessing the bus. The TAENB oulput
182 manitors all errer and old style snoop inputs, When
stable conditioms are present, the TAENB signal is as-
sarted and all external address beffers are turned ON.
At this point, an FCS signal is driven onto the bus. At a
later point in time, a TATYS signal is outputted (o turn
OFF the address buffers.

Referring to F1G, 24, there is shown a schematic
lopic diagram for an address buffer enable circuit 186. 4
stgnal is received at the TAENE input 182 which canses
lhe address bufters to be turned ON. A oycle state cir-
cuit 176 indicates that the address tuffers have been
enabled. When the cycle is completed a signal 5 re-
ceived at the TADIS input which causer the address
huffers 10 be turned OFF. At a later point in time, &

* signal is received at the TEATA input 222 (FIG, 30)
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try latch 138 awhich causes the fairness mechanizm to

ressl, .

Relerring to FIGS, 23-26, thers 15 shown the sche-
metic jopic diagrams depicting the basic logic required
to convert a Meilorola 65030 cycle to new style bus
cyele for accessing the bus, At the beginmng of the data
eyele, an address strobe 18 driven by the motherboard
bus masier. At thes hme, address buffers are driven onto
the bos and data bulfers are driven off the bus. Refer-
ring 1o FIG. 23, there is shown the schematic Jogic
diagram for a cycle state coredit 176 which determines
when a new style device can bepin & data cycle, The

63

which causes the data buffers to be turned OMN. When
the address builer enable circuit 186 has received the
TAENDB signal, the sddress buffer enabile circuit 186
waits for g foll cvele strobe to be asserted ar its FCS
inpuat 43 such that it can assert the address buffers ama
the bus at itk TADDR osutput 188,

When the full cycle sirobe falls logically, certain
address buffers are immediately turned off. For a two-
wire expankion bus cyeles, addresses corrssponding to
address bits §-31 are turned off. For a three-wire expan-
sion bus cyeles, addresses correlating {o addresses 3431
are turned off, In addition, three-wire capansion bus
cycies must experience a synchronization delay in order
to allow the three-wire expansion bus clock to synchro-
nize with the currently running address strobe. If the
three-wire expansion bus eycle is renuing, a compatibil-
ity cycle sirobe = asserted as discossed above. The
compatibflity ¢vcle sirobe 15 similar (o the Motorola
GEDO0 8.0 MH= clock and confirms Motorola style
6BXN} timing. For a two-wire expansion bus cycle, no
coripatibility cycle strobe is asserted, and when appro-
priate address buffers are on, a slave signal s initigied
vhich tnitiates handshake instructions. The slave signe)
15 driven on the handshake line by the responding slave
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device. The responding slave device driving the slave
signal indicetes to the bus master that in fact there is g
device responding (o the address. Note that a slave
signal will always immediately follow an FCS strobe.

Referring to F1G, 25, there is shown a schematic
logic dizgram of a cycle strabe circuit 190 for initiating
a [ull cycle strobe. The cycle strobe cirenit 190 deter-
rmines if valid eycle types have been detected. The evele
strobe circuit 190 is used fo zvoid empty eycles. The
cycle strobe circuit 190 receives a signal st its TADDR
input 188 when a device which kas been selected to
dcress the bus is currently asserting address buifers ante
the bus. Likewise, if an old style devize is using 170
SPace Of MEMOTY space, a signal is asserted to its FOZ2
input 32 or its MEMZ2 inpur 30, respectively. When 22
bit address space is being accessed on the bus, a signal is
received by the cycle strabe circuit 194 et its ADDRZ3
input 42, When a device successfilly completes a gycle,
the cycle strobe circuit 19 receives a signal at its CY-
CENDG mput 192 11" for some reason 2 start of a suc-
eeeding evele must be delayed, the cycle strobe civcut
receives a delay sipnal at its WAIT input. _
. Referring to FIG. 26, there 15 shown & schematic

logic diagram for on end of cvcle circuit 134 which
determines when a new styile device has completed its
arbitration cyele and will be relinguishing the bus.

