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ABSTRACT

An integrated circuit chip that facilitates connecting
peripheral devices to an MCA Micro Channel Architec
ture bus system. With the present invention manufactur
ers of adapter boards and cards can easily interface
peripheral devices to an MCA bus. With the present
invention the MCA interface is segmented in a different
manner than it is segmented in prior art adapters. In the
approach utilized with the present invention the inter
face has been partitioned so that the microchannel sig
nals and the protocol signals common to all functions
are contained on an interface chip. The present inter
face integrated chip combines (a) command decode
circuitry for receiving coded signals from the MCA bus
and for generating decoded command signals for pe
ripheral devices (b) pin control circuitry which controls
multi-function pins (c) bus arbitration control circuitry,
(d) POS Programmable Option Select register control
circuitry to facilitate adapter identification support, (e)
ready logic circuitry to facilitate synchronous ready
signal generation, (f) circuitry to facilitate device error
reporting, (g) external data buffer control, (h) bus re
sponse signal generation circuitry, and (j) circuitry to
support memory and I-O relocation. The above combi
nation of functions is provided on a single integrated
circuit thereby efficiently utilizing the limited number
of I-O pins available on the integrated circuit.
5 Claims, 5 Drawing Sheets
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PERSONAL COMPUTER BUS INTERFACE CHIP
WITH MULTI-FUNCTION ADDRESS
RELOCATION PINS

Much detailed information about the structure of

MCA bus systems is available in literature provided by
IBM and by other publishers.

FIELD OF THE INVENTION

The present invention relates to personal computers
and more particularly to adaptor cards that connect to
the channel of a personal computer

SUMMARY OF THE INVENTION
O

BACKGROUND OF THE INVENTION

Systems known as the PC, XT, and AT systems have a
relatively simple I/O bus whereas the IBM PS/2 sys

nected to an MCA bus.

tems have a relatively complicated asynchronous bus
system termed the "Microchannel" bus. IBM has pub
lished specifications for the IBM Microchannel. Among
other places the Microchannel is described in the IBM
Technical References Manual for the PS/2 Models

50/60. This manual is commercially available from the
IBM Corporation, Armonk. N.Y. Another reference
document is the IBM Personal System/2 Seminar Pro

ceedings, Volume 5, Number 3 dated May 1987.
The IBM Microchannel bus has been widely dis
cussed in the literature and many computers which are
compatible with the IBM PS/2 series of computers
require a channel Structure which is functionally com
patible to the IBM Microchannel. The architecture used
in the IBM Microchannel has generally become known

as the MCA architecture.

In general, an asynchronous MCA bus system is more

35

MCA systems use coded cycle commands in contrast to

the uncoded memory I-O signals used on the synchro
nous AT bus system. Many peripheral devices for per
Sonal computers require uncoded command signals and

40

hence in order to connect such devices to an MCA bus,

logic must be provided to decode the bus status signals
to provide the commands used by the peripherals.
Another distinction between the MCA bus systems

45

provision of a SUSPEND signal significantly facilitates
connectiong peripheral devices to an MCA bus.

is that the PC, XT and AT families generally utilized

DIP switches and jumper cables to select various fea

tures, whereas, MCA bus systems includes a program
mable option select (POS) feature which is imple
mented by means of a number of registers for each card
slot. There may be up to eight POS registers and each
register has eight bits. Each adapter card designed for
an MCA bus must contain some or all of the POS regis
ters. The system board can select each card slot inde
pendently by generating a slot specific signal.

In addition to the POS register or registers which

identify the adapter card, MCA architecture also de
fines other POS registers. In general these other POS

registers fall into two categories: free form registers

With the present invention the MCA interface is
segmented in a different manner than it is segmented in
prior art adapters. The prior art interface cards mix the
circuitry for handling generic hand shaking signals and
bus protocols with the circuitty needed to implement a
specific function. In the approach utilized with the pres
ent invention the interface has been partitioned so that
the microchannel signals and the protocol signals com
mon to all functions are contained on an interface chip.
The present interface integrated chip combines (a)
command decode circuitry for receiving coded signals
from the MCA bus and for generating decoded cvom
mand signals for the peripheral devices, (b) pin control
circuitry which controls multifunction pins (c) bus arbi
tration control circuitry, (d) POS register control cir
cuitry to facilitate adapter identification support , (e)
ready logic circuitry to facilitate synchronous ready
signal generation, (f) circuitry to facilitate device error
reporting, (g) external data buffer control, (h) bus re
sponse signal generation circuitry. and (j) circuitry to
support memory and 1-O relocation. The above combi
nation of functions is provided on a single integrated
circuit thereby efficiently utilizing the limited number
of I-O pins available on the integrated circuit.
The present invention also includes circuitry to gen
erate some special signals such a SUSPEND signal. The
SUSPEND signal indicates to a peripheral device that
the device has a specified amount of time to complete an
operation. The SUSPEND signal is not one of the sig
nals defined on an MCA bus. It has been found that

and the bus systems used in the PC, XT and AT families

In systems with an MCA bus, the system board reads
and writes POS register using a script language driven
by an adapter description file (ADF). There is a differ
ent ADF for each type of adapter card. The system
board must be able to tell what card type is installed in
each slot, therefore, the MCA bus uses POS registers to
return a sixteen bit adapter ID.

The present invention provides an integrated circuit
chip that facilitates connecting peripheral devices to an
MCA bus system. With the present invention manufac

turers of adapter boards and cards can easily interface
peripheral devices to an MCA bus. Furthermore with
the present invention peripheral devices which were
designed for PC, XT or AT systems can easily be con

The IBM personal computer family has become a
widely accepted defacto standard for a particular class
of personal computers. The IBM personal computer

complicated than the bus systems used on previous
personal computers such as PC, XT and AT computer
Systems; however, asynchronous bus systems such as
the MCA bus system have certain advantages.
An important feature of the MCA technology is that

2

which do not have a specific assigned function and
registers whose function is fixed depending upon the
particular application being implemented.

DESCRIPTION OF DRAWINGS

FIG. 1 is an overall system diagram.
FIG. 2 is a logical block diagram of the bus arbitra
tion and DMA support circuitry.
FIG. 3 is a logical block diagram of the relocation
control circuitry.

