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- Z" able in the Z-80

: LAST MONTH, WE LOOKED AT THE VARIOUS

“addressing modes of the Z-80. This
* month, we'll examine three different
" ways the Z-80 can be interrupted.

Interrupis

The Z-80 has two interrupt inputs—
INT, which typicaily comes from an
external device requesting I/0O (fnput/
Output) service; and a nonmaskable in-
terrupt, NML The nonmaskable in-
terrupt is the least sophisticated of the
two; so, NMT will be examined first.

The NMI interrupt cannot be disabled
by the b1 (Disable Interrupt) instruction.
This means that even if the NMI line to
the Z-80 is brought to a logic O level, the
CPU will always act on the inferrupt.
The NMI signals important system con-
ditions that must be acted on immedi-
-ately, such as system power failure or

systern reset. Whenever the NMI line is
brought to a logic-low level by external
circuitry, the CPU executes a RESTART
instruction to memory location 0066H.
. You will recall that a RESTART instruction
‘automatically saves the contents of the
i program counter by pushing it into the
“i-gtack, and the RESTART instruction ini-
- tiated by the NMI interrupt performs the
same action. The NMI is not imple-
mented in the 8080 microprocessor.
-~ The INT interrupt operates in three
“modes, selected by prior execution of one
of three special mode instructions—IMO,
" IM1 or M2. For this type of interrupt to
~ ‘occur, the interrupt enable flip-flop must
: be set. The interrupt enable Hip-flop is set
*or reset by two interrupt control instruc-
tions, EI and DI (Enable Interrupts and
.. Disable Interrupts). As in the 8080-based
“and other microcomputers, there are
“ times when interrupts are permitted and
ither times when interrupts must be
‘inhibited. An obvious example of a time
when interrupts must be disabled is when
a previous interrupt has just occurred and
;i the first stages of being processed. If
4 second interrupt was to occur while the
status of CPU flags and registers is being
aved in the stack, the second interrupt
ht destroy. the previous contents of
CPU:réegisters: and. status flags. An-
st example n'ifitérript-disable pe-
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initialized, a spurious or unexpected in-
terrupt might result and be erroneously
processed.

If an IMO instruction has been exe-
cuted, the Z-80 is in mode 0 which is
identical to the 8080 interrupt mode. If
the interrupt enable flip-flop is set and
signal INT is brought down to a logic 0
level, the CPU enters an interrupt state
and signals the interrupting external de-
vice by the TORQ signal together with
the MI signal. When the interrupting
device receives these two signals, it re-
sponds and the Z-80 behaves in a fashion
identical to the 8080. A RESTART instruc-
tion is jammed onto the data bus. En-
coded within the one-byte RESTART in-
struction is a three-bit field with a value
of 0 through 7 and the CPU transfers
control to memory location 0, 8, 10H,
18H, 20H, 28H, 30H, or 38H, depending
upon the value of the field (0, 1,2, 3, 4, 5,

6, or 7). At the same time, the CPU saves
the contents of the program counter in
the stack. The.eight locations typically
contain jumps to interrupt processing
routines clsewhere in memory, since
eight bytes is not really enough memory
to process most interrupts. At the end of
interrupt processing, a Return (RET)
instruction pops the address of the in-
terrupted instruction from the stack and
transfers control back to the main pro-
gram at the point of interruption.

When interrupt mode 1 has been ini-
tiated by execution of an M1 instruction,
an interrupt on the INT input pin while

. the interrupt enable flip-flop is set causes

a RESTART to location 38H. Why is this
mode conventent? Because mode 1 needs
no external hardware to jam the RESTART
instruction onto the data bus at the prop-
er time. The CPU automatically transfers
control to the proper location, as in the
case of the NMI interrupt. This mode is
not implemented in the 8080 micropro-
cessor.
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The remaining interrupt mode, mode
2, is the most powerful interrupt mode of
the three. Using this mode, up to 128
interrupt levels can be used in the Z-80
system. A table of addresses representing
up to 128 interrupl processing routines s
stored anywhere in memory. Figure 1
shows this table, in which each entry
consists of two bytes representing the
address of the interrupt processing rou-
tine. Register [ is previously loaded with
an eight-bit value representing the ad-
dress of the start of the table divided by
256,,. For example if the table started at
2000H, register I would be loaded with
20H. .