Referring to FIG. 27, there is shown a schematic
Iogic diagram for a multiple transfer strobe circuit 200,
A two-wire ornew style expansion bus 2llows for multi-
ple transfer cycles which are known as burst modes,
The multiple transfer cycles begin in the same manner
as any ordinary (wo-wire eapansion bos eycle. How-
ever, Lhe tnulfiple transfer cycle resalts and transfors 2
multipie 32 bit data words. The multiple transfer cycles
siat! with a nommal full eycle strobe which is feceived at
the FCS input 4. The full cycle strobes are followed by
the removal of higher address bits and the retention of
lower address bits. In addition, a multiple transfer cycle
handshake siprzl is inputted ar the MTCR input 202 of
the strobe circuir 200, The multiple transfer cycle hand-
shake signal asserts a strobe fo define the number of
subcycles. The MTCR signal is ascerted during inter-
rupt or burst cycles. Each subcyeie has a new lower
address, and a new read or new write tnstruetion. The
selected slave device latches onto the address and re-
sponds to MTCR signal by asserting 2 slave signal, The
slave device selecied s based on the address presented
when the full cycle strobe s asserted and the single
slave device which responds with its slave handzhake at
the SPACEZS input 4. If the selected slave device is
capable of receiving multtple cycles it also asserts a
multiple  transfer  acknowledgment signal at  the
MTACK input 2. During a multiple transfer cycle,
the bus master and slave are locked together so that no
rew stave arbitration can take place. Note that if either
1he MTCR input 202 or the NTACK input. 204 is ne-
gated during the cycle, the resulting eyele will be a
basic full cycle, ie., no muoltiple 32 bit trangfers will be
allawed,

Once the multiple transfer handshake goes through,
the multipie cycle poes into the dats phase. The master
controller asserts the data outpul enable sipnal at irs
DOE input 205 and the apprapriare datg sirobe. Note
that the full cyeie strobe and the data input enables the
strobe to be asserted throvngh any nutaber of these sub-
eyeles, The selected slave device responds to the bus
master by asserting a multiple transfer acknowledgment
signal at the MTACEK input 208, A= long as the slave
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continues fo asserl the MTACK signal and the bys
master asserds the MTOR signal, 2 new low order ad-
dress and read or write command 1s given to the current
slave device each time the bus master asserts the MTCR
signal and the slave device responds with its MTACK
signal. Likewise, duting the write cycle, the selected
slave device esserts the dara scknowledpment signal
when the slave device is through accessing the data on
the bus. To terminate the multiple transitr cycle, the
bus master negates the data strobe and the MTCR sig-
nal. '

Referring to FIGS. 2B-340, there are shown schematic
togic disgrams for data buffer contral logic. Referring
specifically to FIG, 28, there is shown a schematic logic
diagram for an old style buffer enable circuit 208, The
bufier enable cirewit 208 determines if incoming data is
from & 16 bit device or a 32 bit device. An old stvle

device soriding data to the circuit will be accompanied

by a compatibility eycle strobe which is inputted at the
CCS input 38, If the device is performing a read cycle,
the datais received at the READ input 210. In order for
the device to go through with the data cycle, a data
cutput enable signal must be received by the buffer
enghle circuit at its DOE input 206, The buffer enable
circuit 208 analyzes the incoming data and determines
whether the device is a 16 bit device or a 32 bit device,
The buffer enable cireuit cuiputs the resulting data at its
DT16 cutput 212,

Referring specifically ta FIG. 29, there is shawn a
schematic logic diagram for a data buffer enable circuit

214. The data buffer enuble signal receives three pairs of

buffers. The data buffer enghble circeit 214 receives a
sighal al its DT16 input 212 indicating whether the
device corrently accessing the bus is a 16 bit device or
& 32 bit device. In either case, the upper half of the
motherboard and the upper half of the cxpansion bus
must be accessed in order ta compiste a 32 bit transfer,

