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INTRODUCTION TO
MICROPROCESSORS

AND MICROCOMPUTER-
BASED APPLICATIONS

This chapter provides a brief summary ofihe features of microprocessors and microcomputer-

based applicatons.
The basic elements of a computer are the Central Processing Unit (CPU), the Memory, and

Input/Output (I/O) units. The CPU translates instructions, performs arithmetic or logic

operations, and temporarily stores instructions and data in its internal high-speed registers.

The memory stores programs and data. The I/O unit intcrlaces the computer with external

devices such as keyboard and display.
With the advent of semiconductor technology, it is possible to integrate the CPU in a single

chip. The result is the microprocessor. Metal Oxide Semiconductor (MOS) technology is

typically used to fabricate the standard off-the-shelf microprocessors such as those manufac-

tured by Intel and Motorola. Appropriate memory and I/O chips are interfaced to the micro-

processor to design a microcomputer. Single-chip microcomputers are also available in which

the microprocessor, memory, and I/O are all fabricated in the same chip. These single-chip

microcomputers offer limited capabilities. However, they are ideal for certain applications

such as peripheral controllers.
Single chip microcomputers are also referred to as "microcontrollers". The niicrocontroltcrs

are typically used for dedicated applications such as automotive systems, home appliances and

home entertainment systems. Typical microcontrollers, therefore, include on-chip timers, Al

D (Analog to Digital) and D/A (Digital to Analog) converters. Two popular microcontrollers

are Intel 8751 (8-bit)/8096 (16-bit) and Motorola HC1 I (8-bit)/HC16 (16-bit). The 16-bit

microcontrollers include more on-chip ROM, RAM, and I/O compared to the 8-bit

in icroco nt rollers.
The efficient development of microprocessor-based systems necessitates the use of a micro-

computer development system. The microcomputer development system is used for the

design, debugging, and sometimes the documentation of a i rm i croprocessor-based system.

This chapter first covers the evolution of , 16-, and 32-bit microprocessors along with an

overview of programming languages, ni icrouinputer hardware, and software. The attributes

of typical microcomputer development systems features as well as some specific microproces-

sor applications are also included.
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1.1 Evolution of the Microprocessor

Intel Corporation introduced the first microprocessor, the 4004 (4-bit), in 1971. The 4004
evolved from a development effort while designing a calculator chip set.

Soon after the 4004 appeared in the commercial market, three other microprocessors were
introduced. These were the Rockwell International 4-bit PPS-4, the Intel 8-bit 8008, and the
National Semiconductor 16-bit IMP-16.

The microprocessors introduced between 1971 and 1973 were the first-generation systems.
They were designed using the PMOS (P-type MOS) technology. This technology provided low
cost, slow speed, and low output currents and was not compatible with TTL (Transistor
Transistor Logic).

After 1973, second-generation ill i crop rocessois such as MOS Technology 6502, Motorola
6800 and 6809, Intel 8085, and Zilog Z80 evolved. These 8-bit processors were fabricated using
the NMOS (N-type MOS) technology. The NMOS process offers faster speed and higher
density than PMOS and is 711-compatible.

After 1978, the third-generation microprocessors were introduced. These processors are 16
bits wide (16-bit ALU) and include typical processors such as Intel 8086/80186/80286 and
Motorola 68000/68010. These microprocessors were designed using the lIMOS (high-density
MOS) technology. HMOS provides the following advantages over NMOS:

• Speed-Power-Product (SPP) of I IMOS is four times better than NMOS:
NMOS '4 Picojoules (P))
HMOS = 1 Picojoule (PJ)

Note that Speed-Power-Product
= speed * power

= nanosecond * milliwatt
= picojoules

Circuit densities provided by 1-IMOS are approximately twice those of NMOS:
NMOS = 4128 gates/tm2

HMOS = 1852.5 gates/nn2

where I gm (micrometer) = 10 meter.

Later, Intel utilized the HMOS technology to fabricate the 8085A. Thus, Intel offers a high-
speed version of the 8085A called 8085AH. The price of the 8085AH is higher than the 8085A.

In 1980, fourth-generation microprocessors evolved. Intel introduced the first commercial
32-bit microprocessor, the problematic Intel 432. This processor was eventually discontinued
by Intel. Since 1985, more 32-bit microprocessors have been introduced. These include
Motorola's MC 68020/68030/68040/1)owerPC, Intel's 80386/80486 and the Intel Pentium
processor. These processors are fabricated using the low-power version of the HMOS technol-
ogy called the HCMOS.

The performance offered by the 32-bit microprocessor is more comparable to that of
superminicomputers such as Digital Equipment Corporation's VAX! 1/750 and VAX1 1/780.
Both Intel and Motorola introduced 32-bit RISC (Reduced Instruction Set Computer) micro-
processors, namely the Intel 80960 and Motorola MC88 100/PowerPC with simplified instruc-
tion sets. Note that the purpose of RISC microprocessors is to maximize speed by reducing
clock cycles per instruction. Almost all computations can be obtained from a simple instruc-
tion set.

RISC microprocessors have hardwired instruction sets like the non-RISC microprocessors
such as the Intel 8085 and MOS 6502. This means that for every instruction, there exists actual,
physical connections that provide the desired instruction decoding. The microprocessor,
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therefore, does not use valuable clock cycles (machine cycles) in instruction decoding. Most
RISC instructions require a maximum of only two clock cycles to complete. These instructions
arc restricted to register-to-register operations with load and store for memory access. Since
RISC-type microprocessors are hardwired, instructions may be executed simultaneously (as
long as the instructions do not share the same register.) This technique is known as pipelining.

Pipelining is the mechanism that actually enables simultaneous processing to occur. In-
structions arc fetched in sequential order. The processor continues to fetch instructions even
though it has not executed the present instruction. This provides an input pipeline to the
instruction cache. At this stage, the instructions are intelligently fed into the instruction
execution unit for processing. When ail is executed, the registers used by the
instruction clear respective bits in a scoreboard register. As the microprocessor is executing a
given instruction, it checks the scoreboard register to see if the next instructions (residing in
a fast read/write memory internal to the microprocessor called the instruction cache) use
registers that are currently in use. Instructions not using the same registers can therefore be
executed at the same time. The RISC microprocessors call 	 as many as five instructions
simultaneously.

The trend in microprocessors is implementation of more on-chip functions and for ill)--
provement of the speeds of memory and I/O devices. Some manufacturers are speeding up the
processors for data crunching type applications. Digital Equipment Corporation's Alpha
21164 with 300 MHz clock, four instruction-per-cycle rate and RISC-based architecture is the
fastest microprocessor available today.

1.2 Microprocessor Data Types

This section discusses the data types used by microprocessor. Typical data types include signed
and wsigned binary integers, binary coded decimal (BCD), American Standard Code for
Information Interchange (ASCII) and floating-point numbers. Note that binary integer num-
bers do not support fractions in microprocessors. Fractions and mixed numbers (numbers
comprised of integers and fractions) use either binary or BCD floating-point formats. Float-
ing-point numbers are often referred to as real numbers.

1.2.1 Unsigned and Signed Binary Integers

An unsigned binary integer has no arithmetic sign. Unsigned binary numbers arc therefore
always positive. An example is memory address which is always a positive number. An 8-bit
unsigned binary integer represents all numbers from 00 16 through PP 16 (0 through 255).

A signed binary integer, oil other hand, includes both positive and negative numbers.
It is represented in true form for a positive number and in two's complement form for a
negative number. For example, the decimal number +10 can be represented as a true form 8-
bit number in a microprocessor as 0000 1010 (binary) or OA (hexadecimal). The decimal
number -10 can be represented iii two's complement form as 1111 0110 (binary) or F6
(hexadecimal). The most significant bit of a signed binary number represents the sign of the
number. For example, bit 7 of ail signed number, bit 15 of a 16-bit signed number and
bit 31 of  32-bit signed number represent the signs of the respective numbers. A 32-bit signed
binary integer includes all numbers from -2,147,483,648 to 2,147,483,647 with 0 being a
Positive number.

Finally, note that the hexadecimal number PP 16 is 25510 when represented as an unsigned
number. On the other hand, PP 16 is 110 when represented as a signed number.

1.2,2 BCD (Binary Coded Decimal) Numbers

A BCD digit consists of four bits with a value ranging from 0000 2 to 1001 (0 through 9
decimal). A BCD digit greater than 9 10 can be represented as two or more BCD digits.
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Microprocessors store BCD numbers in two forms, packed and unpacked. The unpacked
BCD number represents each BCD digit as a byte while the packed BCD number represents
two BCD digits in a byte. For example, is represented as 0000 0010 0000 0011 2 as two
unpacked BCD numbers, while it is represented as 0010 0011, as a packed BCD number.

Microprocessors normally input data from a keypad in unpacked BCD form. This data can
then be converted by writing a lrogram in the microprocessor to packed I3CD form for
arithmetic operations or for storing in memory. After processing, the packed BCD result is
then converted to unpacked BCD form by another microprocessor program written by the
user for displays. Typical displays use either unpacked BCD data or unpacked BCD data
converted to seven segment code by the microprocessor's program.

1.2.3 ASCII

ASCII (American Standard Code for Information Interchange) is a code that represents
alphanumeric (alpha characters and numbers) in a microcomputers memory. ASCII also
represents special symbols such as # and %. It is a 7-bit code. The most significant bit (bit 7)
is sometimes used as a parity bit. The parity bit represents the number of ones in the byte. If
the number of ones is odd, the parity is odd; otherwise, the parity is even.

Also, note that the hexadecimal numbers 30, 6 through 39,, are ASCII codes representing the
decimal numbers 0 through 9. A listing of the ASCII codes is included in Appendix P.

1.2.4 Floating-Point Numbers

Floating-Point numbers contain three components. These area sign, exponent and mantissa.
For example, consider the decimal value -2.5 x 10 2 . The sign is negative, the exponent is -2 and
the signillcand or mantissa is 2.5 In floating point numbers, it is possible to store the same
number in several different ways. For example, 1 can be represented as 10.0 x 10', 1.0 x 10,
0.1 x 10' and 0.01 x 102. To make computations yield the maximum accuracy, the numbers are
normalized. This means that the exponent is adjusted so that the mantissa always follows a
specific format. A binary floating point number is represented as a normalized binary fraction
raised to a power of 2. To convert a binary number to its standard floating-point form, the
binary number is converted to a normalized floating-point number. Note that a normalized
binary floating-point number is represented as 1 .XXXXXX raised to some power of 2 where
X can be 0 or 1. The I. part is implied and is not stored by the microprocessor. First, the binary
number is converted to a common 32-bit floating-point format. The most significant bit (bit
31) is the sign bit (S). If S is zero, the number is positive, while if S is one, the number is
negative. The next S bits contain the biased exponent. This means that an 8-bit number 7F,6
or 12710 is added to the exponent. Biased exponent makes numeric comparison (such as less
than or greater than) easy. The bias is usually chosen such that the most negative number
allowed iii the exponent becomes zero and the most positive number becomes the largest value
of the representation. For example, with ail exponent, and + I 27, bias, the smallest and
the largest values of the bias exponent are 0 10 and 255 1 respectively. Note that the zero biased
exponent is represented as 127 1 ,, while the unbiased minimum and maximum values of the 8-
bit exponent are -127, and +128, ) respectively. The remaining 23 bits represent the fractional
part of the number. Note that zero is stored as 32 zeros while infinity is stored as 32 ones. As
an example, consider converting the decimal number 10 to the standard floating-point format
as follows:

1. 10, 0	10102
2. Normalize the binary number as LXXXXXX x 2' = 1.010 x 2
3. Sign, S = 0 for positive
4. Biased exponent = 7F,, 1 3 =
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5. 23-bit Fraction = 0100 0000 0000 0000 0000 000
6. The floating-point equivalent of 10 is

S Exponent Fraction
0 1000 0010 0100 0000 0000 0000 0000 0000

A special case of the floating-point format is called NaN (Not a Number). NaNs are results
generated by floating-point operations that have no mathematical interpretations. These
results may be generated by operations such as multiplication of infinity by infinity.

The BCD floating-point form represents a number in BCD scientific notation. The number
is represented as normalized significand raised to some power of 10. Each BCD floating-point
number is represented in typical microprocessors as 80 bits. The BCD fraction is 16 digits wide
(64-bit) and is stored as packed BCD digits. The whole number portion of the significand is
stored as one digit BCD from 0 to 9. The BCD exponent along with the sign is expressed as

12 bits.
Typical floating-point coprocessors such as 80387 (for the Intel 80386 microprocessor) and

68881/68882 (for the Motorola 68020163030 microprocessor) support several data types. For
example, the 80387 coprocessor supports seven data types. These are word integer (16-bits),
short integer (32-bit), long integer (64-bit), packed BCD (80-bit), short real (32-bit), long real
(64-bit), and temporary real (80-bit).

The 30337 integer data types are represented by the two's complement same as those used
by the 80386. The only difference is that the 80386 supports an 8-bit integer while the 80387
supports a 64-bit integer.

The 80337 supports $0-bit packed 13CD with 18 decimal digits (bits 0-71), bit 79 as the sign-
bit and seven (bits 72-78) unused bits. With 18-digits representation, the COBOL standard
(the High level language utilizing BCD) is followed.

The 80387 supports three real data formats. These are short real (32-bit with one sign bit,
8-bit exponent and 23-bit significand), long real (64-bit with one sign-bit, 11-bit for exponent
and 62-bit for the signilicand), temporary real (80-bit with one sign-bit, 15-bit exponent, and

64-bit significand).
The $0387 uses the temporary real format internally. All data types are converted by the

80337 immediately into temporary real. This is done to maximum precision and range of

computations.
The 80337 supports four special cases. These are zeros, infinities (both positive and nega-

tive), denormals, and NaNs (signalling and quiet).
Denormals represent very small numbers that are not normalized. Normally, numbers are

required to be normalized by shifting to left until the most significant is one. Denormals do
not have one as the most significant bit of the significand. Denormals permit a gradual
underfiow. That is the precision is lost gradually rather than abruptly. When the least normal-
izable number is reached, the next small representation is zero. Denormals provide gradual
underfiow of numbers that are not normalized. That is, denormals extend the range of very
small numbers significantly, but with some loss in precision.

A signaling NaN causes an invalid operation exception when used in an operation. A quiet
NaN, on the other hand, does not cause an invalid operation exception.

The floating-point data types supported by the Motorola 68881/68882 floating-point
coprocessors are summarized next. Note that the 68881 and 68882 differ in execution speed.
They are basically identical, The 68882 is an enhanced version of the 68881 in that it executes
several floating-point instructions concurrently with the 68020/68030. The 68881/68882 sup-
ports integers binary floating-point numbers, and packed floating-point BCD. Data are
represented externally by using these formats. The 68881/68882 utilizes an 80-bit binary
floating point form to represent all data internally.

The 68881/68882 supports three signed integer formats. These are 8-bit byte, 16-bit word,

and 32-bit long word.
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Binary floating-point format is also called binary real form. The 68881/68882 supports
binary floating-point form which contains three Fields. These are a sign, biased exponent and
a significand. The 68881/68882 operates on these sizes, namely 32-bit single-precision, 64-bit
double precision, and 96-bit extended precision.

For single precision (bit 31: sign bit, bits 23-30: 8-bit exponent, bits 0-22: 23-bit significand),
64-bit double precision (bit 63: sign bit, bits 62-52: 11-bit exponent, bits 0-51: 52-bit significand),
and 96-bit extended-precision (bit 95: sign bit, bits 80-94: 15-bit exponent, bits 64-79: zero;
sixteen unused bits, bits 0-63: 64-bit significand).

The biased exponent is used. The Single Precision adds a bias of 127 (7F 16 ), double
Precision uses a bias of 1023 (3FF 1 ), and the extended-Precision uses a bias of 16383
(3FFFF 6). The bias is added to the exponent before it is stored in this format and subtracted
to convert to a true exponent when the number is interpreted.

A few special cases that do not conform to the floating-point form are also handled by the
68881/68882. For example, a zero is represented with all bits of the exponent and significand
as zeros. The sign bit may be a one or a zero representing +0 or -0. The infinity, on the other
hand is represented by all bits in the exponent and significand set to ones. The sign bit may
be zero or one representing positive or negative infinity. The 68881/68882 supports BCD
floating point form which represent each number as normalized significand raised to a power
of 10. This format stores a number as 96 bits. The least significant 64 bits (8 bytes) contain the
16-digit BCD fraction. The next byte contains the whole number portion of the significand (0-
9). The most significant bit (bit 95) contains the sign ofsignificand while bit 94 includes the
sign of the exponent. The exponent is represented by three digit BCD packed exponent (000-
999) in bits 80-91. Similar to the 80387, the 68881/68882 also represents NaN's and also
provides exceptions for signaling NaN's.

IEEE has established the standard for floating-point arIttm: t ic specified by ANSI-1EEE754-
1985. Typical 32-bit microprocessors use this standard.

1.3 Microcomputer Hardware

In this section, some unique features associated with various microcomputer components will
be described.

