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I. INTRODUCTION

A significant measure of the power and flexibility
of the Intel OEM Computer Product Line can be
attributed to the design of the Intel MULTIBUS
system bus. The bus structure provides a common
element for communication between a wide
variety of system modules which include: Single
Board Computers, memory, digital, and analog
1/0 expansion boards, and peripheral controllers.

The purpose of this application note is to help you
develop a working knowledge of the Intel MULTI-
BUS specification. This knowledgeis essential for
configuring a system containing multiple mod-
ules. Another purpose is to provide you with the
information necessary to design a bus interface for
a slave module. One of the tools that will beused to
achieve this goal is the complete description of a
MULTIBUS slave design example. Other portions
of this application note provide an in depth
examination of the bus signals, operating charac-
teristics, and bus interface circuits.

This application note was originally written in
1977. Since 1977, the MULTIBUS specification
has been significantly expanded to cover opera-
tion with both 8 and 16-bit system modules and
with an auxiliary power bus. This application
note now contains information on these new
MULTIBUS specification features.

In addition, a detailed MULTIBUS specification
has also been published which provides the user
with further information concerning MULTIBUS
interfacing. The MULTIBUS specification and
other useful documents are listed in the overleaf of
this note under Related Intel Publications.

II. MULTIBUS™ SYSTEM BUS
DESCRIPTION

Overview

The Intel MULTIBUS signal lines can be grouped
in the following categories: 20 address lines, 16
bidirectional data lines, 8 multilevel interrupt
lines, and several bus control, timing and power
supply lines. The address and data lines are
driven by three-state devices, while the interrupt
and some other control lines are open-collector
driven.

Modules that use the MULTIBUS system bus have
a master-slave relationship. A bus master module
can drive the command and address lines: it can
control the bus. A Single Board Computer is an
example of a bus master. A bus slave cannot
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control the bus. Memory and I/0 expansion
boards are examples of bus slaves. The MULTI-
BUS architecture provides for both 8 and 16-bit
bus masters and slaves.

Notice that a system may have a number of bus
masters. Bus arbitration results when more than
one master requests control of the bus at the same
time. A bus clock is usually provided by one of the
bus masters and may be derived independently
from the processor clock. The bus clock provides a
timing reference for resolving bus contention
among multiple requests from bus masters. For
example, a processor and a DMA (direct memory
access) module may both request control of the
bus. This feature allows different speed masters to
share resources on the same bus. Actual transfers
via the bus, however, proceed asynchronously
with respect to the bus clock. Thus, the transfer
speed is dependent on the transmitting and
receiving devices only. The bus design prevents
slow master modules from being handicapped in
their attempts to gain control of the bus, but does
not restrict the speed at which faster modules can
transfer data via the same bus. Once a bus request
is granted, single or multiple read/write transfers
can proceed. The most obvious applications for the
master-slave capabilities of the bus are multi-
processor configurations and high-speed direct-
memory-access (DMA) operations. However, the
master-slave capabilities of the bus are by no
means limited to these two applications.

MULTIBUS™ Signal Descriptions

This section defines the signal lines that comprise
the Intel MULTIBUS system bus. These signals
are contained on either the P1 or P2 connector of
boards compatible with the MULTIBUS specifi-
cation. The P1 signal lines contain the address,
data, bus control, bus exchange, interrupt and
power supply lines. The P2signal lines contain the
optional auxiliary signal lines. Most signals on
the bus are active-low. For example, a low level on
a control signal on the busindicates active, while a
low level on an address or data signal on the bus
represents logic “1” value.

NOTE

In this application note, a signal will be
designated active-low by placing a slash (/)
after the mnemonic for the signal.

Appendix A contains a pin assignment list of the
following signals:



MULTIBUS P1 Signal Lines —

Initialization Signal Line

INIT/

Initialization signal; resets the entire system to
a known internal state. INIT/ may be driven by
one of the bus masters or by an external source
such as a front panel reset switch.

Address and Inhibit Lines

ADRO/ - ADR13/

20 address lines; used to transmit the address of
the memory location or I/0 port to be accessed.
The lines are labeled ADRO/ through ADR9/,
ADRA/ through ADRF/ and ADR10/ through
ADR13/. ADR13/ is the most significant bit.
8-bit masters use 16 address lines (ADRO/ -
ADRF/) for memory addressing and 8 address
lines (ADRO/ - ADR7/) for 1/0 port selection.
16-bit masters use all twenty address lines for
memory addressing and 12 address lines
(ADRO/ - ADRB/) for 1/0 port selection. Thus,
8-bit masters may address 64K bytes of memory
and 256 1/0 devices while 16-bit masters may
address 1 megabyte of memory and 4096 1/0
devices. (The 8086 CPU actually permits 16
address bits to be used to specify I/0 devices,
the MULTIBUS specification, however, states
that only the low order 12 address bits can be
used to specify I/0 ports.) In a 16-bit system,
the ADRO/ line is used to indicate whether alow
(even) byte or a high (odd) byte of memory or
1/0 space is being accessed in a word oriented
memory or I/0 device.

BHEN/

Byte High Enable; the address control line
which is used to specify that data will be trans-
ferred on the high byte (DAT8/ - DATF/) of the
MULTIBUS data lines. With current iSBC
boards, this signal effectively specifies that a
word (two byte) transfer is to be performed. This
signal is used only in systems which incorporate
sixteen bit memory or I/0 modules.

INH1/

Inhibit RAM signal, prevents RAM memory
devices from responding to the memory address
on the system address bus. INH1/ effectively
allows ROM memory devices to override RAM
devices when ROM and RAM memory are
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assigned the same memory addresses. INH1/
may also be used to allow memory mapped 1/0
devices to override RAM memory.

INH2/

Inhibit ROM signal; prevents ROM memory
devices from responding to the memory address
on the system address bus. INH2/ effectively
allows auxiliary ROM (e.g., a bootstrap pro-
gram) to override ROM devices when ROM and
auxiliary ROM memory are assigned the same
memory addresses. INH2/ may also be used to
allow memory mapped 1/0 devices to override
ROM memory.

Data Lines

DATO/ - DATF/

16 bidirectional data lines; used to transmit or
receive information to or from a memory loca-
tion or I/0 port. DATF/ being the most signifi-
cant bit. In 8-bit systems, only lines DATO/ -
DAT7/ are used (DAT7/ being the most signi-
ficant bit). In 16-bit systems, either 8 or 16 lines
may be used for data transmission.

Bus Priority Resolution Lines

BCLK/

Bus clock; the negative edge (high to low) of
BCLK/ is used to synchronize bus priority re-
solution circuits. BCLK/ is asynchronous to the
CPU clock. It has a 100 ns minimum period and
a 35% to 65% duty cycle. BCLK/ may be slowed,
stopped, or single stepped for debugging.

CCLK/

Constant clock; a bus signal which provides a
clock signal of constant frequency for unspeci-
fied general use by modules on the system bus.
CCLK/ has a minimum period of 100 ns and a
35% to 65% duty cycle.

BPRN/

Bus priority in signal; indicates to a particular
master module that no higher priority module
is requesting use of the system bus. BPRN/ is
synchronized with BCLK/. This signal is not
bused on the backplane. -



BPRO/

Bus priority out signal; used with serial (daisy
chain) bus priority resolution schemes. BPRO/
is passed to the BPRN/ input of the master
module with the next lower bus priority. BPRO/
is synchronized with BCLK/. This signal is not
bused on the backplane.

BUSY/

Bus busy signal; an open collector line driven
by the bus master currently in control toindicate
that the bus is currently in use. BUSY/ prevents
all other master modules from gaining control
of the bus. BUSY/ is synchronized with BCLK/.

BREQ/

Bus request signal; used with a parallel bus
priority network to indicate that a particular
master module requires use of the bus for one
or more data transfers. BREQ/ is synchronized
with BCLK/. This signal is not bused on the
backplane.

CBRQ/

Common bus request;, an open-collector line
which is driven by all potential bus masters
and is used to inform the current bus master
that another master wishes to use the bus. If
CBRQ is high, it indicates to the bus master
that no other master is requesting the bus, and
therefore, the present bus master can retain the
bus. This saves the bus exchange overhead for
the current master.

Information Transfer Protocol Lines

A bus master provides separate read/write
command signals for memory and 1/0 devices:
MRDC/, MWTC/, IORC/ and IOWC/, as ex-
plained below. When a read/write command is
active, the address signals must be stabilized at all
slaves on the bus. For this reason, the protocol
requires that a bus master must issue address
signals (and data signals for a write operation) at
least 50 ns ahead of issuing aread /write command
to the bus, initiating the data transfer. The bus
master must keep address signals unchanged until
at least 50 ns after the read/write command is
turned off, terminating the data transfer.

Abusslave must provide an acknowledge signal to
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the bus master in response to a read or write
command signal.

