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;@;&;T r;l.croprqc.ess’ing unit (MPU) is similar to the term cen't'ral Pf ”;w; de-
. sed In traditional computers. We define the MPU as a device OF & 2 I
vices (as a unit) that can communicate with peripherals, provide timing signais. =TT
dat.a flow, and perform computing tasks as specified by the instructions in memory. 15
unit will have the necessary lines for the address bus, the data bus, and the cOT
nals, and would require only a power supply and a crystal (or equivalent freguency-
determining components) to be completely functional.
Using this description, the 8085 microprocessor can almost qualify as zn MPU. but

with the following two limitations.
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1. The low-order address bus of the 8085 microprocessor is multiplexed (time-shzred)
with the data bus. The buses need to be demultiplexed.

2. Appropriate control signals need to be generated to interface memory and /O with the
8085. (Intel has some specialized memory and I/O devices that do not require <,,,‘-:

control signals.) such

This-section shows how to demultiplex the bus and generate the contro]

5 - : 0 ﬁig - af
ter describing the 8085 microprocessor and illustrates the bus timings gnals af.

'3.11 The 8085 Microprocessor

The 8085A (commonly known as the 8085) is an 8-bit gc"cr?l‘PUrp()sc -_
capable of addressing 64K of mcr.nory. T};;};levn.cc,lhas r&)rty PN, requires ' L(;pr((c“w
power supply, and can operatc with a B-H h;[;:nzfrﬁpg(;;: f'lf)Ck. The 8035,\:',

can operate at the maxim.um‘ frcquc{lcy (-)-t~iu; . \’;f"lrd-t.‘()ln : I_.: an L‘fﬂmnccd ver 2 version
predecessor. the 8080A; 1ts mﬁtruc.lmr.l -SLI d"s 5” ‘thc 8()8(?:\"" )'_C With thy, ;""rn of irg
meaning that the 8085 instruction set INciude: 80A instruction, o SOL 80804
tional ones. me agg; .

Figure 3.1 shows the I¢
fied into six groups: .
r supply and frequency SIZ

- Single

»gic pinout of the 8085 microprocessoy All
(1) address bus, (2) data bus, (3) congrq e si

s e, and “gna]g Cx
nals, (5) externally initiateg Signals Staty. ..~ can

| and\ ((gl S Signajg
7 Seria) e
0

be classi
(4) powe
ports.
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AT INT
W,
. . HARD
MICROPROGESSOR-BASED GYSTEMS
_he high
ADDRESS BUS L2 used s the N1E
The 8085 has cight sj ; : direction?
63 has eight signal lines . hich are un
order address bus. gnal lines, A s—Ag, WhiC
= A o as
MULTIPLEXED ADDRESS/DATA BUS ¢, They are ©>%2
during tne

Thc S191: B )
£ AeS AD;-AD are bidirectional: they serve an ins '
ulng . During

g.];].l(jfv"’”"dCl‘. address bus as well as the data bus. In X€¢ 1ddress bus. D {exin
ariier part of the cycle, these lines are used as the Jow-order @ K as mulupleaitie
part of the cycle, these lines are used as the data bus. (This is 350 hese signals by Us”
.thc bus.) However, the low-order "1ddr: s bus can be separated from tHe: £
g a latch. - dECiCos DL
CO

NTROL AND STATUS SIGNALS _ Wﬁ) hree status signals

This ¢ SN . )
S group of signals includes two control signals (RD a0 -
nd one specid

(IQ/M’ S1, and Sy) to identify the nature of the operation, a '
to indicate the beginning of the operation. These signals are as follows:

| signal (ALE)

L0 ALE—Address Latch Enable: This is a positive going pulse generated every tme [h?
8085 begins an operation (machine cycle); it indicates that the bits on AD,-ADg are
address bits. This signal is used primarily to latch the low-order address from the mul-
tiplexed bus and generate a separate set of eight address lines, A7—Ao.

0O RD—Read: This is a Read control signal (active low). This signal indicates that the se-
lected I/0 or memory device is to be read and data are available on the data bus.

0 WR—Write: This is a Write control signal (active low). This signal indicates that the

data on the data bus are to be written into a selected memory or 1/O location.