The microcomputer contains a microprocessor, a memory unit, and an input/output Unit.
These elements are explained in the following in detail. Figure 1.1 shows a simplified block
diagram of a microcomputer.

1.3.1 The System Bus

The system bus contains three buses. These are the address bus, the data bus, and the control
bus. These buses connect the microprocessor to each of the memory and 1/0 elements so that
information transfer between the microprocessor and any of the other elements can take place.

System Bus

I Memory	 IMicroprocessor	 (ROM/RAM)
I1

FIGURE 1.1 Simplified block diagram of a microprocessor.
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On the address bus, information transfer normally takes place only in one direction, from
the microprocessor to the memory or I/O elements. Therefore, this is called a unidirectional
bus. This bus is usually 16 to 32 bits wide. The number of unique addresses that the micro-
processor can generate on this bus depends on the width of this bus. For example, for a 16-
bit address bus, the microprocessor can generate 216 = 65,536 different possible addresses. A
different memory location or an I/O element can be represented by each one of these ad-
dresses.

The data bus is a bidirectional bus, that is, information can flow in both directions, to or
from the microprocessor. This bus is normally 8, 16, or 32 bits wide.

The control bus is used to transmit signals that are used to synchronize the operation of the
individual microcomputer elements. Typical control signals include READ, WRITE, and
RESET. Some signals on the control bus such as interrupt signals arc unidirectional, while
some others such as RESET may be bidirectional.

1.3.2 The Microprocessor

The commercial microprocessor, fabricated using the MOS technology, is normally contained
in a single chip. The microprocessor is comprised of a register section, one or more ALUs
(Arithmetic Logic Units), and a control unit. Depending on the register section, the mnicropro-
cessor can be classified cithcr as an accumulator-based or a general-purpose register-based
machine.

In an accumulator-based microprocessor such as the Intel 8085 and Motorola 6809, one of
the operands is assumed to be held in a special register called the "accumulator". All arithmetic
and logic operations are performed using this register as one of the data sources. The result
after the operation is stored in the accumulator. One-address instructions are very predomi-
nant in this organization. Eight-hit microprocessors are usually accumulator-based.

The general-purpose register-based microprocessor is usually popular with 16- and 32-bit
microprocessors, such as Intel 8086/80386/80486 and Motorola 68000/68020/68030/68040,
and is called general-purpose, since its registers can be used to hold data, memory addresses,
or the results of arithmetic or logic operations. The number, size, and types of registers vary
from one microprocessor to another. Most registers are general-purpose registers, while some
are provided with dedicated functions,

Typical dedicated registers include the Program Counter (PC), the Instruction Register
(IR), Status Register (SR), the Stack Pointer (SP) and the Index Register. The 32-bit micropro-
cessors include special on-chip combinational network called the Barrel Shifter.

The PC normally contains the address of the next instruction to be executed. Upon activat-
ing the microprocessor chip's RESET input, the PC is normally initialized with the address of
the first instruction. For example, the 80486, upon hardware reset, reads the first instruction
from the 32-bit address FFFFFFFO 16. In order to execute the instruction, the microprocessor
normally places the PC contents on the address bus and reads (fetches) the first instruction
from external memory. The program counter contents are then automatically incremented by
the ALU. The microcomputer thus executes a program sequentially unless it encounters a
jump or branch instruction. The size Of the PC varies from one microprocessor to another
depending on the address size. For example, the 68000 has a 21-bit PC, while the 68040
contains a 32-bit PC.

The instruction register (IR) contains the instruction to be executed. After fetching an
instruction from memory, the microprocessor places it in the JR for translation.

The status register contains individual bits with each bit having a special meaning. The bits
in the status register are called flags. Each flag is usually set or reset by an ALU operation. The
flags are used by the Conditional Branch instructions. Typical flags include carry, sign, zero,
and overflow.
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The carry (C) flag is used to reflect whether or not an arithmetic operation such as ADD
generates a carry. The carry is generated out of the 8th bit (bit 7) for byte operations, 16th bit
(bit 15) for 16-bit, or 32nd bit (bit 31) for 32-bit operations. The carry is used as the borrow
flag for subtraction. In multiple word arithmetic operations, any carry from a low-order word
must be reflected in the high-order word for correct results.

The zero (Z) flag is used to indicate whether the result of an arithmetic or logic operation
is zero. Z = I for a zero result and Z = 0 for a non-zero result. '[he sign flag (sometimes also
called the negative flag) indicates whether a number is positive or negative. S = I indicates a
negative number if the most significant bit of the number is one; S 0 indicates a positive
number if the most significant bit of the number is zero.

The overflow (V) flag is set to one if the result of all operation oil (two's
complement) numbers is too large for the microprocessor's maximum word size; the C flag
is overflow for unsigned numbers. The overflow flag for signed 8-bit numbers can be shown
as V C7 C6, where C7 is the final carry and C6 is the previous bit's carry. The symbol
indicates exclusive-OR operation. This call 	 illustrated by the numerical examples shown
below:

	

0000 0100	 04

	

0000 0010	 + 0210

	

C7 04-0000 0 110	 0610

C6=04I0	 616

From the above, the result is correct when C6 and C7 have the same values (0 in this case).
When C6 and C7 are different, an overflow occurs. For example, consider the following:

1011 IltO	 66
loll I IL!	 - 6510

0111 lIt)!	 + 12510l,
Ircsull is

C7 = I 4	
J

	 incorrect

C6=04

The result is incorrect. Since V = C6 	 C7 = 0	 I = I, the overflow flag is set. Note that this
applies to signed two's complemented numbers only.

The stack pointer (SP) register addresses the stack. A stack is Last-In First-Out (LIFO) read/
write memory in the sense that items that go ill will come out first. This is because stacks
perform all read (POP) and write (PUSH) operations from one end.

The stack is addressed by a register called the stack pointer (SP). The size of the SI) is
dependent oil microprocessor's address size. The stack is normally used by subroutines or
interrupts for saving certain registers such as the program counter.

Two instructions, PUSH (stack write) and POP (stack read), can usually be performed by
the programmer to manipulate the stack. If the stack is accessed from the to!), the stack pointer
is dccremcnted before a PUSH and incremented after a POP. Oil other hand, if the stack
is accessed from the bottom, the SP is incremented before a PUSI-I and decremented after a
POP. Typical microprocessors access the stack from the top. Depending on the microproces-
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Before PUSH

Stack

5007

5003

01	 5009

05	 500A

F2	 5000

Before PUSH
16-register Stackto be l'USHed	 I 

I 08A1 1 _____

	

F__'_	 Al

SP alter
	 08

PUSH
	 01

5007
	 05

12

5007

5003

500'J

500A

5008

16-register
to be PUSHed

08A1

SP before

I'USII

5009

16-register in
which stack data to

be POPped into
0721	 1

SP before POt'

I	 5000	 I

(a) Slack PUSH via tol

Before POP

Slack

Fl

02

61

26

Top of the
Stack

I	 16-register in	 Alter POP
which stack data to

be POPped into	 Stack

02F1 ] _______
5000	 I	 Fl

5009	 SI, after POt'

.50013	 26

Top of the 5A
Stack

5003

5009

500A

50013

(b) Stack P01' via top

FIGURE 1.2 PUSH and I'OP oIcratio ns via top.

sor, an 8-, 16-, or 32-bit register can be pushed onto or popped from the stack. The value by

which the SP is incremented or decremented after P01 > or PUSH operations depends oil

register size. For example, values of one for all 8-bit register, two for 16-bit registers, and four
for 32-bit registers are used. Figure 1.2 shows the stack data when accessed from the top before
and after PUSHing a 16-bit register onto the stack or POPping 16 bits from the stack into thc
16-bit register. Note that stack items PUSHed must be POPped in reverse order. The item

pushed last must be popped first.
Consider the PUSH operation in Figure 1.2a when the stack is accessed from the top. The

SP is decremented by 2 after the PUSH. The SP is decrenlented since it is accessed from the
top. A decrement value of 2 is used since the register to be pushed is 16 bits wide.

The POP operation shown in Figure 1.2b is the reverse of the PUSH. The SP is incremented
after P01'. The contents of locations 5008 and 5009 are assumed to be empty.

An index register is typically used as a counter for an instruction or for general storage
functions. The index register is useful with instructions where tables or arrays of data are
accessed. The general-purpose register-based microprocessor can use any general-purpose reg-
ister as the index register.
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Typical 32-bit microprocessors such as the Intel 80386/80486 and Motorola 68020/68030/
68040 include a special type of shifter called barrel shifter for performing fast shift operations.

The barrel shifter is an on-chip combinational network for 32-bit microprocessors and
provides fast shift operations. For example, the 80386 barrel shifter can shift a number from
0 through 64 positions in one clock period (clock rate is 16.67 MHz).

The ALU in the microprocessor performs all arithmetic and logic operations on data. The
size of the ALU defines the size of the microprocessor. For example, Intel 8086 (or Motorola
68000) is a 16-bit microprocessor since its ALU is 16 bits wide. The Intel 8088 (or Motorola
68008) is also a 16-bit microprocessor since its ALU is 16 bits wide, even though its data bus
is 8 bits wide. Motorola 68010 (or Intel 80486) is a 32-bit microprocessor since its ALU is 32
bits wide. The iLU usually performs operations such as binary addition and subtraction. The
32-bit microprocessors include multiple ALUs for parallel operations and thus achieve fast
speed.

The control unit of the microprocessor performs instruction interpreting and sequencing.
In the fetch phase, the control unit reads instructions from memory using (he PC as a pointer.
It then recognizes the instruction type, gets the necessary operands, and routes them to the
appropriate functional units of the execution unit. Necessary signals are issued to the execu-
tion unit to perform the desired operations, and the results are routed to the specified
destination.

In the sequencing phase, the control unit determines the address of the next instruction to
be executed and loads it into the PC. The control unit is typically designed using one of three
techniques:

• Hardwired control
• Microprogramniing
• Nanoprogramming

The hardwired control unit is designed by physically connecting typical components such
as gates and flip-flops. Typical 32-bit RISC microprocessors such as the Intel 80960 and
Motorola 88100 are designed using hardwired control. The microprogrammed control unit
includes a control ROM for translating the instructions. Intel 8086 is a microprogrammed
microprocessor. Nanoprograniming includes two ROMs inside the control unit. The first
ROM (microROM) stores all the addresses of the second ROM (nanoROM). If the microin-
structions (which is the case with the 68000/68020/68030/68040) repeat many times in a
microprogram, use of two-level ROMs provides tremendous memory savings. This is the
reason that the control units of the 68000, 68020, 68030, and 68040 are nanoprogrammed.

1.3.3 Memory Organization

1.3.3.a Introduction
A memory unit is an integral part of any microcomputer system and its primary purpose is to
hold programs and data.

In a broad sense, a microcomputer memory system can be logically divided into three
groups:

• Processor memory
• Primary or main memory
• Secondary memory

Processor memory refers to the microprocessor registers. These registers are used to hold
emporary results when a computation is in progress. Also, there is no speed disparit y between

these registers and the microprocessor because they are fabricated using the same tccIology.
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However, the cost involved in this approach forces a microcomputer architect to include only
a few registers (usually S or 16) in the microprocessor.

Primary or main memory is the storage area in which all programs are executed. The
microprocessor can directly access only those items that are stored in primary memory.
Therefore, all programs and data must be within the primary memory prior to execution.

Secondary memory refers to the storage medium comprising slow devices such as magnetic
tapes and disks. These devices are used to hold large data files and huge programs such as
compilers and data base management systems which are not needed by the processor fre-
quently. Sometimes secondary memories are also referred to as auxiliary or backup store or
virtual memory.

Secondary rnemor' stores programs and data in excess of the main memory. The micro-
computer cannot directly execute programs stored in the secondary memory. In order to
execute these programs, the microcomputer must transfer them to its main memory by a
system program called the operating system. This topic is covered later ill 	 chapter.

Data in disk memories are stored in tracks. A track is a concentric ring of data stored on a
surface of a disk. Each track is further subdivided into several sectors. Each sector typically
stores 512 or 1024 bytes of data. All disk memories use magnetic media except the optical disk
memory which stores data oil plastic disk. Data is read or sometimes written on the optical
disk with a laser beam. There are two types of optical disks. 'l'hcsc are the CD-ROM (Compact
Disk Read Only Memory) and the WORM (\Vritc Once Read Many). The CD-ROM is
inexpensive compared to the WORM drive. However it suffers from lack of speed and has
limited software applications at the present time. The WORM drive is typically used in huge
data storing applications such as insurance and banking since data can be written only once.
The optical disk memory is currently becoming popular with microcomputcrsystems. One of
the commonly used disk memories with microcomputer systems is the floppy or flexible disk.
The floppy disk is a flat, round piece of plastic coated with magnetically sensitive oxide
material. The disk is provided with a protective jacket to prevent fingerprints or foreign matter
from contaminating the disk's surface. The floppy disk is available in three sizes. These are the
8 inch, 5.25 inch, and 3.5 inch. The 3 inch floppy disk is riot used in present systems. These
days, the 5.25 inch and 3.5 inch are very popular. Also, the 3.5 inch floppy is replacing the 5.25
inch floppy in newer systems since it is smaller in size and does not bend easily. All floppy disks
are provided with ail index hole that allows the electronic system reading the disk
to find the start of a track and the first sector.

1-lard disk memory is also frequently used with microcomputer systems. The hard disk, also
known as the fixed disk, is not removable like the floppy disk.

A comparison of the some of the features associated with the hard disk and floppy disk is
provided below:

Characteristic	 ilard Disk

Size	 5 Mbytes to several Gbytcs

Rotational Speed	 300 rpm
Number of !;cads	 May have up to S disk surfaces wttii up to

two heads per surf.ice

Floppy Disk

1.2 Mbytes typical for 5.25 inch floppy.
1.44 Mbytes typical for 3.5 inch floppy.
300 rpm
Two heads; One head for the upper surface
and the other head for the lower surface

Primary memory normally includes ROM (Read-only Memory) and RAM (Random Access
Memory). As the name implies, a ROM permits only a read access. Some ROMs are custom
made, that is, their contents are programmed by the manufacturer. Such ROMs are called
mask programmable ROMs. Sometimes a user may have to program a ROM in the field. For
instance, in a fusible-link ROM, programmable read-only memory (PROM) is available. The
main disadvantage of a PROM is that it cannot he reprogrammed. 	 -
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Some ROMs can be reprogrammed, these are called Erasable Programmable Read-Only
Memories (EPROMs).

In an EPROM, programs arc entered using electrical impulses and the stored information
is erased by using ultraviolet rays. Usually an EPROM is programmed by inserting the EPROM
chip into the socket of a PROM programmer and providing program addresses and voltage
pulses at the appropriate pins of the chip. Typical erase times vary between 10 and 30 minutes.

With advances in IC technology, it is possible to achieve an electrical means of erasure.
These new ROMs are called Electrically Alterable ROMs (EAROMs) or Electrically Erasable
PROMs (EEPROMs or E 2PROMs) and these ROM chips can be programmed even when they
are in the circuit board. These memories are also called Read Mostly Memories (RMMs), since
they have much slower write times than read times. Random Access Memories (RAMs) are
read/write memories.

Information stored in random access memories will be lost if the power is turned off. This
property is known as volatility and, hence, RAMs are usually called volatile memories. RAMs
can be backed up by batteries for a certain period of time and are sometimes called nonvolatile
RAMs. Stored information in a magnetic tape or magnetic disk is not lost when the power is
turned off. Therefore, these storage devices are called nonvolatile memories. Note that a ROM
is a nonvolatile memory.

Some RAMs are constructed using bipolar transistors, and the information is stored in the
form of voltage levels in flip-flops. These voltage levels do not usually drift away, or decay. Such
memories are called static RAMs because the stored information remains constant for some
period of time.

On the other hand, in RAMs that are designed using MOS transistors, the information is
held in the form of electrical charges in capacitors. Here, the stored charge has the tendency
to decay. Therefore, a stored 1 would become a 0 if no precautions were taken. These memories
are referred to as dynamic RAMs. In order to prevent any information loss, dynamic RAMs
have to be refreshed at regular intervals. Refreshing means boosting the signal level and writing
it back. This activity is performed by a hardware unit called "refresh logic" which can either
be a separate chip or is contained in the microprocessor chip.

Since the static RAM maintains information in active circuits, power is required even when
the chip is inactive or in standby mode. Therefore, static RAMs require large power supplies.
Also, each static RAM cell is about four times larger in area than an equivalent dynamic cell;
a dynamic RAM chip contains about four times as many bits as a static RAM chip using the
same or comparable semiconductor technology. Figure 1.3 shows the subcategories of ROMs,
RAMs, and their associated technologies.