MRDC/

Memory read command; indicates that the
address of a memory location has been placed
on the system address lines and specifies that
the contents (8 or 16 bits) of the addressed
location are to be read and placed on the system
data bus. MRDC/ is asynchronous with respect
to BCLK/.

MWTC/

Memory write command; indicates that the
address of a memory location has been placed
on the system address lines and that data (8 or
16 bits) has been placed on the system data bus.
MWTC/ specifies that the data is to be written
into the addressed memory location. MWTC/ is
asynchronous with respect to BCLK/.

IORC/

1/0 read command; indicates that the address
of an input port has been placed on the system
address bus and that the data (8 or 16 bits) at
that input port is to be read and placed on the
system data bus. IORC/ is asynchronous with
respect to BCLK/.

IOWC/

1/0 write command; indicates that the address
of an output port has been placed on the system
address bus and that the contents of the system
data bus (8 or 16 bits) are to be output to the
address port. IOWC/ is asynchronous with
respect to BCLK/.

XACK/

Transfer acknowledge signal; the required
response of a slave board which indicates that
the specified read/write operation has been
completed. That is, data has been placed on, or
accepted from, the system data bus lines.
XACK/ is asynchronous with respect to BCLK/.

Asynchronous Interrupt Lines

INTO/ - INT7/

8 Multi-level, parallel interrupt request lines;



used with a parallel interrupt resolution net-
work. INTO/ has the highest priority, while
INT7/ has lowest priority. Interrupt lines
should be driven with open collector drivers.

INTA/

Interrupt acknowledge; an interrupt acknowl-
edge line (INTA/), driven by the bus master,
requests the transfer of interrupt information
onto the bus from slave priority interrupt con-
trollers (8259s or 8259As). The specific informa-
tion timed onto the bus depends upon the
implementation of the interrupt scheme. In
general, the leading edge of INTA/ indicates
that the address bus is active while the trailing
edge indicates that data is present on the data
lines. '

MULTIBUS P2 Signal Lines — The signals
contained on the MULTIBUS P2 auxiliary con-
nector are used primarily by optional power
back-up circuitry for memory protection. P2
signals are not bused on the backplane, and
therefore, require a separate connector for each
board using the P2 signals. Present iSBC boards
have a slot in the card edge and should be used
with a keyed P2 edge connector. Use of the P2
signal lines is optional.

ACLO

AC Low; this signal generated by the power
supply goes high when the AC line voltage
drops below a certain voltage (e.g., 103v AC in
115v AC line voltage systems) indicating D.C.
power will fail in 3 msec. ACLO goes low when
all D.C. voltages return to approximately 95%
of the regulated value. This line must be pulled
up by the optional standby power source, if one
is used.

PFIN/

Power fail interrupt; this signal interrupts the
processor when a power failure occurs, it is
driven by external power fail circuitry. ’

PFSN/

Power fail sense; this line is the output of a
latch which indicates that a power failure has
occurred. It is reset by PFSR/. The power fail
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sense latch is part of external power fail cir-
cuitry and must be powered by the standby
power source.

PFSR/

Power fail sense reset; this line is used to reset
the power fail sense latch (PFSN/).

MPRO/

Memory protect; prevents memory operation
during period of uncertain DC power, by in-
hibiting memory requests. MPRO/ is driven
by external power fail circuitry.

ALE

Address latch enable; generated by the CPU
(8085 or 8086) to provide an auxiliary address
latch.

HALT/
Halt; indicates that the master CPU is halted.

AUX RESET/

Auxiliary Reset; this externally generated sig-
nal initiates a power-up sequence.

WAIT/

Bus master wait state; this signal indicates
that the processor is in a wait state.

Reserved — Several P1 and P2 connector bus
pins are unused. However, they should be regard-
ed as reserved for dedicated use in future Intel
products.

Power Supplies — The power supply bus pins
are detailed in Appendix A which contains the
pin assignment of signals on the MULTIBUS
backplane.

It is the designer’s responsibility to provide
adequate bulk decoupling on the board to avoid
current surges on the power supply lines. Itis also
recommended that you provide high frequency



decoupling for the logic on your board. Values of
22uF for +6v and +12v pins and 10uF for -5v and
-12v pins are typical on iSBC boards.

Operating Characteristics

Beyond the definition of the MULTIBUS signals
themselves, it is important to examine the
operating characteristics of the bus. The AC
requirements outline the timing of the bus signals
and in particular, define the relationships between
the various bus signals. On the other hand, the DC
requirements specify the bus driver character-
istics, maximum bus loading per board, and the
pull-up/down resistors.

The AC requirements are best presented by a
discussion of the relevant timing diagrams.
Appendix B contains a list of the MULTIBUS
timing specifications. The following sections will
discuss data transfers, inhibit operations, inter-
rupt operations, MULTIBUS multi-master opera-
tion and power fail considerations.

Data Transfers — Data transfers on the MULTI-
BUS system bus occur with a maximum band-
width of 5 MHz for single or multiple read/write
transfers. Due to bus arbitration and memory
access time, a typical maximum transfer rate is
often on the order of 2 MHz.

Read Data

Figure 1 shows the read operation AC timing
diagram. The address must be stable (tAg) for a
minimum of 50 ns before command (IORC/ or
MRDC/). This time is typically used by the bus
interface to decode the address and thus provide
the required device selects. The device selects
establish the data paths on the user system in
anticipation of the strobe signal (command)
which will follow. The minimum command pulse
width is 100 ns. The address must remain stable
for at least 50 ns following the command (t o).
Valid data should not be driven onto the bus prior
to command, and must not be removed until the
command is cleared. The XACK/ signal, which is
a response indicating the specified read/write
operation has been completed, must coincide or
follow both the read access and valid data (tpyxp)-
XACK/ must be held until the command is cleared

(tXAH)-
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Figure 1. Read AC Timing
Write Data

The write operation AC timing diagram is shown
in Figure 2. During a write data transfer, valid
data must be presented simultaneously with a
stable address. Thus, the write data setup time
(tpg) has the same requirement as the address
setup time (tpg). The requirement for stable data
both before and after command (IOWC/ or
MWTC/) enables the bus interface circuitry to
latch data on either the leading or trailing edge of

command.
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Figure 2. Write AC Timing
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Data Byte Swapping in 16-bit Systems

A 16-bit master may transfer data on the MULTI-
BUS data lines using 8-bit or 16-bit paths
depending on whether a byte or word (2 byte)
operation has been specified. (A word transfer
specified with an odd I/0 or memory address will
actually be executed as two single byte transfers.)
An 8-bit master may only perform byte transfers
on the MULTIBUS data lines DATO0/ - DAT7/.

In order to maintain compatibility with older
8-bit masters and slaves, a byte swapping buffer
is included in all new 16-bit masters and 16-bit
slaves. In the iSBC product line, all byte transfers
will take place on the low 8 data lines DATO/ -
DAT7/. Figure 3 contains a example of 8/16-bit



data driver logic for 16-bit master and slave
systems. In the 8/16-bit system, there are three
sets of buffers; the lower byte buffer which
accesses DATO/ - DAT7/, the upper byte buffer
which accesses DAT8/ - DATF/, and the swap
byte buffer which accesses the MULTIBUS data
lines DATO/ - DAT7/ and transfers the data
to/from the on-board data bus lines D8 - DF.

Figure 4 summarizes the 8 and 16-bit data paths
used for three types of MULTIBUS transfers. Two
signals control the data transfers.

Byte High Enable (BHEN/) active indicates that
the bus is operating in sixteen bit mode, and
Address Bit 0 (ADRO0/) defines an even or odd byte
transfer address.

On the first type of transfer, BHEN/ is inactive,
and ADRQO/ is inactive indicating the transfer of
an even eight bit byte. The transfer takes place
across data lines DATO/ - DAT7/.

On the second type of transfer, BHEN/ isinactive,
and ADRO/ is active indicating the transfer of a
high (odd) byte. On this type of transfer, the odd
(high) byte is transferred through the Swap Byte
Buffer to DATO0/ - DAT7/. This makes eight bit
and sixteen bit systems compatible.

USER BUS

MULTIBUS

DATO/-DAT7/
+

| DATO/
8 |4t DATF/

LOWER
BYTE
BUFFER 8287
DO-D7‘IIII....II-I--I’ A B
OE T
DIRECTION
SWAP
BYTE ¥
BUFFER 8287
N
P A
OE.T
T
8287
4 h 4 N
D8-DF 4 P A
74500 SWAP OE
BUFFERED, BYTE/ -_|
ADRO
AEN/ 74532
74504 74532

4
DAT8/-DATF/

Figure 3. 8/16-Bit Data Drivers

BUFFER

16-BIT DEVICE MULTIBUS BHEN/ ADRO/ " MULTIBUS DEVICE
: . TRANSFER BYTE
. DATA PATH TRANSFERRED
DATO/ - DAT7/
H H 8-BIT, EVEN
DATO/ - DAT7/
DATB8/ - DATF/
- DAT7/
|
| H L 8-BIT, oDD
: DATO/ - DAT7/
- DAT7/
L H 16-BIT, EVEN
DATO/ - DATF/ AND
oDD
- DATF/

Figure 4. 8/16-Bit Device Transfer Operation
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The third type of transfer is a 16 bit (word)
transfer. This is indicated by BHEN/ being
active, and ADRO/ being inactive. On this type of
transfer, the low (even) byte is transferred on
DATO/ - DAT7/ and the high (odd) byte is
transferred on DAT8/ - DATF/.