O

FIG. 4 is a logical block diagram of the Command
Decode and POS register circuitry.
FIG. 5 is a logical block diagram of the ready logic,
the external data buffer control and the bus response
logic.
DETAILED DESCRIPTION

An overall illustration of an embodiment of the pres
ent invention is shown in FIG. 1. Detailed logic for
implementing circuit 11 shown in FIG. 1 is shown in
FIG. 2, 3, 4 and 5. As shown in FIG. 1 circuit 11 pro
vides a simplified connection between MCA bus 10 and

4,991.085

4.
signals. Signals that are internal to the circuit are merely
shown by lines with arrows. As shown in FIG. 1 the

3
peripheral device 12. Circuit 11 and peripheral device
12 would generally be mounted on an adapter card or
board (not specifically shown) which is designed to plug
into a standard connector on an MCA bus in a personal

interface circuit 11 includes nine sections namely:
5

computer.

The present invention provides in a convenient and
integrated fashion the interface logic 11 required on
adapter cards which are designed to interface to an
MCA bus. The present invention provides many bene
fits to designers of add-in adapters for the MCA bus
systems including:
(a Space savings because of the single chip VLSI
approach,
(b) cost savings because of the integration of many
components into one,
(c) time savings because of the ease of design,
(d) efficient utilization of the limited pins available on
a single integrated circuit.
The present invention can be used in two ways. First,
the invention can be used to interface existing PC, XT
or AT peripheral devices to an MCA bus. Existing PC,
XT or AT peripheral devices generally require decoded
command signals whereas an MCA bus requires coded
signals. The present invention can be used to facilitate
interfacing peripheral devices that require decoded
command signals to an MCA bus.
The second way that the present invention can be
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Bus Response Signal Circuitry
Relocation Control Circuitry

Bus Arbitration Control 1 lic: Generates and receives

2s

30

MCA arbitration signals when requested by the signals
from the peripheral device.
POS Registers 11d. Implements required POS regis
ters appropriate to the selected pin mode and provides
decoded select signals for driving the identification byte
on the MCA bus.
Ready Logic 11e. Takes synchronous or asynchro
nous signals from the peripheral device and generates
appropriate cycle timing for the CH CHRDY on the
MCA bus.

40

45

50

Error Logic 11f Generated MCA bus compatible
check signal from adapter error flag signal. This is re
flected in the POS registers.
External Data Buffer Control 1 1g. Provides enable
and direction signals to external data buffers.
Bus Response Signal 11h. Generates card select and
data size signals which go to the MCA bus.
Relocation Control 11ji Aids in generating signals
directed by system software for address relocation.
The circuit 11 provides a direct interface to the bus
command and status signals, and decodes them into a set
of general purpose signals for use by the adapter logic
12. The signals provided to peripheral device 12 include
memory read and write strobes, I/O read and write
strobes, and data buffer control lines. The signals sup
plied to circuit 12 resemble XT/AT bus signals in order
to facilitate adapting existing designs from those buses
to the MCA bus.

55
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The above signals appear in FIG. 1 to 5 with the
above designations. In addition in FIGS. 2 to 5 the
symbol ( ) is used to designate pins with these external

lig

Command Decode 11a. Decodes the MCA status

The sixty eight pins on the module are designated as

WSS
DACK
- DMAEN
- BURST
... OR

1

Bus arh trut it contri i r u try
POS Register circuitry
Ready logic cir circuitry
Error igil (Yntrol circuitry

id
e

signals and command signals and turns them into tradi
tional memory read, memory write, I-O read and I-O
write signals.
Reset and Pin Control 11b. Receives reset and pin
mode signals for the circuit.

follows:
Designation

Command Deck hue r litry
Reset P in Certi circury

The above sections perform the following functions:

on an adapter card.

Pin

Funit in

liu
th
O

used is to facilitate the connection of new devices to an

MCA bus. The invention can be embodied in one 68-pin
PLCC (plastic leadless chip carrier) thereby signifi
cantly reducing the number of separate circuits required

Sut it in

The circuit 11 also provides support for the Program
mable Option Select (POS) system implemented on the
MCA bus. The POS system consists of up to eight regis
ters located on each adapter card. These registers are
used to set board parameters such as addressing, inter
rupt level and to read the board's ID. The POS system
is intended to eliminate jumpers and switches on the
adapter card. This means that board resources are
redefinable through the POS registers.
The circuit 11 fully decodes these registers and pro
vides varying amount of relocation support depending
on a strapping option. Ten multi-function pins are used
to support relocation. Their functions vary depending
on the strapping option.
The circuit 11 can be used on DMA Slave cards. A
DMA slave is one which uses the DMA controller in

4,991,085
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the system to generate bus data transfer cycles, status
information and strobes. In addition to the features

described above, the circuit provides full support for
DMA arbitration and handshaking. The arbitration
level is programmable through the POS system. The
circuit supports both single-cycle and burst modes of
operation. In burst mode, it supports the fairness algo
rithm as defined by IBM. Fairness is also programma

s

ble.

The major functions provided by the circuit 11 will

O

now be described:

MCA Bus interface: The circuit provide a complete
interface to the MCA bus. Since the chips meet the
timing and bus drive specifications, most lines (with the
exception of the data bus) connect directly to the MCA
bus pins. The designer does not need to do anything

15

I/O and Memory read and Write Strobes: The circuit
provides four strobes-one each for memory reads and
writes and I/O reads and writes. They are based on a
decode of the status and the - CMD line from the

MCA bus and are active for all bus cycles.

Data Bus Buffer Control Signals: The circuit pro
vides two enable signals and one direction signal for
controlling external data buffers on the adapter. These
buffers are used to isolate the adapter logic and the

circuit from the MCA bus data bus. These buffers can

- CHCK line to be asserted on the MCA bus. The fact
that an error occurred is latched inside the circuit and

can be read as bit 7 of POS register 105.
35

nected to the direction control of the transceivers, and
the 'A' bus of the transceiver is connected to the MCA
bus data bus with the 'B' bus connected to the internal

adapter data bus.

40

low.

Multi Function Pins: Multi-Function Pins: This set of

10 pins are used to support relocation and other POS
operations.
DMA Support: The circuit fully supports DMA
slave operations. It contains the bus arbitration logic
and DMA handshaking signals. The adapter functions
have been designed to resemble the signals on the
XTAAT bus.

