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CHAPTER 2
8085A FUNCTIONAL DESCRIPTION

2.1 WHAT THE 8085A IS

The 8085A is an 8-bit general-purpose micro-
processor that is very cost-effective in small
systems because of its extraordinarily low hard-
ware overhead requirements. At the same time
it is capable of accessing up to 64K bytes of
memory and has status lines for controlling
large systems.

2.2 WHAT'S IN THE 8085A

In the 8085A microprocessor are contained the
functions of clock generation, system bus con-
trol, and interrupt priority selection, in addition
to execution of the instruction set. (See Figure
2-1.) The 8085A transfers data on an 8-bit, bi-
directional 3-state bus (ADg7) which is time-
multiplexed so as to also transmit the eight
lower-order address bits. An additional eight
lines (As.15) expand the MCS-85 system memory
addressing capability to 16 bits, thereby allow-
ing 64K bytes of memory to be accessed direct-
ly by the CPU. The 8085A CPU (central process-
ing unit) generates control signals that can be
used to select appropriate external devices and

functions to perform READ and WRITE opera-
tions and also to select memory or /O ports.
The 8085A can address up to 256 different 1/O
locations. These addresses have the same
numerical values-(00 through FFH) as the first
256 memory addresses; they are distinguished
by means of the 10/M output from the CPU. You
may also choose to address |/O ports as
memory locations (i.e., memory-map the /O,
Section 3.2).

2.2.1 Registers

The 8085A, like the 8080, is provided with inter-
nal 8-bit registers and 16-bit registers. The
8085A has eight addressable 8-bit registers. Six
of them can be used either as 8-bit registers or
as 16-bit register pairs. Register pairs are
treated as though they were single, 16-bit
registers; the high-order byte of a pair is located
in the first register and the low-order byte is
located in the second. In addition to the register
pairs, the 8085A contains two more 16-bit
registers.
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INTR ] nsI 55 j nsv‘m L sib  sop
I INTERRUPT CONTROL ] SERIAL /0 CONTROL
8.BIT INTERNAL DATA BUS ‘
—
N F T
b &
lACCUMULATOR rTEMP. REG, TNSTRUCTION
(A REG) (& ® REGISTER (8)
FLAG (5)
FLIP-FLOPS
) T ®
NSTRUGTION REG. REG.
INSTRUCTI S e
DECODER AtG ke
AND : .
MACHINE H @ L ®
pavig REG. REG. REGISTER
ENCODING sTack poINTER (180 ARRAY

POWER [~ +5V
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TIMING AND CONTROL
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FIGURE 2-1 8085A CPU FUNCTIONAL BLOCK DIAGRAM
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The 8085A’s CPU registers are distinguished as
follows:

* The accumulator (ACC or A Register) is
the focus of all of the accumulator in-
structions (Table 4-1), which include
arithmetic, logic, load and store, and 1/0
instructions. It is an 8-bit register only.
(However, see Flags, in this list.)

* The program counter (PC) always points
to the memory location of the next in-
struction to be executed. It always con-
tains a 16-bit address.

¢ General-purpose registers BC, DE, and
HL may be used as six 8-bit registers or
as three 16-bit registers, interchangeably,
depending on the instruction being per-
formed. HL functions as a data pointer to
reference memory addresses that are
either the sources or the destinations in
a number of instructions. A smaller
number of instructions can use BC or DE
for indirect addressing.

* The stack pointer (SP) is a special data
pointer that always points to the stack
top (next available stack address). It is
an indivisible 16-bit register.

* The flag register contains five one-bit
flags, each of which records processor
status information and may also control
processor operation. (See following
paragraph.)

2.2.2 Flags

The five flags in the 8085A CPU are shown
below:

D7 D Ds Dy D3 Dy Dy D

S Zz AC P 10} 4

The carry flag (CY) is set and reset by arithmetic
operations. Its status can be directly tested by
a program. For example, the addition of two
one-byte numbers can produce an answer that
does not fit into one byte:

HEXIDECIMAL BINARY
AEH 10101110
+74H 01110100
122H /1 00100010

Carry bit sets carry flag to 1

2.2

An addition operation that results in an
overflow out of the high-order bit of the ac-
cumulator sets the carry flag. An addition
operation that does not result in an overflow
clears the carry flag. (See 8080/8085 Assembly
Language Programming Manual for further
details.) The carry flag also acts as a “borrow”
flag for subtract operations.

The auxiliary carry flag (AC) indicates overflow
out of bit 3 of the accumulator in the same way
that the carry flag indicates overflow out of bit
7. This flag is commonly used in BCD (binary
coded decimal) arithmetic.

The sign flag is set to the condition of the most
significant bit of the accumulator following the
execution of arithmetic or logic instructions.
These instructions use bit 7 of data to represent
the sign of the number contained in the ac-
cumulator. This permits the manipulation of
numbers in the range from —128 to + 127.

The zero flag is set if the result generated by
certain instructions is zero. The zero flag is
cleared if the result is not zero. A result that has
a carry but has a zero answer byte in the ac-
cumulator will set both the carry flag and the
zero flag. For example,

HEXADECIMAL BINARY
A7H 10100111
+ 59H + 01011001
100H /1£0000000‘
Carry bit /

Eight zero bits set zero flag to 1

Incrementing or decrementing certain CPU
registers with a zero result will also set the zero
flag.

The parity flag (P) is set to 1 if the parity
(number of 1-bits) of the accumulator is even. If
odd, it is cleared.

223 Stack

The stack pointer maintains the address of the
last byte entered into the stack. The stack
pointer can be initialized to use any portion of
read-write memory as a stack. The stack pointer
is decremented each time data is pushed onto
the stack and is incremented each time data is
popped off the stack (i.e., the stack grows
downward in terms of memory address, and the
stack “top” is the lowest numerical address
represented in the stack currently in use). Note
that the stack pointer is always incremented or
decremented by two bytes since all stack
operations apply to register pairs.
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2.2.4 Arithmetic-Logic Unit (ALU)

The ALU contains the accumulator and the flag
register (described in Sections 2.2.1 and 2.2.2)
and some temporary registers that are inac-
cessible to the programmer.

Arithmetic, logic, and rotate operations are per-
formed by the ALU. The results of these opera-
tions can be deposited in the accumulator, or
they can be transferred to the internal data bus
for use elsewhere.

2.2.5 Instruction Register and Decoder

During an instruction fetch, the first byte of an
instruction (containing the opcode) is trans-
ferred from the internal bus to the 8-bit instruc-
tion register. (See Figure 2-1.) The contents of
the instruction register are, in turn, available to
the instruction decoder. The output of the
decoder, gated by timing signals, controls the
registers, ALU, and data and address buffers.
The outputs of the instruction decoder and in-
ternal clock generator generate the state and
machine cycle timing signals.

2.2.6 Internal Clock Generator

The 8085A CPU incorporates a complete clock
generator on its chip, so it requires only the ad-
dition of a quartz crystal to establish timing for
its operation. (It will accept an external clock in-
put at its X4 input instead, however.) A suitable
crystal for the standard 8085A must be parallel-
resonant at a fundamental of 6.25 MHz or less,
twice the desired internal clock frequency. The
8085A-2 will operate with crystal of up to 10
MHz. The functions of the 8085A internal clock
generator are shown in Figure 2-2. A Schmitt
trigger is used interchangeably as oscillator or

8085A

* SCHMITT
AMP. @1

¢2

ol

1

L

*EXTERNAL CAPACITORS REQUIRED ONLY FOR CRYSTAL FREQUENCIES <4MHz.