Note that the condition when both BHEN/ and
ADRO/ are active is not used with present iSBC
boards. This condition could be used to transfer a
high odd byte of data on DAT8/ - DATF/, thus
eliminating the need for the swap byte buffer.
However, this is not a recommended transfer type,
because it eliminates the capability of communi-
cating with 8-bit modules.

Inhibit Operations — Bus inhibit operations are
required by certain bootstrap and memory mapped
I/0 configurations. The purpose of the inhibit
operation is to allow a combination of RAM, ROM,
or memory mapped I/0 to occupy the same
memory address space. In the case of a bootstrap,
it may be desirable to have both ROM and RAM
memory occupy the same address space, selecting
ROM instead of RAM for low order memory only
when the system is reset. A system designed to use

memory mapped 170, which has actual memory
occupying the memory mapped I/0 address
space, may need to inhibit RAM or ROM memory
to perform its functions.

There are two essential requirements for a success-
ful inhibit operation. The first is that the inhibit
signal must be asserted as soon as possible, within
a maximum of 100 ns (tQ]), after stable address.
The second requirement for a successful inhibit
operation is that the acknowledge must be delayed
(tXACKB) to allow the inhibited slave to ter-
minate any irreversible timing operations in-
itiated by detection of a valid command prior to its
inhibit.

This situation may arise because a command can
be asserted within 50 ns after stable address (tpoS)
and yet inhibit is not required until 100 ns (t{p)
after stable address. The acknowledge delay time
(tXACKB) is a function of the cycle time of the
inhibited slave memory. Inhibiting the iSBC 016
RAM board, for example, requires a minimum of
1.5 usec. Less time is typically needed to inhibit
other memory modules. For example, theiSBC 104
board requires 475 ns.

Figure 5 depicts a situation in which both RAM
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XACK/
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Yip |

—
| l
-

(PROM)
INH1/ \

LOCAL
SELECT/

Figure 5. Inhibit Timing




and PROM memory have the same memory
addresses. In this case, PROM inhibits RAM,
producing the effect of PROM overriding RAM.
After address is stable, local selects are generated
‘for both the PROM and the RAM. The PROM local
select produces the INH1/ signal which then
removes the RAM local select and its driver enable.
Because the slave RAM has been inhibited after it
had already begun its cycle, the PROM XACK/
must be delayed (tXACKRB) until after the latest
possible acknowledgement from the RAM

(tXACKA)-

Interrupt Operations — The MULTIBUS inter-
rupt lines INT0/ - INT7/ are used by a MULTI-
BUS master to receive interrupts from bus slaves,
other bus masters or external logic such as power
fail logic. A bus master may also contain internal
interrupt sources which do not require the bus
interrupt lines to interrupt the master. There are
two interrupt implementation schemes used by
bus interrupts, Non Bus Vectored Interrupts and
Bus Vectored Interrupts. Non Bus Vectored
Interrupts do not convey interrupt vector address
information on the bus. Bus Vectored Interrupts
are interrupts from slave Priority Interrupt Con-
trollers (PICs) which do convey interrupt vector

address information on the bus.

Non Bus Vectored Interrupts

Non Bus Vectored Interrupts are those interrupts
whose interrupt vector address is generated by the
bus master and do not require the MULTIBUS
address lines for transfer of the interrupt vector
address. The interrupt vector address is generated
by the interrupt controller on the master and
transferred to the processor over thelocal bus. The
source of the interrupt can be on the master module
or on other bus modules, in which case the bus
modules use the MULTIBUS interrupt request
lines (INTO/ - INT7/) to generate their interrupt
requests to the bus master. When an interrupt
request lineis activated, the bus master performs it
own interrupt operation and processes the inter-
rupt. Figure 6 shows an example of Non Bus
Vectored Interrupt implementation.

Bus Vectored Interrupts

Bus Vectored Interrupts (Figure 7) are those inter-
rupts which transfer the interrupt vector address
along the MULTIBUS address lines from the
slave to the bus master using the INTA/ command
signal for synchronization.

BUS MASTER

MASTER CPU

INTX/ |

REMOVED BY BUS
MASTER COMMAND

TO SLAVE
\I

DATA BUS SLAVE

INTA/ iNTR/

BUS SLAVE

BUS

INTERRUPT
h 4 STROBE

PROGRAMMABLE INTERRUPT
CONTROLLER

INTERRUPT

INTERRUPT

INTERRUPT
STROBE

7 6 5 a 3 2 1 0

I0RC/
OR
1owc/

FROM
MASTER

I0RC/

FROM OR
MASTER 10WC/

INTO/

INT1/

INT2/

MULTIBUS
INTERRUPT
LINES

INT3/
.

.
INT7/

Figure 6. Non Bus Vectored Interrupt implementation
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DATO/-7
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XACK/

*
BUS LOCK/

L

/

* NON MULTIBUS SIGNAL

Figure 7. Bus Vectored Interrupt Logic (With 2 INTA/ Timing Diagram)

When an interrupt request from the MULTIBUS
interrupt lines INT0/ - INT7/ occurs, the interrupt
control logic on the bus master interrupts its
processor. The processor on the bus master
generates an INTA/ command which freezes the
state of the interrupt logic on the MULTIBUS
slaves for priority resolution. The bus master also
locks (retains the bus between bus cycles) the
MULTIBUS control lines to guarantee itself
consecutive bus cycles. After the first INTA/
command, the bus master’s interrupt control logic
puts an interrupt code on to the MULTIBUS
address lines ADR8/ - ADRA/. Theinterrupt code
is the address of the highest priority active inter-
rupt request line. At this pointintheBus Vectored
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Interrupt procedure, two different sequences could
take place. The difference occurs, because the
MULTIBUS specification can support masters
which generate one additional INTA/ (8086
masters) or two additional INTA/s (8080A and
8085 masters).

If the bus master generates one additional INTA/,
this second INTA/ causes the bus slave interrupt
control logic to transmit an interrupt vector 8-bit
pointer on the MULTIBUS data lines. The vector
pointer is used by the bus master to determine the
memory address of the interrupt service routine.

If the bus master generates two additional
INTA/s, these two INTA/ commands allow the



bus slave to put a two byte interrupt vector address
on to the MULTIBUS data lines (one byte for each
INTA/). The interrupt vector address is used by
the bus master to service the interrupt.

The MULTIBUS specification provides for only
one type of Bus Vectored Interrupt operation in a
given system. Slave boards which have an 8259
interrupt controller are only capable of 3 INTA/
operation (2 additional INTA/s after the first
INTA/). Slave boards with the 8259A interrupt
controller are capable of either 2 INTA/ or 3
INTA/ operation. All slave boards in a given
system must operatein the same way (2 INTA/s or
3 INTA/s) if Bus Vectored Interrupts are to be
used. However, the MULTIBUS specification
does provide for Bus Vectored Interrupts and Non
Bus Vectored Interrupts in the same system.

MULTIBUS Multi-Master Operation — The
MULTIBUS system bus can accommodate several
bus masters on the same system, each one taking
control of the bus as it needs to affect data trans-
fers. The bus masters request bus control through
a bus exchange sequence.

Two bus exchange priority resolution techniques
are discussed, a serial technique and a parallel
technique. Figures 8 and 9 illustrate these two
techniques. The bus exchange operation dis-
cussed later is the same for both techniques.

Serial Priority Technique

Serial priority resolution is accomplished with a
daisy chain technique (see Figure 8). The priority
input (BPRN/) of the highest priority master is
tied to ground. The priority output (BPRO/) of the

highest priority master is then connected to the
priority input (BPRN/) of the next lower priority
master, and so on. Any master generating a bus
request will set its BPRO/ signal high to the next
lower priority master. Any master seeing a high
signal on its BPRN/ line will sets its BPRO/ line
high, thus passing down priority information to
lower priority masters. In this implementation,
the bus request line (BREQ/) is not used outside of
the individual masters. A limited number of
masters can be accommodated by this technique,
due to gate delays through the daisy chain. Using
the current Intel MULTIBUS controller chip on
the master boards up to 3 masters may be accom-
modated if a BCLK/ period of 100 ns is used. If
more bus masters arerequired, either BCLK/ must
be slowed or a parallel priority technique used.