POS Support: The POS (programmable option se
lect) register allow the system microprocessor to poll
45

tended. The difference between the two is the timing of
the CD CHRDY. In the asynchronous case, CD
CHRDY is removed by the adapter at any time. In the
synchronous case CD CHRDY is removed synchro 50
nously within 30 nanoseconds of the falling edge of
-CMD. The synchronous extended cycle will consist
of one wait state. The asynchronous extended cycle
may consist of one or more wait states. The circuit
supports both types of extended cycles through a bit
programmed during POS (POS register 105, bit 5).
The circuit causes an extended cycle when the
- ADPRDY signal is pulled low by the adapter logic.
This is caused by an unlatched decode of the address
referencing that portion of the adapter circuitry that is
slow. For an asynchronous extended cycle (Register
105, bit 5 low) a rising edge on the --RDYSTB line
removes CD CHRDY causing the extended cycle to
complete. For a synchronous extended cycle, CD
CHRDY is removed by the circuit immediately follow
ing the falling edge of -CMD. Therefore the
-- RDYSTB signal need not be used and may be tied

unlatched address decode. For cards with both memory

of the circuit are being used, the 'match' outputS must
be part of the external decode-they are not combined
internally with - CD SEL.
The POS system must have the ability to turn off or
disable a non-functioning card, or one whose address
conflicts cannot be resolved. It does this by setting or
resetting the card enabled bit (POS register 2, bit 0).
The state of this bit is brought out of the circuit on the
CDEN line. When high, the card is enabled. This signal
should qualify the address decoders for the card.
Error Condition Reporting: When the adapter logic
detects an error condition like a memory parity error),
it pulls the - ERROR line low. This will cause the

scribed.

State, but on the MCA bus it is called an extended cycle.
The MCA bus supports two types of 'extended"
cycles:
Asynchronous Extended and Synchronous Ex

the card select input to the circuit. It should go low
when this adapter is selected. It should be based on an
of all of the address decodes. If the relocation functions

them. The exact function of these signals is described in
the IBM Technical Reference manual previously de

Ready Signals: If the adapter design needs more time
to transfer data on the MCA bus, it can request that the
cycle be extended. This is commonly known as a wait

section of the board is addressed. It should be based on
a decode of the unlatched addresses.
Card Select and Card Enable: The - CD SEL line is

and I/O address spaces, this signal must be a composite

special with these lines, he merely needs to connect

be implemented with transceivers. Only one transceiver
is required for an adapter that only supports 8 bits trans
fers. The - BUFENL signal enables the low order data
transceiver and the - BUFENH signal enables the high
order data transceiver (if required). BUFDIR is con

6
Data Size: The - DS16 input to the circuit is used to
tell the MCA bus what data path size this card (or card
section) is capable of handling. It is also used by the
circuit to properly control the data bus buffers. If this is
an 8 bit or 16 bit only card, this signal should be tied
high or low respectively. If different sections of this
board support different transfer sizes (for example a
multi-function card with 8 bit I/O and 16 bit memory)
then this line should be switched depending on which

55

60

each card and determine its characteristics, as well as

write configuration data to it. Ideally, all card resources
should be relocatable through this mechanism so that
addressing conflicts between cards can be eliminated
without the need for jumpers or switches. In addition,
each card type is required to have a unique card ID so
that the POS system knows how to configure it. The

following paragraphs describe how the circuit supports

the POS.
POS Mechanism: Each connector in an MCA bus

system has a unique signal called - CD SETUP, that
when active low, puts a card resident in that slot into
the setup mode. During the POST (power-on self test)
the system microprocessor puts each slot in turn into
the set-up mode, reads its ID. and sends it configuration

data. During set-up, each card has a set of registers that
appear at I/O address 100 to 107H (called the POS
registers). Since only one card at a time is in set-up
mode, no address conflicts occur. The circuit also han

65

dles all of the mechanisms required by the POS system,
Such as set-up mode decoding and driving/not driving
the proper signals. In addition to saving valuable board
real estate, it allows the designer to concentrate on
other aspects of the adapter design.

7
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signalled an error condition via the - ERROR input.
This bit is set to one upon reset. For more information.
see the - ERROR pin description. The remaining bits
of register 105 are used for DMA operations. Bit S 0

Card ID: With respect to cards made to connect to an

MCA bus, each adapter type from a manufacturer must
have unique card ID. This is a 16 bit value. Adapter IDs
are generally chosen according to the following table:
d

OO)
EXOX)

Bit 4 is the FAIRNESS bit. When set low, this bit ela

Devict: inct reus
in OFFF

Bus, Master

500) to 5FFF Direct Memory Access Devices
(()()() to bFFF Direct Program Contri (including memory
mapped O)
7(XX) to 7FFF Storage multiple-function adapters
containing strage typically
respond us scrage;
800)
FFFF

through 3 represent the arbitration level for this
adapter. These bits are normally set by the POS system.

Definish

8FFF

wide
Device it attached.

The ID bytes are accessed in POS registers 100 and
101. with the east significant byte corresponding to
register 100. the circuit provides two read strobes,
- 100RD and -101 RD that are used to gate the ID
bytes onto the data bus. The ID may be held in a PROM
or other programmable logic device. or be hardwired
and implemented with three-state or open collector
drivers. The PROM solution offers the most flexibility
as any ID may be programmed and the 'device not
ready ID of OOOOH is also easily implemented. The
3-state solution may offer the lowest cost at the expense

O

5

bles the fairness algorithm. This prevents high priority
arbiters from excluding lower priority arbiters.
Registers 106 and 107: Registers 106 and 107 are
implemented external to circuit. Read and write Strobes
are available for these registers in pin node 2.
Pin Modes: Three pin modes are available on the
circuit. They are selected by strapping the PINMODE
input to Vss for pin mode 0, Vdd for pin mode 1 or
CHRESET for pin mode 2.
Pin Mode 0: This mode provides the most amount of
support for POS controlled relocation of the adapter
resources. The functions of the pins in Mode 0 are de
scribed below:
MFP9.

5

of limited ID choices.

AA

MFP7
MFP
MF5

O

MATCHA
BA
BA

MF:
MF
MFl;
MFPO

O
O
O
O

- MAC
- WACH
- MAC
- MATCH

()
() ()
().
()4()

Register 102: Only Bit O of register 102 has a defined
function in the general MCA specification. It is the
Card Enable bit. Writing a 0 to this bit disables the card.
Conversely, writing a 1 to this bit enables the card.
Typically, this is handled by the POS configuration

Two address fields (AA1:0 and BA2:0) are provided

routines. When this bit is 0, none of the "normal mode"

to input external address bits. The AA bits are continu

signals are generated by the circuit. The state of this bit
is available to the adapter logic as the signal CDEN.

ally compared with POS register 103 bits 7 and 6. The
result of the compare is output on the - MATCH A
pin, with a low signifying a match. Similarly, the BA
bits are continuously compared to four different register

When CDEN is high, the card is enabled. This bit and
CDEN are reset to 0 on a CHRESET. The remaining
bits of register 102 are user-defined. Bits 6 and 7 are
available externally for use by the card designer. They
are available on 102BIT6 and 102BIT7. They are both

fields: Bits 5:3 and bits 2:0 of both POS registers 103 and

reset to 0 on CHRESET.