IO/M: This is a status signal used to differentiate between I/O and memory operations

When it is high, it indicates an I/O operation; when it is low, it indicates a'mcmory 0 "

eration. This signal is combined with RD (Read) and WR (Write) to generate 1/0 : P

memory control signals. . L and

S, and Sy: These status signals, similar to IO/M, can identify various operat:

they are rarely used in small systems. (All the operations and their :1\‘ ‘Pk‘f“dtmns, but

signals are listed in Table 3.1 for reference.) associated status

POWER SUPPLY AND CLOCK FREQUENCY
The power supply and frequency signals are as follows:

O Vee: +5 V power supply.

0 Vss: Ground Reference. ' |
O X, Xa: A crystal (or RC, LC nct\f\mrk) IS connected at these (wo pine e

is internally divided by two; therefore, to operate a system ar3 MH‘,)m.s, The frk‘qucngv
have a frequency O z, the

“ 6 MHZ- Cry‘;[’l‘ \l -

is si malbsnou|
0 CLK (OUT)——CIock Output: This signal can be used g the _ uld
devices.

System ¢
Ystem ¢loek for Other
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80
85 MICRGPROCESSOR ARCHITECTURE AND MEMORY INTERFACING

TABLE 3.1
8085 Machine Cycle Status and Contro] Signals’

. ] Status
achine Cyc] v : :
ycle I0/M S, So Control Signals

Opcode Fetch 0 o
Memory Read G i | @ =10
Memory Write 0 ) =D =0 y.
/O Write 1 é (1) %200 |
Interrupt Acknowledge 1 | 1 I\"T; - G
Halt 7z 0 0 e
}P{Iold 7 X X} RD, WR =Z and INTA = 1

eset Z X X

NOTE: Z = Tri-state

(high impedance)
X = Unspecified

EXTERNALLY INITIATED SIGNALS, INCLUDING INTERRUPTS
The 8085 has five interrupt signals (see Table 3.2) that can be used to interrupt a program
execution. One of the signals, INTR (Interrupt Request), is identical to the 8080A micr
processor interrupt signal (INT); the others are enhancements to the 8080A. The micro-
processor acknowledges an interrupt request by the INTA (Interrupt Acknowledge) sig-
nal. (The interrupt process is discussed in Chapter 12.)

In addition to the interrupts, three pins—RESET, HOLD, and READY—accept the
externally initiated signals as inputs. To respond to the HOLD request, the 8083 has one

mMADTT 22
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CLK
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< Memory Address

AD, 1 Low-Order
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1o/M \

..\ §tatus lol‘ﬁ =90,5, =18, = 1 Opcode Fetch
RD . Z
S |

FIGURE 3.3
Timing: Transfer of Byte from Memory to MPU

ALE

Step 3: The byte from the memory location is placed on the data bus.

When the memory is enabled, the instructionﬂtg‘ (4FH) is placed on the bus
AD,-AD, and transferred to the microprocessor. The RD signal caiises 4FH to be Ll | \u.\
on bus AD,—AD, (shown by the arrow), and'when RD goes high, it causes the ¢ placed
into high impedance. Ses the bus 1o go

Step 4: The byte is placed in the instruction decoder of the microprocess
ssor,

task is carried out according to the instruction. and the

The machine code or the byte (4F‘H) is decoded by the nstruction
contents of the accumulator are copied into register C. This task s perf decoder, and the
¥ omed dur
rng

period Ty in Figure 3.3. e C 1 _ ' the
The above four steps arc similar to the steps listed in oy

_pickup-
= : ing the Bus AD7—-AD
3.13 Demultiplexing the Vi 0 .
& - The need for demultiplexing the bus AD7_AD10dbC~C0meS ¢asier to ypge
- ning Figure 3.3, This figure shows that the address on the high.qry,
S l o the bus for three clock periods. However. the low-order addpe
0 :

ang "
ogy of the packaeo
d4CKage

rstand g,

‘”‘L‘I‘ >
T bug CxXame-
ss (()51.1;; (20H rcnmi:_
" lost afye hs‘

e SN YO R 7 b A . .
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8085
MICROPROCESSOR ARCHITECTURE AND MEMORY INTERFACING

first clock period. This address need
address. If the bus

dress will ch

AD - ILCUS to be latched and used for identifying the memory

i1 rq 7—ADg is used to identify the memory location (2005H), the ad-

Fiigme ‘3 ie to 204FH after the first clock period.