Parallel Priority Technique

In the parallel priority technique, the priority is
resolved in a priority resolution circuit in which
the highest priority BREQ/ input is encoded with
a priority encoder chip (74148). This coded valueis
then decoded with a priority decoder chip (74S138)
to activate the appropriate BPRN/ line. The
BPROY/ lines are not used in the parallel priority
scheme. However, since the MULTIBUS back-
plane contains a trace from the BPRN/ signal of
one card slot to the BPRO/ signal of the adjacent
lower card slot, the BPRO/ must be disconnected
from the bus on the board or the backplane trace
must be cut. A practical limit of sixteen masters
can be accommodated using the parallel priority
technique due to physical bus length limitations.
Figure 9 contains the schematic for a typical
parallel resolution network. Note that the parallel
priority resolution network must be externally
supplied.
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PRIORITY
MASTER

LOWEST
PRIORITY
MASTER

BPRN/

u

BPRO/

BPRN/

BPRO/

BPRN/

BPRO/ o4

Figure 8. Serial Priority Technique
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Figure 9. Parallel Priority Technique

MULTIBUS Exchange Operation — A timing
diagram for the MULTIBUS exchange operation
is shown in Figure 10. This implementation
example uses a parallel resolution scheme, how-
ever, the timing would be basically the same for
the serial resolution scheme.

In this example, master A has been assigned a
lower priority than master B. The bus exchange
occurs because master B generates a bus request
during a time when master A has control of the
bus.

The exchange process begins when master B
requires the bus to access some resource such as an
1/0 or memory module while master A controls the
bus. This internal request is synchronized with
the trailing edge (high to low) of BCLK/ to
generate a bus request (BREQ/). The bus priority
resolution circuit changes the BPRN/ signal from
active (low) to inactive (high) for master A and
from inactive to active for master B. Master A
must first complete the current bus command if
one is in operation. After master A completes the
command, it sets BUSY/ inactive on the next
trailing edge of BCLK/. This allows the actual bus
exchange to occur, because master A has relin-
quished control of the bus, and master B has been
granted its BPRN/. During this time, the drivers
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for master A are disabled. Master B must take
control of the bus with the next trailing edge of
BCLK/ to complete the bus exchange. Master B
takes control by activating BUSY/ and enabling
its drivers.

It is possible for master A to retain control of the
bus and prevent master B from getting control.
Master A activates the Bus Override (or Bus Lock)
signal which keeps BUSY/ active allowing con-
trol of the bus to stay with master A. This
guarantees a master consecutive bus cycles for
software or hardware functions which require
exclusive, continuous access to the bus.

Note that in systems with only a single masteritis
necessary to ground the BPRN/ pin of the master,
if slave boards are to be accessed. In single board
systems which use a CPU board capable of Bus
Vectored Interrupt operation, the BPRN/ pin must
also be grounded.

In a single master system bus transfer efficiency
may be gained if the BUS OVERRIDE signal is
kept active continuously. This permits the master
to maintain control of the bus at all times, there-
fore saving the overhead of the master reacquiring
the bus each time it is needed.

The CBRQ/ line may be used by a master in
control of the bus to determine if another master
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Figure 10. Bus Control Exchange Operation

requires the bus. If a master currently in control of
the bus sees the CBRQ/ line inactive, it will
maintain control of the bus between adjacent bus
accesses. Therefore, when a bus accessis required,
the master saves the overhead of reacquiring the
bus. If a current bus master sees the CBRQ/ line
active, it will then relinquish control of the bus
after the current bus access and will contend for
the bus with the other master(s) requiring the bus.
The relative priorities of the masters will deter-
mine which master receives the bus.
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Note that except for the BUSOVERRIDE state, no
single master may keep exclusive control of the
bus. This is true because it is impossible for the
CPU on a master to require continuous access to
the bus. Other lower priority masters will always
be able to gain access to the bus between accesses
of a higher priority master.

Power Fail Considerations — The MULTIBUS
P2 connector signals provide a means of handling
power failures. The circuits required for power
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failure detection and handling are optional and
must be supplied by the user. Figure 11 shows
the timing of a power fail sequence.

The power supply monitors the AC power level.
When power drops below an acceptable value, the
power supply raises ACLO which tells the power
faillogic that a minimum of three milliseconds will
elapse before DC power will fall below regulated
voltage levels. The power fail logic sets a sense
latch (PFSN/) and generates an interrupt (PFIN/)
to the processor so the processor can store its
environment. After a 2.5 millisecond timeout, the
memory protect signal (MPRO/) is asserted by the
power fail logic preventing any memory activity.
As power falls, the memory goes on standby
power. Note that the power fail logic must be
powered from the standby source.

As the AC line revives, the logic voltage level is
monitored by the power supply. After power has
been at its operating level for one millisecond
minimum, the power supply sets the signal ACLO
low, beginning the restart sequence. First, the
memory protect line (MPRO/) then the initialize
line (INIT/) become inactive. The bus master now
starts running. The bus master checks the power
fail latch (PFSN/) and, if it finds it set, branches to
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a power up routine which resets the latch (PFSR/),
restores the environment, and resumes execution.

Note that INIT/ is activated only after DC power
has risen to the regulated voltage levels and must
stay low for five milliseconds minimum before the
system is allowed to restart. Alternatively, INIT/
may be held low through an open collector device
by MPRO/.

How the power failure equipment is configured is
left to the system designer. The backup power
source may be batteries located on the memory
boards or more elaborate facilities located off-
board. The location of the power fail logic
determines which MULTIBUS power fail lines are
used. Pins on the P2 connector have been specified
for the power failure functions for use as needed.

To further clarify the location and use of the power
fail circuitry, an example of a typical power fail
system block diagram is shown in Figure 12. A
single board computer and a slave memory board
are contained in the system. Itis desired to power
the memory circuit elements of the memory board
from auxiliary power. The single board computer
will remain on the main power supply. To ac-
complish this, user supplied power fail logic and
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Figure 12. Typical Power Fail System Block Diagram

an auxiliary power supply have been included in
the system.

The single board computer is powered from the P1
power lines and accesses the P2 signal lines
PFIN/, PFSN/ and PFSR/ (only the P2 signal
lines used by a particular functional block are
shown on the block diagram). The PFSR/ line is
driven from two sources: a front panel switch and
the single board computer. The front panel switch
is used during normal power-up to reset the power
fail sense latch. The single board computer uses
the PFSR/ line toreset thelatch during a power-up
sequence after a power failure. Current single
board computers must access the PFSN/ and
PFSR/ signals either directly with dedicated
circuitry and a P2 pin connection or through the
parallel I/0 lines with a cable connection from the
parallel I/0 connector to the P2 connector.

The slave memory board uses both the P1 and P2
power lines, the P2 power lines are used (at all
times) to power the memory circuit elements and
other support circuits, the P1 power lines power all
other circuitry. In addition, the MPRO/ line is
input and used to sense when memory contents
should be protected.

The power fail logic contains the power fail sense
latch, and uses the PFSR/ and ACLO lines for
inputs and the PFIN/ PFSN/, and MPRO/ lines
for outputs. The power fail logic must be powered
by the P2 power lines.
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DC Requirements — The drive and load charac-
teristics of the bus signals are listed in Appendix
C. The physical locations of the drivers and loads,
as well as the terminating resistor value for each
bus line, are also specified. Appendix D contains
the MULTIBUS power specifications.

MULTIBUS™ Slave Interface
Circuit Elements

There are three basic elements of a slave bus
interface: address decoders, bus drivers, and
control signal logic. This section discusses each of
these elements in general terms. A description of a
detailed implementation of a slave interface is
presented in a later section of this application note.

Address Decoding — This logic decodes the
appropriate MULTIBUS address bits into RAM
requests, ROM requests, or I/0 selects. Care must
be taken in the design of the address decode logic
to ensure flexibility in the selection of base address
assignments. Without this flexibility, restrictions
may be placed upon various system configura-
tions. Ideally, switches and jumper connections
should be associated with the decode logic to
permit field modification of base address assign-
ments.

The initial step in designing the address decode
portion of a MULTIBUS interface is to determine
the required number of unique address locations.
This decision is influenced by the fact that
address decoding is usually done in two stages.
The first stage decodes the base address, pro-
ducing an enable for the second stage which
generates the actual device selects for the user
logic. A convenient implementation of this two
stage decoding scheme utilizes a pair of decoders
driven by the high order bits of the address for the
first stage and a second decoder for the low order
bits of the address bus. This technique forces the
number of unique address locations to be a power
of two, based at the address decoded by the first
stage. Consider the scheme illustrated in Figure
13.

As shown in Figure 13, the address bits A4 - AB are
used to produce switch selected outputs of the first
stage of decoding. The 1 out of 8 binary decoders



have been used. The top decoder decodes address
lines A4 - A7, and the bottom decoder decodes
address lines Ag-AR. Ifonly addresslines Ag- A7
are being used for device selection, asin the case of
1/0 port selection in 8-bit systems, the bottom
decoder may be disabled by setting switch S2 to the
ground position. Address lines A7 and Ag drive
enable inputs E2 or E3 of the decoders. The
address lines Ag - A3 enter the second stage
address decoder to produce 8 user device selects.
The second stage decoder must first be enabled by
an address that corresponds to the switch-selected
base address.