PRIMARY MEMORY

RAM

MantIc	 Sc,iiiconductor
Core

r
Static	 Dynamic

ROM

Bipolar	 MOS

Mask	 PROM Mask PROM EPROM
ROM	 ROM	 AND

EAROM

FIGURE 1.3 Subcatcgorics of RAMs and ROMs,

Lh,-
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Today, one megabit of data can be stored in all dynamic RAM chip. The data can
be accessed in 80 nanoseconds or less. The RAM chip costs $5. In contrast, it takes 150
nanoseconds to access a onc-megabitEEPROM which costs $150. Sixteen megabit DRAMs are
very popular these days at a price of approximately 0.3 milliccnt per bit. Recently, IBM,
Hitachi, Toshiba and others have introduced 64 mega-bit DRAMs. It is expected that giga-bit
DRAMs will not be introduced until the next century.

In the mid 1980s, Toshiba Semiconductor invented flash memory. About the same time,
Intel and Seeq Semiconductor were also working oil memories. While each manufacturer
implemented its flash memory differently, they operate in a similar way.

Like EPROMs and El'ROMs or EAROMs, flash memory is nonvolatile and reprogrammabic.
Flash memory is fabricated by using ETOX II (EPROM Tunnel Oxide) technology which is a
combination of EPROM and EEPROM technologies. Flash memory is relatively inexpensive
compared to EEPROM. A one megabit flash memory costs about $15. Flash memory can be
reprogrammed electrically while embedded in the board. However, one can only change a
sector or a block (consisting of multiple bytes) at a time.

Flash memory cells contain a single transistor like the EPROM cell. In contrast, a DRAM cell
typically contains a transistor and a capacitor, an EEPROM cell contains two transistors while
a static RAM cell requires four or six transistors.

The non-volatility and DRAM-like speed of flash memory are ideal for solid-state "disk"
drives. Flash based disks do not have any disks or moving parts. Flash disks are very fast
compared to most available disk drives.

Data can be accessed in 120 nanoseconds in flash memories while it takes 15 to 30 millisec-
onds to access data stored in today's typical hard disk. However, flash disks are limited to up
to 40 megabytes in capacity whereas hard disk drives can store from 5 megabytes to several
gigabytes.

A flash disk can be built from one or more flash-memory IC chips and some controlling
logic devices. For example, to build a 5 12Kbyte flash disk, four one-megabit flash memory
chips can be connected oil small card. An example of such a flash memory system is the Intel
iMC004FLKA 4 Megabyte flash memory card. In addition to flash-disk hardware, software to
manage files oil flash disk is required. The file system software handles creating and deleting
files, changing the file sizes and formatting the flash disk. Microsoft offers flash file system
software for the MS-DOS operating system.

The most severe limitation of flash disks has been its cost.I-Iowcver, the cost of flash ROM
is significantly decreasing. In the future, high density flash memory is expected to be available
at an inexpensive cost.

Flash memory call programmed using either 5V or 12V. The 5V feature becomes more
desirable for portable equipment w!e no 12V rower is available. The speed, rugged con-
struction, and lower power consumption of flash disks is ideal for laptop and notebook

computers.
in summary, due to the high cost offlash disks, desktop computers will continue to use hard

disk drives, Since flash memory combines the advantages of an EPROM's low cost with an
EEPROM's ease of reprogramming, flash memories are being extensively used these days as a
microcomputer's main non-volatile memory. Ail of flash memory is the Intel 28F020
256K x 8 flash memory. By 1997, the cost of a megabyte of flash memory is expected to move
from its current level of $120 to about $5. At that time, flash disks will be able to replace hard
disks in many applications.

1.3,3,b Main Memory Array Design

In many applications, a memory of large capacity is often realized by interconnecting several
small-size memory blocks. in this section, design of a large main memory using small-size
memories as building blocks is presented. The memory map defining all memory addresses is
determined. Note that the microprocessor's reset vector must be included in the memory map.
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There are three types of techniques used for designing the main memory. These are linear
decoding, full decoding/ partial decoding and memory decoding using PALs. We will illustrate
the concepts associated with these techniques in the following.

First, consider the block diagram of a typical static RAM chip shown in Figure 1.4.

,A_O	

8 —

CS

GUTypical Static l\M Chip.

The capacity of this chip is 8192 bits and these bits are organized as 1024 words with 8 bits!
word. Each word has a unique address and this is specified on 10-bit address lines A9—A0
(note that 2 10 = 1024). The inputs anti outputs arc routed through the 8-bit bidirectional data
lines 1)7 through DO. The operation of this chip is governed by the two control inputs: WE
(write Enable) and Cs (chip select). The truth table that describes the operation of this chip
is shown in Table 1.1.

TABLE1.1 Truth table for 	 x S Iatic RAM

CS	 WE	 MODE	 Status of 1)7—DO	 Power

L	 X	 Not selected	 111gb impedance	 Standby
11	 L	 Write	 Acts as an input bus	 Active
II	 I 	 Read	 Acts as an output bus	 Active

Nose:	 1-1 - high L - low, X - don't care.

From this table, it is easy to see that when CS input is low, the chip is not selected and thus
the lines D7 through DO are driven to the high impedance state. When CS = I and WE is LOW,
data on lines D7—DO are written into the word addressed by AO through A9. Similarly, when
CS = 1 and WE is high, the contents of the memory word (whose address is specified on
address lines A9 through AO) will appear oil D7 through DO. Note that when the chip
select input CS goes to low, the device is disabled and the chip automatically reduces its power
requirements and remains in this low-power standby mode as long as CS remains low. This
feature results in system power savings as high as 85% in larger systems, where the majority
of devices are disabled.

1.3.3.b.i LincarDecoding. This technique uses the unused address lines of the microprocessor as chip
selects for the memory chips. This method is used for small systems.

A simple way to connect all microprocessor to a 6K RAM system using linear
decoding is shown in Figure 1.5. In this approach, the address lines A9 through AO of the
microprocessor are used as a common input to each 1K x 8 RAM chip. The remaining 6
high-order lines are used to select one of the 6 RAM chips. For example, if
A15A14AI3AI2A1 IA1O = 000010, then the RAM chip 1 is selected. The address map
realized by this arrangement is summarized in Figure 1.6. This method is knowit as the linear
select decoding technique. The principal advantage of this method is that it does not require
any decoding hardware. However, this approach has some disadvantages:
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• Although with a 16-bit address bus we have 64K bytes of RAM space, we are able to
interface only 6K bytes of RAM. This means that this idea wastes address space.

• The address map is not contiguous; rather, it is sparsely distributed.

• lfboth Al 1 and AlO are high at the same time, both RAM chips 0 and 1 are selected and
thus a bus conflict occurs. This can be avoided by proper programming to select the
desired memory chip and deselect the others.

• Also, if all unused address lines are not utilized as chip selects for memory, then these
unused pins become don't cares (can be 0 or 1). This results in foldback, meaning that
a memory location will have its image in the memory map. For example, if  15 is don't
care in design and if A14 to A0 address lines arc used, then address 0000 and address
8000 16 are the same locations. This is called foldback and it wastes memory space.

1.3.3.L'.ii Full/Partial Decoding. Difficulties such as the bus conflict and sparse address distribution
are eliminated by the use of the full/partial decoded addressing technique. To sec this, consider
the organization shown in Figure 1.7. In this sctup, we use a 2-to-4 decoder and interface the
8-bit microprocessor with 4K bytes of RAM. In particular, the four combinations of the lines
All and AlO select the RAM chips as follows:

All	 AlO	 Device selected

Itj\?.4 chip 0

RAM chip 1
RAM chip 2

RAM chi p 3

Also observe that this hardware makes sure that the memory system is enabled only when
the lines A15 through Al2 are zero. The complete address map corresponding to this organi-
zation is summarized in Figure 1.8.

1.3.3.b.iii Memory Decoding by using Programmable Array Logic (PAL). A Programmable
Array Logic (PAL) is similar to a ROM in concept except that it does not provide full decoding
of the input lines. Instead, a PAL provides a partial sum of products which can be obtained via
programming and saves a lot of space on the board. The PAL chip contains a fused program-
mable AND array and a fixed OR array. Note that in PLA (Programmable Logic Array) both
AND and OR arrays are programmable. The AND and OR gates are fabricated inside the PAL
without interconnections. The specific functions desired are implemented during program-
ming via software. Programming of the PAL provides connections of the inputs of the AND
gates and the outputs of the AND gates to the inputs of the OR gates. Therefore, the PAL
implements sum of products of the inputs. PALs are used extensively these days with 32-bit
microprocessors such as the Intel 80386/80486 and Motorola 68030168040 for performing the
memory decode function. PALs connect these microprocessors to memory, I/O and other
chips without the use of any additional logic gates or circuits.

Each input has both true and complemented forms. A look at the NOR gate output O
indicates that there are two X connections at the inputs of this NOR gate. The three X inputs
are wirc-ANDcd together with programming the PAL so that 0 1 = (' . I)+ 12

The PAL chips are usually identified by a two-digit number followed by a letter and then a
digit. The two-digit number specifies the number of input lines while the last digit defines the
number of output lines. The fixed number of AND gates are connected to either an OR or a
NOR gate. The letter '1-1' indicates that the output gates are OR gates. The letter 'L' is used when
the outputs are NOR gates.

As an example, the 1 OHS provides eight OR gate outputs driven by ten AND gate inputs. The
10L8, on the other hand, is the same as the 101-18 except that the eight output gates are NOR
gates.
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FIGURE 1.5 An 8-bit microprocessor interfaced to a 6K RAM system using the linear select decoding technique.

Sot-nc PALS provide additional features. The 161,8 includcs tristatc outputs. Each of the eight
NOR gate outputs is driven internally by six AND gates. A seventh AND gate provides the
enable signal for the tristate buffers.

The 16L8 is a popular PAL used with 32-bit microprocessors. The 16L8 is a 20-pin PAL
nianufat.tut'ed using bipolar ttansitors. It has ten input pins (labeled U two outputs (labeled
0) and six programmable Input/Output (labeled I/O) lines. Using the programmable ItO
lines, the number of input lines can be increased to a maximum of 16 and the number of
output lines can be increased to 8.
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Binary Address Pattern

	

	 Address Assignment in HexSelected
M5A14AI3AI2 All MO A9 A7 A6 A5 A4 A3 A2 Al AO

000001000000000	 RAM	 0400
CHIP	 to

000001	 111111111	 0	 07FF

000010000000000	 RAM	 0800
CHIP	 to

000010111111111	 1	 OBFF

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0	 RAM	 1000
CHIP	 to

0001001111111I1	 2	 13FF

001000000000000	 RAM	 2000
CF-Ill'	 to

00 . 100011111111l	 3	 23FF

010000000000000	 RAM	 4000
CHIP	 to

010000111111111	 4	 43FF

100000000000000	 RAM	 8000
CHIP	 to

100000111111111	 5	 83FF

FIGURE 1.6 Address ma p realized by the syst cm shown in Figure  1 .5.

Programming PALs can be accomplished by First creating a File by using a text editor on a

personal computer. The file should include information such as the pin assignments of the

PAL and the boolean equation for the outputs. By inserting the PAL into the programming

module included with the personal computer, the PAL can then be programmed with the PAL

progralnnhing software provided with the personal computer.Note that PAL programming

hardware and software are sold separately and not usually included with a personal computer.

1.3.3.c Memory Management Concepts
Due to the massive amount of information that must be saved in most systems, the mass

storage is often a disk. If each access is to a disk (even a hard disk), then system throughput

will be reduced to unacceptable levels.

An obvious solution is to use a large and fast locally accessed semiconductor memory.

Unfortunately the storage cost per bit for this solution is very high. A combination of both off-

board disk (secondary memory) and on-board semiconductor main memory must be de-

signed into a system. This requires a mechanism to manage the two-way flow of information

between the primary (semiconductor) and secondary (disk) media. This mechanism must be

able to transfer blocks of data efficiently, keep track of block usage, and replace them in a

nonarbitrary way. The primary memory system must therefore be able to dynamically allocate

memory SpaCe.
An operating system must have resource protection from corruption or abuse by users.

Users must be able to protect areas of code from each other, while maintaining the ability to

communicate and share other areas of code. All these requirements indicate the need for a

device, located between the microprocessor and memory, to control accesses, perform address

mappings, and act as all between the logical (programmer's memory) and micropro-

cessor physical (memory) address spaces. Since this device must manage memory use, it is

appropriately called the memory management unit (MMU). Typical 32-hit microprocessors

such as Motorola 68030 and Intel 80386 include on-chip MMU.

The MMU reduces the burden of the memory management function on the operating

system.

The basic functions provided by the MMU arc address translation and protection. The

MMLI translates logical program addresses to physical memory addresses. The addresses in a
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A15A14A1

+5

3 . BIT MICROPROCESSOR BUS11 MO 	 A9-A0 RA
I	 101. 	 1

2 to 4 MUX7415 139Y2B	 YYo 4

Inverters

NANO741S30 INV741SO4
INV7415049N

RAM CHIP 3
(IKxB)LA9-AO

RAM CHIP 2
(lKx8)A9-A0

D7.D

WE

CsRAM CHIP i
(lKx8)A9-AO D7.DWE

CsRAM CHIP 0
(lKx8)A9-A0 D7-DCWE
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INV741SO41N2
I NV74LSO43N4

-DO

FIGURE 1.7 An 8-bit microprocessor interfaced to a 4K RAM system using a full/partial decoded addressing
technique

Binary Address Pattern 	 DeviceAddress Assignment in Hex
A15AI4AI3AI2A11 AID A9 A7 A6 A5 A4 A3 A2 Al AO

	 Selected

00000 0000000000	 RAM	 0000
CHIP0000 00111111111	 0	 03FF

000001000000000	 RAM	 0400
CHIP	 to

000001111111111	 1	 07FF
000010 000000000	 RAM	 0800

CHIP	 to
0 00011111111111	 2	 03FF
000011 000000000	 RAM	 OCOO

CHIP	 to
000011111111111	 3	 OFFF

FIGURE 1.8 Address map corresponding to the organization shown in Figure 1.7.
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FIGURE 1.9 A typical PAL.

program arc called logical addresses since they indicate the logical positions of instructions and
data. The MMU translates these logical addresses to physical addresses provided by the
memory chips. The MMU can perform address translation in one of two ways:

1. By using the substitution technique as shown in Figure 1 .lOa
2. By adding an offset to each logical address to obtain the corresponding physical address

as showr in Figure 1.1 Ob

Address translation using substitution is frtster than the offset method. However, the offset
method has the advantage of mapping a logical address to any physical address as determined
by the offset value.

Memory is usually divided into small manageable units. The terms "page" and "segment"
are frequently used to describe these units. Paging divides the memory into equal-sized pages,
while segmentation divides the memory into variable-sized segments.

It is relatively easier to implement the address translation table if the logical and main
memory spaces are divided into pages. The term 'page" is associated with logical address
space, while the term "block" usually refers to a page in main memory space.

There are three ways to map logical addresses to physical addresses. These are paging,
segmentation, and combined paging/segmentation.

In a paged system, a user has access to a larger address space than physical memory provides.
The virtual memory system is managed by both hardware and software. Note that memory in
excess of the main memory such as floppy disk storage is called virtual memory. The hardware
included in the memory management unit handles address translation. The memory manage-
ment software in the operating system performs all functions including page replacement
policies in order to provide efficient memory utilization. The memory management software
performs functions such as removal of the desired page from main memory to accommodate
a new page, transferring a new page from secondary to main memory at the right instant of
time, and placing the page at the right location in memory.
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FIGURE 1.10a Address translation using substitution technique.

FIGURE 1.10b  Address translation by ulisci technique.

If the main memory is full during transfer from secondary to main memory, it is necessary
to remove a page from main memory to accommodate the new page. Two popular page
replacement policies are first-in first-out (FIFO) and least recently used (LRU). The FIFO
policy removes the page from main memory that has been resident in memory for the longest
amount of time. The FIFO replacement policy is easy to implement. One of the main disad-
vantages of the FIFO policy is that it is likely to replace heavily used pages. Note that heavily
used pages are resident in main memory for the longest amount of time. Sometimes this
replacement policy might be a poor choice. For example, in a time-shared system, several users
normally share a copy of the text editor in order to type and correct programs. The FIFO policy
Oil such a system might replace a heavily used editor program page to make room for a new
page, This program page might be recalled to main memory immediately. The FIFO, in this
ease, would be a poor choice.

The LRU policy, oil 	 other hand, replaces that page which has not been used for the
longest amount of time.

In the segmentation method, the MMU utilizes the segment selector to obtain a descriptor
from a table in memory containing several descriptors. A descriptor contains the physical base
address for a segment, the segment's privilege level, and some control bits. When the MMU
obtains a logical address from the microprocessor, it first determines whether the segment i
already in the physical memory. If it is, the MMU adds all component to the segment
base component of the address obtained from the segment descriptor table to provide the
physical address. The MMU then generates the physical address oil 	 address bus for
accessing the memory. Oil other hand, if the MMU does not find the logical address in
physical memory, it interrupts the microprocessor. The microprocessor executes a service
routine to bring the desired program from a secondary memory such as disk to the physical
memory. The MMU determines the physical address using the segment offset and descriptor
as above and then generates the physical address oil 	 address bus for memory. A segment
Will usually consist of an integral number of pages, say, each 256 bytes long. With different-
sized segments being swapped in and out, areas of valuable primary memory call
unusable. Memory is unusable for segmentation when it is sandwiched between already
allocated segments and if it is not large enough to hold the latest segment that needs to be
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loaded. This is called external fragmentation and is handled by MMUs using special tech-

niques. An example of external fragmentation is given in Figure 1. 11. The advantages of

segmented memory management are that few descriptors are required for large programs or

data spaces, and internal fragmentation (to b discussed later) is minimized. The disadvan -

tages  include external fragmentation, involved algorithms for placing data are required, pos-

sible restrictions on starting address, and longer data swap times are required to support

virtual memory.