FIGURE 2-2 8085A CLOCK LOGIC
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as input conditioner, depending upon whether a
crystal or an external source is used. The clock
circuitry generates two nonoverlapping internal
clock signals, ¢, and ¢, (see Figure 2-2). ¢4 and
¢, control the internal timing of the 8085A and
are not directly avaiiable on the outside of the
chip. The external pin CLK is a buffered, in-
verted version of ¢4. CLK is half the frequency of
the crystal input signal and may be used for
clocking other devices in the system.

MEMORY ADDRESSES
RSTO

00H

RST1

08H
TRAP

RST2

10H

RST3

RST 7.5 18H
RST 65
RST 5.5

RST4

RSTS

RST6

RST7

8085A
EXECUTING
SOFTWARE
RST INSTRUCTIONS
IN RESPONSE TO INTR

B8085A
SYSTEM
MEMORY

FIGURE 2-3 8085A HARDWARE AND SOFT-
WARE RST BRANCH LOCATIONS

2.2.7 Interrupts

The five hardware interrupt inputs provided in
the 8085A are of three types. INTR is identical
with the 8080A INT line in function; i.e,, it is
maskable (can be enabled or disabled by El or
D! software instructions), and causes the CPU
to fetch in an RST instruction, externally placed
on the data bus, which vectors a branch to any
one of eight fixed memory locations (Restart ad-
dresses). (See Figure 2-3.) INTR can also be
controlled by the 8259 programmable interrupt
controller, which generates CALL instructions
instead of RSTs, and can thus vector operation
of the CPU to a preprogrammed subroutine
located anywhere in your system’s memory
map. The RST 5.5, RST 6.5, and RST 7.5 hard-
ware interrupts are different in function in that
they are maskable through the use of the SIM
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instruction, which enables or disables these in-
terrupts by clearing or setting corresponding
mask flags based on data in the accumulator.
(See Figure 2-4.) You may read the status of the
interrupt mask previously set by peforming a
RIM instruction. Its execution loads into the ac-
cumulator the following information. (See
Figure 2-5.)

* Current interrupt mask status for the

RST 5.5, 6.5, and 7.5 hardware status.

¢ Current interrupt enable flag status (ex-
cept that immediately following TRAP,
the IE flag status preceding that inter-
rupt is loaded).

® RST 5.5, 6.5, and 7.5 interrupts pending.

RST 5.5, 6.5, and 7.5 are also subject to being
enabled or disabled by the El and DI instruc-
tions, respectively. INTR, RST 5.5, and RST 6.5
are level-sensitive, meaning that these inputs
may be acknowledged by the processor when
they are held at a high level. RST 7.5 is edge-
sensitive, meaning that an internal flip-flop in
the 8085A registers the occurrence of an inter-
rupt the instant a rising edge appears on the
RST 7.5 input line. This input need not be held
high; the flip-flop will remain set until it is
cleared by one of three possible actions:

* The 8085A responds to the interrupt,
and sends an internal reset signal to the
RST 7.5 flip-flop. (See Figure 2-6A.)

SIM — SET INTERRUPT MASK
(OPCODE = 30)

CONTENTS OF ACCUMULATOR BEFORE EXECUTING SIM:

7 0

[/ R7.5 MSE M7.5 Mé6.5 M5.5

L |
RESET INTERRUPT 7.5 J INTERRUPT MASKS
FLIP-FLOP

MASK SET ENABLE

FIGURE 2-4 INTERRUPT MASKS SET USING
SIM INSTRUCTION

RIM — READ INTERRUPT MASK
(OPCODE = 20)

CONTENTS OF ACCUMULATOR AFTER EXECUTING RIM:

% 175 16.5 15.5 IE M7.5 MeS5 M5.5

L ! )

PENDING INTERRUPTS INTERRUPT MASKS

INTERRUPT ENABLE FLAG

FIGURE 2-5 RIM — READ INTERRUPT MASK

RST 7.5

| SET 8085A |

RST 7.5 RESET
F.F. (INTERNAL)

1 Q
INTERRUPT
REQUEST

(INTERNAL)

FIGURE 2-6A RST 7.5 FLIP FLOP

8085A

TRAP

RESET IN SCHMITT
TRIGGER

RESET

TRAP
INTERRUPT
REQUEST
(INTERNAL)

1 +sv— p CLK
cLK

D
FiF

CLEAR

TRAP F.F.
INTERNAL
TRAP
ACKNOWLEDGE

FIGURE 2-6B TRAP INTERRUPT INPUTS

FIGURE 2-6 RST 7.5 AND TRAP INTERRUPT
INPUTS
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¢ The 8085A, before responding to the RST
7.5 interrupt, receives a RESET IN signal
from an external source; this also ac-
tivates the internal reset.

e The 8085A executes a SIM instruction,
with accumulator bit 4 previously set to
1. (See Figure 2-4.)

The third type of hardware interrupt is TRAP.
This input is not subject to any mask or inter-
rupt enable/disable instruction. The receipt of a
positive-going edge on the TRAP input triggers
the processor’s hardware interrupt sequence,
but the pulse must be held high until
acknowledged internally (see Figure 2-6B).

The sampling of all interrupts occurs on the
descending edge of CLK, one cycle before the
end of the instruction in which the interrupt in-
put is activated. To be recognized, a valid inter-
rupt must occur at least 160 ns before sampling
time in the 8085A, or 150 ns in the 8085A-2. This
means that to guarantee being recognized, RST
5.5 and 6.5 and TRAP need to be held on for at
least 17 clock states plus 160 ns (150 for
8085A-2), assuming that the interrupt might ar-
rive just barely too late to be acknowledged dur-
ing a particular instruction, and that the follow-
ing instruction might be an 18-state CALL. This
timing assumes no WAIT or HOLD cycles are
used.

The way interrupt masks are set and read is
described in Chapter 4 under the RIM (read in-

terrupt mask) and SIM (set interrupt mask) in-
struction listings. Interrupt functions and their
priorities are shown in the table that follows.

Address (1) Tvpe
Name Priority Branched to T‘r,ip or
when inter- 99
rupt occurs
TRAP 1 24H Rising edge
AND high
level until
sampled
RST 7.5 2 3CH Rising edge
(latched)
RST 6.5 3 34H High level
until sam-
pled
RST 5.5 4 2CH High level
until sam-
pled
INTR 5 (2) High level
until sam-
pled
NOTES:

(1) In the case of TRAP and RST 5.5-7.5, the
contents of the Program Counter are
pushed onto the stack before the branch
occurs.

(2) Depends on the instruction that is pro-
vided to the 8085A by the 8259 or other
circuitry when the interrupt is acknowl-
edged.

2.2.8 Serial Input and Output

The SID and SOD pins help to minimize chip
count in small systems by providing for easy in-
terface to a serial port using software for timing
and for coding and decoding of the data. Each
time a RIM instruction is executed, the status of
the SID pin is read into bit 7 of the accumuiator.
RIM is thus a dual-purpose instruction. (See
Chapter 4.) In similar fashion, SIM is used to
latch bit 7 of the accumulator out to the SOD
output via an internal flip-flop, providing that bit
6 of the accumulator is set to 1. (See Figure 2-7.)
Section 2.3.8 describes SID and SOD timing.

SID can also be used as a general purpose
TEST input and SOD can serve as a one-bit con-
trol output.