Register 103: In pin modes 0 and 1, register 103 is
implemented internal to the circuit. These two modes
are used to support relocation. In pin mode 2, register
103 is implemented external to the circuit and may be
used for any function the designer wishes.
Register 104: In pin mode 0, register 104 is imple

45

BA2:0 and POS register 104 bits 2:0 is signified by a low

On - MATCH 104LO,

mented internal to the circuit and is used to support

relocation. In pin modes 1 and 2, register 104 is imple
mented external to the circuit and may be used for
whatever function the designer wishes.
Register 105: Register 105 is always internal to the
circuit. Bit 5 is the SYNC READY bit. When high, it
tells the circuit to remove CD CHRDY synchronously
with the leading edge of the -CMD signal. This causes
the system to perform a 'synchronous extended' trans
fer. When low, CD CHRDY will be removed asyn
chronously. Bit 6 is the -STAT AVAIL bit. This read
only bit may be provided by the adapter logic when it
signals an error condition. When low, this bit signals the
system that the adapter has additional status information
available at POS registers 106 and/or 107. Note that this
bit and function are only available when the circuit is

104. The results of the comparisons are output as fol
lows: A match between BA2:0 and POS register 103
bits 5:3 is signified by a low on - MATCH 103HI. A
match 2 between BA2:0 and POS register 103 bits 2:0 is
signified by a low on - MATCH 103LO. A match
between BA2:0 and POS register 104 bits 5:3 is signified
by a low on -MATCH 104HI. A match between

5

The address inputs may be tied to any address lines

depending on the size of the block being decoded. for
example, if a 1 megabyte memory block was desired to
be relocated at any of the first four 1 megabyte bound

aries, one would tie A20 and A21 to AA1:0. By writing
55

60

the proper bit pattern to POS register 103 in bits 6 and

7, the block could be relocated on one of four possible
1 megabyte boundaries (in the first four megabytes).
The BA lines could be used on the same board to spec
ify relocation address for I/O ports. This would allow
four different blocks of I/O ports to be relocated to any
of eight possible address locations in the range reflected
in the choice of address bits for BA2:0. Of course, addi

tion of the data sheet. Bit 7 is the -CHCK ACTIVE

tional logic would be required externally to further
qualify and decode these addresses.
Note that if these Match outputs are intended to re
main stable throughout the cycle, they, or the address
lines that generate them, must be latched externally.

bit. When low it indicates that the adapter logic has

The AA and BA lines are not latched internally.

operating in pin mode 2. In other modes, this bit always
reads 0. For more explanation, see the Pin Modes sec

65
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Pin Mode 1: This pin mode is very similar to pin
mode 0, except that only register 103 is used to support

higher priority level on the bus than it is trying to assert,
then it is declared a loser. The result is that the higher
priority level will remain on the bus.
At the end of the arbitration cycle (signified by the
CACP dropping the ARB/- GNT line) each device
that participated in the arbitration will know if it won or

relocation internally. This means that only two blocks
are decoded from the BA lines. The AA lines work as in

pin node 0. Instead of using register 104 internally, the
active low read and write strobes are brought out as
104RD and 104WR. The designer may implement regis

ter 104 external to the circuit. The functions of the pins

lost the bus. If the device won, it raises the
- PREEMPT line.

in pin mode 1 are described below.

O
MF)
MFPS
M
MFP
MFPS
MFP
MFP
MFP
MFP
MFP).

AA
AA)
- MATCH a
BA
BA
BAC
- MATCH ()3H
- MACH ()3O
- OR)
- ). WR

O

O
O
()
O

10

that device is declared the winner. If the device sees a

Single Cycle and Burst Mode Transfers: In a single
cycle transfer, the device completes a transfer and the
CACP will raise ARB/- GNT again. In a burst trans
fer, the circuit would have activated the - BURST line

along with - PREEMPT. If it won the bus, it would
continue to assert - BURST until it was done transfer

ring. It signifies the end of transfer by raising the
- BURST line.

During burst transfers. other devices may request the
use of the burst by asserting - PREEMPT The device
that currently owns the bus must release it within 7.5
microseconds by raising the - BURST line. The device
relinquishing the bus is allowed to compete for it again.
If it still has the higher priority, it will win the bus back.
only having been off the bus during the arbitration

Pin Mode 2: In this mode, no relocation support is
provided internally. Instead, active low read and write
strobes for POS registers 103, 104. 106 and 107 are
brought out so that the designer may implement these
registers external to the circuit.

interval.

Fairness: One can see that a high priority device
v9.
MF8
MFP7
MFPh.
MFPS:
MFP4:
MFP
w
MFP
VFP):

D
O
D
O
O

O
()
O

O

could lock out all other devices if it wished. Therefore.

- SAT AWA
-BAD
- OR
- OWR
- ORD
- OWR
- OSRD
- 03WR
- ORO
- 04WR

MCA slave adapters have a “fairness mode. If a device
is “fair' it will not compete for the bus again until all
requesters who were also competing for the bus have
gotten a chance to run their cycles. If everyone is being

fair then all devices that were competing will get the
bus in order of their priority.
DMA Cycle Termination: The MCA bus has a bus
line named -TC for Terminal Count. A low pulse on
this pin signifies that the number of transfers pro
grammed into the DMA controller has been reached. A
DMA slave can use this signal to terminate the transfer
and/or cause an interrupt to the CPU. If this was a burst

The -STAT AVAIL input may be provided by the
card adapter logic when it signals an error condition.
When the system reads this bit as a logic 0 (in POS
register 105 bit 6) it indicates that the card will have
additional status information available in POS registers
106 and 107. Note that this node of operation is only
available when the circuit is operating in pin mode 2.
Otherwise this bit will always be read as a 0.

transfer, the DMA slave must raise - BURST in re

sponse to a -TC. This is known as "DMA Controller

Terminated'. A DMA slave can also raise - BURST
on its own. This is known as 'DMA Slave Termi
The -- BADL is a buffered and inverted version of 45 nated'.