Address decoding must be completed before the
arrival of a command. Since the command may
become active within 50 ns after stable address,
the decode logic should be kept simple with a
minimal number of layers of logic. Furthermore,
the timing is extremely critical in systems which
make use of the inhibit lines.

A linear or unary select scheme in which no binary
encoding of device address (e.g., address bit A
selects device 0, address bit A1 selects device 1,
etc.) is performed is not recommended because the
scheme offers no protection in case multiple
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Figure 13. Two Stage Decoding Scheme

devices are simultaneously selected, and because
the addressing within such a system is restricted
by the extent of the address space occupied by such
a scheme.

Data Bus Drivers — For user designed logic
which simply receives data from the MULTIBUS
data lines, this portion of the bus interface logic
may only consist of buffers. Buffers are required
to ensure that maximum allowable bus loading is
not exceeded by the user logic.

In systems where the user designed logic must
place data onto the MULTIBUS data lines, three-
state drivers are required. These drivers should be
enabled only when a memory read command
(MRDC/) or an I/0 read command (IORC/) is
present and the module has been addressed.

When both the read and write functions are re-
quired, parallel bidirectional bus drivers (e.g., [ntel
8226, 8287, etc.) are used. A note of caution must be
included for the designer who uses this type of
device. A problem may arise if data hold time
requirements must be satisfied for user logic
following write operations. When bus commands
are used to directly produce both the chip select for
the bidirectional bus driver and a strobe to a latch
in the user logic, removal of that signal may not
provide the user’s latch with adequate data hold
time. Depending on the specifics of the user logic,
this problem may be solved by permanently
enabling the data buffer’s receiver circuits and
controlling only the direction of the buffers.

Control Signal Logic — The control signal logic
consists of the circuits that forward the I/0 and
memory read/write commands to their respective
destinations, provide the bus with a transfer
acknowledge response, and drive the system
interrupt lines.

Bus Command Lines

The MULTIBUS information transfer protocol
lines (MRDC/, MWTC/, IORD/. and IOWC/)
should be buffered by devices with very high speed
switching. Because the bus DC requirements
specify that each board may load these lines with
2.0 mA, Schottky devices are recommended. LS
devices are not recommended due to their poor
noise immunity. The commands should be gated



with a signal indicating the base address has been
decoded to generate read and write strobes for the
user logic.

Transfer Acknowledge Generation

The user interface transfer acknowledge genera-
tion logic. provides a transfer acknowledge re-
sponse, XACK/, to notify the bus master that write
data provided by the bus master has been accepted
or that read data it has requested is available on
the MULTIBUS datalines. XACK/ allows the bus
master to conclude its current instruction.

Since XACK/ timing requirements depend on both
the CPU of the bus master and characteristics of
the userlogic, a circuitis needed which will provide
arange of easily modified acknowledge responses.

The transfer acknowledge signals must be driven
by three-state drivers which are enabled when the
bus interface is addressed and a command is
present.

Interrupt Signal Lines

The asynchronous interrupt lines must be driven
by open collector devices with a minimum drive of
16 mA.

In a typical Non Bus Vectored Interrupt system,
logic must be provided to assert and latch-up an
interrupt signal. In addition to driving the
MULTIBUS interrupt lines, the latched interrupt
signal would be read by an I/0 operation such as
reading the module’s status. The interrupt signal
would be cleared by writing to the status register.

III. MULTIBUS™ SLAVE DESIGN
EXAMPLE

A MULTIBUS slave design example has been
included in this application note to reinforce the
theory previously discussed. The design example
is of general purpose I/0 slave interface. This
design example could easily be modified to be used
as a slave memory interface by buffering the

address signals and using the appropriate

MULTIBUS memory commands. In addition, to
help the reader better understand an application
for an I/0 slave interface, two Intel 8255A Parallel
Peripheral Interface (PPI) devices are shown con-
nected to the slave interface.

The design example is shown in both 8/16-bit
version and an 8-bit version. The 8/16-bit version
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is an I/0 interface which will permit a 16-bit
master to perform 8 or 16 bit data transfers. -8-bit
masters may also use the 8/16-bit version of the
design example to perform 8-bit data transfers.

The 8-bit version of the design example may be -
used by both 8 or 16-bit masters, but will only
perform 8-bit data transfers. It does not contain
the circuitry required to perform 16-bit data
transfers.

Both the 8/16-bit version and the 8-bit version of
the design example were implemented on an iISBC
905 prototype board. The schematics for each of
the examples are given in Appendices F and G.

Functional/Programming Characteristics

This section describes the organization of the
slave interface from two points of view, the
functional point of view and the programming
characteristics. First, the principal functions
performed by the hardware are identified and the
general data flow is illustrated. This point of view
is intended as an introduction to the detailed
description provided in the next section; Theory of
Operation. In the second point of view, the
information needed by a programmer to access the
slave is summarized.

Functional Description — The function of this
1/0 slave is to provide the bus interface logic for
general purpose 1/0 functions and for two Intel
8255A Parallel Peripheral Interface (PPI) devices.
Eight device selects (port addresses) are available
for general purpose I/0 functions. One of these
device select lines isused toread and reset the state
of an interrupt status flip-flop, the other seven
device selects are unused in this design. An
additional eight I/0 device port addresses are
used by the two 8255A devices; four I/0 port
addresses per 8255A (three I/0 port address for
the three parallel ports A, B, and C and the fourth
1/0 port address for the device control register).

Figure 14 contains a functional block diagram of
the slave design example. This block diagram
shows the fundamental circuit elements of a bus
slave: bidirectional data bus drivers/receivers,
address decoding logic and bus control logic. Also
shown is the address decoding logic for the low
order four bits, the interrupt logic which is selected
by this decoding logic, and the two 8255A devices.
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Figure 14. MULTIBUS™ Slave Design Example
Functional Block Diagram

Programming Characteristics — The slave
design example provides 16 I/0O port addresses
which may be accessed by user software. The
base address of the 16 contiguous port addresses
is selected by wire wrap connections on the proto-
type board. The wire wrap connections specify
address bits ADR4/ - ADRB/. They allow the
selection of a base address on any 16 byte
boundary. Twelve address bits (ADR0/ - ADRB/)
are used since 16-bit (8086 based) masters use 12
bits to specity I/0 port addresses. If an 8 bit (8080
or 8085 based) master is used with this slave board,
the high order address bits (ADR8/- ADRB/) must
not be used by the decoding circuits; a wire wrap
jumper position (ground position) is provided for
this.

The 16 1/0 port addresses are divided into two
groups of 8 port addresses by decoding address line
ADR3/. Port addresses XX0 - XX7 are used for
general I/0 functions (XX indicates any hexi-
decimal digit combination). Port address XXO is
used for accessing the interrupt status flip-flop and
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port addresses XX1 - XX7 are not used in this
example. Port addresses XX8 - XXF are used for
accessing the PPIs. If port addresses XX8 - XXF
are selected, then ADRO0/ is used to specify which
of two PPIs are selected. If the address is even
(XX8, XXA, XXC, or XXE) then one PPl is selected.
If the address is odd (XX9, XXB, XXD, or XXF),
then the other PPI is selected. ADR1/ and ADR2/
are connected directly to the PPIs. Table 1
summarizes the I/0 port addresses of the slave
design example. Note that if a 16-bit master is
used, it is possible to access the slave in a byte or
word mode. If word access is used with port
address XX8, XXA, XXC, or XXE, then 16 bit
transfers will occur between the PPIs and the
master. These 16 bit transfers occur because an
even address has been specified and the MULTI-
BUS BHEN/ signal indicates that a 16-bit
transfer is requested.

Theory of Operation

In the preceding section, each of the slave design
example functional blocks was identified and
briefly explained. This section explains how these
functions are implemented. For detailed circuit
information, refer to the schematics in Appendices
F and G. The schematic in Appendix F is on a
foldout page so that the following text may easily
be related to the schematic.

The discussion of the theory of operation is divided
into five segments, each of which discusses a
different function performed by the MULTIBUS
slave design example. The five segments are:

1. Bus address decoding
2. Data buffers

3. Control signals

4. Interrupt logic

5. PPI operation

Each of these topics are discussed with regard to
the 8/16-bit version of the design example;
followed by a discussion of the circuit elements
which are required by the 8-bit version of the
interface.