EFFECT OF RIM INSTRUCTION
SID

8085A

ACCUMULATOR

EFFECT OF SIM INSTRUCTION

BRZ %4 % %%

ACCUMULATOR

FIGURE 2-7 EFFECT OF RIM AND SIM
INSTRUCTIONS ON SERIAL DATA LINES
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23 HOW THE MCS-85 SYSTEM WORKS

The B8085A CPU generates signals that tell
peripheral devices what type of information is
on the multiplexed Address/Data bus and from
that point on the operation is almost identical
to the MCS-80™ CPU Group. A multiplexed bus
structure was chosen because it freed device
pins so that more functions could be integrated
on the 8085A and other components of the fami-
ly. The multiplexed bus is designed to allow
complete compatibility to existing peripheral

components with improved timing margins and
access requirements. (See Figure 2-8.)

To enhance the system integration of MCS-85,
several special components with combined
memory and I/0O were designed. These new
devices directly interface to the multiplexed
bus of the 8085A. The pin locations of the 8085A
and the special peripheral components are
assigned to minimize PC board area and to
allow for efficient layout. The details on
peripheral components are contained in subse-
quent paragraphs of this chapter and in
Chapters 5 and 6.

INT ——=§

it

8224

ADDRESS BUS >

—={ %

—1 ¢,

8228

-

FIGURE 2-8A MCS-80™ CPU GROUP

DATA/ADDRESS BUS

ADDRESS

L]

)

0
INTR —

INTA «-———+ g

:> ADDRESS BUS

[———— ALE

MULTIPLEXED
ADDRESS/DATA BUS

o—————— RD
o————— WR

—————— 10/M

8085A

RESET IN —————»]

RESET OUT +—m——

FIGURE 2-8B MCS-85™ CPU/8085A (MCS-80 COMPATIBLE
FUNCTIONS)

DATA IN OR OUT

x Az-Ay

X

D,D,

-

TIME MULTIPLEX DATA BUS

FIGURE 2-8C MULTIPLEXED BUS TIMING

FIGURE 2-8 BASIC CPU FUNCTIONS
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2.3.1 Multiplexed Bus Cycle Timing

The execution of any 8085A program consists
of a sequence of READ and WRITE operations,
of which each transfers a byte of data between
the 8085A and a particular memory or 1/O ad-
dress. These READ and WRITE operations are
the only communication between the processor
and the other components, and are all that is
necessary to execute any instruction or pro-
gram.

Each READ or WRITE operation of the 8085A is
referred to as a machine cycle. The execution of
each instruction by the 8085A consists of a se-
quence of from one to five machine cycles, and
each machine cycle consists of a minimum of
from three to six clock cycles (also referred to
as T states). Consider the case of the Store Ac-
cumulator Direct (STA) instruction, shown in
Figure 2-9. The STA instruction causes the con-
tents of the accumulator to be stored at the
direct address specified in the second and third
bytes of the instruction. During the first
machine cycle (M,), the CPU puts the contents
of the program counter (PC) on the address bus
and performs a MEMORY READ cycle to read
from memory the opcode of the next instruction
(STA). The My machine cycle is also referred to
as the OPCODE FETCH cycle, since it fetches
the operation code of the next instruction. In
the fourth clock cycle (T4) of My, the CPU inter-
prets the data read in and recognizes it as the
opcode of the STA instruction. At this point the

CPU knows that it must do three more machine
cycles (two MEMORY READs and one MEMORY
WRITE) to complete the instruction.

The 8085A then increments the program
counter so that it points to the next byte of the
instruction and performs a MEMORY READ
machine cycle (M) at address (PC + 1). The ac-
cessed memory places the addressed data on
the data bus for the CPU. The 8085A temporarily
stores this data (which is the low-order byte of
the direct address) internally in the CPU. The
8085A again increments the program counter to
location (PC+2) and reads from memory (Ma)
the next byte of data, which is the high-
order byte of the direct address.

At this point, the 8085A has accessed all three
bytes of the STA instruction, which it must now
execute. The execution consists of placing the
data accessed in M, and M3 on the address bus,
then placing the contents of the accumulator
on the data bus, and then performing a
MEMORY WRITE machine cycle (My). When M4
is finished, the CPU will fetch (M) the first byte
of the next instruction and continue from there.

State Transition Sequence

As the preceding example shows, the execution
of an instruction consists of a series of
machine cycles whose nature and sequence is
determined by the opcode accessed in the M;

MACHINE

INSTRUCTION CYCLE

CYCLE M2

T STATE

CLK

TYPE OF

MACHINE CYCLE MEMORY READ

MEMORY READ

My —————1

MEMORY READ MEMORY WRITE

ADDRESS BUS

DATA BUS

THE ADDRESS (CONTENTS OF THE
PROGRAM COUNTER) POINTS TO THE
FIRST BYTE (OPCODE) OF THE
INSTRUCTION

INSTRUCTION OPCODE (STA)

'THE ADDRESS (PC + 1) POINTS|
TO THE SECOND BYTE OF
[THE INSTRUCTION

LOW ORDER BYTE OF THE
DIRECT ADDRESS

THE ADDRESS (PC + 2) POINTS
TO THE THIRD BYTE OF THE
INSTRUCTION

HIGH ORDER BYTE OF THE
DIRECT ADDRESS

THE ADDRESS IS THE DIRECT
ADDRESS ACCESSED IN My
AND Mg

CONTENTS OF THE
ACCUMULATOR

FIGURE 29 CPU TIMING FOR STORE ACCUMULATOR DIRECT (STA) INSTRUCTION

2-7
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STATUS CONTROL

MACHINE CYCLE ‘o 151 TS0 TRD | WR [ TNTA
OPCODE FETCH {OF) o1l 1]o]| 1| 1
MEMORY READ (MR) o 1|oflo| 1] 1
MEMORY WRITE (MW} ool 111 | o] 1
1/0 READ (10R) L R A I A T
1/0 WRITE {low) 110l 1pr o 1
INTR ACKNOWLEDGE  (INA) 1 LT I I T
BUS IDLE (B): DAD ofj 1ot !l |1

INA(RST/TRAP} (T I A B IR |

HALT Ts | o ofTs| TS| 1

0= Logic 0" 1=Logic 1" TS=High Impedance X =Unspecified

FIGURE 2-10 8085A MACHINE CYCLE CHART

machine cycle. While no one instruction cycle
will consist of more than five machine cycles,
every machine cycle will be one of the seven
types listed in Figure 2-10. These seven types of
machine cycles can be differentiated by the
state of the three status lines (I0/M, Sp, and Sy)

and the three control signals (RD, WR, and
INTA).

Most machine cycles consist of three T states,
(cycles of the CLK output) with the exception of
OPCODE FETCH, which normally has either
four or six T states. The actual number of states
required to perform any instruction depends on
the instruction being executed, the particular
machine cycle within the instruction cycle, and
the number of WAIT and HOLD states inserted
into each machine cycle through the use of the
READY and HOLD inputs of the 8085A. The
state transition diagram in Figure 2-11 il
lustrates how the 8085A proceeds in the course
of a machine cycle. The state of various status
and control signals, as well as the system
buses, is shown in Figure 2-12 for each of the
ten possible T states that the processor can be
in.

Figure 2-11 also shows when the READY, HOLD,
and interrupt signals are sampled, and how
they modify the basic instruction sequence (T;-
Te and Twar7). As we shall see, the timings for
each of the seven types of machine cycles are
almost identical.

OPCODE FETCH (OF):

The OPCODE FETCH (OF) machine cycle is
unique in that it has more than three clock
cycles. This is because the CPU must interpret
the opcode accessed in Ty, Ty, and T3 before it
can decide what to do next.

NOTE:

2-8

TReseT

| «—— RESET

HOLD «

HOLD VALIDINT
TuaLt

VALIDINT

SET
HLDA FF

RESET
HALT FF

1

SET
INTA FF
RESET
INTE FF

SET
HLDA FF

HLDA FF.