There are three data buifer groups, and four basic
types of transfers, The main CPU can address an expan-
gsion flave, which can be either a new shyvle device ar an
old style device. The upper half of the bus is controlled
by the DBOE1 output 215 and is enabled in hoth cases.
When the slave device is a new style device, both the
DBOE] cuiput 215 and the DBOEO outpur 288 and
asserted. For new style interrupt cycles, only the
DBOEQD output 218 is nceded. When the bus master
addresses the tmotherboard as a slave, there are two
possible cases. If the master is a new sivle device, a full
32 bit transfer is necessary and both the DBOEL Quiput
11¥ and the DBROEO output 218 are enabled. If the mas-
ter ix an old style device, however, the enabled buffer
pair depends on which half of the 32 bit motherboard
bue ik accessed. IF the even hall of the motherboard bus
is accessed, the DBOEL outpet 215 is asserted. If the
odd half of the motherboard bus is accessed, the DBER16
ortput 216 iy asserted, connecting the loswer hall of the
mmothecboard bus to the higher haif of the expansion bus,

Referring 1o specifically to FIG. 30, there is shown
schemalic logie diagram for 2 data outpat enable circoit
220. The data output enable circuit 228 outpets s signal
at #ts DOE outpul 206 which is received by the data
buffer enable circuit 234 1o indicate that it is safe to 1urn
the data buffers on. The data output enable circuit 220
has inputs o receive a compatibility eycie strobe at its
CCS imput 38 if the device is a 16 bit device or a full
cvcle strobe at its FCR input 43 iF the device is 2 32 bit
device. The data 1o be outputted is received at TDATA
input 222 of the data output enable circuit 2200 When
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the data is ready to be received by the data buffer enable

circuit, the data output enable circuit 220 ouiputs a
signal al its DOE cutpul 206 and itz TDATA oniput
322 A output s also received at the DELT output 224
which actr to latch the data buos. When a 16 bat device is
perfarming a read cycle, the data must be Yatched at the
end of the cycle 1o compensate for the CFU clock.

TFhe dats phase of the cycle occurs when the bus
masier asserts the date output enable signal onto the bus
indicating that data operations can be started, The dala
bit drivers access data bits Dp-Ddag which cause the bus
controiler to be responsible for responding to slave
siznals.

Diuring & read signal, the bos master drives at least
one ol the daty strobes, 1.e, D&3=-D&,, which indicote
the physical transfer size requested. The data sirobe
Jiner qualify which bytes within 8 16 bit word or 32 bir
word are of interest to the bus master. When cachable
slaves are used, all 32 bits reserved for incoming data
must be supplied. The selected slave device responds by
driving data onto the bus and then gsserting a data trans-
fer acknowledgment signal {(DTACK) ay will be dis-
cussed hereinafter. The bus master then terminates the
cycle by nepating the full cyele strobe and any ofher
control signais presently asserted by the bus. This indi-
cates thet the buy master is finished with the deta on the
bus.

During a write cycle, the dafa cutput enable signal is
alsa assertad. - The bus master drive: data onto the bos
and then asserts at Ieast one dafa sirobe to indicate fo
the selected slave device il the dats ransmitted. is valid
atdd which date hits are being written, The selecfed
slave device now has aceess to the dats on the bus, Once
the slave device is fimished with the bus, it can terminate
the ¢cyele by asserting the data fransfer acknowledg-
ment signal at which point the full cyclc strobe’ 1= ne-
gated by the bus master.

Referring specificaliy to FIGS, 31 and 32, there are
shown 2 schematic logic diagram for an old stvie or 16
bit bus master. Roforrng specificatly 1o FIG, 31, therois
showt o schematic logic diagram of a 16 bit DMA
synchronizer 225, The 16 bit DMA synchronizer 226
receives a slgnal at its PROC input 55 when the mother-
board is responding as the slave device, The DMA
synchronizer 236 checks for the presence of a compati-
bility cycle strobe to confirm that & 16 bit device s
actually accessing the bus. IF the old style device i
performing a read cycle, data which is to be rend is
inputted at the READ inpuf 212 of the DMA synchiro-
nizet 226. Daia strobes received ai the EDXS2 and ED23
inputs 228, 230 act to synchironize the data bits with the
motherbnard clock 1o ereate the dala signal. The moth-
erbaard clock cyele is received at the CPUCLK input
B0 of the TMA synchronizer 226. Once the date bils
have been synchranized to the motherboard clock, the
pynchronized signal is outpotted at the DMAZZ output
232 of the DMA synchronizer 226,