Bus Address Decoding — Bus address decoding
is performed by two 8205 1 out of 8 binary decoders.
One decoder (A3) decodes address bits ADR8/ -
ADRB/ and the second decoder (A2) decodes
address bits ADR4/ - ADR7/. The base address



Table 1
SLAVE DESIGN EXAMPLE PORT ADDRESSES

1/0 PORT ADDRESS READ WRITE
BYTE ACCESS

XX0 Bit 0 = Interrupt Status Reset Interrupt Status
XX1 - XX7 Unuséd Unused
XX8 Parallel Port A, Even PPI Parallel Port A, Even PPI
XX9 Parallel Port A, Odd PPI Parallel Port A, Odd PPI
XXA Parallel Port B, Even PPI Parallel Port B, Even PPI
XXB Parallel Port B, Odd PPI Paraliel Port B, Odd PPI
XXC Parallel Port C, Even PPI Parallel Port C, Even PPI
XXD Parallel Port C, Odd PPI Parallel Port C, Odd PPI
XXE lllegal Condition Control, Even PPI
XXF lllegal Condition Control, Odd PPI

WORD ACCESS

XX0 Bit 0 = Interrupt Status

XX2 - XX6 Unused )

XX8 Parallel Port A, Even and Odd PPIs
XXA Pérallel Port B, Even and Odd PPIs
XXC Parallel Port C, Even and Odd PPIs
XXE lllegal Condition

Reset Interrupt Status

Unused

Parallel Port A, Even and Odd PPIs
Parallel Port B, Even and Odd PPIs
Parallel Port C, Even and Odd PPIs
Control, Even and Odd PPIs

XX = Any hex digits, assigned by jumpers; XX defines the base address.

selected is determined by the position of wire wrap
jumpers. The outputs of the two decoders are
ANDed together to form the BASE ADR SELECT/
signal. This signal specifies the base address
for a group of 16 I/0 ports. Using the wire wrap
jumper positions shown in the schematic, a base
address of E3 has been selected. Therefore, this
MULTIBUS slave board will respond to I/0 port
addresses in the E30 - E3F range.

If this slave board is to be used with 8-bit MULTI-
BUS masters, the high order address bits must not
be decoded. Therefore, the wire wrap jumper
which selects the output of decoder A3 must be
placed in the top (ground) position (pin 10 of gate
A9 to ground).

The low order 4 address lines (ADRO/ - ADR3/) are
buffered and inverted using 74L.S04 inverters.
These address lines are input to an 8205 for
decoding a chip select for the interrupt logic; the
address lines are also used directly by the PPIs.
LS-Series logic is required for buffering to meet the
MULTIBUS specification for Iy, (low level input
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current). S-Series or standard series logic will not
meet this specification.

Address decoder A4 is used to decode addresses
E30 - E37. The CS0/ output of this decoder is used
to select the interrupt logic, thus I/0 port address
E30 is used to read and reset the interrupt latch.
The remaining outputs from decoder A4 (CS1/ -
CS7/) are not used in this example. They would
normally be used to select other functions in a
slave board with more capability. Note that in the
schematic shown in Appendix G for the 8-bit
version of this slave design example, the high
order (ADR8/ - ADRB/) address decoder is not
included and the BHEN/ signal is not used.

Data Buffers — Intel 8287 8-bit parallel bi-
directional bus drivers are used for the MULTI-
BUS data lines DAT0/ - DATF/. In the 8/16-bit
version of the slave board, three 8287 drivers
are used.

When an 8-bit data transfer is requested, either

“driver A5, which is connected to on-board data



lines DO - D7, or driver A6, which is connected to
on-board data lines D8 - DF, is used. If a byte
transfer is requested from an even address, driver
A5 will be selected. If a byte transfer from an odd
address is requested, driver A6 will be selected. All
byte transfers take place on MULTIBUS data
lines DATO/ - DAT7/. When a word (16-bit)
transfer is requested from an even address, drivers
A5 and A7 will be used. Note thatif a user program
requests a word transfer from an odd address,
16-bit masters in the iSBC product line will
actually perform two byte transfer requests.

The logic which determines the chip selection
(8287 input signal OE, output enable) signals for
the bus drivers uses the low order address bit
(ADRO/) and the buffered Byte High Enable
signal (BHENBL/). Note that the MULTIBUS
signal BHEN/ has been buffered with an 741L.S04
inverter. This is done to meet the bus address line
loading specification. The SWAP BYTE/ signal
which is generated is qualified by the BD ENBL/
signal and used to select the bus drivers.

The steering pin for the 8287 drivers is labelled T
(transmit) and is driven by the signal RD. When
an input (read) request is active or when neither a
read or write command is being serviced, the
direction of data transfer of the 8287 will be set for
Bto A.

The 8287 drivers are set to point IN (direction B to
A) when no MULTIBUS 1/0 transfer command is
being serviced for two reasons. First, if the driver
were pointed OUT (direction A to B) and a write
command occured, it would be necessary to turn
the buffers IN and set the OE (output enable)
signal active before the data could be transferred
to the on-board bus. A possibility of a “buffer-
fight” could occur in some designs if the OE signal
permitted an 8287 to drive the MULTIBUS data
lines momentarily before the steering signal could
switch the direction of the 8287. In this case, both
the MULTIBUS master and the slave would be
driving the data lines; this is not recommended.
(In this particular design, the steering signal will
always stabilize before the OE signal becomes
active.)

The second reason the driver is pointing IN when
no command is present is due to the “data valid
after WRITE” requirements of the 8255As. The
8255A requires that data remain on its data lines
for 30 ns after the WRITE command (WR at the
8255A) is removed. This requirement will be met if
the direction of the 8287 drivers is not switched
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when the MULTIBUS IOWC/ signal is removed
(WRT/ could have been used to steer the 8287
instead of RD); and if the capacitance of the on-
board data bus lines is sufficient to hold the data
values on the bus after the 8287 OE signal and the
8255A PPI WRT/ signal goinactive. The on-board
data bus may easily be designed such that the
capacitance of the lines is sufficient to meet the 30
ns data hold time requirement. In addition, the
current leakage of all devices connected to the on-
board bus must be kept small to meet the 30 ns data
hold time requirement.

The 8-bit version of this design example uses only
one 8287 instead of the three required by the 8/16-
bit version. The logic required to control the swap
byte buffer is also not necessary. The chip select
signal used for the 8287 is the BD ENBL/ signal.

Control Signals — The MULTIBUS control
signals used by this slave design example are
IORC/,IOWC/, and XACK/. IORC/ and IOWC/
are qualified by the BASE ADR SELECT/ signal
to form the signals RD and WRT. RD and WRT
are used to drive the interrupt logic, the PPI logic
and the XACK/ (transfer acknowledge) logic.

For the XACK/ logic RD and WRT are ORed to
form the BD ENBL/ signal which is inverted and
used to drive the CLEAR pin of a shift register.
When the slave board is not being accessed, the
CLEAR pin of the shift register will be low (BD
ENBL/ is high). This causes the shift register to
remain cleared and all outputs of the shift register
will be low. When the slave board is accessed, the
CLEAR pin will be high, and the A and B inputs
(which are high) will be clocked to the output pins
by CCLK/. Toselect a delay for the XACK/ signal,
a jumper must be installed from one of the shift
register output pins to the 8089 tri-state driver.
Each of the shift register output pins select an
integer multiple of CCLK/ periods for the signal
delay. Since the CCLK/ signal is asynchronous,
the actual delay selected may only be specified
with a tolerance of one CCLK/ period. In this
example a delay of 3 - 4 CCLK/ periods was
selected; with a CCLK/ period of 100 ns, the
XACK/ delay would occur somewhere within the
range of 300 - 400 ns from the time when the
CLEAR signal goes high.

The control signal logic used in the 8-bit version of
the slave design example is identical to the logic
used in the 8/16-bit version.



Interrupt Logic — The interrupt logic uses a
74574 flip-flop to latch an asynchronous interrupt
request from some external logic. The Q output
of the INTERRUPT REQUEST LATCH is output
through an open collector gate to one of the
MULTIBUS interrupt lines. The state of the
INTERRUPT REQUEST LATCH is transferred
to the INTERRUPT STATUS LATCH when a
read command is performed on I/0 port BASE
ADDRESS+0 (E30 for the jumper configuration
shown). The Q output of INTERRUPT STATUS
LATCH is used to drive data line DO of the on-
board data bus by using an 8089 tri-state driver.
If a user program performs an INPUT from I/0
port E30, data bit 0 will be set to 1 if the INTER-
RUPT REQUEST LATCH is set.

The purpose of INTERRUPT STATUS LATCH is
to minimize the possibility of the asynchronous
interrupt occuring while the interrupt status is
being read by a bus master. If the latch was not
included in the design and an asynchronous inter-
rupt did occur while a bus master is reading
MULTIBUS data line DAT0/, a data buffer on the
master could go into a meta-stable state. By
adding the extra latch, which is clocked by the
IORD/ command for I/0 port E30, the possibility
of data line DAT0/ changing during a bus master
read operation is eliminated.

The INTERRUPT REQUEST LATCH is cleared
when a user program performs an OUTPUT toI1/0
port E30.

This interrupt structure assumes that several
interrupt sources may exist on the same MULTI-
BUS interrupt line (for example, INT3/). When the
MULTIBUS master gets interrupted, it must poll
the possible sources of the interrupt received and
after determining the source of the interrupt, it
must clear the INTERRUPT REQUEST LATCH
for that particular interrupt source.