LAST
MACHINE CYCLE
OF INSTRUCTION

RESET
HLDA FF

SET
INTA FF
RESET
INTE FF

!

SYMBOL DEFINITION

= CPU STATE T,. ALL CPU STATE TRANSITIONS OCCUR
ON THE FALLING EDGE OF CLK.

= A DECISION (X) THAT DETERMINES WHICH OF SEVERAL
ALTERNATIVE PATHS TO FOLLOW.

= PERFORM THE ACTION X.
= FLOWLINE THAT INDICATES THE SEQUENCE OF EVENTS.

X = FLOWLINE THAT INDICATES THE SEQUENCE OF EVENTS
IF CONDITION X IS TRUE.

= NUMBER OF CLOCK CYCLES IN THE CURRENT MACHINE
CYCLE.

= “BUS IDLE MACHINE CYCLE” = MACHINE CYCLE WHICH
DOESN'T USE THE SYSTEM BUS.

VALIDINT = “VALID INTERRUPT"” — AN INTERRUPT IS PENDING
THAT IS BOTH ENABLED AND UNMASKED (MASK-
ING ONLY APPLIES FOR RST 5.5, 6.5, AND 7.5
INPUTS).

= INTERNAL HOLD ACKNOWLEDGE FLIP FLOP. NOTE
THAT THE 8085A SYSTEM BUSES ARE 3-STATED ONE
CLOCK CYCLE AFTER THE HLDA FLIP FLOP IS SET.

cc

BIMC

HLDA FF

FIGURE 2-11 8085A CPU STATE TRANSITION
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Status & Buses Control
Machine _ I
State |S1,50[I0/M Ag-A15|ADg-AD7 RDWRIINTA|ALE
T X | X X X 1 1 1t
T2 X X X X X X 0
TwaIT X X X X X X 0
T3 X X X X X X 0
Ty 1 | 0" X TS 1 1 0
Ts 1 0* X TS 1 1 0
Te 1 0* X TS 1 1 0
TRESET X TS TS TS TS 1 0
THALT ] TS TS TS TS 1 0
THoLD X TS TS TS TS 1 0
0= Logic “0"” 1=Logic “1” TS=High Impedance X =Unspecified

TALE not generated during 2nd and 3rd machine cycles of DAD
instruction.

*10/M = 1 during T4-Tg states of RST and INA cycles.

FIGURE 2-12 8085A MACHINE STATE CHART

Figure 2-13 shows the timing relationships for
an OF machine cycle. The particular instruction
illustrated is DCX, whose timing for OF differs
from other instructions in that it has six T
states, while some instructions require only
four T states for OF. In this discussion, as well
as the following discussions, only the relative
timing of the signals will be discussed; for the
actual timings, refer to the data sheets of the in-
dividual parts in Chapters 5 and 6.

The first thing that the 8085A does at the begin-
ning of every machine cycie is to send out three
status signals (I0/M, S1, S0) that define what
type of machine cycle is about to take place.
The I0/M signal identifies the machine cycle as
being either a memory reference or input/output
operation. The S1 status signal identifies
whether the cycle is a READ or WRITE opera-
tion. The SO and S1 status signals can be used
together (see Figure 2-10) to identify READ,
WRITE, or OPCODE FETCH machine cycles as
well as the HALT state. Referring to Figure 2-13,
the 8085A will send out IO/M = 0,51 = 1,S0 = 1
at the beginning of the machine cycle to iden-
tify it as a READ from a memory location to ob-
tain an opcode; in other words, it identifies the
machine cycle as an OPCODE FETCH cycle.

2-9

The 8085A also sends out a 16-bit address at the
beginning of every machine cycle to identify the
particular memory location or |/O port that the
machine cycle applies to. In the case of an OF
cycle, the contents of the program counter is
placed on the address bus. The high order byte
(PCH) is placed on the Ag-A;s lines, where it will
stay until at least T4. The low order byte (PCL) is
placed on the ADy-AD; lines, whose three-state
drivers are enabled if not found already on.
Unlike the upper address lines, however, the in-
formation on the lower address lines will re-
main there for only one clock cycle, after which
the drivers will go to their high impedance state,
indicated by a dashed line in Figure 2-13. This is
necessary because the ADy-ADy; lines are time
mulitplexed between the address and data
buses. During T4 of every machine cycle, ADg-
AD; output the lower 8-bits of address after
which ADg-AD; will either output the desired
data for a WRITE operation or the drivers will
float (as is the case for the OF cycle), allowing
the external device to drive the lines for a READ
operation.

Since the address information on ADy-ADy is of
a transitory nature, it must be latched either in-
ternally in special multiplexed-bus components
like the 8155 or externally in parts like the 8212
8-bit latch. (See Chapter 3.) The 8085A provides
a special timing signal, ADDRESS LATCH
ENABLE (ALE), to facilitate the latching of Ag-A7;
ALE is present during T, of every machine cycle.

After the status signals and address have been
sent out and the ADy-AD; drivers have been
disabled, the 8085A provides a low level on RD
to enable the addressed memory device. The
device will then start driving the ADy-AD; lines;
this is indicated by the dashed line turning into
a solid line in Figure 2-13. After a period of time
(which is the access time of the memory) valid
data will be present on ADy-AD7. The 8085A dur-
ing T3 will load the memory data on ADy-ADy in-
to its instruction register and then raise RD to
the high level, disabling the addressed memory
device. At this point, the 8085A will have fin-
ished accessing the opcode of the instruction.
Since this is the first machine cycle (M) of the
instruction, the CPU will automatically step to
T4, as shown in Figure 2-11.

During T4, the CPU will decode the opcode in
the instruction register and decide whether to
enter Ts on the next clock or to start a new
machine cycle and enter T4. In the case of the
DCX instruction shown in Figure 2-13, it will
enter Ts and then Tg before going to T4.
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M1 (OF)

SIGNAL T T, T3

Ts Ts Ts T

_—
w TN__/ / / /
1o, X 10/M=0,51=1,50=1 X
s1,50
Ag-Aqg PCH X UNSPECIFIED X
our IN
ADgG-AD; X PCL ). ____________ - - - .<

L/

FIGURE 2-13 OPCODE FETCH MACHINE CYCLE (OF DCX INSTRUCTION)

During Ts and Tg, of DCX, the CPU will decre-
ment the designated register. Since the Ag-Ays
lines are driven by the address latch circuits,
which are part of the incrementer/decrementer
logic, the Ag-Ays lines may change during Ts and
Te. Because the value of Ag-Ay5 can vary during
T4-Tg, it is most important that all memory and
I/O devices on_the system bus qualify their
selection with RD. If they don’t use RD, they
may be spuriously selected. Moreover, with a
linear selection technique (Chapter 3), two or
more devices could be simultaneously enabled,
which could be potentially damaging. The
generation of spurious addresses can also oc-
cur momentarily at address bus transitional
periods in Ty. Therefore, the selection of all
memory and 1/O devices must be qualified with
RD or WR. Many new memory devices like the
8155 and 8355 have the RD input that internally
is used to enable the data bus outputs, remov-
ing the need for externally qualifying the chip
enable input with RD.