As discussed above, an old style device which ag-
wesses the bus, is capable of retaining the bus until it
physically relinguishes the bus. Unfike the new sryle
devices, the bus master cannot remove the old siyle
device from the bus until it decides to relinguizh it

Referring specifically to FIG, 32, there is shown a
cycle termination and DTACK generator 234, The
cycle termimation and DTACK peverator 234 deter-
mine wlhet the old style data cycle 1= to end. The ¢ycle
terminaiion and DTACK pencerator 234 reccives an
putput at its CPUCLK input 80 to indicate the clock
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cycle of the motherboard clock. An inpot received at
the DEACK input 236 initiates the termination ¢ycle.
An input at the STERM input 238 indicates a G030
synchronous termination signal which is used to sup-
port a burst cycle, such as when multiple transfers are
cccurdng. The DMA data eycle i reccived at the
DMAL6CYC input 240 of the cycle termination and
DTACK pgeneratar 234 When the ¢yole has been termi-
nated, the ¢ycle termination and DTACK generator
2M output a signal to the bus master af its DTKDPMALS
guiput 242, While the cyele 15 continning 10 run, data is
sent 10 the bus master through the DMA 216 onipot 244
of the cycle termination and DTACK genesator 234,

Referring specifically to FIGS. 33 and 3, there are
shown schematic logic diagrams for a new style or a 32
bit device bus master. Referring specifically to FIG. 33,
there i5 a2 32 Bit DMA synchronizer 246, The 32 bit
DMA synchromzer 246 is similar 0 the 16 bit DMA
synchronizer 126 in that i1 checks for a signal at its
FROC input 58 1o determine whether the motherboard
i currently eccessing the data bus. If the motherboard
is pot aceessing (he data bus, the 32 bit DMA synchro-
nizer 246 looks for a signal on its FCS input 43 to indi-
cate that a full cycle strobe has been initiated and thus
that a 32 bif device it acvessing the bus. The mother-
board clock cyele is received at the CPUCLE input 80
at the 32 it DMA syachronizer 246, Datp strobes re-
ceived at the EDSQ mpui. EDS1 input, EDS2 input
220 and EDSY mput 232 are synchronized with the
motherboard clock and are outpuited at the DMAZ3
output 238 of the 32 bit DMA synchronizer 246. In
addifion, the DMAZI outpue 245 can create address
strohes, data strobes and read Awrite signals.

Referning specificatly to FUG. 34, there i shown g
eycle lermination and DTACK generator 250. The
cycle termination and DTACK generator 250 receive
the motherboard elock cycle at its CPUCLK input 80
If a multipie transfer cycle i occurring, a tertnination
cycie 1§ recelved at the STERKM input 238 of the cycle
termination and DTACK generator 250 which is capa-
ble of supporting a burst cycle. I 2 normal data cycle i
being run, the data being sent or received from the bos
is inputted ar the DMAIICYC input 252 of the cyele
termination and DTACK generator 250. When the data
evele is to be terminated, a signal s received at the
DSACK input 226 of the cyele ferminstion and
DTACK zeneratar X50 which initiates the termination
cycle. When the termination cycle is completed, a sig-
nal is aovtputied at the DTRXDMAZ2 outpul 254 of the
cycle termination and DTACK generator 250,

Referring specifically 1o FIG. 38, there is shown &
schematic Jogic diagram for a cycle strobe cirouit 256
for a 68030 cycle maching. The evele sirobe circuit 256
receives the DMA outouot signals from the 16 bit device
which may be accessing the bus at its DMAZ2 input
232, If a 31 bit device is accessing the bus, its DMA
signal is received at the DMAZ3 inpmt 248 of the cyele -
sirobe cirewit 256, The cycle strobe circoit 256 recajves
an input from the cycie elock at its CYCCLK sutput
I58. The cycle strobe circuit 256 creptes the address
glrobes at 1t¢ AS ootput 260, data strobes at #s DS oul-
pur 262 and read/write stgmals at irs RW output 264, IF
# DMA cycle is continuing, the DMA signal is output-
ted at the DMACYC output 266 of the cycle sirobe
eirewid, I the DMA signal is to be terminated, the cycle
sfrobe signal receives an input at its DMAOFF input
268,
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Referring to FIG. 38, chere is shown a schematic
logic dizgram for a transfer sizing circoit 270 of the
68030 cycle machine. The transfer sizing circoit 2790
receives fhe data strobes generated by the device eur-
tently accessing the bus at its EDS{0—3) inputs. The
transfer sizing 15 necessary for the protocol of the moth-
erboard bus, The transfer sizing circuit outputs the
 approptiate size al its S170 or SIZ1 output 271, 274,
Referring to FIG. 37, thers is 8 shown 2 schematic

