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8.0 INTERRUPT RESPONSE

The prupose of an interrupt is to allow peripheral devices to suspend CPU operation in an
orderly manner and force the CPU to start a peripheral service routine. Usually this service
routine is involved with the exchange of data, or status and control information, between
the CPU and the peripheral. Once the service routine is compieted, the CPU returns to the
operation from which it was interrupted.

INTERRUPT ENABLE — DISABLE

The Z80-CPU has two interrupt inputs, a software maskable interrupt and a non-maskable
interrupt. The non-maskable interrupt (NMT) can not be disabled by the programmer and
it will be accepted whenever a peripheral device requests it. This interrupt is generally
reserved for very important functions that must be serviced whenever they occur, such as
an impending power failure. The maskable interrupt (INT) can be selectively enabled or
disabled by the programmer. This allows the programmer to disable the interrupt during
periods where his program has timing constraints that do not allow it to be interrupted.
In the Z80~CPU there is an enable flip flop (called IFF) that is set or reset by the prog-
rammer using the Enable Interrupt (El)} and Disable Interrupt (DI) instructions. When the
IFF is reset, an interrupt can not be accepted by the CPU.

Actually, for purposes that will be subsequently explained, there are two enable flip flops,
called IFFq and IFFo.

IFFq IFFo
Actually disables interrupts Temporary storage location
from being accepted. for IFFq.

The state of IFFq is used to actually inhibit interrupts while IFF2 is used as a temporary
storage location for IFFq. The purpose of storing the | FF{ will be subsequently explained.

A reset to the CPU will force both IFFq and |FF5 to the reset state so that interrupts are
disabled. They can then be enabled by an El instruction at any time by the programmer.
When an El instruction is executed, any pending interrupt request will not be accepted until
after the instruction following El has been executed. This single instruction delay is neces-
sary for cases when the following instruction is a return instruction and interrupts must not
be allowed until the return has been completed. The El instructions sets both IFF{ and
IFF2 to the enable state. When an interrupt is accepted by the CPU, both IFF{ and IFF5
are automatically reset, inhibiting further interrupts until the programmer wishes to issue a
new El instruction. Note that for all of the previous cases, |FF{ and IFF2 are always equal.

The purpose of IFF9 is to save the status of IFF{ when a non-maskable interrupt occurs.
When a non-maskable interrupt is accepted, |FFq is reset to prevent further interrupts
until reenabled by the programmer. Thus, after a non-maskable interrupt has been accepted
maskable interrupts are disabled but the previous state of |FF{ has been saved so that the
complete state of the CPU just prior to the non-maskable interrupt can be restored at any
time. When a Load Register A with Register | (LD A, I} instruction or a Load Register A
with Register R (LD A, R) instruction is executed, the state of IFF5 is copied into the
parity flag where it can be tested or stored.

A second method of restoring the status of 1FFq is thru the execution of a Return From
Non-Maskable Interrupt (RETN) instruction. Since this instruction indicates that the non
maskable interrupt service routine is complete, the contents of IFF2 are now copied back
into IFF¢, so that the status of IFFq just prior to the acceptance of the non-maskable
interrupt will be restored automatically.
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Figure 8.0-1 is a summary of the effect of different instructions on the two enable flip flops.

INTERRUPT ENABLE/DISABLE FLIP FLOPS

Action IFF| IFFy

CPU Reset 0 0

DI 0 0

El 1 1

LD A,I . . 1FF —Parity flag
LD A, R . . IFF5 —> Parity flag
Accept NMI 0 .

RETN IFFy o IFF5 = 1FF;
Accept INT 0 0

RETI . .

“e” indicates no change

FIGURE 8.0-1
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CPU RESPONSE
Non-Maskable

A non-maskable interrupt will be accepted at all times by the CPU, When this occurs, the
CPU ignores the next instruction that it fetches and instead does a restart to location
0066H. Thus, it behaves exactly as if it had received a restart instruction but, it is to a
location that is not one of the 8 software restart locations. A restart is merely a call to a
specific address in page 0 memory.

Maskable

The CPU can be programmed to respond to the maskable interrupt in any one of three
possible modes.

Mode 0

This mode is identical to the 8080A interrupt response mode. With this mode, the interrupt-
ing device can place any instruction on the data bus and the CPU will execute it. Thus, the
interrupting device provides the next instruction to be executed instead of the memory.
Often this will be a restart instruction since the interrupting device only need supply a
single byte instruction. Alternatively, any other instruction such as a 3 byte call to any lo-
cation in memory could be executed.