Figure 2-14 is identical to Figure 2-13 with one
exception, which is the use of the READY line.
As we can see in Figure 2-11, when the CPU is in
T,, it examines the state of the READY line. If
the READY line is high, the CPU will proceed to
T3 and finish executing the instruction. If the
READY line is low, however, the CPU will enter
Twair and stay there indefinitely until READY
goes high. When the READY line does go high,
the CPU will exit Twair and enter T3, in order to
complete the machine cycle. As shown in

2-10

Figure 2-14, the external effect of using the
READY line is to preserve the exact state of the
processor signals at the end of T, for an integral
number of clock periods, before finishing the
machine cycle. This “stretching” of the system
timing has the further effect of increasing the
allowable access time for memory or 1/O
devices. By inserting Twa states, the 8085A
can accommodate even the slowest of
memories. Another common use of the READY
line is to singe-step the processor with a
manual switch.

2.3.2 Read Cycle Timing
MEMORY READ (MR):

Figure 2-15 shows the timing of two successive
MEMORY READ (MR) machine cycles, the first
without a Twat state and the second with one
Twair state. The timing during T4-T; is absolute-
ly identical to the OPCODE FETCH machine cy-
cle, with the exception that the status sent out
during Ty is IO/M = 0, S1 = 1, S0 = 0, identify-
ing the cycles as a READ from a memory loca-
tion. This differs from Figure 2-13 only in that SO
= 1 for an OF cycie, identifying that cycle as an
OPCODE FETCH operation. Otherwise, the two
cycles are identical during T¢-Ta.

A second difference occurs at the end of T;. As
shown in Figure 2-11, the CPU always goes to T,
from T3 during M4, WhICh is always an OF cycle.
During all other machine cycles, the CPU will
always go from T3 to T4 of the next machine
cycle.
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My (OF)
SIGNAL T T, TWAIT T T, 5 Ts
p—
o [N/ / / \__/
10/M, —
X 10/M=0,81=1,80=1
s1,50
AgArs x PCH X UNSPECIFIED
out N
ADGAD, PcL .L DD (DCX) ).... e s
ALE / \ ( )
I
D /"
o
READY \ { 1
—

FIGURE 2-14 OPCODE FETCH MACHINE CYCLE WITH ONE WAIT STATE

MR OR 10R MR OR IOR
SiNAL T T2 T3 T T2 Twart T
o
w [N/ / / / / / /
sl:/:)’ X 10/M =0 (MR) OR 1 {IOR),S1=1,50=0 X 10/M = 0 (MR) OR 1 (IOR), S1=1,50 =0 X
Agh1s X X X
ouT IN out IN
ADg-AD; X AgAy /.( 0y-0; ) ..( AgA; .( Do-D; 7 <
ALE / \
! \X P
n—o \& f \ /
READY \(_/——\ \_ { ‘(//——\
— — ——

FIGURE 2-15 MEMORY READ (OR {/0 READ) MACHINE CYCLES
(WITH AND WITHOUT WAIT STATES)
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The memory address used in the OF cycle is
always the contents of the program counter,
which points to the current instruction, while
the address used in the MR cycle can have
several possible origins. Also, the data read in
during an MR cycle is placed in the appropriate
register, not the instruction register.

I/0 READ (IOR):

Figure 2-15 also shows the timing of two suc-
cessive /0 READ (IOR) machine cycles, the first
without a Twa T state. As is readily apparent, the
timing of an IOR cycle is identical to the timing
of an MR cycle, with the exception of IO/M = 0
for MR and IO/M = 1 for IOR; recall that I0/M
status signal identifies the address of the cur-
rent machine cycle as selecting either a
memory location or an I/O port. The address
used in the IOR cycle comes from the second
byte (Port No.) of an INPUT instruction. Note
that the /O port address is duplicated onto both
ADo-AD7 and Ag-Ass. The IOR cycle can occur
only as the third machine cycle of an INPUT in-
struction.

Note that the READY signal can be used to
generate Twat states for I/O devices as well as
memory devices. By gating the READY signal
with the proper status lines, one could generate
Twair states for memory devices only or for I/0
devices only. By gating in the address lines, one
can further qualify Twar state generation by the
particular devices being accessed.

2.3.3 WRITE Cycle Timing
MEMORY WRITE (MW):

Figure 2-16 shows the timing for two successive
MEMORY WRITE (MW) machine cycles, the first
without a Twar state, and the second with one
Twair state. The 8085A sends out the status dur-
ing Ty in a similar fashion to the OF, MR and
IOR cycles, except that IO/M = 0, S1 = 0, and
S0 = 1, identifying the current machine cycle as
being a WRITE operation to a memory location.

The address is sent out during T4 in an identical
manner to MR. However, at the end of T4, there
is a difference. While the ADy-AD; drivers were
disabled during T,-T; of MR in expectation of
the addressed memory device driving the ADg-
ADy lines, the drivers are not disabled for MW.
This is because the CPU must provide the data
to be written into the addressed memory loca-
tion. The data is placed on ADy-AD; at the start
of To.. The WR signal is aiso lowered at this time
to enable the writing of the addressed memory
device. During T,, the READY line is checked to
see if a Twar State is required. If READY is low,
Twair states are inserted until READY goes
high. During T3, the WR line is raised, disabling
the addressed memory device and thereby ter-
minating the WRITE operation. The contents of
the address and data lines are not changed un-
til the next T4, which directly follows.

Note that the data on ADy-AD; is not
guaranteed to be stable before the falling edge

MW OR tOW

MW OR 1OW

SIGNAL

T T T3

T T2 TwaIr T

TN\_/ / /

CLK

/ /

10/M,
s1,80

X

10/M = 0 (MW) OR 1 (I0W), S1=0,50 = 1

10/M = 0 (MW) OR 1 {IOW), S1=0,50 = 1

Aghis

ouT ouT

ourt ouT

ADy-AD,

X AgA; x D05

x ApghAy

Dg-D;

)&

ALE

L/ \

| 7/

I~

*-—»

READY

\“—Q—//j\ S

FIGURE 2-16 MEMORY WRITE (OR 1/0 WRITE) MACHINE CYCLES

(WITH AND WITHOUT WAIT STATES)
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of WR. The ADy-ADy lines are guaranteed to be
stable both before and after the rising edge of
WR.

1/0 WRITE (I0W):

As Figure 2-16 shows, the timing for an 1/O
WRITE (IOW) machine cycle is the same as an
MW machine cycle except that IO/M = 0 during
the MW cycle and IO/M = during the IOW cycle.

As with the IOR cycle discussed previously, the
address used in an IOW cycle is the /0 port
number which is duplicated on both the high
and low bytes of the address bus. In the case of
IOW, the port number comes from the second
byte of an OUTPUT instruction as the instruc-
tion is executed.

2.3.4 Interrupt Acknowledge (INA) Timing
Figures 2-17 and 2-18 (a continuation of 2-17)
depict the course of action the CPU takes in

response to a high level on the INTR line if the
INTE FF (interrupt enable flip-flop) has been set

by the El instruction. The status of the TRAP
and RST pins as well as INTR is sampled during
the second clock cycle before My « T4, If INTR
was the only valid interrupt and if INTE FF is
set, then the CPU will reset INTE FF and then
enter an INTERRUPT ACKNOWLEDGE (INA)
machine cycle. The INA cycle is identical to an
OF cycle with two exceptions. INTA is sent out
instead of RD. Also, IO/M = 1 during INA,
whereas IO/M = 0 for OF. Although the con-
tents of the program counter are sent out on the
address lines, the address lines can be ignored.