Priority Levels: The priority levels are shown below:

the - ADL pin on the MCA bus.
DMA Operations: The circuit has complete support
for DMA transfers on the MCA bus. It handles DMA

arbitration, single cycle and burst modes, and supports
the fairness algorithm as defined by IBM. Note that the
circuit is not intended for a 'Bus Master' application. It
is intended for DMA slave application-the difference
primarily is that the DMA controller on the system
board still provides address, status and command signals
to the bus.

SO

55

Central Arbitration Control Point (CACP) then raises

the ARB/- GNT line signifying the start of an arbitra
60

1ty.

If any other device also requested the bus, it or they
also assert their priority level on the ARB pins. Each
competing device compares the levels it is driving on
the pins with the levels already on the pins. If the de
vice's priority level is higher than what is on the bus,

sed Fr

Memory Refresh
Error Recovery

DMA Arbitration: A DMA slave requests the use of
the MCA bus by activating the - PREEMPT line. The
tion interval. During this time, the DMA slave drives its
arbitration level onto the 4 ARB pins. There are 16
possible levels, with OOOOH having the highest prior

Priority level

65

OMA r
OMA
DMA Phi
OMA Exor
DMA Port
DMAP
DMA or
DMA Pir
SARE
SPARE
SARE
SARE
SARE
SPARE
SARE

*

4"
S.
to

System Processor

DMA ports 0 and 4 may be reassigned to respond to
any priority level. For example, DMA port 0 could be

4,991.085
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reassigned to respond to level B, and a Bus Master
could then be assigned to level 0.
Level -2 is reserved for memory refresh operations.
Level -1 is used by the system processor when it abso
lutely needs to take control of the bus. Such as during

error recovery operations. These two 'super-levels'
have the highest priority. In fact, their levels never
appear on the ARB pins. Thus, these two levels are
guaranteed to win over anything on the bus.
The system processor normally has a priority level of

12

No Type Symhol
s

. . ()

-4

-continued
Pin Descript 1 in
- AD. in
Menory, in nut ( ) (nut

y lie is . In rr reas it civil inct
directly it the V1C v hus N1 () rin
its Sut is a the Irray with
... A )

O

Status Bt () This signal. In
in unit it in with - \; ( ) ini S.
indici is the ty. , t . . . . th; it is in

-45

F, or the lowest. Therefore, this level may not be used
by a DMA slave.
So... out of 18 levels, only 5 are actually available to
DMA slave cards.

DMA Adapter Logic Signals: The circuit has four
signals that interface to the adapter logic. They are

in regress

connects directly to the M1CA hus
- SO nin, it is the internally
with - ADL See ahle given helw

s

(in hiw – M1, iC). . . S() in
are deckid.

20

- SO and - Slure decided as
follows.
My - O
- S()
Sl Funit (i.
Ruscrwcil
()
()
f}

- DREQ low. The circuit then handles all of the DMA

arbitration functions on the bus. Once the adapter has
won the arbitration, the circuit will respond with
DACK going high.
For single cycle transfers, the adapter logic should
raise - DREQ as soon as DACK goes high. For burst
mode transfers, the adapter logic should first drive

A
()

()

- BURST MODE and then - DREQ low. - BURST

(DMA slave terminated), in which case it would raise

E3
Resurv
(

Mern ry
Wr

Mencry
Read
Restry :
D

- CMD

44

the - DREQ line.

cylics. and which valu as should
be placed in the bus for rc.lc
cycles. It is used with the status if
firmation to general internal and
external read linki writ: Stry hes. It

45

connects directly to the MCA hus
- CMD pin.
RO

O

- CD SFDBK

No. Type Symbol
47

I

- ADL

Pin Description
Address Decode Latch. This signal
is used to latch acidress and status
information from the MCA hus. It

connects directly to the MCA bus

Card Selected Feedback. Euch

memory tyr () slave curd in the
MCA bus drives his in law,
dicate that it has heen sciected

in

(address space decode is true. It is
a function cyf the - CD SEL input,
It is not driven during knfiguration
(POS) or DMA cycles. This tyutput
is a standard t tem-ncle Yu thut, I
connects directly to the MCA hus

- CD SFDBK pin
()

- CD DS. b

60
4
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Card Data Size (h. This link is

driven low ( provide in indication
ihai memory, 'O yr DMA slave 1
capable if 16 hit data transfers it
is not driven by saves that are only
capable of 8 hit transfers. It is a
function of the - DS1 h inn. This
output is a standard tintennile cut
put. It cynicits directly in the

55

follows: MCA Bus Pins

The pins in this group connect directly to the pine of
the same name on the MCA Bus. They meet all timing
and drive specifications of the MCA bus so no external
buffers are required. In the following description the
type of pin is given as I or O for Input or output respec
tively and B for bi-directional.

Command. This Signut is the general
zed data strche. It significs when
data is valid it he hus fyr write

40

SUSPEND.

As shown in FIG. 1, some of the signals connect the
interface chip 11 to the MCA bus 10 and some of the
pins connect the interface chip 11 to the peripheral
device 12. The specific pins and their function is as

()
Write
()

Reu
Reserved

MODE will be latched internally by the leading edge of 30
- DREQ. It must precede - DREQ by 15 nanosec
onds. Transfers will start when DACK goes high. The
logic should continue to assert - DREQ until one of the
following events occur.
35
l. The adapter decides to terminate the cycle itself
2. A - TC pulse occurs signifying the end of the
transfer (DMA Controller terminated). The adapter
logic should raise the -DREQ line.
3. The SUSPEND signal goes high, signifying that
another device has requested the bus. Since the device
does not have to relinquish the bus for 7.5 microsec
onds, the adapter logic can decide to do something
intelligent in response to SUSPEND. It can decide to
complete many more transfers and then relinquish the
bus (as long as it does not violate the 7.5 microsecond
limit), or it can give up the bus immediately. In the latter
case, the adapter logic may simply gate - DREQ with

Sl

Status B1 1. This sigilai. In
conunction with - M. () and -S.
indicutes the lyre it y i? that Y it
progress. It connects tirectly to the
MCA bus – S nin, it is latchel
internally with A). The V12 ( ).