The interrupt logic for the 8-bit version of the
design example is identical to the interrupt logic of
the 8/16-bit version of the design example.

PPI Operation — Two 8255A Parallel Peripheral
Interface (PPI) devices are shown interfaced to
the slave design example logic. One PPI is con-
nected to the on-board data bus lines D0 - D7 and
is addressed with the even I/O port addresses
E38, E3A, E3C, and E3E. The second PPI is
connected to data bus lines D8 - DF and is address-
ed with the odd I/O port addresses E39, E3B,
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E3D, and E3F. The even or odd I/0 port selection
is controlled by using the ADRO address line in
the chip select term of the PPIs. In addition, the
odd PPI (All) is selected when the BHENBL
term is high. This occurs when the MULTIBUS
signal BHEN/ is low indicating that a word
(16-bit) I/0 instruction is being executed. When
a word I/0 instruction is executed, both PPIs will
perform the I/0 operation specified.

The specifications of the 8255A device state that
the address lines A0 and A1l and the chip select
lines must be stable before the RD or WR lines are
activated. The MULTIBUS specification address
set-up time of 50 ns and the short gate propagation
delays in this design assure that the address lines
are stable before RD or WR are active.

The data hold requirements of the 8255A were
discussed in a previous section. The 8255A speci-
fication states that data will be stable on the data
bus lines a maximum of 250 ns after a READ

command. This specification was used to select
the delay for the XACK/ signal.

The PPI operation for the 8-bit version of the
design example is slightly differentthan that used
for the 8/16-bit version. The chip select signal for
the bottom PPI does not use the BHENBL term
since 16-bit data transfers are not possible with an
8-bit I/0 slave board. Also, the chip select and
address signals have been swapped so the top PPI
occupies I/0 address range X8 - XB, and the
bottom PPI occupies I/0 address range XC - XF (X
is the base address of the 8-bit version). This
swapping of the address lines was not necessary;
however, it was thought to be more convenient to
access the PPIs in two groups of 4 contiguous I/0
port addresses.

IV. SUMMARY

This application note has shown the structure of
the Intel MULTIBUS system bus. The structure
supports a wide range of system modules from the
Intel OEM Microcomputer Systems product line
that can be extended with the addition of user
designed modules. Because the user designed
modules are no doubt unique to particular applica-
tions, a goal of this application note has been to
describe in detail the singular common element -
the bus interface. Material has also been
presented to assist the systems designer to under-
standing 'the bus functions so that successful
systems integration can be achieved.



APPENDIX A

PIN ASSIGNMENT OF BUS SIGNALS ON MULTIBUS BOARD P1 CONNECTOR

(COMPONENT SIDE) (CIRCUIT SIDE)
PIN MNEMONIC DESCRIPTION PIN MNEMONIC DESCRIPTION
1 GND Signal GND 2 GND Signal GND
3 +5V +5Vdc 4 +5V +5Vdc
POWER 5 +5V +5Vdc 6 +5V +5Vdc
SUPPLIES 7 +12v +12Vdc 8 +12v +12Vdc
9 -5V -5Vdc 10 -5V -5Vdc
1 GND Signal GND 12 GND Signal GND
13 BCLK/ Bus Clock 14 INIT/ Initialize
15 BPRN/ Bus Pri. In 16 BPRO/ Bus Pri. Out
BUS 17 BUSY/ Bus Busy 18 BREQ/ Bus Request
CONTROLS 19 MRDC/ Mem Read Cmd 20 MWTC/ Mem Write Cmd
21 IORC/ 1/0 Read Cmd 22 I0WC/ 1/0 Write Cmd
23 XACK/ XFER Acknowledge 24 INH1/ Inhibit 1 disable RAM
BUS 25 Reser\{ed 26 INH2/ Inhibit 2 disable PROM or ROM
CONTROLS 27 BHEN/ Byte High Enable 28 AD10/
AND 29 CBRQ/ Common Bus Request 30 AD11/ Address
ADDRESS il CCLK/ Constant Clk 32 AD12/ Bus
33 INTA/ Intr Acknowledge 34 AD13/
gs I“;S/ Parallel 36 INT7/ Parallel
7 INT4/ Interrupt 38 INTS/ Interrupt
INTERRUPTS | 39 | T2/ Requests 40 | INT3/ Requests
41 INTO/ 42 INT1/
43 ADRE/ 44 ADRF/
45 ADRC/ 46 ADRD/
47 ADRA/ Address 48 | ADRB/ Address
49 ADRS8/ Bus 50 ADR9/ Bus
ADDRESS 51 | ADR6/ 52 | ADR7/
53 ADRA4/ 54 ADRS/
55 ADR2/ 56 ADR3/
57 ADRO/ 58 ADR1/
59 DATE/ 60 DATF/
61 DATC/ 62 DATD/
63 DATA/ Data 64 DATB/ Data
DATA 65 DAT8/ Bus 66 DAT9/ Bus
67 DAT6/ 68 DAT7/
69 DAT4/ 70 DATS/
n DAT2/ 72 DAT3/
73 DATO/ 74 DAT1/
75 GND Signal GND 76 GND Signal GND
7 Reserved 78 Reserved
POWER 79 -12v -12Vdc 80 -12v -12Vdc
SUPPLIES 81 +5V +5Vdc 82 +5V +5Vdc
83 +5V +5Vdc 84 +5V +5Vdc
85 GND Signal GND 86 GND Signal GND

All Mnemonics © Intel Corporation 1978
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APPENDIX A (Continued)
P2 CONNECTOR PIN ASSIGNMENT OF OPTIONAL BUS SIGNALS

(COMPONENT SIDE) (CIRCUIT SIDE)
PIN MNEMONIC DESCRIPTION PIN MNEMONIC DESCRIPTION
1 GND Signal GND 2 GND Signal GND
3 5VvB +5V Battery 4 5VB +5V Battery
5 Reserved 6 VCCPP +5V Pulsed Power
7 -5VB -5V Battery 8 -5 VB -5V Battery
9 ; Reserved 10 Reserved
11 12 VB +12V Battery 12 12VvB +12V Battery
13 PFSR/ Power Fail Sense Reset 14 Reserved
15 -12 VB -12V Battery 16 -12VB ~12V Battery
17 PFSN/ Power Fail Sense 18 ACLO AC Low
19 PFIN/ Power Fail Interrupt 20 MPRO/ Memory Protect
21 GND Signal GND 22 GND Signal GND
23 +15V +15V 24 +15V +15V
25 -15V -15V 26 -15V -15V
27 PAR1/ Parity 1 28 HALT/ Bus Master HALT
29 PAR2/ Parity 2 30 WAIT/ Bus Master WAIT STATE
31 \ 32 ALE Bus Master ALE
33 34 Reserved
35 36 Reserved
37 38 AUX RESET/ Reset switch
39 40
40 42
43 > Reserved 44
45 46
47 48
49 50 Reserved
51 52
53 54
55 56
57 58
s |/ 60
Notes:

1. PFIN, on slave modules, if possible, should have the option of connecting to INTO/ on P1.

2. Allundefined pins are reserved for future use.
All Mnemonics © Intel Corporation 1978
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APPENDIX B

BUS TIMING SPECIFICATIONS SUMMARY

Parameter Description Minimum Maximum Units
tecy Bus Clock Period 100 D.C. ns
tw Bus Clock Width 0.35tgcy 0.65tgCY
ISKEW BCLK/skew 3 ns
tPD Standard Bus 3

Propagation Delay
tAS Address Set-Up Time 50 ns
(at Slave Board)
tps Write Data Set 50 ns
Up Time
tAH Address Hold Time 50 ns
tDHW Write Data Hold Time 50 ns
toxL Read Data Set 0 ns
Up Time To XACK
tDHR Read Data Hold Time 0 65 ns
tXAH Acknowledge Hold 0 65 ns
Time
tXACK Acknowledge Time 0 tTouT ns
tcMD Command Pulse 100 trouT ns
Width
tip Inhibit Delay 0 100 ns
(Recommend < 100 ns)
tXACKA Acknowledge Time of tjap+ 50 ns ttouT
of an Inhibited Slave
tXACKB Acknowledge Time of 15 trouT us
an Inhibiting Slave
tiaD Acknowledge Disable 0 100 ns
from Inhibit (An (arbitrary)
internal parameter on
an inhibited slave;
used to determine
tXACKA Min.)
taIz Address to Inhibits 100 ns
High delay
tNTA INTA/ Width 250 ns
tCSEP Command Separation 100 ns
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APPENDIX B (Continued)