When INTA is sent out, the external interrupt
logic must provide the opcode of an instruction
to execute. The opcode is placed on the data
bus and read in by the processor. If the opcode
is the first byte of a multiple-byte instruction,
additional INTA pulses will be provided by the
8085A to clock in the remaining bytes.
RESTART and CALL instructions are the most

SIGNAL

M3 (MR) M7 (INA) M3z (INA)

T2 T3 T T2 T3

Ta Ts Te S! i)

INTR / “
[ S R —

=

INTA ’ \
10/M, 51, S0 (0,1,0) 11,1 (1,1,1)
AgAis (PC-NH PCH PCH

n
T

IN ouTt

IN
4
+

ADGAD; 0y-D; ). .( PCL (DB—D7 (cm.». e o v e o wf o wm mlf PCL Dy-D; (B2)

ouT IN

FIGURE 2-17 INTERRUPT ACKNOWLEDGE MACHINE CYCLES
(WITH CALL INSTRUCTION IN RESPONSE TO INTR)
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logical choices, since they both force the pro-
cessor to push the contents of the program
counter onto the stack before jumping to a new
location. In Figure 2-17 it is assumed that a
CALL opcode is sent to the CPU during M,. The
CALL opcode could have been placed there by a
device like the 8259 programmable interrupt
controller.

After receiving the opcode, the processor then
decodes it and determines, in this case, that the
CALL instruction requires two more bytes. The
CPU therefore performs a second INA cycle (M)
to access the second byte of the instruction
from the 8259. The timing of this cycle is iden-
tical to M,, except that it has only three T
states. M, is followed by another INA cycle (M3)
to access the third byte of the CALL instruction
from the 8259.

Now that the CPU has accessed the entire in-
struction used to acknowledge the interrupt, it
will execute that instruction. Note that any in-
struction could be used (except El or DI, the in-
structions which enable or disable interrupts),
but the RESTART and CALL instructions are the
most logical choices. Also notice that the CPU
inhibited the incrementing of the program
counter (PC) during the three INA cycles, so
that the correct PC value can be pushed onto
the stack during M4 and Ms.

During M4 and Ms, the CPU performs MEMORY
WRITE machine cycles to write the upper and
then lower bytes of the PC onto the top of the
stack. The CPU then places the two bytes ac-
cessed in M, and M3 into the lower and upper
bytes of the PC. This has the effect of jumping
the execution of the program to the location
specified by the CALL instruction.

M3 (INA)

Mg (MW

) Mg (MW} Mq (OF)

SIGNAL
T T T

T

T T T3 T T

CLK

VAVAVA

INTR

INTA

10/M, S1, S0 x (1,10 10,0,1) 10,0,1) (0,1,1)
AgAis X PCH (SP-1)H (SP-2)H X PCH(B3)
ouT IN ouT ouT ouT ouT ouTt
T T T
AD,-AD; .( pPCL Dy-D; (B3) ).( (SP-IL DD (PCH) (SP-2)L Dy-Dy (PCL) 82
ALE
/ \ / 0\ {\

RD

./

FIGURE 2-18 INTERRUPT ACKNOWLEDGE MACHINE CYCLES
(WITH CALL INSTRUCTION IN RESPONSE TO INTR)
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2.3.5 Bus idle (Bl) and HALT State

Most machine cycles of the 8085A are
associated with either a READ or WRITE opera-
tion. There are two exceptions to this rule. The
first exception takes place during M, and M; of
the DAD instruction. The 8085A requires six in-
ternal T states to execute a DAD instruciton,
but it is not desirable to have M, be ten (four
normal plus six extra) states long. Therefore,
the CPU generates two extra machine cycles
that do not access either the memory or the I/0.
These cycles are referred to as BUS IDLE (Bl)
machine cycles. In the case of DAD, they are
identical to MR cycles except that RD remains
high and ALE is not generated. Note that
READY is ignored during M, and M3 of DAD.

The other time when the BUS IDLE machine cy-
cle occurs is during the internal opcode genera-
tion for the RST or TRAP interrupts. Figure 2-19
illustrates the Bl cycle generated in response to
RST 7.5. Since this interrupt is rising-edge-
triggered, it sets an internal latch; that latch is
sampled at the falling edge of the next to the
last T-state of the previous instruction. At this
point the CPU must generate its own internal
RESTART instruction which will (in subsequent
machine cycles) cause the processor to push
the program counter on the stack and to vector
to location 3CH. To do this, it executes an OF
machine cycle without issuing RD, generating
the RESTART opcode instead. After M,, the
CPU continues execution normally in all
respects except that the state of the READY
line is ignored during the Bl cycle.

My (OF)
SIGNALS

M4 (B1) My (MW)

Ty T, Ts s T T,

RST 75

. \_/‘i’*
N

10/M

g\fU’\J‘\.FU‘\./‘\.FU’

S1, S0

AgAig (PC-11H PCH

x (SP-11H

IN out

ADy-AD, —_—— PCL >___.-_...._.q..__¢_-_.

ouT IN

(SP-1)L PCH

M\

K

Ao _/

READY \ g

FIGURE 2-19 RST 7.5 BUS IDLE MACHINE CYCLE
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Figure 2-20 illustrates the Bi cycle generated in
response to RST 7.5 when a HALT instruction
has just been executed and the CPU is in the
TuaLr State, with its various signals floating.
There are only two ways the processor can com-
pletely exit the TyaLt State, as shown in Figure
2-11. The first way is for RESET to occur, which
always forces the 8085A to Treser. The second
way to exit TyaLt permanently is for a valid in-
terrupt to occur, which will cause the CPU to
disable further interrupts by resetting INTE FF,
and to then proceed to M; » T4 of the next in-
struction. When the HOLD input is activated,
the CPU will exit TyaLt for the duration of TyoLp
and then return to Tyact-

In Figure 2-20 the RST 7.5 line is pulsed during
ThaLT- Since RST 7.5 is a rising-edge-triggered
interrupt, it will set an internal latch which is
sampled during CLK = “1” of every Tya,y state
(as well as during CLK = “1” two T states
before any M; « T1.) The fact that the latched in-
terrupt was high (assuming that INTE FF = 1
and the RST 7.5 mask =0) will force the CPU to
exit the Tya,T State at the end of the next CLK
period, and to enter My « T.

This completes our analysis of the timing of
each of the seven types of machine cycles.

M1 (OF) M (HALT)

M1 (B1) Mg (MW}

SIGNALS
T3 Ta T THALT | THALT

T T2 T3 Ta Ts Ts T T2

RST 7.5 l
10/M — -___.F
s1,50
Ag-Ats (PC-1)H PCH —— fn o — --( PCH {SP-1H

ADg-AD7 HALT __( PCL )...._.-__..< PCL >___ ___-..__.___.__._.((srm. PCH

ouT ouT IN

READY

-
.

FIGURE 2-20 HALT STATE AND BUS IDLE MACHINE CYCLE

RST 7.5 TERMINATES Ty, r STATE

2-16



FUNCTIONAL DESCRIPTION

2.3.6 HOLD and HALT States

The 8085A uses the ThoLp state to momentarily
cease executing machine cycles, allowing ex-
ternal devices to gain control of the bus and
peform DMA cycles. The processor internally
latches the state of the HOLD line and the un-
masked interrupts during CLK = “1” of every
TuaLT State. If the internal latched HOLD signal
is high during CLK = “1” of any Tya_t State, the
CPU will exit Tyat and enter Thop on the
following CLK = “1”. As shown in Figure 2-21
this will occur even if a valid interrupt occurs
simultaneously with the HOLD signal.

The state of the HOLD and the unmasked inter-
rupt lines is latched internally during CLK = 1
of each TyoLp state as well as during Tyait
states. If the internal latched HOLD signal is
low during CLK = 1, the CPU will exit Tjo p and
enter Tyact on the following CLK = 1.