4th

- DREQ, DACK. - BURST MODE and SUSPEND.
The designer familiar with the XT/AT buses and/or

the 8237 will recognize - DREQ and DACK. They
work in essentially the same manner.
To initiate a transfer, the adapter logic drives

his signal

inji cues whether a ?inn try f l ( )

()

CD CHRDY

MCA bus - CD DS 6 nun.
Card Channel Reauy. This life is
used hy a memory kt () live
indicate whether nr not it is ready
to complete the currenthus cylie.
is nonrnaily held high (reudy and
pulled ic w (inct ready } is extenu
the current bus cycle. This line is
generated as u funct in f the

4,991,085
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Type Symbol

14
-continued
in cyniets irectly
ARB GNT pin

-continued
Pin Description
- RDYSTE3 and -. ADPRDY in

nuts. The circuit surports both the
usynchroncus extended and the

7.

B

- REEMT

s

reques the use it c
aiother lus, 1

When the kiln't ki re; it's is .
DMA transir ( , , , RI ( , t w i
rise - PREENT ... it
is
that it has ski the thus, it is Inn in
tors - PREEM
will
it but
and - BURST MODE is utive

Signal the adapler (1 via

bus. They are lutched internally

SUSPEND) that in ther diviet has

und used to select between the POS

requested the hus. This run cinct S
directly to the MCA hus
- PREEMPT nin

registers. They connect directly to
the MCA bus A(). Al and A2 pins.
Channel Reset. This line is asserted

8

- TC

DMA cycle is the as in
a Series
f transfers,
fluct c 1 ( , ! .
- TC pulse. the circuit will release

mode of the multi-function pins are

DACK and – 3 RST 1 til in ,

also established at CHRESET, This
- CD SETUP

the current DM1A cylie. This line
connects directly it the MCA hus

-TC rin
- BURST MODE Burst Mode. This signai is driven low
hy the adult crl
t c 1 indicult that it
hurst DMA cycie is requested. The

s 64

The system logic rrovides a separ
ate - CD SETUP signal to euch

circui will assert . BRST in the

connector slot. While this line is

MCA hus, when - DREQ is sacred

lavv. the POS registers are :cessed. The card's status aid ID
are read at this time and initializa

tion bytes are written. When this

and monitor - PREEMT when
- RURSTMC)) E is utive

bo I - DREQ

line is high, the POS registers may
no longer be accessed. This line
connects directly to the MCA bus

- CD SETUP pin. Circuitry for
the function is not specifically
shown in FCS. 2 to 5,
- CHCK

Channel Check. This signal is used
to indicale a serious error (such as

a memory failure) on un adapter
card. It is a function of the

O

- ERROR input. This line is

DACK

ceared when the circuit receives a

CHRESET. It connects directly to
MCA bus - CHCK pin. Circuitry
for the function is not specifically
shown in FIOS,

granted the bus. DACK will hracket
the entire DMA transfer. It will he

The following pins relate to DMA and bus ARBI

:

AR B3
ARB2
ARBI
ARBO

8 O SUSPEND

3

- DMAEN

if the circuit, improper operatic in if
the chip will resuit unless this pin is

Masers to arbitrate for control of the

The circuit monitors and drives these

lines when competing for the hus. It
provides an indication to the adapter
logic (via the DACK Signal) that it
has won the hus. Thes: lines connect
ARBA-CNT

directly to the MCA bus ARB3:0 pins,
Arbitrate/Grani. A rising edge on this

dropped by the circuit when a - TC
is detected or in response to - DREQ
becoming inactive. at the end of the
current DMA cycle.
Suspend. An active high signal from
the circuit that indicates to the dailer
logic that unclher device has re
empted a burst transfer currently in
progress, and has not yet completed
DMA Enable. This signal should he
tied low to enable the DMA functions

Arbitration Bus Priority Level. These
lines are used by DMA slaves and Bus
bus. They represent and encoded
priority level from () (highest
prinrity) to F hex (lowest priority).

DMA Request. This signal is dry en
iow by the adapter logic, when a
DMA transfer is requested. It causes
the circuit t request the bus anu
compete in the arbitra lion cycle. For
single cycle trusters, the Icarir
}ogic should raise - DREQ it
response to the rising edge f DACK
For burst transfers. the adapter logic
should raise - DREQ in response to a
-TC pulse or the SUSPEND Signal.
DMA Acknowledge. An active
high signal from the circuit that indi
cates to the adapter (gie that it has
won the arbitra licyn und has heen

it 5,

TRATION:

Terminal Couni, A low it is rulse
(in this line nucates that the current

initialized in CHRESE. The

line connects directly to the MCA
bus CHRESET pin.
Card Setun. This line is driven lov
to place the curd in set-up mode.

; is wits the his

The circuit drives . REEMETE w

Address Bits () through . The three

high to reset Yr initialize all ada
ters to their power-up state. All
internal registers in the circuit are

\, it is us:

also he nichnic real hy, incinn i t ... Sl

low order address lines from the

CHRESET

Freempt. This ille is iriv en law hy
DMA Slaves it! 3 S v Siers 1

"synchroni Yus x tenuied really
nodes through a programmable
opt in bit. This cutput is a standard
totem-pole (Yutput. It connects
directly t the MCA bus CD
CHRDY pin.
A.
Al
AO

M1C. hu

tied it w.

Adapter Logic Pins: The pins in this group. in addi
tion to the Multi-Function Pins, provide the interface
between the adapter logic circuits and the interface
circuit. All of the following pins connect the circuit 11
to device 12.

line indicates the start of an

arbitration interval. during which all
adapters requesting control of the bus
compete via the - ARB3:() lines. The
falling edge of this signal indicates the

7 O - MEMR

end of the arbitration interval and the

8 O - MEMW

grant of the bus to the winner. This

Memory Read. This signal is an active

low memory read stribe. It is Ictive for
any memory read cycle. It is also utive
during - RE FRESH
Memory Write. This signal is an active
low memory write strobe. It is active for

15
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16
-continued

-continued
s

()

. OR

()

- (),

any ment ry writu cycle
() Reid. This sini is an icy & lovy
() read St rhe. I is utive for any l{}
reuk cycle.

S

- CD SEL

retiri in its hit CaR)

s

extrinu

his

( ) Write has signal is an active inw
() write Stry her. It is active for uny ()
write lyric.

