8080 MICROPROCESSOR
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Figure 3. Basic 8080 Instruction Cycle

2-2. TIMING

Instructions in the 8080 contain one to three bytes. Each in-
struction requires from one to five machine or memory cycles
for fetching and execution. Machine cycles are called M1,
M2, . . . , M5. Each machine cycle requires from three to
five states T1, T2, . . . , Th for its completion. Each state
has the duration of one clock period (0.5 micro-second). There
are three other states (WAIT, HOLD, and HALT) which last
one to an indefinite number of clock periods, as controlled by
external signals. Machine cycle M1 is always the operation-code
fetch cycle and lasts four or five clock periods. Machine cycles
M2, M3, M4, and M5 normally last three clock periods each.

To understand the basic operation of the 8080, refer to the
simplified state diagram shown in Figure 4 and the timing
diagram of Figure 3.

During T1 the content of the program counter is sent to the
address bus, SYNC is true, and the data bus contains the status
information pertaining to the cycle that is currently being ini-
tiated. T 1 is always followed by another state, T2, during which
the condition of the READY, HOLD and HALT Acknowledge
Signals are tested. If READY is true, T3 can be entered; other-
wise, the CPU will go into the wait state (TW) and stay there
for as long as READY is false.

READY thus allows the CPU speed to by synchronized to a
memory with any access time or to any input device. Further-
more, by properly controlling the READY line, the user can
single-step through his program.

During T3, the data coming from memory is available on the

data bus and is transferred into the instruction register (during
M1 only) as shown in the 8080 block diagram of Figure 4. The
instruction decoder and control sections then generate the basic
signals to control the internal data transfers, the timing, and
the machine cycle requirements of the new instructions.

At the end of T4, if the cycle is complete, or eise at the end of
T5, the 8080 goes back to T1 and enters machine cycle M2, un-
less the instruction required only one machine cycle for its ex-
ecution. In such cases, a new M1 cycle is entered. The loop is
repeated for as many cycles and states as required by the in-
struction.

It is only during the last state of the last machine cycle that the
interrupt request line is tested and a special M1 cycle is entered,
during which no program-counter increment takes place and
INTERRUPT ACKNOWLEDGE status is sent out. During this
cycle, one of eight possible restart. instructions will be sent to
the CPU by the interrupting device.

Instruction state requirements range from a minimum of four
states for non-memory referencing instructions, like register
and accumulator arithmetic instructions, up to a maximum of
18 states for the most complex instructions (exchange the con-
tents of registers H and L with the content of the top two lo-
cations of the stack). At the maximum clock frequency of 2
megahertz, this means that all instructions will be executed in
intervals ranging from 2 us to 9 us. If a HALT instruction is
executed, the processor enters a WAIT state and remains there
until an interrupt is received.