The 8085A accepts the first unmasked, enabled
interrupt sampled; thereafter, all interrupt
sampling is inhibited. The interrupt thus ac-
cepted will inevitably be executed when the
CPU exits the HOLD state, even at the expense
of holding off higher-priority interrupts
(including TRAP). (See Figure 2-22.)

When the CPU is not in TyaLt Of THovp: it inter-
nally latches the HOLD line only during CLK =
1 of the last state before T3 (T or Twair) and dur-
ing CLK = 1 of the last state before Ts (T4 of a
six T-state M,). If the internal latched HOLD
signal is high during the next CLK = 1, the CPU
will enter Thoop after the following clock. When
the CPU is not in TyaLt or THoLp, it will internally
latch the state of the unmasked interupts only
during CLK of the next to the last state before
each M, « T;.

-~y

SIGNALS Ta Thoro T0* Trovo (T9* Thouo (Te¥* THoLo ThoLp T
CLK ’ ’ ’ ~ ’
ALE ‘ \
HOLD \\ v\
HLDA ’
‘ INTERRUPTS SAMPLED \
| HERE REGARDLESS
’/ OF HOLD
I
INTERRUPT ' | \

— ety —
|

*SIGNIFIES THAT T,4-Tg MAY TAKE PLACE INSIDE THE 8085A EVEN WHILE THE PROCESSOR IS IN A HOLD STATE.

FIGURE 2-21 HOLD VS INTERRUPT — NON HALT

217

START OF INTERRUPT —__
CYCLE DELAYED
BY HOLD
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SIGNALS Thar THaLt Thaur ThoLp THop T
CLK \ ’ I / / / \ /
ALE I \
LOW PRIORITY ___|
INTERRUPT CYCLE
HOLD l \
EXITS HALT
IMMEDIATELY AFTER
HOLD REMOVED
HLDA [
INTERRUPT ACCEPTED HERE CAUSES SAMPLING TO BE INHIBITED —
INHIBITING HIGHER INTERRUPTS (EVEN TRAP)
LOW PRIORITY
INTERRUPT(S) / \
HIGH PRIORITY
INTERRUPT(S)

FIGURE 2-22 8085A HOLD VS INTERRUPTS — HALT MODE

2.3.7 Power On and RESET IN

The 8085A employs a special internal circuit to
increase its speed. This circuit, which is called
a substrate bias generator, creates a negative
voltage which is used to negatively bias the
substrate. The circuit employs an oscillator and
a charge pump which require a certain amount
of time after POWER ON to stabilize. (See
Figure 2-23))

Taking this circuit into account, the 8085A is
not guaranteed to work until 10 ms after V¢
reaches 4.75V. For this reason, it is suggested
that RESET IN be kept low during this period.
Note that the 10 ms period does not include the
time it takes for the power supply to reach its
4.75V level — which may be milliseconds in
some systems. A simple RC network (Figure 3-6)
can satisfy this requirement.

The RESET IN line is latched every CLK = 1.
This latched signal is recognized by the CPU
during CLK = 1 of the next T state. (See Figure
2-24) If it is low, the CPU will issue RESET OUT
and enter Tya. 1 for the next T state. RESET IN
should be kept low for a minimum of three clock
periods to ensure proper synchronization of the
CPU. When the RESET IN signal goes high, the

2-18

CPU will enter M « T, for the next T state. Note
that the various signals and buses are floated in
TRESET as well as THALT and THOLD- For this
reason, it is desirable to provide pull-up
resistors_for the main control signals (par-
ticularly WR).

Specifically, the RESET IN signal causes the
following actions:

RESETS SETS
PROGRAM COUNTER RST 5.5 MASK
INSTRUCTION REGISTER RST 6.5 MASK
INTE FF RST 7.5 MASK
RST 7.5 FF

TRAP FF

SOD FF

MACHINE STATE FF’s

MACHINE CYCLE FF’s

INTERNALLY LATCHED
FF’s for HOLD, INTR,
and READY

RESET IN does not explicitly change the con-
tents of the 8085A registers (A, B,C, D, E, H, L)
and the condition flags, but due to RESET IN oc-
curring at a random time during instruction ex-
ecution, the results are indeterminate.
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POWER SUPPLY

M, (OF)

Theser T T2

+ 5V = 4.75v

0V =

Vge (INTERNAL}

2V

2.4V =

RESET IN

OV -y

© 10msec —|

FIGURE 2-23 POWER-ON TIMING
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I
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PCL=0

. | PN Y
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WRITE MODE
(ADDR DATA OQUT >——————v— — wf PCL =0
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¥NOTE THAT FROM T, TO HERE THE 8085's BUS IS IN THE INPUT MODE AND
IT IS FLOATING. THE DEVICE DRIVING THE BUS WILL CONTINUE TO DRIVE
THE BUS UNTIL RD GOES HIGH
] 1 | 1 i

FIGURE 2-24 RESET IN TIMING
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Following RESET, the 8085A will start executing
instructions at location 0 with the interrupt
system disabled, as shown in Figure 2-24.

Figure 2-24 also shows READ and WRITE opera-
tions being terminated by a RESET signal. Note
that a RESET may prematurely terminate any
READ or WRITE operation in process when the
RESET occurs.

2.3.8 SID and SOD Signals:

Figure 2-25 shows the timing relationship of the
SID and SOD signals to the RIM and SIM instruc-
tions. The 8085A has the ability to read the SID
line into the accumulator bit 7 using RIM instruc-
tions. The state of the SID line is latched inter-
nally during T3 « CLK = 0 of the RIM instruction.
Following this, the state of the interrupt pins
and masks are also transferred directly to the
accumulator.

The 8085A can set the SOD flip-flop from bit 7 of
the accumulator using the SIM instruction. (See
Figure 2-26.) The data is transferred from the ac-
cumulator bit 7 to SOD during M4+ T, CLK = 0
of the instruction following SIM, assuming that
accumulator bit 6 is a 1. Accumulator bit 6 is a
“serial output enable” bit.
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My (OF)

My (OF)
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T3
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FIGURE 2-25 RELATIONSHIP OF SID AND SOD SIGNALS TO RIM AND SIM INSTRUCTIONS

EFFECT OF RIM INSTRUCTION

SID

J

ACCUMULATOR

8085A

EFFECT OF SIM INSTRUCTION

Rlels]

4

ACCUMULATOR

7 0
W2 %% % %%

8085A

FIGURE 2-26 EFFECT OF RIM AND SIM INSTRUCTIONS

2.4 COMPARISON OF MCS-80 AND MCS-85

SYSTEM BUSES

This section compares the MCS-80 bus with the
MCS-85 bus. Figure 2-28 details the signals and
general timing of the two buses; the timing
diagrams are drawn to the same scale (8080A
clock cycle = 480 ns and 8085A clock cycle =
320 ns) to facilitate comparison.
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MCS-80™ System Bus

The MCS-80 bus is terminated on one end by the
CPU-GROUP (consisting of the 8080A, 8224,
8228) and on the other end by the various
memory and /O circuits. The following figure
shows the major signals of the MCS-80 bus.

MCS-85™ System Bus

The MCS-85 bus is terminated on one end by the
8085A and the other end by various memory and
I/0 devices. The MCS-85 bus may be optionally
de-multiplexed with an 8212 eight bit latch to
provide an MCS-80 type bus. The following
figure shows the major signals of the MCS-85

READY ———————»|

RESET
$2(TTL)

“_‘_7L15 = AgArs

8080A
8224
8228

‘—,Za—_—. Dy D,

MEMR, MEMW

7" 0", oW

FIGURE 2-27 COMPARISON OF SYSTEM BUSES

bus.