BUS TIMING SPECIFICATIONS SUMMARY

Parameter Description Minimum Maximum Units

tBREQL {BCLK/ to BREQ/ 0 35 ns
Low Delay

tBREQH VBCLK/ to BREQ/ 0 35 ns
High Delay

tBPRNS BPRN/ to {BCLK/ 22 ns
Setup Time

tBUSY BUSY/ delay 0 70 ns
from iBCLK/

tBUSYS BUSY/ to ¢BCLK/ 25 ns
Setup Time

tBPRO {BCLK/ to BPRO/ 0 40 ns
(CLK to Priority Out)

tBPRNO BPRN/ to BPRO/ 0 30 ns
(Priority In to Out)

tCBRO +BCLK/ to CBRQ/ 0 60 ns
(CLKto Common

Bus Request)

tCBRQS CBRQ/ to VBCLK/ 35 ns
Setup Time

tcPm Central Priority 0 tBCY-tBREQ
Module Resolution -2tpp
Delay (Parallel -tBPRNS
Priority) -tSKEW

tcey C-clock Period 100 110 ns

tcw C-clock Width 0.35tccy 0.65tccy ns

tNIT INIT/Width 5 ms

tNITS INIT/ to MPRO/ 100 ns
Setup Time

tPBD Power Backup 0 200 ns
Logic Delay

tPFINW PFIN/ Width 2.5 ms

tMPRO MPRO/ Delay 20 25 ms

taACLOW ACLO/ Width 3.0 ms

tPFSRW PFSR/ Width 100 ns

ttouT Timeout Delay 5 0 ms

tDCH D.C. Power Supply 3.0 ms
Hold from ALCO/

tpcs D.C. Power Supply 5 ms
Setup to ACLO/
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APPENDIX C
BUS DRIVERS, RECEIVERS, AND TERMINATIONS

Driver 1,3 Receiver 2,3 Termination
Bus Signals Location Type loL 'oH Co Location L {[T%] C| |Location| Type | R Units
Minma Min,a Maxp Maxma Max,a Maxp¢
DATO/~DATF/ | Masters TRI 16 -2000 300 | Masters -0.8 125 18 [1place | Pullup |22 KQ
(16 lines) and Slaves and Slaves
ADRO/-ADRB/, | Masters TRI 16 -2000 300 | Slaves -08 125 18 |1place | Pullup |22 KQ
BHEN/
(21 lines)
MRDC/,MWTC/ | Masters TRI 32 -2000 300 |Slaves -2 125 18 |1place | Pullup [ 1 K@
(Memory;
memory-
mapped |/0)
IORC/,IOWC/ | Masters TRI 32 -2000 300 | Slaves -2 125 18 [1place | Pullup | 1 K
(H0)
XACK/ Slaves TRI 32 -2000 300 | Masters =2 15 18 |iplace | Pullup |510 @
INH1/,INH2/ Inhibiting oc 16 — 300 | Inhibited -2 50 18 |iplace | Pullup [ 1 K@
Slaves Slaves
(RAM, PROM,
ROM, Memory-
Mapped 1/0)
BCLK/ 1 place TTL 48 -3000 300 [ Master -2 125 18 | Mother- | To +5V 220 Q
(N‘I’aiterus) board ToGND | 330 @
BREQ/ Each TTL 5 -400 60 |Central 2 50 18 [Central [Pullup [ 1 K@
Master Priority Priority
Module Module
(notreq)
BPRO/ Each TTL 5 -400 60 | NextMaster -6 50 18 | (notreq)
Master in Serial
Priority
Chain at
its BPRN/
BPRN/ Parallel: TTL 5 -400 300 | Master -2 50 (notreq)
Central
Priority
Module
Serial:Prev
Masters
BPRO/
BUSY/, CBRQ | All Masters 0.C. 32 — 300 | Al Masters -2 50 18 | tplace | Pullup | 1t K@
INIT/ Master, 0O.C. 32 — 300 | All -2 50 18 | 1place Pullup | 2.2 K@
CCLK/ 1place TTL 48  -3000 300 | Any -2 125 18 | Mother- | To+5V | 220 Q
board ToGND|330 @
INTA/ Masters TRI 32 -2000 300 | Slaves -2 15 18 |1place | Pullup [ 1 K
(Interrupting
110)
INTO/~INT?/ Slaves o.C. 16 — 300 | Masters -16 40 18 [1place | Pullup | 1 K
(8lines)
PFSR/ User's Fron TTL 16 -400 300 | Slaves, -16 40 18 [1place | Pullup | 1 K@
Panel? Masters
PFSN/ Power Back | TTL 16 -400 300 | Masters -1.6 40 16 [ tplace | Pullup | 1 K
Up Unit
ACLO Power 0.C. 16 -400 300 | slaves, -1.6 40 18 | 1place Pullup 1 KR
Supply Masters
PFIN/ Power Back-| 0O.C. 16 -400 300 | Masters -6 40 18 | 1place | Pullup | 1 K@
Up Unit
MPRO/ Power Back:|  TTL 16 -400 300 | Slaves -16 40 18 Jiyplace | Pullup | 1 KQ
Up Unit Masters
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APPENDIX C (Continued)
BUS DRIVERS, RECEIVERS, AND TERMINATIONS

Driver 1,3 Receiver 2,3 Termination
Bus Signals Location Type loL loH Co Location i IIH C; | Location| Type | R Units
Minma Min,a Maxps Maxma Max,a Maxpf
Aux Reset/ User's Switch - - — | Masters -2 50 18 | None
Front to GND

Panel?

Notes:
1. Driver Requirements

10H = High Output Current Drive
loL = Low Output Current Drive
Cop = Capacitance Drive Capability
TRl = 3-State Drive

0.C. = Open Collector Driver

TTL = Totem-pole Driver

2. Receiver Requirements

Il = High Input Current Load
it = LowInput Current Load
Ci = Capacitive Load

3. TTL low state must be > -0.5v but < 0.8v at the receivers
TTL high state must be> 2.0v but < 5.5v at the receivers

4. For the iSBC 80/10 and the iSBC 80/10A use only a 1K pull-up resistor to +5v for BCLK/ and CCLK/ termination.
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APPENDIX D
BUS POWER SPECIFICATIONS

Standard (P1) Optional (P2)
Analog Power Battery Power Backup

Ground +5 +12 -12 +15 -15 +5 +12 -12 -5
Mnemonic GND +5V + 12V —-12V | +15V -15V | +5B +12B -12B -5B
Bus Pins P1+1,2, P1+34, P1+78 P1+79,(P2+23, P2+25,(P2+34, P2+11, P2+15 P2-78

11,12, 5,6,81, 80 24 26 5,6 12 16

75,76 82,83,

85,86 84
Nominal Output | Ref. +5.0V  +120V -120V|+15.0V -150V| +5.0V  +120V -120V -5.0V
Tolerance from
Nominal' Ref. +5% +5% +5% +3% +3% +5% *5% +5% +5%
Ripple
(Pk-Pk)? Ref. 50mV. 50mV 50mV [10 mV 10mV |50mV  50mV  50mV 50 mV
Transient
Response 500 us  500us 500 us | 100 ps 100 s | 500 ps 500 us 500 pus 500 us
Time?®
Transient
Deviation* +10% *+10% +10% | £10% +10% | +10% +10% +10% +10%

NOTES:

1. Tolerance is worst case, including initial voltage setting line and load effects of power source, temperature drift, and any additional steady

state influgnces.

2. As measured over any bandwidth not to exceed 0 to 500 kHz.
3. As measured from the start of a load change to the time an output recovers within +0.1% of final voltage.
4. Measured as the peak deviation from the initial voltage.
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APPENDIX E
MECHANICAL SPECIFICATIONS

12.00 +0.005
0.25 X 45° 11.500
2PLACES
le— 025
N_0.25 . 3 I
> £
0.109 DIA
3 HOLES
COMPONENT SIDE 5950
+0.(
D 6.20
6.75 REF
[> [> ) -
o0er — W - ] A —
Tve 0554 & 030
le——— 3080 < 0.390
0.015 ¢ 0.005 X 45°
6.767 :0.005 4570 CHAMFER ALL 0015 0.
CONNECTOR EDGES
0.040 X 45°

NOTES:

b BOARD THICKNESS: 0.062 EJECTOR TYPE: SCANBE #5203

b MULTIBUS CONNECTOR: 86-PIN, 0.156 SPACING 5. BUSDRIVERS AND RECEIVERS SHOULD BE LOCATED AS CLOSE AS POSSIBLE TO
CDC VFBO1E43D00A1 THEIR RESPECTIVE MULTIBUS PIN CONNECTIONS
VIKING 2VH43/1ANES

6.  BOARD SPACING: 0.6
AUXILIARY CONNECTOR: 60-PIN, 0,100 SPACING

CDC VPBO1B30D00A1 7. COMPONENT HEIGHT: 0.4
TI H311130 .
AMP PES-14559 8. CLEARANCE ON CONDUCTOR NEAR EDGES: 0.050
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APPENDIX F
MULTIBUS™ SLAVE DESIGN EXAMPLE SCHEMATIC
8/16-BIT VERSION
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APPENDIX G
MULTIBUS™ SLAVE DESIGN EXAMPLE SCHEMATIC
8-BIT VERSION
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