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Commercial and industrial microprocessor systems
typically consists of a processor interfaced with some type of
peripherals which, most of the time, require service from the
processor. When a peripheral reguires service, it flags the
processor with an interrunt request. The processor will deter-
mine if the interrupt is to be serviced by checking an interrupt
mask.

If the mask is not set, then the processor has an interrupt
service timing requirement which, along with the data rate
and interrupt frequency, can be used to determine the
relative priority of each of the peripherals in the system. If
two or more peripherals attempt (o0 request service
simultaneously, the relative priority of each peripheral deter-
mines which peripheral receives service first. In order to
minimize the risk of violating timing requirements of lower
priority peripherals, the processor must quickly identify and
service the current highest priority interrupt. The address of
the service routine is contsined in a vestor; and every inter-
rupt source should heve & unique vector for its sarvice
routine.

MC68000 INTERRUPT STRUCTURE

Interrupt requests are input to the MC68000 through three
pins which represent ssven levels of interrupi priority and a
quiescent state (no interrupt). The MC63000 status register
contains & three-bit mask which oaly enables interrupts of &
higher priority than the level represented in the three-bit
mask. The interrupt mask can be modified under sofiware
control, thereby increasing user control of peripheral inter-

rupt requests. The user’s hardware generates an interrupt re-
quest by encoding the peripheral interrupt into one of seven
interrupt priority levels and driving the interrupt requast lines
with the three-bit representation of that priority level.

Figure 1 is a flow chart of the MC68000 interrupt process.
Interrupt requests are considered by the MCG8000 to be
pending until the completion of the current instruction ex-
ecution, If, at that time, the priority of the pending interrupt
is less than or equal to the cwrrent processor priority
represented by the three-bit interrupt mask, then the next in-
struction is executed. If the priority of the pending interrupt
is greater than the processor priority, then interrupt excep-
tion processing begins. During interrupt exception process-
ing, the MC68000 places the level of interrupt priority on ad-
dress lines Al, A2, and A3. These lines can be used to quick-
ly determine which group of peripherals might have
generated the interrupt request. Simultansously, the function
code outputs (FCO-FC2) are set to indicate an interrupt
acknowledge (IACK) which flags the user hardware that ex-
ception processing has begun. The MC68000 architecture
uses the first 1024 bytes of memory for vector storage.

Any exception to free-running operation, such as an inter-
rupt, has 2 vector stored at a unique location in the 1024 byte
exception memory map. Exceptions other than interrupts, in-
clude reset, system errors, software traps, and
unimplemented instruction emulators, as shown in Table ],
Since each vector, xcept reset, requires a 32-bit address,
four bytes are required to store each vector. Reset is a special
case which requires two 32-bit addresses or eight bytes of
memory.
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PROCESSOR INTERRUPTING DEVICE
Request Interrupt

Grant Imterrupt

11 Compare interrupt lével 0 Stalus register

and wait for current INSHTUCTION 16 complete
2% Place interrupt level on A1, A2, and A3
31 Set R/W to read
4} Set funchon code to interrupt acknowledge
5 Asgert address sirobe (AS)
8 Assert lower data strobe ILDS)
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Provide Vecior Numbar
- 1) Place Vector number on DC-D7
2) Assery dawa iransfar acknowledge (DTACK!