HOLD
HLDA

READY
RESET QUT
CLK

ALE

[ (OPTIONAL)
F 8212 Ag-A;
8

Ag-Arg

8085A

8
g ADy-AD,

RD, WR

4 o
10/M, ALE

MCS-80™ System Bus

SIGNAL(S) FUNCTION

Ag-Aqg The 16 lines of the address
bus identify a memory or I/O
location for a data transfer
operation.

Do-D7 The 8 lines of the data bus
are used for the parallel
transfer of data between
two devices.

MEMR, MEMW, These five control lines

IOR, IOW, INTA (MEMORY READ, MEMORY

READY, RESET,
HOLD, HLDA
#2 (TTL), INT

WRITE, I/O READ, /O WRITE,
and INTERRUPT ACKNOWL-
EDGE) identify the type and
timing of a data transfer
operation.

These signals are used for
the synchronization of slow
speed memories, system
reset, DMA, sytem timing,
and CPU interrupt.

FIGURE 2-28 COMPARISON OF SYSTEM BUSES
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MCS-85™ System Bus

SIGNAL(S)
Ag-Ass

ADy-AD;

I0/M

ALE

READY, RESET
OuUT, HOLD,
HLDA, CLK, INTR

FUNCTION

These are the high order
eight bits of the address,
and are used to identify a
memory or |/O location for a
data transfer cycle.

These eight lines serve a
dual function. During the
beginning of a data transfer
operation, these lines carry
the low order eight bits of
the address bus. During the
remainder of the cycle,
these lines are used for the
parallel transfer of data be-
tween two devices.

These signals identify the
type and timing of a data
transfer cycle.

The I/O/MEMORY line iden-
tifies a data transfer as be-
ing in the I/O address space
or the memory address
space.

ADDRESS LATCH ENABLE
enables the latching of the
Ag-A7 signals.

These signals are used for
the synchronization of siow
speed memories, system
reset, DMA, system timing
and CPU interrupt.



FUNCTIONAL DESCRIPTION

MCS-80™ System Bus for READ CYCLE

The basic timing of the MCS-80 BUS for a READ
CYCLE is as follows:

The MCS-80 first presents the address (1) and
shortly thereafter the control signal@. The
data bus, which was in the high impedance
state, is driven by the selected device 3). The
selected device eventually presents the valid
data to the processor @). The processor raises
the control signal (6), which causes the select-
ed device to put the data bus in the high impe-
dance state. The processor then changes
the address (7) for the start of the next data
transfer.

MCS-80™ System Bus for WRITE CYCLE

The basic timing of the MCS-80 BUS for a
WRITE CYCLE is as follows:

O]

e X
@ o
DByDB; — — — _< x

MEMW or IOW

The MCS-80 first presents the address (1), then
enables the data bus driver(®, and later
presents the data(®. Shortly thereafter, the
MCS-80 drops the control signal @) for an inter-
val of time and then raises the signal (8). The
MCS-80 then changes the address(®in
preparation for the next data transfer. The ad-
vance write signal of the 8238 is also shown (?).

MCS-85™ System Bus for READ CYCLE

The basic timing of the MCS-85 BUS for a READ
CYCLE is as follows:

Ag-Aqg, 10/M >< x
(OPTIONALLY
AgA; LATCHED x )<:
SIGNALS}

ADy-AD; = =

RD or INTA

At the beginning of the READ cycle, the 8085A
sends out all 16 bits of address (). This is
followed by ALE (@ which causes the lower
eight bits of address to be latched in either the
8155/56, 8355, 8755A, or in an external 8212. RD
is then dropped (3) by the 8085A. The data bus is
then tri-stated by the 8085A in preparation for
the selected device driving the bus (@); the
selected device will continue to drive the bus
with valid data (&), until RD is raised () by the
8085A. At the end of the READ CYCLE(?), the
address and data lines are changed in prepara-
tion for the next cycle.

MCS-85™ System Bus for WRITE CYCLE

The basic timing of the MCS-85 BUS for a
WRITE CYCLE is as follows:

Ag-Aqg, 10/M >< X
10PTIONALLV3 X:
- LATCHED
Aoty SIGNALS}

ADO-AD7- -

The timing of the WRITE CYCLE is identical to
the MCS-85 READ CYCLE with the exception of
the ADy-AD; lines. At the beginning of the
cycle (1), the low order eight bits of address are
on ADy-AD;. After ALE drops, the eight bits of
data (2) are put on ADy-AD;. They are removed (3)
at the end of the WRITE CYCLE, in anticipation
of the next data transfer.

FIGURE 2-28 (Continued) COMPARISON OF SYSTEM BUSES
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The following observations of the two buses
can be made:

1. The access times from address leaving
the processor to returning data are almost
identical, even though the B8085A s
operating 50% faster than the 8080.

2. With the addition of an 8212 latch to the
8085A, the basic timings of the two
systems are very similar.

3. The 8085A has more time for address
setup to RD than the 8080.

4. The MCS-80 has a wider RD signal, but a
narrower WR signal than the 8085A.

5. The MCS-80 provides stable data setup to
the leading and trailing edges of WR,
while the 8085 provides stable data setup
to only the trailing edge of WR.

6. The MCS-80 control signals have different
widths and occur at different points in the
machine cycle, while the 8085A control
signals have identical timing.

7. While not shown on the chart, the MCS-80
data and address hold times are adversely
affected by the processor preparing to
enter the HOLD state. The 8085A has iden-
tical timing regardless of entering HOLD.

8. Also not shown on the chart is the fact
that all output signals of the 8085A have
—400ua of source current and 2.0 ma of
sink current. The 8085A also has input
voltage levels of V| =0.8V and V|y =2.0V.

CONCLUSION:

The preceding discussion has clearly shown
that the MCS-85 bus satisfies the two restric-
tions of COMPATIBILITY and SPEED. It is com-
patible because it requires only an 8212 latch to
generate an MCS-80 type bus. If the four control
signals MEMR, MEMW, IOR and IOW are
desired, they can be generated from RD, WR,
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and IO/M with a decoder or a few gates. The
MCS-85 bus is also fast. While running at 3MHz,
the 8085A generates better timing signals than
the MCS-80 does at 2MHz. Furthermore, the
multiplexed bus structure doesn’t slow the
8085A down, because it is using the internal
states to overlap the fetch and execution por-
tions of different machine cycles. Finally, the
MCS-85 can be slowed down or sped up con-
siderably, while still providing reasonable
timing.

TO USE. The RD, WR, and INTA control signals
all have identical timing, which isn’t affected by
the CPU preparing to enter the HOLD state. Fur-
thermore, the address and data bus have good
setup and hold times relative to the control
signals. The voltage and current levels for the
interface signals will all drive buses of up to 40
MOS devices, or 1 schottky TTL device.

The MCS-85 system bus is also EFFICIENT. Effi-
ciency is the reason that the lower eight ad-
dress lines are multiplexed with the data bus.
Every chip that needs to use both Ag-A; and Dy-
Dy saves 7 pins (the eighth pin is used for ALE)
on the interface to the processor. That means
that 7 more pins per part are available to either
add features to the part or to use a smaller
package in some cases. In the three chip
system shown in Figure 3-6, the use of the
MCS-85 bus saves 3 x 7 = 21 pins, which are
used for extra 1/0 and interrupt lines. A further
advantage of the MCS-85 bus is apparent in
Figure 3-7, which shows a printed circuit layout
of the circuit in Figure 3-6. The reduced number
of pins and the fact that compatible pinouts
were used, provides for an extremely compact,
simple, and efficient printed circuit. Notice that
great care was taken when the pinouts were
assigned to ensure that the signals would flow
easily from chip to chip to chip.