FIGURE 1.11 Memory fragmentation (exiema]),

Address translation using descriptor tables offers a protection feature A segment or a page

call protected from access by a program section of a lower privilege level. For example the

selector component of each logical address includes one or two bits indicating the privilege

level of the program requesting access to a segment. Each segment descriptor also includes one

or two bits providing the privilege level of that segment. When an executing program tries to

access a segment, the MMU can compare the selector privilege level with the descriptor

privilege level. If the segment selector has the same or higher privilege level, then the MMU

permits the access. If the privilege level of the selector is lower than the descriptor, the MMU

can interrupt the microprocessor informing of a privilege level violation. Therefore, the

indirect technique of generating physical address provides a mechanism of protecting critical

program sections in the operating system.

Paging divides the memory into equal-sized pages, it avoids the major problem ofscgnicn-

tation-external fragmentation. Since the pages are of the same size, when a new page is

requested and an old one swapped out, the new one will always fit into the vacated space.

However, a problem common to both techniques remains - internal fragmentation. Internal

fragmentation is a condition where memory is unused but allocated due to memory block size

implementation restrictions. This occurs when a module needs, say, 300 bytes and page is 1K

bytes, as shown in Figure 1. 12.

In the paged-segmentation method, each segment contains a number of pages. 'l'hc logical

address is divided into three components: segment, page, and word, The segment component

defines a segment number, the page component defines the page within the segment, and the word

component provides the particular word within the page. A page component ofn bits can provide

up to 2n pages. A segment can be assigned with one or more pages up to a maximum 0f2n pages;

therefore, a segment size depends oil 	 number of pages assigned to it.

Protection nicchaiiisms can operate either on physical address or logical address. Physical

memory protection cart be accomplished by using one or more protection bits with each block

to define the access type permitted oil block. This means that each time a page is transferred

from one block to another, the block protection bits must be updated. A more efficient

approach is to provide a protection feature in logical address space by including protection bits

in the descriptors of the segment table in the MMU.
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I'AGES1 K
IF 300 BYTES NEEDED I K BYTES ARE ALLOCATED

MEMORY UNUSED BUT ALLOCATED BECAUSE OF
IMPLEMENTATION RESTRICTIONS ON BLOCK SIZES

FIGURE 1.12 Memory fragmentation (internal).

1.3.3.d Cache Memory Organization

1K 1iALLOCATED

PAGE 

The performance of a microcomputer system can be significantly improved by introducing a
small, expensive, but fast memory between the microprocessor and main mcmor-. This
memory is called cache memory and this idea was first introduced in 	

1

the IBM 360/85 com-
puter. Later on, this concept was ' ]so implemented ill such as PDP- 11/70.
With the advent of VLSI technology, the cache memory technique is gaining acceptance in the
microprocessor world. For example, an on-chip cache memory is implemented in Intel's 32-
bit microprocessor, the 80485, and Motorola's 32-bit microprocessors, the MC 68020/68030/
68040. The 80386 does not have on-chip cache but cxtcinal cache memory can be interfaced
to it. Studies have shown that typical programs s"nd most of their execution times in loops.
This means that the addresses generated by i micrcwroccssor have a tendency to cluster
around a small region in the main memory. This phcnon'enon is known as locality of
reference. The 32-bit microprocessor can execute the same instructions in a loop from the on-
chip cache rather than reading thcni repeatedly from the external main memory. Thus the
performance offered by 32-bit microprocessors is greatly improved.

The block diagram representation of a microprocessor system that employs an on-chip
cache memory is shown in Figure 1.13. Usually, a cache memory is very small in size and its
access time is less than that of the main memory by a factor of 5.

Cache hit means that the reference is found in the cache and the data pertaining to the
microprocessor reference is transferred to the microprocessor from the cache. However, if the
reference is not found in the cache, we call it a cache miss. When there is a cache miss, the main
memory is accessed by the microprocessor and the data are then transferred to the micropro-
cessor from the main memory. At the same time, a block of data containing the desired data
needed by the microprocessor is transferred from the main memory to the cache. The block
normally contains 4 to 16 bytes, and this block is placed in the cache using the standard
replacement policies such as FIFO (First-In First-Out) or LRU (Least Recently Used). This
block transfer is done with a hope that all future references made by the microprocessor will
be confined to the fast cache.

The relationship between the cache and main memory blocks is established using mapping
techniques. Three widely used mapping techniques are

Direct mapping
Fully-associative mapping
Set-associative mapping

In direct mapping, the main memory address is divided into two fields: an index field and
a tag field. The number of bits ill index field is equal to the number of address bits required
to access the cache memory.

Assume that the main memory address is i-n bits wide and the cache memory address is n
bits wide. Then the index field requires ii bits and the tag field is (ill - n) bits wide. The n-
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Microprocessor
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FIGURE 1.13 Memory organizmion of a computer system that employs it cache memory.

bit address accesses the code. Each word in the cache includes the data word and its associated

tag. When the microprocessor generates an address for main memory, the index field is used

as the address to access the cache. The tag field of the main memory is compared with the tag

field in the word read from cache. A hit occurs if the tags match. This means that the desired

data word is in cache. A miss occurs if there is no match, and then the required word is read

from main memory. It is written in the cache along with the new tag. A random access memory

is used as the cache memory.

One of the main drawbacks of direct mapping is that numerous misses may occur if two or

more words with addresses having the same index but different tags are accessed several times.

This can be minimized by incorporating a larger cache.

The fastest cache memory utilizes an associative memory. The method is known as fully

associative mapping. Each associative memory content contains main memory address and its

content (data). When the microprocessor generates a main memory address, it is compared

associatively (simultaneously) with all addresses in the associative memory. If there is a match,

the corresponding data word is read from the associative cache memory and sent to the

microprocessor. If a miss occurs, the main memory is accessed, and the address and its

corresponding data are written to the associative cache memory. If the cache is full, certain

policies such as FIFO (first-in first-out) are used as replacement algorithm for the cache. The

associative cache is expensive but provides fast operation.

The set-associative mapping is it ion of direct and associative mapping. Each cache

word stores two or more main memory words using the same index address. Each main

memory word consists of a tag and its data word. An index with two or more tags and data

words forms a set. When the microprocessor generates a memory request, the index of the

main memory address is used as the cache address. The tag field of the main memory address

is then compared associatively (simultaneously) with all tags stored under the index. If  match

occurs, the desired data word is read. If  miss occurs, the data word, along with its tag, is read

from main memory and also written into the cache. The hit ratio improves as the set size

increases. This is because more words with the same index but different tags can be stored in

cache.

There are two ways ofwriting into cache: the write-back and write-through methods. In the

write-back method, whenever the microprocessor writes something into a cache word, a dirty

bit is assigned to the cache word. When a dirty word is to be replaced with a new word, the

A
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dirty word is first copied into the main meiiiory before it is overwritten by the incoming new
word. Thc advantage of this method is that it avoids unnecessary writing into main memory.

In the write-through method, whenever the microprocessor alters cache data, the same
alteration is made in the main memory COPY of the altered cache data. This policy can be easily
implemented and also it insures that the contents of the main memory are always valid. This
feature is desirable in a mu]tiproccssor system where the main memory is shared by several
processors. However, this approach may lead to several unnecessary writes to main memory.

One of the important aspects of cache memory organization is to devise a method that
insures proper utilization of the cache. Usually, the tag direc t ory contains an extra bit for each
entry. This additional bit is called a valid bit. When the power is turned on, the valid bit
corresponding to each cache block entry of the tag directory is reset to zero. This is done in
order to indicate that the cache block holds invalid data. When a block of data is first
transferred from the main memory to a cache block, the valid bit corresponding to this cache
block is set to I. III arrangement, whenever the valid is -I it implies that a new
incoming block can overwrite the existing cache block, Thus, there is no need to copy the
contents of the cache block being replaced into the main memory.

1.3.4 Input/Output (I/O)

This section describes the basic input and output techniques used by microcomputers to
transfer data between the microcomputer and external devices. The general characteristics of
I/O are described. One communicates with a microcomputer system via the I/O devices
interfaced to it, The user can enter programs and data using the keyboard oil terminal and
execute the programs to obtain results. Therefore, the I/O devices connected to a microcom-
puter system provide an efficient means of communication between the computer and the
outside world. These I/O devices arc commonly called peripherals and include keyboards, CRT
displays, printers, and disks.

The characteristics of the I/O devices are normally different from those of the microcom-
puter. For example, the speed ofoperation of the peripherals is usually slower compared to the
microcomputer, and the word length of the microcomputer may be different from the data
format of the peripheral device, To make the characteristics of the 110 devices compatible with
those of the microcomputer, interface hardware circuitry between the microcomputer and 1/
O devices is necessary.

In a typical microcomputer system, the user gets involved with two types of I/O devices:
physical I/O and logical I/O. When the microcomputer has no operating system, the user must
work directly with physical I/O devices and perform detailed I/O design.

There are three ways of transferring data between the microcomputer and a physical I/O
device:

• Progrmni ned I/O
Interrupt driven I/O
Direct memory access (DMA)

The microcomputer executes a program to communicate with an external device via a
register called the I/O port for programmed I/O.

An external device requests the microcomputer to transfer data by activating a signal oil
microcomputer's interrupt line during interrupt I/O. In response, the microcomputer ex-
ecutes it 	 called the intcrrlmpt-servLcc routine to carry out the function desired by the
external device, again by way of one or more I/O ports.

Data transfer between the microcomputer's memory and an external device occurs without
microprocc,ssor involvement with direct memory access.



Introduction to Micropro cessors and MicrocomputerJ3asCd Applications 	 25

For a microcomputer with an operating system, the user works with virtual I/O devices. The

user does not have to be familiar with the characteristics of the physical I/O devices. Instead,

the user performs data transfers between the microcomputer and the physical I/O devices

indirectly by calling the I/O routines provided by the operating system using virtual 1/0

instructions. This is called logical I/O.

1.3.4.a Programmed I/O
As described earlier, the microcomputer communicates with an external device via one or

more registers called I/O ports using programmed I/O. These I/O ports are occasionally

fabricated by the manufacturer in the same chip as the memory chip to achieve minimum chip

count for small system applications, For example, the Intel 835/875 contains 2K bytes of

ROM/EPROM with two I/O ports. The Motorola 6846 has 2K bytes Qf.ROM and an 8-bit I!

0 port.
I/O ports are usually of two types. For one type, each bit in the port can be individually

cQ fig urcd.arcithcr input or output. For the other tyje, 'all bits in the port can be set up as
7.either all parallel input or output bits. Each port can be confiurcd as an input or output port

by another register called the command, or data-direction register. The port data register

contains Lite actual input or output data. The data-direction register isall output register and

can he used to configure the bits in the port as inputs or outputs.

Each bit in the port can usually be set up as an input or output by respectively writing a ()

or a 1 in the corresponding hit of the data-direction register (1)DR). A bidirectional buffer

(one input buffer and one output buffer) is connected at each hit of the port. A 1' written to

a particular hit in l)DR enablcs the output butler white a '0' enables the input buffer connected

at the corresponding bit of the port. As an example, ifan 81-bit data-direction register contains

34 ,, then the corresponding port is defined as follows:

7	 6	 5	 4	 3	 2	 1	 0	 Bit position

Data-direction

I/O port

IT	 .L	 1'	 II

In the preceding example, since 34, (0011 01 0(^) is sent as an output into the data-direction

register, bits 0, 1, 3, 6, and 7 of the port are set up as inputs, and bits 2, 4, and 5 of the port

are defined as outputs. The microcomputer can then send outputs to external devices, such as

LEDs, connected to bits 2, 4, and 5 through a proper interface. Similarly, the microcomputer

cal) input the status of external devices, such as switches, through bits 0, 1, 3, 6, and 7. To input

data from the input switches, the 8-bit microcomputer assumed here inputs the complete byte,

including the bits to which LEDs are connected. While receiving input data from an I/O port,

however, the microcomputer places a value, probably 0, at the bits configured as outputs and

the program must interpret them as "don't cares". At the same time, the microcomputers

outputs to bits configured as inputs are disregarded.

For parallel 1/0, there is only one register, known as the command register, for all ports. A

particular bit in the command register configures all bits in a port as either inputs or outputs.

Consider two 1/0 ports in an I/O chip along with one command register. Assume that a 0

or a I in a particular bit position defines all bits of ports A or B as inputs or outputs.
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For example,

ter control in Iurifl.lt ion
such as 1011cr control signals

Command rcgistcr

U I-J Port

Input I)cvkcs	 Output Dcviccs

Some 110 ports are called handshake ports. Data transfer occurs via these ports through
exchanging of control signals between the I/O controller and an external device.

1.3.4.b Standard I/O Versus Memory-Mapped I/O
I/O ports are addressed using either standard I/O or memory-mapped I/O techniques. The
standard J/O, also called isolated I/O, uses tile io/M control pin on the microprocessor chip.
The processor outputs a HIGH on this pin to indicate to memory and the I/O chips that an
I/O operation is taking place. A LOW output from the processor to this pin indicates a memory
operation. Execution of IN or OUT instructions makes the iojM HIGH, whereas memory-
oriented instructions, such as LDA and STA, drive the IOIM to LOW. In standard I/O, the
processor uses the iO/M pin to distinguish between I/O and memory. For 8-bit microproces-
sors, an 8-bit address is typically used for each I/O port. This is because 8 bits are the basic data
unit for these processors. Eight-bit processors are usually capable of directly addressing 64K
bytes of memory using 16 address lines. With an 8-bit I/O port address, these processors are
capable of addressing 256 ports. However, in a typical application, there are usually four or five
I/O ports required. Some of the address bits of the microprocessor are normally decoded to
obtain the I/O portaddresses. With memory-mapped i/O, the processor does not differentiate
between I/O and memory and, therefore, does not use the microprocessor's 10/ M control
pin. The microprocessor uses the memory addresses (which may not exist in the
microcomputer's physical memory) to represent I/O ports. The I/O ports are mapped into the
microprocessor's main memory and, hence, are called n:cnwry-mappcd I/O.

In memory-mapped I/O, the most significant bit (MSB) of the address may be used to
distinguish between I/O and memory. If the MSB of address is I, an I/O port is selected. If the
MSB of address is 0, a memory location is accessed. This reduces the microprocessor's
addressing memory (main memory) by 50%. Sixteen and thirty-two bit microprocessors
provide special control signals for performing memory-mapped I/O. Thus, these processors
do not use MSB of the address lines. Intcl microprocessors can use either standard or memory-
mapped I/O while Motorola microprocessors use only memory-mapped I/O. For example,
with standard I/O, Intel 8086 uses IN AL, PortA, and OUT PortA, Al. for inputing and
outputing data. On the other hand, the 8086 uses memory-oriented instructions such as MOV
AL, START, and MOY START, AL for inputing and ouputing data. Note that START is an

Port
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I/O port mapped as a memory address. Motorola, oil 	 other hand, does not have any IN or

OUT instructions and uses memory-oriented instructions for i/O operation.

1.3.4.c Unconditional and Conditional Programmed I/O

The microprocessor can send data to an external device at any time during unconditional 1/

0. The external device must always be ready for data transfer. A typical example is when the

processor outputs a 7-bit code through an I/O port to drive a seven-segment display connected

to this port.

In conditional I/O, the microprocessor outputs data to an external device via handshaking.

Data transfer occurs by the exchanging of control signals between the microprocessor and an

external device. The microprocessor inputs the status of the external device to determine

whether the device is ready for data transfer. Data transfer takes place when the device is ready.

The concept of conditional I/O will now be demonstrated by means of data transfer between

a microprocessor and an analog-to-digital (AID) converter. Consider, for example, the AID

converter shown in the accompanying figure.

Vx

STAR 
conversion______k____	

D7
D6 I
D5

8-bitBUSY	 8-bit	 D4 I tn-state
I

(end of conversion) 	 Tri-staic	 _____________________	 digitalD3,VD converter	 output
> D2 I

OUTPUT [N,\EtLE	 - Dl

>- DO

The AID converter just shown transforms an analog voltage Vx into an 8-bit binary output

at pins D7—DO. A pulse 
at the START conversion pin initiates the conversion. This drives the

BUSY signal LOW. 'lhe signal stays LOW during the conversion process. The BUSY signal goes

HIGH as soon as the conversion ends. Since the AID converter's output is tristated, a LOW

on the (OUTPUT ENABLE) transfers the converter's output. A HIGH on the

(OUTPUT ENABLE) drives the converter's output to a high impedance state.