logic diagrem for a cyele termination citewit 276 for the 10

§8030 cycle machine, The cycle termination circuit 276
receives the clock oycle signel at its CYCCLK input
5%, While the device currenily accessing the bus is
transmitting its DMA signal, the cycie termination sig-
nal receives g data strobe atf its DS input 262 and a
DMA signal at its DMACYC output 266, When the
device ik repdy 1o ferminate the data cycle, a signal is
received st the DTEKDMALG inpuf 242 of the oyele
termination signal. This initiates the {ermination cycle
which when ready outputs 2 cycle at its DMAQFF
output 268 which causes the bus to terminate the dats
cycle.

Relerping to FIGS. 3B and 39, there are shown a
schematic logic diagrams for the interrupt arbitration
mechanism of the present invention. An interrapt pro-
vides a mechanism for a hardware sipnal 0 foree the
hardware to change its path of execulion. Interrupts are
acknowledged by the microprocessor oply befween
msiructions. The microprocessor cannot be inlerrupiled
al the middle of an instruction. In multiboard system, it
15 importsnt that one or more request signals are nol
transmitted to the bus af the same time in order to pre-
vent bus conlention. An arbitration mechanism is re-
quired fo prevent collisions between muliple devices
responding to interrupt signals a1 the same time.

Interropts may be generated by both two-wire and
three-wire masiers or slaves. All interrupts are on
shared open collector leve] sensitive lines. A tew style
slave device can asynchronously ssscrt misltiple shared
interrupt lines. In gemeral, an old style device can omly
generate & chained automaltically vectored interrupt. A
new style device may generate an arbitrated self vec-
tored intertupl. To prevent bus contention between
responding slave devices, & vector response cycle is run
on Lhe bus, Resolution of the interrupt is handled viz a
single wire slave line prowocol. :

Referring specificalty to F1G. 38, there is shown a
schematic Jogic diagram for a cyele sequencer airetit
278, An interrupl cyele beging with the asseriion of g
full cycle strobe gt the FCS input 43 of the eycle se-
quencer circuit 278, The cycle sequencer 278 outputs a
signal at its QPOLL. outpan 280 which sends ocut an
inquiry to deiermine which device has initiated the
imterrupt signal. The QPOLL signal looks for devices
on the bus which respond by asserting a slave signal.
More than one deviee is capable of responding to the
QPOLL signal, The bus master must poll each of the
possible inierrupt sources to determine which slave
device is generated the imerrupt. During the polling
phase, any device fhat is asserted an interrupt sipnal and
which wanis o supply 2 veator will match its interrupt
number against the one presently on the bus by asserting
a slave signal if 2 match occurs. The slave signal is
received by the interrupt arbiter 282 as shown in FIG,
39. When the GPOLL signal ends all responding slave
signals are latched by the interrupt arbiter 282,

Next, the eyele sequencer circuit 278 looks for a
response at it QREPLY input 28B4, If at least one device
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has replied to the QPOLL signal, an interrapt eycie is
Tl

If'a device has responded to the interrupt query at the
QREFLY input of the cycle sequencer 278, a signal is
oulputied from the QVECTOR output 286 back to the
devices which have responded by driving 2 slave signal.
This causes the requerting device to diive back a vector
sigmal to indicate which interrupt is being ron. In =z