the bus. The bl'm Z‘EWS a sc‘hematic that uses a latch and the ALE signal to demultiplex

nal is connecte(i to 17-AD° is connected as the input to the latch 74LS373. The ALE sig-

the latch is groundc[d]L Enable (G) pin of the latch, and the Output control (OC) signal of

Figure 3 e

latch is t}ans 3.3 Sho“fs that the ALE goes high during T,. When the ALE 1s high. the

fhe ifou Otpilgtnt: thlS. means that the output changes according to input data. During T,.
e latch is 0SH. When the ALE goes low, the data byte O5H is latched un-

til the next ' :
) AITE. and the output of the latch represents the low-order address bus A;=Aq
after the latching operation.

= A High-Order
Ay Address Bus

8085
Microprocessor

Ag |- As

ALE |- ] Enable 11 G

AD, AD, - D'Q ‘GW' N
i ADg ; Ao
ADs J

AD4 Looaw a : ) oy
A 4418373

A,y Address Bus

—— A Low-Order

Al
z

ADO 1 A,DO

Data Bus

— D,

FIGURE 3.4

- Address Bus
gchematic of L :

atching Low-Orde
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“?‘1. The machine code 4FH (0100 1000) is a one-byte instruction that cOP

9

v 4

ACING
"V D NTERF
S: HARDW

MICROPROCESSOR-BASED SYSTEM '

des1gn-
pus bY | _
. _ rder . com
g Int'el has circumvented the problem of demultiplexing the 10\: I(; s)s =
78 special devices such as the 8155 (256 bytes of R/W memorY ™ 1. jex the
g:l:zllig lt-h the 8085 multiplexed bus. These devices internally dem

signal (see Figureg

gnal (see Figures 3.18 and 3.19). following obser

Aftter carefully examining Figure 3.3, we can make the

yations:

e contenT-S

machin€ Godls

5 ;i;lllle accumulator into register C.
. h e 8085 microprocessor requires one external operation—

; ]fom memory location 2005H. . four cl
- The entire Operation—fetching, decoding, and executing—Tequires

fetching @

and T—state——-aﬂd

Now we can define three terms—instruction cycle, machine cycle, con 3.2}
use these terms later for examining timings of various 8085 operations (Sectlo S am in-
tnstruction cycle.is defined as the time required to complete the execution ' six
structif)n. The 8085 instruction cycle consists of one to six machine cycles or One ‘
operations.
(Machine cycle is defined as the time required to complete one operation of access-
ing memory, /O, or acknowledging an external request. This cycle may consist of three

to six T-states. In Figure 3.3, the instruction cycle and the machine cycle are the same.
as one subdivision of the operation performed in one clock period.

These subdivisions are internal states synchronized with the system clock, and each T-
state is precisely equal to one clock period. The terms T-state and clock period are often

used synonymously.

.3.14 Generating Control Signals

Figure 3.3 shows the RD (Read) as a control signal. Because this signal is yseq both fo
r

reading memory and for reading aninpurdesise, it is necessary to generate two diff,
Read signals: one for memory and another for input. Similarly, two separate Write ferent
signals

must be generated. .
Figure 3.5 shows that four different control signals are generated by

the signals RD, WR, and IO/M. The iig_na% IO/M goes low for the men combining
This signal is ANDed with RD and WR signals by using the 741.839 ory OPeration.
input OR gates, as shown in igure 3.5. T.he OR ‘gates are uncti()l;;:lfquadruple -
negative NAND gates. When both input signals go low, the . c
low and generate MEMR (Memory Re_ad.) apd MEMW (MClnory ;v 91 the gates g
nals. When the IO/M signal goes high, it mdlgates the periphera] o rite g
3.5 shows that this__s_ignal is complementtcd Tlc%n% Ulgc ll:ex inverte; 7410 )0 N

i RD ignals to generate ead L 741804 ,,
with the: RD and WE 8 ¢ ) and 10w /0 {{k: ANDeq

trol signals.

/ : 5t S ‘h » T ic
ode) that 1nstruc ¢ mICroprocessqy
) de (OPL,O ,.) eSS S0r 1o Perfav. .