The concept of conditional I/O can be demonstrated by interfacing the AID converter to an

8-bit processor. Figure 1.14 shows such an interfacing example.

The user writes a program to carry out the conversion process When this program is

executed, the processor sends a pulse to the START pin of the converter via hit 2 of port A. The

microprocessor then checks the BUSY signal by bit I of port A to determine if the conversion

is completed. If the BUSY signal is 1-uGH (indicating the end of conversion), the micropro-

cessor sends a LOW to the (OUTPUT ENABLE) pin of the AID converter. The microproces-

sor then inputs the converter's DO—D7 outputs via port B. lithe conversion is not completed,

the microprocessor waits in a loop checking for the BUSY signal to go HIGH.

1.3.4.d Typical Microcomputer Output Circuit

The microcomputer designer is often concerned with the output circuit because of the

microcomputer's small output current drive capability. The tristate output circuit shown in

Figure 1.15 typically is utilized by a microcomputer as the output circuit. This circuit uses

totem pole-type output called a PUSI-l-l'Ul,l. circuit providing low-output currents. There-

fore, a current amplifier (buffer) is required to drive devices such as LEDs.
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FIGURE LII lntcrtitcing an AlL) converter to an 8-bit processor.
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FIGURE 1. 15 DigitalI inimprocessor output circuit.

In the preceding figure, when Q1 is ON, Q 2 is OFF and ',k will flow from the external device

into Q11 Also, when Q is ON, Q1 is OFF and will flow from Q2 into the output device.

Figure 1.16 shows a hardware interface circuit using the push-pull circuit for driving an

external device such as LED.

Assume lklUrcc to be 400 itA (usually represented by it sign such as 1 = —400 PA;

the negative sign indicates that the chip is losing current) with a minimum voltage V A of 2.4

at point A, and that the LED requires 10 mA at 1.7 V. Therefore, a buffer such as a transistor

is required at the output circuit to increase the current drive capability to drive the LED. In

order to design the interface, the values of R 1 ,R, and minimum J3 of the transistor will be

determined in the following:

R = 
V A - V iF (Q) = 2.4-0.7 = 4.25 kQ

400 VA	 400 l.tA

Since	 = 10 pA at 1.7 V and assuming that V 1 - (saturation) = 0 V,

5 - 1.7 - V(Q3) =	 = 330 QR2 
=	 10 mA	 10 mA
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FIGURE 1.16 MKroproccssor I/O intcrfaccs for driving an LEI).

Since ',rce = 400 tA = 1 5(Q), (3 for transistor Q, is

I < .(Q) 10 niA	 to  to-,=	 =_5
I(Q)	 100p1\	 400 x I0'

Therefore the interface design is complete, and a transistor with a miminium of saturation (3

of 25 andR, = 4.25 M and R = 330 n is required. Note that a MOS outputs more sink current

than source current. If sink current is used, the LED in Figure 1.16 can directly be connected

to the microcomputer's output through an appropriate resistance. However, if the resistor

value is not large enough, it ma y damage the transistor Qi.

1.3.4.e Interrupt Driven I/O

A disadvantage of conditional programmed 1/0 is that the microcomputer needs to check

the status bit (BUSY signal for the A/b converter) by waiting in a loop. This type ofl/0 transfer

is dependent oil speed of the external device. For a slow device, this waiting may slow down

the capability of the microprocessor to process other data. The polled 1/0 and interrupt 1/0

techniques are efficient in this type of situation.

Interrupt 1/0 is a device-initiated I/O transfer. The external device is connected to a pin

called the interrupt (INT) pin oil microprocessor chip. When the device needs an I/O
transfer with the microcomputer, it activates the interrupt pin of the microprocessor chip. The

microcomputer usually completes the current instruction and saves at least the contents of the

current program counter oil 	 stack.

The microcomputer then automatically loads an address into the program counter to

branch to a subroutine-like program called the interrupt-service routine. This program is

written by the user. The external device wants the microcomputer to execute this program to

transfer data. The last instruction of the service routine is a RETURN, which is typically the

same instruction used at the end of a subroutine. This instruction normally loads the return

address (saved in the stack before going to the service routine) in the program counter. Then,

the microcomputer continues executing the main program. Note that subroutines and inter-

rupts are handled in a similar way: subroutines are initiated via execution of an instruction

such as subroutine CALL while interrupts are initiated via activation of the microprocessor's

interrupt pin by the interrupting device.

hitler
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1.3.4.e.i Interrupt Types. There are typically three types of interrupts: external interrupts, traps or

internal interrupts, and software interrupts.

External interrupts arc initiated through the microcomputer's interrupt pins by external

devices such as All) converters. External interrupts can further be divided into two types:

maskable and nonmaskahic. A iriaskablc interrupt is enabled or disabled by executing instruc-

tions such as El or Dl. If the microcomputer's interrupt is disabled, the microcomputer

ignores the niaskable interrupt. Some microprocessors, such as the Intel 8086, have an inter-

rupt-flag bit in the processor status register. When the interrupt is disabled, the interrupt-flag

bit is 1, so no maskable interrupts are recognized by the processor. The interrupt-flag bit resets

to zero when the interrupt is enabled.

The nonmaskable interrupt has higher priority than the maskable interrupt. lfboth maskable

and nonmaskable interrupts are activated at the same time, the processor will service the

nonmaskable interrupt first. The nonniakable interrupt is typically used as a power failure

interrupt. Microprocessors normally use +5 V DC, which is transformed from 110 V AC. If

the power falls below 90 V AC, the DC voltage of +5 V cannot be maintained. However, it will

take a few milliseconds before the AC power can drop this low (below 90 V AC). In these few

milliseconds, the power failure-sensing circuitry can interrupt the microprocessor. An inter-

rupt service routine can be written to store critical data in nonvolatile memory such as battery-

backed CMOS RAM. The interrupted program can continue without any loss of data when the

power returns.
Some microprocessors are provided with a maskabk handshake interrupt. This interrupt is

usually implemented by using two pins - INTR and INTA. When the INTR pin is activated

by an external device, theprocessor completes the current instruction, saves at least the current

program counter onto stack, and generates an interrupt acknowledge (]NTA). III to

the INTA , the external device provides an instruction, such as CA1 I., using external hardware

on the data bus of the microcomputer. This instruction is then read and executed by the

microcomputer to branch to the desired service routine.

Internal interrupts, or traps, are activated internally by exceptional conditions such as

overflow, division by zero, or execution of an illegal op-code. Traps are handled the same way

-vice routine to take corrective measures and provideas external interrupts. The user writes a se 

an indication to inform the user that an exceptional condition has occurred.

Many microprocessors include software interrupts, or system calls. When one of these inStrLIC-

lions is executed, the microprocessor is interrupted and serviced similarly to external or internal

interrupts. Software interrLmpt inLructiOns are normally used to call the operating system. These

instructions are shorter than subroutine calls, and no calling program is needed to know the

operating system's address in memory. Software interrupt instructions allow the user to switch

from user to supervisor mode. For some microprocessors, a software interrupt is the only way

to call the operating system, since a subrotiti tie call to an address in the operating system is not

allowed.

1.3,4.c.ii Interrupt Address Vector. The technique used to find the starting address of the service

routine (commonly known as the iJl!cnJq>t address vector) varies from one microprocessor to

another. With some microprocessors, the manufacturers define the fixed starting address for

each interrupt. Other manufacturers use an indirect approach by defining fixed locations

where the interrupt address vector is stored.

1.3.4.c.iii Saving time Microprocessor Registers. When a microprocessor is interrupted, it saves at

least the program counter on the stack so the microprocessor can return to the main program

after executing the service routine. Some microprocessors save only one or two registers, such

as the program counter and status register. Some other microprocessors save all microproces-

sor registers before going to the service routine. The user should know the specific registers the
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microprocessor saves prior to executing the service routine. 'l'his will enable the user to use the

appropriate return instruction at the end of the service routine to restore the original condi-

tions upon return to the main program.

1.3.4.c.iv1nterrnpt Priorities. A microprocessor is typically provided with one or more interrupt pins

on the chip. Therefore, a special mechanism is necessary to handle interrupts frern several

devices that share one of these interrupt lines. There are two ways of servicing multiple

interrupts: polled and daisy chain techniques.

Polled interrupts are handled by software and therefore are slower when compared with

daisy chaining. The processor responds to all by executing one general service

routine for all devices. The priorities of devices are determined by the ordcr in which the

routine polls each device. The Processor checks the status of each device in the general service

routine, starting with the highest-priority device to service an interrupt. Once the processor

determines the source of the interrupt, it branches to the service routine for the device.

In a daisy chain priority system, devices are connected in a daisy chain fashion to set up a

priority system. Suppose one or more devices interrupt the processor. In çpnse, the proces-

sor pushes at least the PC and generates all acknowledge ( INTA ) signal to the

highest-priority device. If this device has generated the interrupt, it will accept the INTA

Otherwise it will pass the lNI,\ onto the next device until INTA is accepted. Once accepted,
the device provides a means for the processor to find an interrupt address vector by using

external hardware. The daisy chain priority scheme is based oil hardware and is

therefore faster than the polled interrupt

1.3.4.f Direct Memory Access (DMA)
Direct Memory Access (DMA) is  technique that transfers data between a microcomputer's

memory and an I/O dcvicç)without involving the microprocessor. DMA is widely used in

transferring large blocks  of data between a peripheral device and the microcomputer's memory.

The DMA technique uses a DMA controller chip for the data-transfer operation, The main

functions of  typical DMA controller are sumnar 	 1ollo's	 -

-/• The I/O devices request DMA operation via the DMA request lines of the controller

o ip-

The controller chip activates the microprocessor HOLD pin, requesting the CPU to

release the bus.

The processor sends HLDA (hold acknowledge) back to the DMA controller, indicating

that the bus is disabled. The 1)Mi\ controller places the current value of its internal

registers, such as the address register and counter, on the system bus and sends a DMA

acknowledge to the Per1l)her1l device-The DMA controller completes the DMA transfer

and releases the buses.

There are three basic types of DMA: block transfer, cycle stealing, and interleaved DMA.

For block-transfer DMA, the DMA controller chip takes the bus from the microcomputer

to transfer data between the memory and I/O device. The microprocessor has no access to the

bus until the transfer is completed. During this time, the microprocessor can perform internal

operations that do not need the bus. This method is popular with microprocessors. Using this

technique, blocks of data can be transferred.

Data transfer between the microcomputer memory and an I/O device occurs on a word-

by-word basis with cycle stealing. Typically, the microprocessor clock is enabled by ANDing

an INHIBIT signal with the system clock. The system clock has the same frequency as the

microprocessor clock.

The DMA controller controls the INHIBIT line. During normal operation, the INHIBIT  line

is HIGH, providing the microprocessor clock. When DMA operation is desired, the controller
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makes the INHIBIT line LOW for one clock cycle. The microprocessor is then stopped

completely for one cycle. Data transfer between the memory and I/O takes place during this

cycle. This method is called cycle stealing because the DMA controller takes away or steals a

cycle without microprocessor recognition. Data transfer takes place over a period of time.

With interleaved DMA, the DMA controller chip takes over the system bus when the.

microprocessor is not using it. For example, the microprocessor does not use the bus while

incrementing the program counter or performing an ALU operation. The DMA controller

chip identifies these cycles and allows transfer of data between the memory and I/O device.

Data transfer takes place over a period of time for this method.

The DMA controller chip usually has at least three registers normally selected by the

controller's register select (RS) line: all register, a terminal count register, and a status

register. Both the address and terminal count registers are initialized by the microprocessor.

The address register contains the starting of the data to be transferred, and the terminal count

register contains the desired block to be transferred. The status register contains information

such as completion of I)MA transfer.

It should be mentioned that while using either block transfer or cycle stealing DMA in

systems with dynamic RAMs, circuitry must be included for refreshing the dynamic RAM's

during DMA transfer.

1.3.4.g Summary of Microcomputer I/O Methods
Figure 1.17 summarizes the I/O structure (explained so far) of typical microcomputers.

I/O

Physical I/O	 togicall/O

	Programmed I/O	 Interrupt tic	 Direct Memory Access
(DMA)

I	 I
Standard I/O	 Memory-	 Cycle Stealing

or	 Mapped I/O	 Block Transfer	 Interleaved
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or
Port I/O

External

	

Maskable	 Non-maskble

	

(can be	 (cannot be

	

enabled	 enabled or

	

or disabled	 disabled by
by instructions)	 instructions)

FIGURE 1.17 I/O structure of a typical microcomputer.

1.3.4.11 Coprocessors
In typical 8-bit microprocessors such as the Intel 8085, technology places a limit on the chip

area. As a consequence, these microprocessors include no hardware or firmware for perform-

ing scientific computations such as floating-point arithmetic, matrix manipulation, and graphic-

data processing. Therefore, users of these systems must write these programs. Unfortunately,

Internal

Due to	 Software
exceptional	 such as
conditions	 TRAP

instructions
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this approach is unacceptable in high-speed applications, since program execution takes a

significant amount of time. TO eliminate this problem, coprocessors are used.

In this approach, a single cliii) is built (or perforimng scientific computations at high speed.

However, the chip is regarded its acompanion to the original or host microprocessor. Typi-

cally, each special operation is encoded as an instruction that call interpreted only by the

companion processor. When the companion processor encounters one of these special in-

structions, it assumes the processing functions independent of the host microprocessor. The

companion processor that operates in this manner is called the coprocessor. Therefore, this

concept not only extends the capabilities of the host microprocessor, but also increases the

processing rate of the system, The coprocessor concept is widely used with typical 32-bit

microprocessors such as the Motorola 68020 and Intel 80386.
It is important to make the distinction between standard peripheral hardware and a

coprocessor. A coprocessor is a device that has the capability of communicating with the main

processor through the protocol defined its the coprocessor interface. As mentioned before, the

CO I)rOCCSSOr also adds additional instructions, registers, and data types that are not directly

supported by the main microprocessor. The coprocessor provides capabilities to the user

without appearing to be hardware external to the main microprocessor.

Standard peripheral hardware, oil other hand, is generally accessed through the use of

interface registers mapped into the memory space of the main processor. The programmer

uses standard processor instructions to access the peripheral interfmce registers and thus utilize

the services provided by the peripheral. It should be pointed out that even though it peripheral

can provide capabilities equivalent to ;I for many applications, the programmer

must implement the communication protocol between the main microprocessor and the

peripheral necessary to use the per iplierml hardware. '['wo main techniques may be used to pass

commands to a coprocessor. 'l'licse are intelligent monitor interface and coprocessors using

special signals.

In the intdlligc,:t monitor inietjbcc, the coproccssor monitors the instruction stream by obtaining

commands directly from the bus at the same time as the main microprocessor. The Intel 80387
floating-point coprocessor is of this type, as it monitors the instruction stream simultaneously with

a main microprocessor such as the Intel 80386. This has the obvious advantage of requiring no

additional bus cycles to pass the content of the instruction word to the coprocessor. One of the main

disadvantages of this approach is that each coprocessor ill system must duplicate the bus

monitoring circuitry and instruction queue, tracking all branches, wait states, operand fetches, and

instruction tt ci es,

III the second t ype, time coprocessor may he explicitly addressed b y certain instruct iOils,

which initiate a special sequence of microinstructions in the main microprocessor to effect

command and operand transfer.

In this approach, when the main microprocessor executes a coprocessor instruction, it

decodes the instruction and writes it in the command register (one of the interface

registers) specifying tile operation required by the coprocessor. ]it response, the coprocessor

writes data back in a register called the rcsj'omisc rc,,'islrr (one of the interface registers). The

main microprocessor can read these data, and it tells the main microprocessor certain itor-

mation such as whether additional infbrmation is required by the coprocessor to carry out the

operation. If such data are required, the main microprocessor provides this; otherwise, the

coprocessor carries out the operation concurrently with the main microprocessor and pro-

'ides the result.

An advantage of this approach is that no special signals are required for the coprocessor

interface.

One of' the main disadvaittages of' this iiietltod is that once tile main processor detects a

coprocessor instruction, the main has to use bus bandwidth and timing to transmit the

command to the appropriate coprocessor. The Motorola 68881 (floating-point coproccssor)

is of this type.
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Note that state-of-the-art 32-bit microprocessors such as the Intel 80486 and the Motorola

68040 implement coprocessor hardware such as floating point hardware and MMU oil
microprocessor chip.

1.4 Microcomputer System Software and - Programming Concepts

In this section, the basic concepts associated with system software and programming will be
dISCUSSed.

1.4.1 System Software

lypical microcomputer system software provided in microcomputer development systems

such as the HP6I000 includes editors, assemblers, compilers, interpreters, debuggers, and an
operating system.

The editor is used to create and change source programs. Source programs can be written

in assembly language or a high-level language such as Pascal. The editor has commands to

change, delete, or insert lines or characters. The text editor is a special type of editor that is used

to enter and edit text in a general-purpose computer, whether the text is a report, a letter, or
a program.

An assembler translates a source text that was created using the editor into a target machine
language in object code (binary).