Card Select. The Idupler icgic drives
this signal w to indicate that it has
heer addressed. It shyuld he a cymposite
Select if both 'O and memory addresses
if upplicable. It must reflect unlatched

ity

()

- BUFEN

()

- BUFENH

which is lates the high ruler lia; its
from the adapter lic und the if it
from the MCA bus dai. his pits. The high
hyte transceiver is nix chic t w it the
adapter ltgic has indi tuki i v 1. DS it

Dai: Size 6. The udupier logic drives
this signal low to indicate a 16 bit data
path. Conversey. a high on this line
indicates an 8 bit data path. This
Signal shuuld be hased on a decode of the
()

7

BUFDR

transvers Shuki all v. 1;
D7
Dh
s
D.4
D
D
D
D

s sh

bidirectional luta hus use it
(mmunicate data to a frt run tic' Iru

They must he isolacu from the MCA hus
with a transceiver, which would normally
be the same trans 'v'er used is it
the low lyrier data hus
he res.
he

35

to 5.

adapter logic.

Adapter Ready. An active low signal from
the adapter lgic indicating that the
uddressed pyrtion of the adapter is slow
and will require the cycle ico be
extended. This signal should be based on

Multi-Function

Pins: The multi-function pins

(MFP0:9) are a group of 10 pins whose function are
changed by a strapping option. For the most part, the

an un-luched decide of the address
information. A low condition causes the
ruit to lower the CD CHRDY line in

function of these pins is related to POS support. De
pending on the mode, varying amounts of relocation
support are provided.
45
O

1

PN.
MODE

Pinmode, This pin is tied one of three
ways to determine which mycie the nulti

function pins are in. If his innu is
tied to Vss. Din mode () will be selected
i? tied to W dd, pin mode will be

circuit will raise the CD CHROY line on
the MCA bus.

selected. If tied to CHRESET, pin mode

Card Enabled. This signal reflects the
state of hi () in POS register 102. When
high it indicates to the adapter logic

CHRESET and is not intended to hu

2 will he selected. Nye hat the state

of this pit is samplied in wr-un in

charged "on-the-fly Errors in
the neration of the circuit will fesuit

that he card has heen enabled for normal

(peration. According to the MCA
specification. all outputs to the MCA bus
(except those necessary for POS
operation) should be de-gated when this
signal is ow. The circuit does this for
all is applicable lines that are tied
directly to the MCA bus. This line will
he set low following a CHRESET.

O . ORD
O - OORO

it w

Data Bus Bits through ). This is the

error occurred) even after the - ERROR

O POSOBeh
O POS ()237

t?

Ynts the adult card.

This bit will slay at () (indication an

the MCA bus, it is removed by
-- RDYSTE3 for asynchronous extended
cycles and by the leading edge of - CMD
or Synchronous extended cycles.
Ready Strobe. The adapter logic causes a
rising a edge on this line to tell the
circuit that it is ready to complete the
cycle. In response to this edge, the

Buffer Direction. This in it contri is

transceivers. A high in this nin
indical c that I write y le. She is:
heri Yrinned in the MCA huS ini in a

udapter logic. The fact that an error
thccurred is latched internally und made
available as hit 7 set-up register 105

FIGS.

v 'r

the directic in if the exterili lit: his

uctions will actually clear the error.
The - ERROR line must be raised by the

line is raised. lt is set by writing a
to the surne location. Circuitry for the
function is not specifically shown in

cluble in 'Merial trix

that
h-hit all area has hurlin
adultessed,

Error. The adapter logic drives this
signal iv to indicate that an error
asserted on the MCA Bus. lt will go
inactive when he card is disahied by
writing a t () () bit of POS register ()2
or during channel reset. None cyf these

O CDEN

. . it's

from the Idrier lingle ult the 1rcuit
from the MCA hus data hus ris
Buffer Enahis. High By it. This unut is
used

condition has (ccurred. A low level 1 ERROR causes the - CHCK line () be

- RDYSTEB

the in why it

and . () IRD is the higi hyte
Buffer Enable I w Byte This tutput is

Signal internally in order to generate

Sinc card

.4

the lit.

audresses. The circuit latches this

data paths are to be supported on the

- ADPRDY

1

which is is the la vs. . . . .

O

uillaicheducidresses if both 8 and if bit
. ERROR

I) tint in 11 it

1(X RI) et r resin inds

used to enahik in cyterial triinst v c

Stahle Strobes and enables.
. OS

) Ties

ret sers it it it vist in the fruit.
st these line's mush usu's ; , . g .

-

O
9

60 16
s

POS Register 102 Bits 6 and 7. These
lines reflect the state of POS register
102 bits hand 7. They are available for
general purpose use by the adapter logic.
They are reset to () by CHRESET

POS Register 100 and 101 Read. These
signals are active low read strobes
corresponding to POS registers that

:
O

-

l
13

()
O
O
()

MFP)
MFP8
MFP7
MFP
MFPS
MFP4
MFP3
MFP
MFP
MFP)

Multi-function Pins ()-9. The function (f

the pins in the various pin nicles is

described above under in node (), etc.

65 The following pins supply power to the circuit.
18.5
Vdd Power Supply
Wiss Ground

17
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implemented. The detailed logic 4 (as contrasted to the
functions performed) is not particularly important to
the present invention; however, it is shown in the inter
est of completeness. The novelty in the present inven

that the high order data buffers are to he enabled. Cir

s

tion is directed to the combination of functions, how

they have been partitioned and implemented, and the

O

new signals that have been provided.

cuit 503 blocks the CDSEL signal from being generated
as the MCA bus CD SFDBK signal if the circuit is in
Setup mode. if the card is not enabled, or if a DMA
transfer is in progress. Circuit 506 combines the internal
command signals and generates the BUFENL Bl
FENH and BUFDR signal.
While a particular embodiment of the invention has
been shown and claimed, it should be clearly under

stood that the invention is not limited to the Specific
embodiment shown herein. Many modifications may be

The logical circuit diagrams in FIGS. 2, 3, 4 and 5
will now be explained.
FIG. 2 shows logic to implement the Bus Arbitration
Control 11c. The circuit consists of five interconnected 5

logic circuits 203, 204, 205, 206 and 207. Circuit 205
accepts the four bit signal on line 205A which describe
the arbitration level of the bus and it generates the
MCA coded arbitration signals. The circuit in effect
tries to put the name of the circuit on the MCA bus. The
signals 105O0 to 105O3 originate in the circuit 406

made without departing from the spirit and scope of the
invention. The description of a specific embodiment is
not meant to limit the scope of the invention. It is con
templated and specifically stated that the applicants
inventions covers all modifications and alternatives to

the specific embodiment shown which may fall within

the words and spirit of the appended claims. It is to be
fully understood that all of the foregoing is intended to
be merely illustrative and is not to be construed or inter

shown in FIG. 4 and hereinafter described. It is noted

preted as being restrictive or otherwise limiting of the

that the lines ARB0 to ARB3 both go into and out of
the circuit indicating that the circuit keeps trying to put
the signal on the MCA bus until the operation is suc

present invention.
I claim:

cessful.