. wector phase, only one bus wire is required for both the

vertor request and vector grant signals. IF the selected
slave device does not respond to the interrupt, the bus
amtomatically goes inter an metomatic vector phase
which generates a request o cvery slave device to de-
terminge which slave device has requested an interrupt.
If a slave device responds (o the vector, the selected
slave device will place itz vector on the bus and termi-
nate the interrupt eycle, If no device responds to the
imterrupt request after a predetermined amount of time,
the]bus -master aptomatically terminates the interrapt
cyele.

in the foregoing descaption, it ¢sn been seen that the
present invention comprises a bus arbitration system for
Eraniing access to an expansion bus o deviees follogw-
ing two-wire bus arbitration protocol ot a three-wire
bus arbitration protocal. It will be recognized by those
skilled in the arl that changes may be made o above-
describedl embodiments of the invention without Je-
purting from the broad inventive concept thereof. 1t is
understood, therefare, that this invention s rot limited
10 the particular embodiments disclosed, but it is in-
tended 1o cover all modifications which are within the
scope and spirit of snvention as defined by the appended
claims.

T claim:

1. A bus arbitration syst=m for granting access to 2n
expansion bus 1o devices following two-wire bus arhi.
tration protocol and to devices fallowing three-wire bus
arbitration protocol comprising:

means for recejving a plurality of bus request sighals
from a plucality of devices, each of said bus request
gignals comprising at least one coded pulse and
having a predetermined priotity, each of said bus
request signals being used t0 reguest access to the
expatision bus;

a prioritizer, for receiving said bus request signals
from the receiving meuns and assigning respective
priority levels to said bus request signals;

erhiler means comprising means for receiving the
poority levels from the prioritizer, and means for
gdetermining and storing in memeory whick of said
bus request signals has the highest priority;

meats for determining whether the highest priority
device has a 24 bit address, and therefore, follows
thrce-wire bus arbitration protocol or has 5 32 bit
address and, therefore, follows two-wire beg grhi-
tration protocol; and

bus granting means, electrically cornected to the
arbiter means, for granting access to the expansion
bus to the device having the highest priority inde-
pendent of physical position of the deavice, the
access being penerated after a previous device, if
any, has refinquished the hus, and after earlier in
time bus raquests have been serviced if the device
having the highest pricrity was previously granted
access 10 the expansion bus, whereby said arbiler
means transmits from its memory to said bus grant.
ing means whether said device having the highest
pricmity is a device lollowing two-wire bus arbitra-




2,276,887

21
hon pretocol or A device following a threeawire
bus arbitration protocol, said bus granting means
further including interfacing means for fallowing
two-wite bus arbitration protocs] if szid deviee
follows two-wire bus arbitration protocal end for
following three-wire bus arbitration protoco! if the
deviee follows three-wire bus arhitration protocal.

I. A bus arbitration system according to claim 1,
wherein said prioritizer further includes assipning
means for assigning devices lollewing two-wire bus
erhitration protocol a higher priority than deviees fol-
lowing three-wirg bus arbitration protocol.

. A bus arbitration system according to claim 1,
Further including snooper logic means for determining
whether said previous device is currently accessing the
bus, zaid snooper means delaying said highest priority
device from acoessing the bus until the previous device
relinguishes the bus.

4. A bus arbitration svitem according to elaim 1,
further comprising bus contention detecting means for
detecting if an wnauwthorized device Is accessing the
expansion bus, and if R0, signalling an error condition to
the bus arbitration system.

3. A bus arbitration according to claim 1, forther
comprising selection means for selecting out these de-
vices following two-wire bus arbitration protocol from
thase devices which follow three-wire bos arbitration
proiocol,

& A bus arbitration system according to claim 1,
further comgprising boffered direction racans for deter-
mining the direction of data flow on the expansion bus
according to an insiruction received by the device cur-
rently accessing the expansion bus.

7. A bus arhifration system according o claim 1,
wherein said device following two-wire bus arbitration
protoce] ik & 32 bit dovice.

B. A bus arbifration system sccording to claim F,
whergin said device following three-wire bus arhicra-
tion protocol 15 a 16 bit devige.

9. A bus arbitration system according to claim 1,
further comprising multiple transfer means for allowing
a device 1o transler extended cycles across the expan-
sioty bus comprising muoltiple 32 bit cycles.