The number of clock cycles necessary to execute this instruction is 2 more than the normal
number for the instruction. This occurs since the CPU automatically adds 2 wait states to an
interrupt response cycle to allow sufficient time to implement an external daisy chain for
priority control. Section 4.0 illustrates the detailed timing for an interrupt response. After
the application of RESET the CPU will automatically enter interrupt Mode 0.

Mode 1

When this mode has been selected by the programmer, the CPU will respond to an interrupt
by executing a restart to location 0038H. Thus the response is identical to that for a non
maskable interrupt except that the call location is 0038H instead of 0066H. Another
difference is that the number of cycles required to complete the restart instruction is 2
more than normal due to the two added wait states.



Mode 2

This mode is the most powerful interrupt response mode. With a single 8-bit byte from the
user an indirect call can be made to any memory location.

With this mode the programmer maintains a table of 16 bit starting addresses for every in-
terrupt service routine, This table may be located anywhere in memory. When an interrupt
is accepted, a 16 bit pointer must be formed to obtain the desired interrupt service routine
starting address from the table. The upper 8 bits of this pointer is formed from the contents
of the | register. The | register must have been previously loaded with the desired value by
the programmer, i.e. LD |, A. Note that a CPU reset clears the | register so that it is ini-
tialized to zero. The lower eight bits of the pointer must be supplied by the interrupting
device. Actually, only 7 bits are required from the interrupting device as the least
hit must be a zero. This is required since the pointer is used to get two adjacent bytes to
from a complete 16 bit service routine starting address and the addresses must always start
in even locations.

”
desired starting address
Interrupt pointed to by:
Service
Routine low order 1 REG 7 BITS FROM
Starting ﬁ high order CONTENTS PERIPHERAL |®
Address
Table
N

The first byte in the table is the least significant {low order) portion of the address. The
programmer must obviously fill this table in with the desired addresses before any interrupts
are to be accepted.

Note that this table can be changed at any time by the programmer (if it is stored in Read/
Write Memory) to allow different peripherals to be serviced by different service routines.

Once the interrupting device supplies the lower portion of the pointer, the CPU automat -
cally pushes the program counter onto the stack, obtains the starting address from the table
and does a jump to this address. This mode of response requires 19 clock periods to com-
plete (7 to fetch the lower 8 bits from the interrupting device, 6 to save the program
counter, and 6 to obtain the jump address.)

Note that the Z80 peripheral devices all include a daisy chain priority interrupt structure
that automatically supplies the programmed vector to the CPU during interrupt acknow-
ledge. Refer to the Z80-P10, Z80-S10 and Z80-CTC manuals for details.
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INTERRUPT REQUEST/ACKNOWLEDGE CYCLE
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Z80 INTERRUPT ACKNOWLEDGE SUMMARY

1} PERIPHERAL DEVICE REQUESTS INTERRUPT. Any device requesting and interrupt
can pull the wired-or line INT low.

2) CPU ACKNOWLEDGES INTERRUPT. Priority status is frozen when M1 goes low
during the Interrupt Acknowledge sequence. Propagation delays down the IEI/IEO
daisy chain must be settled out when IORQ goes low. If IEl is HIGH, an active Peri-
pheral Device will place its Interrupt Vector on the Data Bus when IORQ goes low.
That Peripheral then releases its hold on INT allowing interrupts from a higher
priority device. Lower priority devices are inhibited from placing their Vector on
the Data Bus or Interrupting because |EO is low on the active device.

3) INTERRUPT IS CLEARED. An active Peripheral device (IEI=1, IEQ=0) monitors
OP Code fetches for an RET! {ED 4D) instruction which tells the peripheral that its
Interrupt Service Routine is over. The peripheral device then re-activates its internal
Interrupt structure as well as raising its 1EO line to enable lower priority devices.
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INTERRELATIONSHIP OF iNT, NMi, AND BUSRQ

The following flow chart details the relationship of three control inputs to the Z80-CPU. Note

the following from the flow chart.

1. TNT and NWMI are always acted on at the end of an instruction.

2. BUSRQ is acted on at the end of a machine cycle.

3. While the CPU is in the DMA MODE, it will not respond to active inputs on TINT or NM
b

Z80-CPU INTERRUPT SEQUENCE

LAST

NO STATE OF

MACHINE
CYCLE

YES
BUSRQ

SET BUSRQ F/F
|

INSTRUCTION

SET NMI F/F L™
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