1_ 1a an nnem[ion co \
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8085 MICROPROCESSOR ARCHITECTURE AND MEMORY INTERFACING

FIGURE 3.5
Schematic to Generate Read/Write

Control Signals for Memory and
I/O

8085

IO/'M

B

T
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‘ . HOLD ~  RESETIN A=Ay S
READY . Address Bus AddressData Bus
FIGURE 3.7 '
The 8085A Microprocessor: Functional Block Diagram : \
NOTE: The 8085A microprocessor is commonly known as the 8085, R
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8085 -
MICROPROCESSOR ARCHITECTURE AND MEMORY INTERFACING

Control Unj : ‘
¢ - we will discuss the first f; i . - .
cussed later in the book. first four units below; the last two will be djs-

THE ALU

The arithmetic/lo

g1¢ unit performs the com
the temporary

register, the arithmetic

puting functions; it includes the accumulator,
1ster 1s used to hold dat

and logic circuits, and fi¢e flags. The temporary reg-

cumulator, and (h § a dU}'illg an arithmetic/logic operativon. The result is stored in thc_ac-

The flags are ?qu (flip-flops) are set or reset accfordmg‘tc') thc'result of the operation.

these opera § a eclcd.by the ar.lthmenc and logic operations in the ALU. In most of

3 pera 10n:.;, the result is stored in the accumulator. Therefore, the flags generally re-
ect data conditior

‘ g 18 in the accumulator—with some exceptions. The descriptions and
conditions of the flags are as follows:

0 S—Sign flag: After the execution of an arithmetic or logic operation, if bit D5 of the
result (usually in the accumulator) is 1, the Sign flag is set. This flag is used with
signed numbers. In a given byte, if D; is 1, the number will be viewed as a negative
number; if it is O, the number will be considered positive. In arithmetic operations with
signed numbers, bit D, is reserved for indicating the sign, and the remaining seven bits
are used to represent the magnitude of a number. (See Appendix A2 for a discussion
of signed numbers.)

U Z—Zero flag: The Zero flag is set if the ALU operation results in 0, and the flag is re-
set if the result is not 0. This flag is modified by the results in the accumulator as well
as in the other registers.

O AC—Auxiliary Carry flag: In an arithmetic operation, when a carry is generated by
digit D; and passed on to digit Dy, the AC flag is set. The flag is used only internally
for BCD (binary-coded decimal) operations and is not a-vail_zlble for the programmer to
change the sequence of a program with a jump instruction.

O P—Parity flag: After an arithmetic or logical operation, if the re.sult has an even num-
ber of 1s, the flag is set. If it has an odd numbgr of s, tht? flag 15‘ reset. (For c:\ampl;.

. data byte 0000 0011 has even parity even if the magnitude of the number is odd.)
the ddld. g s flag: If an arithmetic operation results in a carry, the Carry flag is set: oth-
. ((,:rvyv;(i?ll.:‘ )rcsct..Thc Carry flag also serves as a borrow flag for subtraction.

The bit positions reserved for these flags in the flag register are as follows:

i O )

the five flags, the AC fag is used internally for BCD arithmetic; the in-
1 b e . » .
Amongi ¢ not include any conditional jump instructions based on the AC flag. Of
. . c\‘ 7
slrucuon_wft L(;‘our flaes. the Z and CY flags are those most commonly used.
. remaining ag
the remaini

UNIT
MING AND CONTROL UNI — _
TI ses all the MiCroprocessor operations with the clock and generates the
. . ‘hro ChN « . . 24 .
mit synchroni iry for communication between the microprocessor and peripherals.
necessi

[) l)' DS I)‘ l)} l) 3 1) 1 l)n
7 —0 -

This t
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es the sequence of events to follow. The instruc
ro .
programmable and cannot be accessed through any instruction.

REGISTER ARRAY

The programmable registers were discussed in the last chapter. Two additional registers.
called temporary registers W and Z, are included in the register array. These registers are

used to hpld 8-bit data during the execution of some instructions. However, because they
are used internally, they are not available to the programmer.

3.16 Decoding and Executing an Instruction

Decoding and executing an instruction after it has been fetched can be illustrated with th
example from Section 3.12. =
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