|

Acquirs Vecior Number
1) Latch vector number
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31 Negate AS
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Figure 1. MC62099 Interrept Acksowledge Sequence —
Flow Chart and Timisg Diagram
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Vector Address .
Number{s} Dec Hex Space Assignment
0 0 000 SP Reset; Iniual SSP
1 4 004 SP Reset: Initial PC
| 2 8 008 SD Bus Error
[ 3 12 Q0C SO Address Error
P4 6 o SD lllegal Instruction
5 20 014 S0 Zero Divide
i ] 24 018 S0 CHK instruction
[ 7 28 01C * SO " | TRAPV Instruction
[ 8 32 020 SD Privilege Violation
[ 3 36 024 S0 Trace
| 10 40 028 SO Line 1010 Emulator
ik 44 c2C SD Line 1111 Emulator
12° 43 030 SD {Urassigned, reserved)
13° 52 034 SD {Unassigned, reserved)
14* 58 038 5D {Unassigned, reserved)
15 80 03C SD Uninitialized interrupt Vector
16-23* 64 04C SO (Unassigned, reserved)
% 05F =5
24 96 060 SD Spurious Interrupt
2 100 064 €D Level 1 Interrupt Autovedtor
26 104 063 sD Level 2 interrupt Autovectcr
37 08 “OBC SD Lavel 3 Interrupt Autovactor
28 112 070 SO Level 4 intarrupt Autovectar
29 116 074 SD Level B interrupt Autovector
30 120 078 SD Lavel B intarrupt Autovector
31 124 07C SO Lavel 7 Interrupt Autovector
32-47 128 080 50 TRAP Instruction Vectors
191 0BF -
4g-83" 192 0co SD (Unassigned, reserved) £
256 OFF = F
64-255 266 100 SD User Interrupt Yectors
1023 3FF )

*Vactar numbers 12 through 14, 16 through 23 and 48 through 63 are reserved for future enhancements
* by Motorala. No user peripheral dsvices should be assigned thesa numbers.

Table 1. Exceptiom Yector Assigaments

The exception vector map can be divided into 255 unique
vectors which can be represented by an eight-bit vector
number. The vector number is not the vector; it is a pointer
{0 one particular vector. During any exception processing,
the MC68000 fetches the vector pointed to by & vector
number. Each exception has a unique vector number which,
for ail exceptions except user interrupts is generated internal-
ly by the MC68000. User interrupis require that the vector
aumber be placed on the lower eight bits of the data bus dur-
ing interrupt acknowledge. The addition of the vector
number fetch requires the peripherai to supply only the eight-
bit vector number instead of the whole 32-bit vector,

The MC68000 allows two methods of interrupt vector
number generation, internal or external. In order to generate
the vector number internally, VPA is connected to IACK. In
this mode, a unique vector number is generated for each in-
terrupt priority level. This mode, called the autovector mode,
is ideal for users requiring less than eight levels of interrupts
or users with more than seven peripherals whose timing re-
quirements are non-critical.

For users with more than seven peripherals and whose tim-
ing requirements demand service faster than possible with a
software polling method, the MC88000 provides an addi-
tional 192 interrupts which require externsl vector number
generation. In this case, IACK is not connected to VPA; in-
stead, it is used by external hardware to determing that a vec-
tor number is needed by the MC68000 and to provide the

vhZeg

proper vector number and data transfer acknowledge

( 3

In systems with only slightly more than seven possible in-
terrupt sources, JACK is first sent to the highest priority
peripherai and then daisychained to all remaining
peripherals in order of priority. If any peripheral generates
an interrupt, it must suppress IACK to all remaining
peripherals and then place the vector number on the lower
eight bits of the MC68000 data bus and assert DTACK.
Systemns that have a large number of interrupt sources and
timing requirements too critical for software polling can also
generate the vector number and by the same
method. However, since every peripheral must have the
cepability to generate these signals, redundant hardware is
spread throughout the system making debug, medification,
and maintenance difficult. Alternatively, all interrupt lines
could be brought to a central location where both DTA
and the proper vector number could be supplied. The ap-
plication describes a system that will provide DYACK and
the vector number for up to 192 possible interrupt sources.

YECTOR NUMBER GENERATION

The 192 user interrupt vectors are referenced by sequential
vecter numbers 64 through 255. Therefore, if fewer than 193
interrupts are required, esch interrupt can be assigned a
unique vactor number which can also be interpreted as a
priority. Vector number 64 can be assumed to have the
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lowest priority and vector number 255 the highest, The 192
levels of externally-generated priority can be represented by
eight bits (00000000-1C111111). The vector number is the
externally-generated priority offset by 64; the vector number
can be generated by encoding the interrupt to its priority and
then adding 64. This is essentially the same format that is us-
ed in the autovectors.