Circuit 203 accepts the signals that represent a local
request for service and this circuit generates MCA arbi
tration request signal until circuit 204 indicates that the
request has been serviced and that it is complete. Circuit
204 accepts the local request for service signals and the
BUSGRANT signal indicating that the request has won
approval and it genrates the DACK signal.

18

not enabled. Latch 504 stores information to indicate

Logical circuits for implementing the functions of the
present invention are shown in FIGS. 2, 3, 4 and 5.
These circuits 2 are merely one example as to how the
previously explained set of functions can be logically

30

1. An integrated circuit for use in connecting a pe
ripheral device to a microchannel bus, said microchan
nel bus including command and status lines, a channel
reset line. bus arbitration control lines, including a pre
empt line, a arbitrate/grant line and four arbitration bus
priority level (ARB) lines, address lines. data lines, a
refresh line, and a channel ready line, Said integrated
circuit comprising:

Circuit 206 accepts the signals indicating that the bus
has been "won' together with several other signals and
it determines when the bus must be relinquished. Circuit
207 accepts the BURST MODE signal and it deter
mines whether or not to pass a BURST signal to the

command decode means, coupled to said command
and status lines, for generating memory read, men
ory write, I/O read and 1/O write output signals:
a plurality of programmable option select (POS) reg

MCA bus.

register control logic means, coupled to a plurality of

The circuit in FIG. 3 is logic that changes the func
tion of the multifunction pins. There are five compara
tors 301 to 305 and a multiplexer 306. The comparators
301 to 305 in effect compare actual addresses to a stored
address. Which signals are gated to the output of multi
plexer 306 is determined by the Pin Mode (PMODE)

isters:

45

selected by circuit 401.

FIG. 4 shows the implementation of the POS regis
ters and the POS register control. Circuit 406 is the
actual register storage. Multiplexer 405 determines
which register is selected for Readback. Circuit 401 sets
the pin mode. The circuit obtains three modes from one
pin by looking at the PINMODE signal before and after
the RESET signal. If a change is detected, this is taken

SO

55

403 takes the low order bits and latches the information

when the circuit is in set-up mode. It decodes the three
input line into a one out of eight code. Circuit 407 takes
the latched commands and generates the traditional
peripheral control signals.
The circuit shown in FIG. 5 allows the peripheral
device to extend the cycle on the MCA bus in either of
two ways. Circuit 501 combines the signals shown to
generate the CD Ready signal. Circuit 502 accepts the
signal that describe the data size that the peripheral
device wants to transfer, and it holds the signal to the
MCA bus if the circuit is in set up mode or if the card is

puts coupled to a group of pins of a first portion of

said multifunction pins, and outputs coupled to a

as an indication of the third Pin node.

Circuit 402 saves the status and set up signals from the
MCA bus when the ADL signal is activated. Circuit

said command and status lines, for generating read
and write signals for said POS registers:
a plurality of multifunction pins;
a plurality of comparators having first inputs coupled
to selected ones of said POS registers, second in

60

second portion of said multifunction pins; and
pin mode control means, responsive to a pin mode
input, for coupling said first portion of Said multi
function pins to said second comparator inputs and
coupling said comparator outputs to said second
portion of multifunction pins in a first mode, for
providing a first number of said POS register read
and write signals to a first number of said multi
function pins in place of a first member of said
comparator outputs in a second mode, and for
providing a second number, greater than said first
number, of said POS register read and write signals
to said multifunction pins in a third mode.
2. An integrated circuit for use in connecting a pe
ripheral device to a microchannel bus, said microchan
nel bus including command and status lines, a channel
reset line, bus arbitration control lines, including a pre

65

empt line, a arbitrate/grant line and four arbitration bus
priority level (ARB) lines, address lines, data lines, a
refresh line, and a channel ready line, said integrated
circuit comprising:

4,991,085
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command decode means, coupled to said command
and status lines, for generating memory read, mem
ory write. I/O read and I/O write output signals:
a priority level register for storing a priority level of

20
pin mode control means. responsive to a pin mode
input, for coupling said first portion of said multi
function pins to said second comparator inputs and
coupling said comparator outputs to said second
said peripheral device:
5
portion of multifunction pins in a first mode, for
bus arbitration control means, coupled to said bus
providing a first number of said POS register read
arbitration control lines, for comparing bits on said
and write signals to a first number of said multi
ARB lines to said priority level in response to a
function pins in place of a first number of Said com
signal on said arbitrate/grant line, for providing a
parator outputs in a second mode, and for provid
signal on said preempt line in response to a DREQ 10
ing a second number, greater than Said first num
signal from said peripheral device, for providing a
ber, of said POS register read and write signals to
DACK signal to said peripheral device if said pri
said multifunction pins in a third mode.
ority level has a priority equal to said ARB bits to
3. The integrated circuit of claim 1 or 2 wherein said
give said peripheral device control of said micro pin mode input is tied to one of a fixed low level and a
channel bus, and for generating a SUSPEND out 15 fixed high level for said first and second modes and is
put signal when said peripheral device has control tied to said channel reset line for said third mode.
of said microchannel bus and a signal is detected on
4. The integrated circuit of claim 1 or 2 wherein said
said preempt line from another device coupled to pin mode control means includes a multiplexer having
said microchannel bus;
inputs coupled to a portion of said POS register read
a plurality of programmable option select (POS) reg- 20 and write lines and a portion of said comparator out
isters:
puts. said multiplexer having outputs coupled to a pot
register control logic means, coupled to a plurality of tion of said multifunction pins and further comprising
said command and status lines, for generating read pin mode logic coupling said pin mode input to a select
input of said multiplexer.
and write signal for said POS registers:
25
a plurality of multifunction pins:
5. The integrated circuit of claim 4 further compris
a plurality of comparators having first inputs coupled ing a tri-state buffer coupling a portion of said POS
to selected ones of said POS registers, second in register read and write lines to a portion of said multi
puts coupled to a group of pins of a first portion of function pins, said tri-state buffer having an enable input
said multifunction pins, and outputs coupled to a coupled to an output ofseSaidk pin
mode
logic.
sk
k
30
second portion of said multifunction pins; and
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