M. A bus arbitration system according to claim 1,
forther compasing means for asserting o full eycle
strobe, said asserting mmeuan: being activated when a
device following two-wire bus arbitration protocal is
accessing the expansion bus and initiates 2 read or write
eycle.

11. A bus arbitration system for granling access to an
expansion bus (o devices following two-wite hus arbi-
tration protocol and to devices following three-wire bus
arbitration protocal eomprising:

means for receiving a plurslity of bus request signals
from & plurality of devices, each of said bus request
signzls comprising at least one coded pulse and
having a predetermined priarity, each of said bus
request signats being used to request access to the
£Xpansion bus;

selection means for selecting ot those devices fol-
lowing two-wire bus arbilration protocol from
those deviees which follow three-wire bus arbitra-
fion protocol:

a prioritizer, for receiving snid bus reqmest signals
from the receiving means and for assighing respec-
tive priority levels to said bus request signals:

means (or determining whether the highest priority
device has a 24 bit address and, therefore, follows
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three-wire bus arbitfation protocal of has & 32 bit
address and, therefore, follows two-wire bus arbi.
tratiom protocal;

bus granting means, electrically connected to the
priotitizer, for pranting access to the expansion bus
ta the device having the highest priority indepen-
dent of physical position of the device, the acoegs
being granted after a previous device, if atly, has
relinquished the bus, and afier earlier in time bus
requests have been serviced if the devicc having
the highest priority was previonsty pranted access
10 the expansion bis, and '

buffer direction means for determining the direction
of daty flow on the eapansion bus according to an
instruction received by the device currently ac-
cessing the expansion bus.

12. A bus arhitration system according 1o claim 11,

wherein gaid  priontizer fucther imncludes assi ERing

‘mesns for assigning devices following two.wire bus

arbitration protocol a higher priority than devices fol-
lowing threg-wire bus arbitration protocol.

13. A bus arbitration system according to claim 11,
ferther comprising bus contention detectin E meens for
detecting if an unauthorized device is accessing the
expansion bus, and if so, signalling an error condition tg
the bus arbiltation systetn.

14. A bus arbitration system according to ¢laim 11,
wherein said device following two-wire bus arbirration
protocol i5 2 32 hit device.

15. A bits arbitration system acvording to claim 11,
witerein said device following three-wire bus arhitra.
tion protocol is 4 16 bit devier.

16. A bus arbitration system aceording 10 claim 1,
wherein said two-wire bus arbitration protoco] devices
and said threewire bus arbitration protocg] devices
further includes interrupt generating means for generat-
ing interrupts.

17. A bus arbitration system according to claim 15,
wherein said expansion bus further includes polling
means (or transmitting a polling inquiry after the receipt
of an intorrupt transmitted from said two-wire bus arbi-
tration protocol device or said three-wite bus arbitra.
tion pratoco] device.

18. A bus arbitration system gocording to claim 17
wherein kaid two-wire bus arbitration protocal device
or said three-wire bus arbitration protocni deviee fur-
rher inclodes assérting merns for asserting an interropt
response to the polling inquiry by said expansion bus,

19. A bus arbitration system according to claim 17,
wherin said two-wire bos arbitration protocol device,
or said three-wire bus srbitration protocol device fur-
ther including vector asserting means for asserting a
vector in response to the polling inguiry of said expan-
sion bus,

20. A bus erbitration systemn according to claim 19,
wherein said expansion bus further includes terminating
meank for termingting the interrum if no two-wire bus
grbitration protoco) device or three-wire bus arbitration
protoeo] device responds to the polling inguiry of said
expansion bus,

21, A bus arbitration system for granting access to an
capansion bus to devices following two-wire bus atbi-
tration protocol comprising:

means for receiving a plurality of synchronobs bus

request signals from a plurality of devices, each oft
faict bus request signals comprising at least one
coded pulse and heving a predetermined priority,
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gach of said bus reguest signals being used 1o re-
-quest access to fhe expansion bus:

4 prioritizer, for réceiving said bus request signals
from (he receiving means and assigning respective
priority Jevels Lo said Bus request signals;

arbiter means comprising means for receiving the

 priority levels from the prioritizer, and means for
determining and storing in memory which of said
bus request signals has the highest priority;

means for determining whether the highest priority
device has o 24 bit addrees and, therefore, follows
three-wire bus arbitration protocol or has a 32 bit
address and, therciore, follows two-wire bus arhi-
tration protocol; and

bus granting means, electrically connected ta the
arbiter means, for granting access 1o the expansian
bus to the device having the highest priority inde-
pendent of physical position of the device, the
arcess being pranted after a previous device, if any,
has relinquished the bus, and after eartier in time
bus requests have been serviced il the device hav-
ing the highes: priority was previously granted
aecess to the expansion bus, whereby said expan-
sion bus asserts a full-cycle strobe which when
activated alows the two-wire bus arbitration pro-
tocol deviee to access the expansion bus and initjate
a read or write cycle.

22, A bus arbitration system according to claim 21,
further including accessing mcans for allowing three-
wireg bus arbitration pratocol devices 10 access the ex-
pansion Tus,

Z3. A Bus zrbitration protocol device according to
claim 22, wherein said prioritizer firther includes as-
signing means for assigning devices following two-wire
bus arhitration protocol a higher prionty than devices
foliowing three-wire bus arbiteation protocol.

24. A bos prhitration system according to claim 23,
wherein szid bus pranting means further inciudes inter-
facing mezns lor following two-wire bus arbitration
protocol if said device follows two-wire bus arbirration
protocol and for following three-wire bus arbitration
protocol if the device follows three-wire bus arbitration
protocol.

25. A bus arbitration system according to claim 24,
further comprising selection means for selecting out
those devices following two-wire bus arbitration prato-
col from thase devices foflowing three-wire bus arbitra-
tiom proiocol.

26. A bus arbitration system according to claim 24,
wherein said device following two-wite bus arbitration
protocal is a 32 bit device,

27. A bus arhitration system according to claim 24,
wherein said device following three-wire bus arbitra-
tion protocol 15 2 16 bit device,
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28 A bus arbitration system zecording w claim 21,
further including snooper logic means for determining
whether said previous device is current]y scoessing the
bus, said snooper means delaying satd highest priority
device from sceessing the bus unti] the previons device
relinguishes the bus,

2% A bus arbitration system according to claim 21,
further comprising bus contention detecting means for
detecting if an unauthorized device & accessing the
expansion bus, and if so, signalling an error condition to
the bus arbitration system.

A0. A bus arbitration system for granting aceess to an
expansian bus to devices following a first bus arbitration
protocel and to devices following a second bus arbitra-
tion protocel, comprising: -

means for receiving a plurality of bus requeat signals
from & plurality of devicer, each of the bus reguest
signals comprising at least one coded pulse and
having a predetermined priority, each of fhe bus
request signals being used to request aceess to the
expansion bus:

g prioritizer, for receiving the bos request signals
from the receiving means and for assigning respec-
tive prionity levels to the bus reqguest signals;

arbiler means comprising means for receiving the
priority levels from the prioritizer, and means for
deterimining and storing in memory which of the
bus request signals has the highest prionty:

means for determining whether the highest priority
deviee has an address in accordance with the first
bus arbitration protocol and, therefore, follows the
first bus arbitration protocol, or has an address in
accordance with the second bus arbitration proto-
cal and, therefore, follows the second bus arbitra-
tion protocol; and

bus granting means, electrically connected to fhe
arbiter mesns, for granting acoess to the expansion
bus fo the device having the highest priority inde-
pendent of physical position of the device, the
access being generated afler a previous devige, it
any, has telinquished the bus, and after earlier in
time bus reguests bave been serviced if the deviee
having the highest priprity was previous] ¥ granted
access to the expansion bus, whereby said arbiter
means transits from its merory to said bis grant-
ing means whether said device having the highest
prianty is a device following the first bus arbitra-
tion protocal or a device following the second bos
arbitration protoco), said bus granting means fur-
ther including interacting means for following the
first buk arbitration protoce! if the device follows
the first bus arbitration protocel, and for following
the second bus arbitration protecal if the device

follows the second bus arbitration protacal.
@ ¥ 8 B Kk