With mode 2 previously set by an 1M2
instruction and the interrupt enable flip-
flop set, an interrupt on the INT pin
causes the same IORQ and M1 response
as mode 1. The difference is that the
interrupting device supplies an eight-bit
value representing the lower-order eight
bits of the interrupt vector, while register
1 supplies the eight higher-order bits of
the interrupt vector as shown in Fig. 2.
The CPU treats the two bytes as a 16-bit
memory address and puts the contents of
that memory address and that memory
address plus one into the progsam coun-
ter, thus effectively transferring control
to the interrupt vector address retrieved
from the table. Note that the least signifi-
cant bit of the address from the 1/0
device must always be a logical 0, so that
the resulting address points to the first
word of the intefrupt vector table entry.
Using mode 2, up to 128 exiernal 1/O

" devices could cause 128 unique interrupts

with a subsequent transfer of control io
128 different interrupt processing loca-
tions. Obviously, external logic is
required to properly establish the priority
of these devices so that only one interrupt
can occur at a time. Mode 2, of course, is
not implemented in the 8080,

Next month, we’ll discuss how to
interface the Z-80 to 1/O devices and to
additional memory. R-E
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HELP US FIGHT FOR YOUR LIFE

Exercise Regularly
Armerican Heart Association <)
WE'RE FIGHTING FOR YOUR LIFE

Are You still using an Audio
Generator that has a Crank?

REGUEHCY FUHCTION GENFRATOX

ST O Amsniupe ourR

sick o d .

FNCRON— rnA'rrt'mAuo

o 270 FUNCTION GENERATOR
by H I c Ko K

REG. $199.

SAVE $20

Sines, Squares, Triangles to 500 kHz $179.00
— and much, much more Complete with
Deiuxe

A new, versatile service and lab instrument — the teature packed Model 270 Func-
tion Generalor — gives your much more waveform generating capability than
you'd expect for Its fow price. This compaci, precision unlt piss stable, callbrated,
high quality sine, square and triangle waveforms from 1Hz to 500KkHz at your
fingertips. But that’s not atl. With external cornections you can produce logic
pislsas, sweeps and ramps, ampitude and frequency modulated cutpuls, phase
and frequency shift keylng signals, tone bursts, and a host of mixedpsignal out-
pults. It's even a stand-alona wideband Inverting ampllfiert

Caryying Case

Offer expires
May 30,1978

Beslc Output Wovelorms: Amplitude Slabllity DC OMaen

Sine, Squar, Tdangle {aftor 112 Bour warm-up): ) Dulpul OC fnve! on all waveforms g variabie
Fraquancy ang'u: . With Line Vollage: +05% wilh 10% Fns fram -8Y lo 4+ 6V 2l 0 4B ATTENUATION)

t Hz to 1MHz® in slx p tacled Fraquancy Stabillly

decada rangas.
* Typleal. 500 kHx guaranteed
nilnlmum upper ragusncy.
Frequency Acchracy:
3% ot FS. up to 200 kHz

vollaga change.
Wiih Tomperature: +8.5% per "C from{*C to | {A1es 112 hour wannup):

°1 Wilh Line Voilage: +01% with 10% line
voitaga chang

+E0°C.
Sina Wavo Distortion: .

Max. b W!Isg gmpﬁmlure: +0.1% per 'Clrom PG to
+50%C,

. tolat harmonic distortion (THD} Is 1%
from 20 Hz o 20 kHz.

Ampillude Flatnese: Sejuars Wave RiselFail Time:
% 0.1 dB 1romn 20 Hz Lo 20kHz; +0.3dB lrom 1 8 o0 o fags. Poviar Reguired:
iz la 100 kHz. Squars Seve Symmaley: 105125 VAGIZID—250 VAC, 50—4800 Hz, 5
Curtput L aval: a57% phinlmum (5% maximum asymmatry). watts.
0 to 24 volts paak to peak (8.5 valts RMS)open] Trlangle Wava Linoerty: Size & Walghl:
989 mi

clrcuit — proteclac againgl sherl circulls. nimum (2% maximuin noninesrily) to
Dulpuum;udnncn: 100 kHz.
600 ohms +5%, constan| regardiess of al-| Rear Panel Inputa:
A InpuEuFM Input, Fraguancy Shift Keying
Altanuptors: ] control, FSK resistof, FSK Sync
Total dynainic ranpa of slap and ¢ 1roi), Mixer input.
allenuntors is 82 6B minhoum, Stap{pushbul-] Rear Pansl Inpal Protection:
tan) atlenualors provide 0 dB, —20 dB and! Anolher Model 270 (or other unil with +15
40 dE allenualion. {+ 0.5 dP accuracy} Gone ol hm oulput} may e connecled to
Unuous (AMPLITUDE) control provides al rearinputs without damage.
laast 404B additional conlol.

tNat :;glndln%a;.l) 8% “w x 3%"h ¥ 6'd (21.6
om x 8.9 6m X 18.2 6

Ao omy; 4 pounds {1.8 kg).
Aoar panel sonneglor and dataited Inslruction

tenuator setling,
manusl,

212-687-2224

THE TEST EQUIPMENT SPECIALISTS

TOLL FREE HOT LINE
800-223-0474

54 Wesl 45 Street, New York, N,Y, 10036

. 8261 HOWYVYIN

2