Figure 2 is a block diagram of such a system. All circuitry,
except the processor, can be located in one area rather than
spread throughout the system, Note that two sets of latches
have been inserted to guarantee that no interrupts are lost
and that the vector number that is placed on the data bus is
the result of only one interrupt. Otherwise, if an interrupt re-
quest is generated during interrupt acknowledge, it could
cause the vector number to be in a state of transition when
the MC68000 is atternpting to latch the vector number from
the data bus, Latch number one prohibits any new interrupts
from being accepted until the vector number has been

From mMotorola oesign-NeET rn; 5692-244-62391 rax: 602-244-6693

latched by latch number two. Latch number two isolates the
vector number from the data bus until IACK is asserted.
After a delay sufficient to allow the vector number to prop-
agate to latch number two, latch number one is released 1o
allow new interrupts to be accepted.

IMPLEMENTATION

The circuitry shown in Figure 3 performs all the tasks
necessary to provide vector numbers for up to 192 possible
interrupt sources. The 192 interrupt request lines are divided
into 24 groups of eight which are input through a SN74L5373
octal latch to a SN74LS148 8-t0-3 encoder. The SN74LS148
encoders are daisy-chained so that each stage can disable ail
succeeding stages which effectively prioritizes the interrupis
by group. Within each group, interrupts are prioritized into
eight levels which the encoder represents with a three-bit en-
coded number on lines AO, Al, and A2.
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The AQ line from each of the 24 groups is NANDed to
form the AO of the vector number. The Al and A2 lines are
handled in an identical manner. Bits 3 and 7 of the encoded
interrupt are made by NANDing selected GS outputs of the
encoders. Bits 6 and 7 of the vector number differ from bits 6
and 7 of the encoded interrupt because of the offset of 64,

After the vector number has had sufficient time to prop-
agate, a second SN74LS373 octal latch is used to capture the
number and allow the iatches in the 24 interrupt group to be
released to accept new interrupt requests, The delay, imposed
by a SN74LS9S four-bit shift register to latch the vector
number, assumes that all 24 groups are implemented and the
MC68000 is running at eight megahertz. Timing re-
quirements can be derived from Figure 4.

A final SN74LS148 is used to encode the three-bit inter-
rupt requests to the MC68000. The inputs to this encoder are
the GS outputs of the SN74LS148 encoders from any group
of interrupts, The group providing the GS output and ali
preceding groups can activate the leve! to which the GS out-
put is input. However, GS outputs of preceding groups
which are input to a higher level in the final SN74LS148 will

rroim moiorola pesign-NcT rn. suZ2-244-60391 rax: ouZ-£44-0693

effectively disable the lower level interrupt request.

If R9M or T6E mask types are used in the system, then the
seven levels of interrupts must be latched before encoding on
the rising edge of the processor clock. The latch is necessary
to synchronize the interrupt request lines.

VARIATIONS

The following variations to the system given in the applica-
tion can be considered in light of specific system re-
quirements:

1. Flip-flops could be inserted on each group to latch an

edge-type interrupt input.

2. The level of interrupt that initiated exception processing
could be decoded from address lines Al, A2, and A3 of
the MC68000.

3. If vector numbers reserved for other functions, e.g.,
TRAPS, auto vectors, are unused; then they could be
used for user interrupts. However, observe caution
when using any reserved vector numbers.

1

ACK X
(IRQ Addr OF) \
\RQ \ /
LE
Vecior Number
Propagavor Deiay
IRQ
Addr LE

DTACK delay = Vector number propagation dslay — 236 ns
(it s ¢ then no wait stales are necessary)

|

Figure 4. Vector Number Geseration Circuit — Timing Disgrams

Motorola resarves the nght to make changes 10 any products herein to improve reliability, function or design. Motorola does not assume any liabiliry arising
out of the application or usa of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.
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