High-level languages contain English-like commands that are readily understandable by the

programmer. High-level languages normally combine a number of assembly-level statements

into a single high-level statement. A compiler is used to translate the high-level languages such

as Pascal into machine language. 'Ihe advantage of high-level languages over assembly lan-

guage are ease of readability and maintainability.

Like a compiler, an interpreter usually processes a high-level language program. Unlike a

compiler, an interpreter actually executes the high-level language program one statement at a

time, rather than translating the whole program into a sequence of machine instructions to be
run later.

The debugger provides an interactive method of executing and debugging the user's soft-

ware, one or a few instructions at a lime, allowing the user to see the effects of small pieces of

the program and thereby isolate programming errors.

An operating system performs resource management and human -to-machine translation

functions. A resource may be the microprocessor, memory, or an I/O device. Basically, an

Operating system is another program that tells the machine what to do under a variety of

conditions. Major operating system functions include efficient sharing of memory, I/O Pe-

ripherals, and the microprocessor among several users. An operating system is

1. The interface between hardware and users

2. The manager of system resources in accordance with system policy to achieve system
objectives

Operating systems for microcomputers became available when microcomputers moved

from process control applications to the general-purpose computer applications. It was

appropriate to write a process control program in assembly language because the microcom-

puter was required to perform dedicated real-time control functions. But when the micro-

computers evolved to the point of controlling several I/O devices (disks, printers), an
organized operating system was needed.

Note that many laboratory trainers such as the Intel SDK-86 include primitive operating

systems called monitors to provide functions such as keyboard/display interfaces and program
debugging features.
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1.4.2 Programming Concepts

In general, programs are developed using assembly and high-level languages.

1.4.2.a Assembly Language Programming

Program designers realized the importance of symbols in programming to improve readability

and expedite the progran*levelopment process. As a first step, they came up with the idea of

giving a symbolic name for each instruction. These names are called mnemonics, and a

program written using such mnemonics is called an assembly language program. Given below

is a typical 8086 assembly language program:

MOV AL,5 ; Load AL reg with 5

ADD AL, 3 ; (AL) f— (AL) + 3

HLT	 ; Halt processing

From this example, it is clear that the usage of mnemonics (in our example MOV, ADD,

l-ILT are the mnemonics) improves the readability of our program significantly.

An assembly language program cannot be executed by a machine directly, as it is not in

binary form. Usually, we refer to a symbolic program asa source program. An assembler is

needed in order to translate an assembly language (source) program into the machine lan-

guage (object) executable by the machine. This is illustrated in Figure 1.18.

Assen ,bi y
L,ngu.Itte	 Asscmt'icr F-f	 Result
t'r ogr.ufl

It cxi)

FIGURE 1. 18 Asscrnbly I'roccss.

1.4.2.b High-Level Language Programming

Typical examples of high-level languages include FORTRAN, BASIC, Pascal, C and C++. The

program shown below is written in FORTRAN, in order to obtain the sum of the first N natural

numbers:

READ (5,10) N

10 FORMAT (14)

NSUM = N*(N+l)/2

WRITE (2,10) NSUN

STOP

END

A translator called a compiler is needed to translate a program written in a high-level

language into binary form.

r5bjcct 	 ResulL

 ' 
program
	 [1 î nk

cJ,ti,t

FIGURE 1.19 Compilation process.
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1.4.2.c Which Programming Language to Choose?

Compilers normally provide inefficient machine codes because of the general guidelines which
must be followed for designing them. It was found that a compiled high level language
generates many more lines of machine code than an equivalent assembly language program.
Therefore, the machine code program generated by the assembler will take up less memory
space and also will execute much faster.

Therefore, although the C language includes I/O instructions, applications involving I/O are
normally written in assembly language. One of the main uses of assembly language is in writing
programs for real-time applications. Real time applications means that the task required by the
application must be completed before any other input to the program can occur which will
change its operation.

1-ugh level languages are normally used for applications which require extensive mathemati-
cal computations. These applications include optimizations and other non-real time control
system applications.

1.5 Typical Microcomputer Addressing Modes and Instructions

In this chapter, some important characteristics and properties of microcomputer instruction
sets are discussed. Topics include addressing modes and instruction types.

1.5.1 Introduction
An instruction manipulates the stored data, and a sequence of instructions constitutes a
program. In general, an instruction has two components:

• Oh- code field

• Operand field(s)

The op-code field specifics how data are to be manipulated.The op-code field may contain
data or a microprocessor register or a memory address. Consider the following instruction:

ADD	 Ri, P.O
op-code field operand field

Assume that this microcomputer uses Ri as the source register and RD as the destination
register. The preceding instruction then adds the contents of registers RD and RI and saves the
sum in register RD.

Depending on the number of addresses specified, one can have the following instruction
formats:

• Three-operand
• Two-operand

• One-operand

• Zero-operand

The 8-bit microprocessors include mostly one-operand instructions along with some zero-
and two-operand instructions. In 16-bit microprocessors, two-operand instructions are pre-
dominant although some zero- and one-operand instructions are present. The 32-bit micro-
processors include all four instruction formats.

1.5.2 Addressing Modes
The sequence of operations that a microprocessor has to carry out while executing an insiruc-
lion is called its instruction cycle. One of the activities in an instruction cycle is the determina-
tion of the addresses of the operands involved in that instruction.
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The way in which a microprocessor accomplishes this task is by recognizing the addressing
mode used in the iLlstrUctiofl, Typical addressing modes supported by the instruction sets of

popular processors will be examined.

An instruction is said to have 
all 	 addressing mode if it is a zero-operand instruction.

AS an example, consider the zero-operaimcl instruction CLC which clears the carry flag to zero.

Whenever all 	 contains data in the operand field, it is called 
all 	 mode

instruction. For example, consider the following instruction:

ADD #25, Ri; Ri - RI + 25

In this instruction, the symbol # indicates that it is an immediate-mode instruction. This

convention is adopted hi the assemblers for processors such as MC68000.

An instruction is said to have all 	 addressing mode if it contains the address of the

Operand, For example, consider the following move instruction:

MOVE 5000, R2; R2 <— [5000]

This instruction copies the contents of memory location 5000 in the register R2.

An instruction is said to have a register mode if it contains a register in the operand field. For

example, consider the following register mode intruction.

ADD R2, R3; R3 — R2 + R3

This instruction uses register mode for both source and destination operands.

Whenever all specifies -,I register that holds the address of an operand, the

resulting addressing mode is known as the register indirect mode. From this definition, it

follows that the Effective Address (LA) of an operand in the register-indirect mode is the

contents of the register R. More formally, this result is written as follows:

EA = [R]

To illustrate this idea clearl y , consider the following instruction:

MOVE (R2), (R3); [R3] +— [R2]

Assume that the following configuration exists:

[R2) = 500016
[R3]	 = 400016
[5000]= 125616
[4000]= 462916

This instruction copies the contents of the memory location, whose address is specified by

the register P.2, into the location whose address is specified by the register P.3. Thus, after the

execution of this instruction, the memory location 1000 will contain the value 1 256w

1.5.3 Instruction Types

In general, instructions available in a processor may be broadly classified into five groups:

• Data transfer instructions

• Arithmetic instructions

• Logical instructions

• Program control instructions

• I/O instructions
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Data transfer instructions are primarily concerned with data transfers between the micro-
processor registers or between register and memory. An example is MOVE RO, RI which
transfers the contents of register 1(0 to register RI.

Typical arithmetic instructions include ADD and SUBTRACT instructions. For example,
ADD RO, RI adds the contents of RD to RI and stores the result in RI.

Logical instructions perform Boolean AND, OR, NOT, and EXCLUSIVE-OR operations on
-I basis. An example is OR RO, RI which logically ORs the contents of RD with RI
and places the result ill

Typical program control instructions include unconditional and conditional branch and
subroutine CALL instructions. For example, IMP 203511 unconditionally branches to the 16-
bit address 203511.

I/O instructions pertorn input and output operations. An example is IN POR'l'A which
inputs the contents of an 1/0 port called Port A into a microprocessor register such as the
accumulator.

1.6 Basic Features of Microcomputer Development Systems____

A microcomputer development system is a tool that allows the designer to develop, debug,
and integrate error-free application software in microprocessor systems.

Development systems fall into one of two categories: systems supplied by the device manu-
facturer (non-universal systems) and systems built by after-market manufacturers (universal
systems). The main difference between the two catceorics is the range of microprocessors that
a system will accommodate. Non-universal systen's are sapphied by the microprocessor manu-
facturer (Intel, Motorola, RCA) and are limited to use for I:c particular microprocessor
manufactured by the supplier. ill manner, all development system may not be used
to develop a Motorola-based system. The universal development systems (Hewlett-Packard,
Tektronix) can develop hardware and software for several microprocessors.

Within both categories of development systems, there are basically three types available: single-
user systems, time-shared systems, and networked systems. A single-user system consists of one
development station that can be used by one user at a time. Single-user systems are low in cost and
may l)e su flicient for smaltsystcmns development. Ti III C-slla red systems usually consist ofa "dumb"-
type terminal connected by data lines to ;I microcomputer-based system that controls
all operations. A networked system usually consists of a number of smart Cathode Ray Tubes
(CRTs) capable of'perf'orming most ofthe development work and can be connected over data lines
to a central microcomputer. The central microcomputer in a network system usually is in charge
of allocating disk storage space amid will download some programs into the user's work station
microcomputer. A microcomputer development system is a combination of the hardware neces-
sary for microprocessor design and the software to control the hardware. 'l'he basic components of
the hardware are the central processor, the CR'!' terminal, mass storage device (floppyor hard disk),
and usually an In-Circuit Emulator (ICE).

III single-user system, the central processor executes the operating system software,
handles the Input/Output (I/O) facilities, executes the development programs (editor, assem-
bler, linker), and allocates storage space for the programs in execution. In a large multiuscr
networked system the central processor may be responsible for mass storage allocation, while
a local processor may be responsible for the I/O facilities and execution of development
programs.

The CRT terminal provides the interface between the user and the operating system or
program under execution. The user enters comniands or data via the CRT keyboard and the
program under execution displays data to the user via the CRT screen.

Each program (whether system software or user program) is stored in all 	 format on
disk. Each separate entry oil 	 disk is called ajile. 'l'he operating system software contains the
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routines necessary to interlace bctwccn the user and the mass storage unit. When the user
requests a file by a specilic Jik' itmuc, the operating system finds the program stored on disk
by the file name and loads it into main memory. More advanced development systems contain
memory management software that protects a user's files from unauthorized modification by
another user. This is accomplished via a unique user identification code called USER ID. A user
can only access files that have the user's unique code.

The equipment listed above comprises a basic development system, but most systems have
other devices such as printers and PROM programmers attached. A printer is needed to
provide the user with a hard copy record of the program under development.

After the application system software has been completely developed and debugged, it needs
to he permanent ly sto red for execu t ion in the target hardware. 'I'h c EPROMM rograin mer takes
the machine code and programs it into an EPROM. Erasable/Programmable Read Only
Memories (EPROMs) are more generally used in system development as they may he erased
and reprogrammed iltlie program changes. EPROM programmers usually interface to circuits
particularly designed to program a specific PROM. These interface boards are called person-
ality cards and are available for all the popular PROM configurations.

Most development Systems support one or more in-circuit emulators (ICEs). The ICE is one
of the most advanced tools for microprocessor hardware development. To use an ICE, the
microprocessor chip is removed from the system under development (called the target
processor) and the emulator plugged into the microprocessor socket. The ICE will function-
ally and electrically act identically to the target processor with the exception that the ICE is
under the control of development system software. In this manner the development system
may exercise the hardware that is being designed and monitor all status information avail-
able about the operation of the target processor. Using an ICE, processor register contents
may he displayed on the CRT and operation of the hardware observed in a single-stepping
mode. In-circuit emulators can find hardware and software bugs quickly that might take
many hours using conventional hardware testing methods.

Architectures for development systems can he generally divided into two categories: the
master/slave configuration and the single-processor configuration. In a master/slave configu-
ration, the master (host) processor controls all development functions such as editing, assem-
bling, and so on. The master processor controls the mass storage device and processes all I/O
(CRT, printer).

The software for the development systems is written for the master processor which is
usually not the same as the slave (target) processor. The slave microprocessor is typically
connected to the user prototype via a 40-pin connector (the number varies with the processor)
which links the slave processor to the master processor.

Some development systems such as the 111 1 6 ,1000 completely separate the system bus from
the emulation bus and therefore use a separate block of memory lhr emulation. This separa-
tion allows passive monitoring of the software executing oti the target processor without
stopping the emulation process. A benefit of the separate emulation facilities allows the master
processor to be used for editing, assembling, and soon, while the slave processor continues the
emulation. A designer may therefore start an emulation running, exit the emulator program,
and at some future time return to the emulation program.

Another advantage of the separate bus architecture is that an operating system needs to be
written only once ir the master processor and will be used no matter what type of slave
processor is being emulated. When a new slave processor is to be em ulatcd, only the emulator
probe needs to he changed.

A disadvantage of the master/slave architecture is that it is expensive. In single-processor
architecture, only one processor is used for system operation and target emulation. 'l'lie single
processor does both jobs of executing system software as well as acting as the target processor.
Since there is 0111)' one processor involved, the system software must be rewritten for each type
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of processor that is to be emulated. Since thc system software must reside in the same memory
used by the emulator, not all memory will be available to the emulation process, which may
be a disadvantage when large prototypes are being developed. The single processor systems arc
inexpensive.

The programs provided for microprocessor development are the operating system, editor,
assembler, linker, compiler, and debugger.

The operating system is responsible for executing the user's commands. The operating
system (such as UNIX) handles 1/0 functions, memory management, and loading of programs
from mass storage into RAM for execution.

The editor allows the user to enter the source code (either assembly language or some high-
level language) into the development system.

Almost all current microprocessor development systems use the character-oriented editor,
more commonly referred to as the screen editor. The editor is called a screen editor because
the text is dynamically displayed on the screen and the display automatically updates any edits
made by the user.

The screen editor uses the pointer concept to point to the character(s) that need editing. The
pointer ui a screen editor is called the cursor and special commands allow the user to position
the cursor to an y location displayed oil screen. When the cursor is positioned, the user may
insert characters, delete characters, or simply type over the existing characters.

Complete lines may be added or deleted using special editor commands. By placing the
editor in the insert mode, any text typed will be inserted at the cursor position when the cursor
is positioned between two existing lines. If the cursor is positioned on a line to be deleted, a
single command will remove the entire line from the file.

Screen editors implement the editor commands in different fashions. Some editors use
dedicated keys to provide some cursor movements. The cursor keys are usually marked with
arrows to show the direction of cursor movement.

More advanced editors (such as the HP 64000) use soft keys. A soft key is an unmarked key
located oil keyboard directly below the bottom of the CR'l' screen. The mode of the editor
decides what functions the keys are to perform. The function of each key is displayed on the
screen directly above the appropriate key. The soft key approach is valuable because it frees the
user from the problem of memorizing many different special control keys. The soft key
approach also allows the editor to reassign a key to a new function when necessary.

The source code generated oil editor is stored as ASCII or text characters and cannot be
executed by  microprocessor. Before the code can be executed, it must be converted to a form
acceptable by the microprocessor. An assembler is the program used to translate the assembly
language source code generated with an editor into object code (machine code) which may be
executed by a microprocessor.

Assemblers recognize four fields on each line of source code. The fields consist of  variable
number of characters and are identified by their position in the line. The fields, horn left to
right oil line, are the label field, the mnemonic or 01)-code field, the operand field, and the
comment field. Fields are separated by characters called (lelmulers which serve as a flag to the
assembler that one field is done and the next one is to start. Typical delimiters and their uses
are

space	 used to separate fields
TAB	 used to separate fields

used between addresses or data in the operand field
used before a comment statement
used after a label

A few typical lines of 8085 source code are
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LABEL MNEMONIC
	 OPERAND COMMENT

FIELD FIELD
	 FIELD	 FIELD

NOV
	 AL, 5	 ; LOAD 5 INTO AL

ADD
	

AL,2	 ; ADD 5 AND 2, STORE RESULT Id AL

As call 	 seen in the above example, tab keys are used instead of spaces to separate the fields

to give a more spread out line which is easier to read during debugging.

III for the assembler to differentiate between numbers and labels, specific rules are set

LIP which apply to all assemblers. A label must start with a letter. After the letter, a combination

of letters and numbers (called alphanumerics) may be used. For example, when grouping lines

of code by function, a common alphabetic string may be used followed by a unique number

for the label: LOOPOI, 1,00P02, 1-0011 10, and so on.

A numeric quantity must start with a number, even though the number may be ill

(which may start with a letter). Most assemblers assume that a number is expressed in the

decimal system and if another base is desired, a special code letter is used immediately

following the number. The usual letter codes used are

B	 binary

C	 octal

I-I	 hex (Motorola uses $ before the number)

To avoid confusion when hex quantities are used, a leading zero is inserted to tell the

assembler that the quantity is a number and not a label (for example, the quantity PA in hex

would be represented by OFALI in the source code).

Assembler Directives
Assembler directives are instructions entered into the source code along with the assembly

language. These directives do not get translated into object code but are used as special

instructions to the assembler to perform some special functions. The assembler will recognize

directives that assign memory space, assign addresses to labels, format the pages of the source

code, and so on.
The directive is usually placed in the op-code field. If any labels or data are required by the

directive, they are placed in the label or operand field as necessary.

Some common directives will now be discussed in detail.

a. ORIGIN (ORG). The ORG statement is used by the programmer when it is necessary to

place the program in -,I 
particular location in memory. As the assembler is translating the

source code, it keeps an internal counter (similar to the microprocessor program counter) that

keeps track of the address for the machine code. The counter is incremented automatically and

sequentially by the assembler. If the programmer wishes to alter the locations where the

machine code is going to be located, the ORG statement is used.

For example, if it is desired to have a subroutine at a particular location in memory, such

as 20001-I, the statement ORG 200011, would be placed immediately before the subroutine to

direct the assembler to alter the internal program counter.
Most assemblers will assume a starting address of zero if no ORG statement is given in the

source code.

Ii. EQUATE (EQU). The EQU instruction is used to assign the data value or address in the
O perand field to the label 

III
	 label field. The EQU instruction is valuable because it allows

the programmer to write the source code ill 	 form and not be concerned with the
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numeric value needed. In some cases, the programmer is developing a program without
knowing what addresses or data may be required by the hardware. The program may be
written and debugged in symbolic form and the actual data added at a later time. Using the
EQU instruction is also helpful when a data value is used several times in a program. If, for
example, a counter value was loaded at ten different locations in the program, a symbolic label
(such as COUNT) could be used and the label count defined at the end of the program. By
using this technique, if it is found during debugging that the value in COUNT must be
changed, it need only be changed at the EQU instruction and not at each of the ten locations
where it is used in the program.

c. DEFINE BYTE (DEFB or DB). The DB instruction is used to set a memory location to a
specific data value. The DB instruction is usually used to create data tables or to preset a flag
value used in a program. As the name implies, the DB instruction is used for creating all
value.

For example, if a table of four values, 441-1, 341-I, 251-1, and OD3H, had to be created at
address 2000H, the following code could be written:

ORG 2000H	 ; SET TABLE ADDRESS
TABLE DB 44H,34H,25H 2 OD3H;PRE$ET TABLE VALUES

The commas are necessary for the assembler to be able to differentiate between data values.
When the code is assembled, the machine code would appear as follows:

2000 44
2001 34
2002 25
2003 D3

d. DEFINE WORD (DEFW or DW). Similarly to DB, DW defines memory locations to specific
values. As the name implies, the memory allotted is in word lengths which are usually 16 bits
wide. When assigning a 16-bit value to memory locations, two 8-bit memory locations must
be used. By convention, most assemblers store the least significant byte of the 16-bit value in
the first memory location and the most significant byte of the 16-bit value in the next memory
location. This technique is sometimes referred to as Intel style, because the first microproces-
sors were developed by Intel, and this storage method is how the Intel processors store 16-bit
words.

Data tables may be created with the DW instruction, but care must be taken to remember
the order in which the 16-bit words are stored. For example, consider the following table:

ORG 2500H
DATA DW 4000H, 2300H, 4BCAH

The machine code generated for this table would appear as follows:

2500 00
2501 40
2502 00
2503 23
2504 CA
2505 4B
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c. TITLE. TITLE is a formatting instruction that allows the user to name the program and have

the name appear on the source code listing. Consider the following line:

TITLE 'MULTIPLICATION ROUTINE'

When the assembler generates the program listing, each time it starts a new page the title

MULTIPLICATION ROUTINE appears at the top of each page.

Several t ypes of assemblers are available, the most common types are discussed below.

One-Pass Assembler. The one-pass assembler was the first t y pe to he developed and is

therefore the most primitive. Very few systems use a one-pass assembler because of the

inherent problem that onl y backward refi'renccs may be used.

In a one-pass assembler the source code is processed only once. As the source code is

processed, any labels encountered are given an address and stored in a table. Therefore, when

the label is encountered again, the assembler may look backward to find the address of the

label. If the label has not been defined vet (for example, a jump instruction that jumps

forward), the assembler issues an error message,

b. i1wo-PassAsscnthlcr. In the two-pass assembles, the source code is passed twice through the

assembler. The first pass made through the source code is specifically for the purpose of

assigning an address to all labels. When all labels have been stored in a table with the

appropriate addresses, a second pass is made to actuall translate the source code into machine

code.
The two-pass style assembler is the most popular type of assembler currently in use,

c. Macroassembler. A macroassembler is a type of two-pass assembler that allows the program-

mer to write the source code in macros. A macro is a sequence of instructions that the

programmer gives a name. Whenever the programmer wishes to duplicate the sequence of

instructions, the macro name is inserted into the source code.

d. Cross Assemblers. A cross assembler may be of any of the types already mentioned. The

distinguishing feature of a cross assembler is that it is not written in the same language used

by the microprocessor that will execute the machine code generated by the assembler.

Cross assemblers are usually written in a high-level language such as FORTRAN which will

make them machine independent. For example, an 8086 assembler may be written in FOR-

'IRAN and then the assembler may he executed on another machine such as the Motorola

6800.

Meinassenibler. The most powerful assembler is the metaassembler because it will support

many different microprocessors. The programmer merely specifies at the start of the source

code which microprocessor assembly language will be used and the metaassembler will trans-

late the source code to the correct machine code.

The output file from most development system assemblers is an object file. The object file

is usually relocatable code that may be configured to execute at any address. The function of

the linker is to convert the object file to an absolute file which consists of the actual machine

code at the correct address for execution. The absolute tiles thus created are used for debugging

and finally fur programming EPROMs.

Debugging a microprocessor-based system may be divided into two categories: software

debugging and hardware debugging. Both debug processes are usually carried out separately

from each other because software debugging can be carried out on an Out-Of-Circuit-

Emulator (OCE) without having the final system hardware.
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The usual software development tools provided with the development system are

• Single-step facility

• Breakpoint facility

A single-stepper simply allows the user to execute the program being debugged one instruc-
tion at a time. By examining the register and memory contents during each step, the debugger
call

	 such program faults as incorrect jumps, incorrect addressing, erroneous oil
and SO on.

A breakpoint allows the user to execute all 	 section of a program being debugged.

There are two types of breakpoint systems: hardware and software. The hardware breakpoint

uses hardware to monitor the system address bus and detect when the program is executing

the desired breakpoint location. When the breakpoint is detected, the hardware USeS the

processor control lines to either halt the processor for inspection or cause the processor to

execute an interrupt to a hreakpoiiit routine. I lardwarc breakpoints can be used to debug both

ROM - and RAM-based programs. Software breakpoint routines may only operate on a system

With the program in RAM because the breakpoint instruction must be inserted into the
program that is to be executed.

Single-stepper and breakpoint methods complement each other. The user may insert a

breakpoint at the desired point and let the program execute up to that point. When the

program stops at the breakpoint the user may use a single-stepper to examine the program one
instruction at a time. Thus, the user call 	 the error in a program.

There are two main hardware debugging tools: the logic analyzer and the in -circuit emula-
tor.

Logic analyzers are usually used to debug hardware faults in a system. The logic analyzer is

the digital version of an oscilloscope because it allows the user to view logic levels in the
hardware.

In-circuit emulators can be used to debug and integrate software and hardware.

PC-based workstations are extensively used as development systems.

1.7 System Development Flowchart

The total development of a ni icroprocessor-based system typically involves three phases:

software design, hardware design, and program diagnostic design. A systems programmer will

be assigned the task of writing the application software, it logic designer will be assigned the
task of' designing the hardware, and typically both designers will he assigned the task of

developing diagnostics to test the system. For small systems, one engineer may do all three

phases, while oil systems several engineers may be assigned to each phase. Figure 1.20

shows a flowchart for the total development of a system. Notice that software and hardware

develo
pment

 may occur ii) parallel to save time.

1.7.1 Software Development

The first step in developing the software is to take the system specifications and write a

flowchart to accomplish the desired tasks that will implement the specifications.

The assembly language or high-level source code may now be written from the system
flowchart.

The complete source code is then assembled. 'I'lte assembler will check for syntax errors and
print error messages to help in the co l I eLtiomi of errors.

The normal output ofan assembler is the object code and a program listing. The object code

will be used later by the linker. The program listing may be sent to a disk file for use in
debugging or it may be directed to the printer.



Software design (flowcharts)

Debug program and correct
all logic errors

Write prograni with  ed to
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Start hardware design
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\Vr i te, assemble, link, and
emulate diagnostic program

Correct any errors

Validate hardware operation

Validate software operation

Validate total svstcrii
operation

t'rogran) EPROM

FIGURE 1.20 microprocessor system development flowchart.

The linker can now take the object code generated by the assembler and create the Final
absolute code that will he executed on the target system. The emulation phase will take the
absolute code and load it into the development

,
evelopment system RAM. From here, the program may, be

debugged using breakpoints or single-stepping.
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1.7.2 Hardware Development

Working from the system specifications, a block diagram of the hardware must be developed.
The logic diagram and schematics may now be drawn using the block diagram as a guide.
A prototype may now be coustructcd and tested for wiring errors.
When the prototype has been constructed it may be debugged for correct operation Using

standard electronic testing equipment such as oscilloscopes, meters, logic probes, and logic
analyzers, all with test programs created for this purpose.

After the prototype has been debugged electrically, the development systeni in-circuit emulator
may be used to check it functionally. The ICE will verify memory map, correct I/O operation, and
soon.

The next step in the system development is to validate the complete system by running
operational checks oil prototype with the finalized application software installed. The
EPROM is then programmed with the error-free programs.

1.8 Typical Microprocessors

Intel and Motorola established the standard for future microprocessors.
Both Intel and Motorola introduced popular 8-bit microprocessors, namely, Intel 8080/

8085, and Motorola 6800/6809 in the mid 1970's. These microprocessors are capable of
directly addressing 64k of memory and were popular for several years. They are still being
utilized in many inexpensive low-speed applications.

In 1978, Intel introduced its first 16-bit microprocessor, the Intel 8086. Several variations
of the Intel 16-bit microprocessor family include th 688, 80186/80188 and 80286. The 8086
is similar to the 8086 except that the 808$ has all 	 da,. Both the 8086 and 8088 can
run at 5 Mhz. They are packaged in 40 pins and call 	 addrc s one megabyte of memory.
In 1982, Intel introduced all 	 version of the 8086/8088 which is the Intel 80186/
80188. The 80186 has a 16-bit data bus while the 80188 has an 8-bit data bus. The 80186/80188
call at 8 Mhz (80186), 6 Mhz (80186-6) and other frequencies. The 80186 integrates
the 8086 and several new functional units into a single chip. The new on-chip components
include a clock generator, two DMA channels, interrupt controller, address decoding, and
three 16-bit programmable timers. Like the 8086, the 80186 call 	 address one megabyte
of memory. The 80186 is housed in a 68-pin leadless package.

The $0286 is Intel's other 16-bit microprocessor with on-chip memory protect ion capability
primarily designed for niultiuscr/multitasking systems and introduced virtual memory.

Intel's 32-bit microprocessor family includes the 80386, 80486, and Pentium. The 80386
includes an on-chip memory management unit while the 80486 (DX and DX2) contains all the
features of the 80386 along with floating-point hardware in the same chip. The Pentium, on
the other hand, is a superscalar processor. This means that it includes dual pipelining and
executes more than one instruction per cycle.

Soon after introduction of the Intel 8086, Motorola released its first 16-bit microprocessor, the
68000. It is housed in 64-pin or 68-pin package with a direct addressing capability of 16 megabytes.
The 68008 is similar to the 68000 except that the 68000 has a 16-bit data bus while the 66008 has
an 8-bit data bus. Also, the 68008 can directly address one megabyte of memory. The 68010 and
68012 are 16-bit nlicroprr ccssors similar to the Intel 80286 and provide on-chip memory manage-
ment Support. Motorola CPU 32 is all 68000 along with many features of die 16-bit 68010
and the 32-bit 68020. The CPU 32 can . ipport high level languages and is suited for controller
applications. For example, in applications where power consumption is a consideration, the
CPU32 foies the device into a low-power standby mode when immediate processing is not
required upon execution of the LPSTOP instruction. Also, to maximize throughput for real-
time applications, reference data is often precalculatcd and stored in memory for quick access
upon execution of the TilL instruction.
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Motorola's 32-bit microprocessor family includes the 68020, 68030, and 68040.

Since 1988, Intel, Morotola, and others have been introducing the RISC microprocessors.

Some of these are the Intel 80960 family, the Motorola MC88 100, the Apple/IBM/Motorola

PowerPC, and Digital Equipment Corporation's Alpha 21164. The 80960 and 88100 are 32-

bit microprocessors. They can directly address 4 gigabytes of memory. The PowerPC family,

on the other hand, includes both 32-bit and 64-bit microprocessors. The 80960 and S8100

include a 32-bit data bus while the PowerPC contains a 64-bit data bus, The PowerPc is based

on IBM PowerPC architecture and Motorola's 88100 bus interface design. These RISC micro-

processors find extensive applications in embedded controls such as laser printers.

The I'owerPC 601 outperforms and under-prices the Pentium but to be successful must

build up its selection of software applications. Note that the Pentium had a flaw in its division

algorithm caused by a problem with a Lookup table used in the division. Intel recently

corrected this problem.

Tables 1.2a and 1.2b provide ;I 	 description of Intel and Motorola's typical 16- and 32-

bit microprocessors.

1.9 Typical Practical Applications

Microprocessors are being extensively used in a wide variety of applications. Typical applica-

tions include dedicated controllers, personal workstations, and real-time robotics control.

Some of these applications are described in the following.

1.9.1 Personal Workstations
Personal workstations arc designed using the high-performance 16- and 32-bit microproces-

sors. A dedicated single user (rather than multiple users sharing resources of a single micro-

computer) can obtain significant computing power from these workstations.

The state- of- the-art workstations use 32-bit microprocessors to provide certain sophisti-

cated functions such as IC layout, 3D graphics, and stress analysis.

1.9.2 Fault-Tolerant Systems

In many applications such as control of life-critical systems, control of nuclear waste, and

unattended remote system operation, the reliability of the hardware is of utmost importance.

The need for such reliable systems resulted in fault-tolerant systems. These systems use

redundant computing units to provide reliable operation. However, the cost of fault-tolerant

Table 1.2a Inlet 16-bit microprocessors

3036	 8083	 80286

Introduced	 June 1973	 June 1978	 Feb. 1932
MaXiInLirn dock speed	 10 MImi.	 10 Mhz	 20 Mhz
On-chip cache	 No	 No	 No
NIPS (Millions of Instructions 	 0.33	 0.33	 1.2

Per Second)
Addressing Modes' 	 8	 8	 8
Transistors	 29,000	 29,000	 134,000
Data Bus	 16-bit	 8-bit	 16-bit
Address Bus	 20-bit	 20-bit	 24-bit
Directly Addressable memory	 One megabyte	 One megabyte	 Sixteen megabytes
Number of pins	 '10	 40	 68
Virtual Memory	 No	 No	 Yes; One gigabyte per task
On-Chip memory managemcnt 	 No	 No	 Yes

and protection
Mails Coprocessor Interface 	 8087	 8037	 80287XL/XLT

'Addressing modes include register, immediate, and memory modes.
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Table 1.2a Intel 32-bit microprocessors

80386DX	 80386SX	 486DX	 486SX	 486DX2	 Pentium

Introduced	 October 1985	 June 1988	 April 1989	 April 1991	 March 1992 May 1993
Maximum dock speed	 40 Mhz	 33 Mhz	 50 Mhz	 25 Mhz	 66 Mhz	 100 Mhz
MI PS	 6	 2.5	 20	 16.5	 40	 112
Transistor	 275,000	 275,000	 1.2 Millions	 1.185 Millions	 1.2 Millions 3.1 Millions
On-chip cache memory Support 	 Support	 Yes	 Yes	 Yes	 Yes

chips avaliable	 chips avaliable
Data Bus	 32-bit	 16-bit	 32-bit	 32-bit	 32-bit	 64-bit
Address Bus	 32-bit	 24-bit	 32-bit	 32-bit	 32-bit	 32-hit
Directly Addressable	 4 gigabytes	 16 megabytes	 4 gigabytes	 4 gigabytes	 4 gigabytes	 4 gigabytes

Memory
Pins	 132	 100	 168	 168	 168	 273
Virtual Memory	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes
On-chip Memory	 Yes	 Yes	 Yes	 Yes	 Yea	 Yes

Management and
Protection

Addressing Modes'	 11	 Il	 Il	 11	 ii	 Ii
Floating-point	 387DX	 387SX	 '	 487SX

Addi cssing modes include register, immediate, and memory modes.
Indicates on-chip floating point.

Note that the 80386SL is also a 32-bit microprocessor with a 16-but data bus like the 80386SX (not listed in tlte table above).
The 803865L can run at a speed ofup to 25 MHz and has a direct addressing capability of32 megabytes. The 803865L provides
virtual memory support along with on-chip memory management and protection. It call interfaced to the 80387SX to
provide floating-point support. The 80386SL includes an on-chip disk controller hardware.

Table 1.2b Motorola 16-bit Microprocessors

MC68000	 MC68010	 CPU32

Maximum Clock Speed	 25 Mhz	 25 Mhz	 16.67 Mhz
Pins	 64,68	 64,68	 64, 68
Data Bus	 16-hit	 16-bit	 16-bit
Virtual Memory	 No	 Yes	 Yes
Directly Addressable	 16 Megabytes	 16 Megabytes	 16 Megabytes

Memory
Control Registers	 None	 3	 3
Stack Pointers	 2	 2	 2
Cache	 No	 No	 No
Addrcssiitg Modes	 11	 14	 16
Coprocessor Interface	 No on-chip hardware 	 No on-chip hardware 	 No on-chip hardware

Table 1.2b Motorola 32-bit Microprocessors

MC68020	 MCa8030	 MCa8040

Maximum Clock Speed	 33 Mhz (8 Mhz ruin.)	 33 Mhz (8 Mhz nun.)	 33 Mhz (8 Mhz mill.)
Pins	 114	 118	 179
Address Bus	 32-bit	 32-hit	 32-bit
Addressing Modes	 18	 18	 18
Maximum Addressable	 4 Gigabytes	 4 Gigabytes	 4 Gigabytes

Memory
Memory Management	 By interfacing the 68351	 On-chip MMU	 On-chip MMU

MMU chip
Cache (on-chip)	 Instruction cache	 Instruction and data cache	 Instruction and data cache
Floating Point	 By interfacing 68831/68882	 By interfacing 68881168832 	 On-chip floating-point

floating-point coprocessor	 floating-point eproeesscr	 hardware
chip	 chip
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systems can be very high if the performance requirements of the application need high-

performance VAX-type computers Since the performance levels of 32-bit microprocessors are

comparable to the VAX-type computer, multiple 32-bit microprocessors in a redundant

configuration outperform the \'AXs. Thus, the 32-bit microprocessors provide efficient fault-

tolerant systcnls.

1.9.3 Real-Time Controllers

Real-time controllers such as flight-control systems for aircraft, flight simulators, and automo-

bile engine control require high-performance computers. Some of these applications were

handled in the past by using mainframe computers which resulted in high cost and the

controllers occupied large spaces.
The state-of-the-art flight simulators use multiple 32-bit microprocessors to perform graphic

manipulation, data atlicring, and hnh-spccd cominuitications. Obviously, an application such

as teal-time automobile engine control using nainfr.uiic computers is not practical since these

systems are not small enough to f i t under a car hood. These controllers are currently being

designed using the small-sized 32-bit microprocessors to perform high-speed data manipulation

and calculation.	 -

9.4 Robotics

The processing requirements of complex robots attempting to emulate human activities

exceed the capabilities of 5- and 16-bit microprocessors. With 32-bit microprocessors, it is

now feasible to design these controllers at low cost. In many cases, the microprocessor is used

as the brain of the robot. In a t y pical application, the microprocessor will input the actual arm

angle measurement from a sensor, compare it with the desired arm angle, and will then send

Outputs to a motor to position the a ml.
Mitsubishi manufactured the first 63020-based system robot control system.

1.9.5 Embedded Control

Embedded Control in icroproccssuls, also called embedded Controllers, are designed to he

programmed to manage specific tasks. Once programmed, the embedded controllers can

manage the functions of a wide variety of electronic products. Since the microprocessors are

embedded in the host system, their presence and operation are basically hidden from the host

system. Typ ical embedded control applications include office automation products such as

copiers, laser printers, fax machines, and consumer electronics like VCRs, microwave ovens,

and ilUt011llt ive systems.

There are two t ypes of embedded control applications, event control (real-time) and data

control. Even control applications require distributed embedded controllers dedicated to

single functions.
These applications include motor engine or itir omeilt control System. In these applica-

tions, the controllers oiler real-time response to support programs with small amounts of data.

Typically, 8- and 16-bit single chip nlicrocontrollers such as the Intel 8751/8096 and Motorola

HO 1/HC16 are used.
The 80186/80 188 based n-iicrocontrollcrs arc used for data control applications.

RISC microprocessor-based embedded controllers perform many different functions while

handling large programs using large amoua ts of data. Applications such as laser printers

require a high performance microprocessor with on-chip floating-point hardware, The RISC

microprocessors are ideal br 	 csc types of applications.
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QUESTIONS AND PROBLEMS

1.1 What is the basic difference between the microprocessor and the microcomputer?

1.2 What is meant by an 8-bit microprocessor and a 16-bit microprocessor?

1.3 Interpret FE, as unsigned, signed, and floating-point numbers.

1.4 Determine the carry, sign, overflow, and zero flags for the following operation:

ADD 82A1H, 231FH

1.5 What are the basic difference between EPROM, EAROM, and flash ROM?

1.6 What is the difference between static and dynamic RAM?

1.7 Assume the following ROM chip and the microprocessor:

ROM

Microprocessor

Connect the microprocessor to the ROM to obtain the following memory map: 0000 16 through
03FF 16 . Use only the signals shown. Draw a neat logic diagram and analyze the memory map.

1.8 Assume the following microprocessor and the RAM chip:

	

R/W	

-+1 CS2	
DO-D7 r

AO-A15	
DO-D7	 / 8> —+d i 

1	 AO-A7

	

— 1 RIW	 I

Microproccssor I	 I	 RAM



I	 Ii

is
1)0-1)7

A0-i\9
lKx3

ItOM

13
12
I'
10
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Draw a neat logic diagram showing connections between the above microprocessor and the
RAM chip using only the signals shown to include the memory map 0200 16 through 02FF16.

Use linear decoding.

1.9 Use the following chips to design a microcomputer memory to include the map 3000
through 33FF16.

A0-A15

RAV
S

D0-1)7

Microprocssor

Draw a neat logic diagram.

1.10 What is meant by foldback iii linear decoding?

1,11 Define the three basic types of I/O.

1.12 What is the difference between:

i) Standard and memory-mapped programmed I/O
ii) Maskable and nonmaskable interrupts
iii) Internal and external interrupts
iv) Block transfer and interleaved DMA
v) Polled and daisy chain
vi) One-pass and two-pass assemblers

1.13 Comment on the importance of the following architectural features in an operating
system implementation:

a) Address translation
b) Protection
c) Program relocation

1.14 Explain clearly the differences between segmentation and paging. Can you think of a
situation where it would be advantageous to define a virtual memory that is smaller than
available physical memory?

1.15 What is the purpose of cache memory? Discuss briefly the various types of cache.
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1.16 Discuss the main fcaturcs of typical coproccssors.

1.17 What is the difference between software breakpoint and hardware breakpoint?

1,18 Discuss the basic features of microcomputer development systems.

1.19 Compare the typical features of the 16- and 32-bit microprocessors by Intel and
Motorola.

1.20 What types of applications are the RISC microprocessors used for?

1.21 Discuss floating-point data formats supported by both Intel 80387 and Motorola
68881/6882.

flhI!;1D(()	 7	 ru	 )1i1J.jt	 2	 2...	 .
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2
INTEL 8085

This chapter describes hardware, software, and interlacing aspects of the Intel 8085. Topics

include 8085 register architecture, addressing modes, instruction set, input/output, and Sys-

tern design.

2.1 Introduction

The Intel 8085 is all 	 microprocessor. The 8085 is designed using NMOS 
in 40-in DIP

(Dual In-line Package). The 8085 
call

	 operated from either 3.03 MI-Iz maximum (8085i\)

or 5 MHz maximum (8085A-2) internal clock frequency.

The 8085 has three enhanced versions, namely, the 9085AH, 8085A11-2, and 8085A1-I-1.

These enhanced processors are designed using the I-IMPS (I-ugh-density MOS) technology.

Each is packaged in a 40-pin DIP like the 8085. These enhanced microprocessors consume

20% lower power than the 8085i\. The internal clock frequencies of the 8085A1I, 8035A1 l-2,

and 8085AH-1 are 3, 5,6 MHz, respectively. These lIMOS 8-bit microprocessors are expensive

compared to the NMOS 8-bit 8085A.

Figure 2.1 shows a simplified block diagram of the 8085 microprocessor. The accumulator

connects to the data bus and the Arithmetic and Logic Unit (ALU). The ALU performs all data

manipulation, such as incrementing a number or adding two numbers.

The temporary register feeds the ALU's other input. This register is invisible to the program-

iner and is controlled automatically by the microprocessor's control circuitry.

The flags are a collection of flip-flops that indicate certain characteristics of the result of the

most recent operation performed by the iLU. For example, the zero flag is set if the result of

an operation is zero. The zero flag is tested by the JZ instruction.

The instruction register, instruction decoder, program counter, and control and timing

logic are used for fetching instructions from memory and directing their execution.

2.2 Register Architecture

The 8085 registers and status flags arc shown in Figure 2.2.

The accumulator (A) is all register. Most arithmetic and logic operations are per-

formed using the accuniulator, All I/O data transfers between the 8085 and the 1 .10 devices are

performed via the accumulator. Also, there are a number of' instructions that move data

bcts'een the accumulator and memory.

The B, C, D, E, 1-1, and L are each S bits long. Registers H and L are the memory address

register or data counter. This means that these two registers are used to store the 16-bit address

53
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FIGURE 2.1 Simplified 8085 block diagram.

of 8-bit data being accessed from memory, This is the implied or register indirect addressing
mode. There arc a number of instructions, such as MOV reg, M, and MOV M, reg, which move
data between any register and memory location addressed by 1-1 and L. However, using any
other memory reference instruction, data transfer takes place between a memory location and
the only 8085 rcgistcr, the accumulator. The instruction LDAX B is a typical example.

Sign
Zero
Auxiliary carry
l'arily
Carry

Program sta us
word (I'SW)

Accumulator

Secondary
accumulators/
data counters

Primary (fat,, counter

Stack pointer

Program counter

FIGURE 2.2 8085 microprocessor registers and status flags.

Secondary
accumulators
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Registers B, C, D, and E arc secondary accumulators or data counters. There are a number

of instructions to move data between any two registers. There arc also a few instructions that

combine registers B and C or I) and E, as a 16-bit data counter with high byte of a pair

contained in the first register and low byte in the second. These instructions typically include

LDAX B, LDAX D, STAX B, and STAX I), which transfer data between memory and the

accumulator.

Each of these 8-bit registers can be incremented and dccremcntcd by a single byte instruc-

tion. There are a iii:inber of instructions which combine two of these 8-bit registers to form

16-bit register pairs as follows:

A	 and	 PSW

B	 and	 C

I)	 and	 I-

li 	 and	 1.

lugli-order byte	 low-order byte

The 16-bit register pair obtained by combining the accumulator and the program status

word (PSW) is used only for stack operations. Sixteen bit arithmetic operations use B and C,

D and E, or H and 1. as 16-hit data registers.

The program status word consists of five status flags. These are described below.

The carry flag (Cy) reflects the final carry out of the most significant bit of any arithmetic

operation. Any Logic instruction resets or clears the carry flag. This flag is also used by the shift

and rotate instructions. The 8035 does not have any CLEAR CARRY instruction. One way of

clearing the carry will be by ORing or ANDing the accumulator with itself.

The parity status flag (P) is set to 1 if an arithmetic or logic instruction generates an answer

with even parity, that is, containing an even number of I bits. This flag is 0 if the arithmetic

or logic instruction generates an answer with odd parity, that is, containing an odd number

of is.

The auxiliary carry flag (Ac) reflects an y carry from bit 3 to bit 4 (assuming 8-bit data with

bit 0 as the least significant bit and bit 7 as the most significant bit) due to an arithmetic

operation. This flag is usefil for RCI) operations.

The zero flag (Z) is set to 1 whenever an arithmetic or logic operation produces a result of

0. The zero flag is cleared to zero for a nonzero result due to arithmetic or logic operation.

The sign status flag (S) is set to the value of the most significant bit of the result in the

accumulator after an arithmetic or logic operation. This provides a range of—l28 to +127

(with 0 being considered positive) as the 3035's data-handling capacity.

The 8035 does not have an overflow flag. Note that execution of arithmetic or logic

Instructions in the $085 affects the flags. All conditional instructions in the 8085 instruction

set use one of the status flags as the required condition.

The stack pointer (SP) is 16 bits long. All stack operations with the 8085 use 16-bit register

pairs. The stack pointer contains the address of the last data byte written into the stack. It is

dccreincntcd by 2 each time 2 bytes of data are written or pushed onIo the stack and is

incremented by 2 each time 2 bytes of data arc read from or pulled (poped) off-the stack, that

is, the top of the stack has the lowest address in the stack that grows aoWnward.

The program counter (PC) is 16 bits long to address up to 64K of memory. It usually

addresses the next instruction to be executed.

2.3 Memory Addressing

When addressing a memory location, the 8085 uses either register indirect or direct memory

addressing. With register indirect addressing, the I  and I. registers perform the function of the

IIICrflOr)' address register or data counter; that is, the I-I, L pair holds the address of the data.
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With this mode, data transfer may occur between the addressed memory location and any one

of the registers A, B, C. D, E, H, or L.

Also, some instructions, such as L1)AX B, LDAX L), STAX B, and STAX D, use registers B

and C or D and E to hold the address of data. These instructions transfer data between the

accumulator and the memory location addressed by registers B and C or D and E using the

register indirect mode.

There are also a few instructions, such a the STA ppqq, which use the direct-memory

addressing mode to move data between the accumulator and the memory, These instructions

use 3 bytes, with the first byte as the OP code followed by 2 bytes of address.

The stack is basically a part of the RAM. Therefore, PUSI-1 and POP instructions are memory

reference instructions.

All 8085 JUMP instructions use direct or absolute addressing and arc 3 bytes long. The first

byte of this instruction is the OP code followed by a 2-byte address. This address specifies the

memory location to which the program would branch.

2.4 8085_ Addressing _Modes

The 8085 has five addressing modes:

I Direct - Instructions using this mode specify the effective address as a part of the

instruction. These instructions contain 3 bytes, with the first byte as the OP code

followed by 2 bytes of address of data (the low-order byte of the address in byte 2, the

high-order byte of- the address in byte 3). Consider LDA 20351-1. This instruction loads

accumulator with the contents of memory location 2035I( This mode is also called the

absolute mode.

2. Register - This mode specifics the register or register pair that contains data. For

example, MOV B, C moves the contents of register C to register B.

3. Register I iidirect - This mode contains a register pair which stores the address of data

(the high-order byte of the address in the first register of the pair, and the low-order byte

in the second). As in example, LDAX B loads the accumulator with the contents of a

memory location addressed by 13, C register pair.

4. Implied or Inherent - The instructions using this mode have no operands. Examples

include STC (Set the Carry Flag).

5. Immediate - For an 3-bit datum, this mode uses 2 bytes, with the first hvtc as the OP

code, followed by I byte of data, Oil the other hand, for 16-bit data, this instruction

contains 3 bytes, with the first byte as the OP code followed by 2 bytes of data. For

example, MVI II, 05 loads register B with the value 5, and LXI Fl, 205011 loads H with

20H and 1. with 501-I.

A JUMP instruction interprets the address that it would branch to in the following ways:

Direct - The JUMP instructions, such as JZ ppqq, use direct addressing and contain

3 bytes. The first byte is the OP code, followed by 2 bytes of the 16-bit address where

it would branch to unconditionally or based on a condition if satisfied. For example,

JMI' 2020 unconditionally branches to location 20201-I.

Implied or Inherent Addressing - This JUMP instruction using this mode is 1 byte

long. A 16-bit register pair contains the address of the next instruction to be executed.

The instruction PC-II. unconditionally branches to a location addressed by the 11, L
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FIGURE 2.3 8085 addressing structures.

2.5 8085 Instruction Set
As mentioned before, the 8085 uses a 16-bit address. Since the 8085 is a byte-addressable
machine, it follows that it can directly address 65,536 ( 2 16 ) distinct memory locations. The

addressing structure of the 8085 processor is shown in Figure 2.3.
From this figure, we notice that two consecutive memory locations may be used to represent

a 16-bit data item. However, according to the Intel convention, the high-order byte of a 16-
bit quantity is always assigned to the high memory address.

The 8085 instructions are 1 to 3 bytes long and these formats are shown in Figure 2.4. The
8085 instruction set contains 74 basic instructions and supports conventional addressing
modes such as immediate, register, absolute, and register indirect addressing modes.

Table 2.1 lists the 8085 instructions in alphabetical order; the object codes and instruction
cycles are also included. When two instruction cycles are shown, the first is for "condition not
met", while the second is for "condition met". Table 2.2 provides the 8085 instructions
affecting the status flags. Note that not all 8085 instructions affect the status flags. The 8085
arithmetic and logic instructions normally affect the status flags.

In describing the 8085 instruction set, we will use the symbols in Table 2.3.
The 8085 move instruction transfers 8-bit data from one register to another, register to

memory, and vice versa. A complete summary of these instructions is presented in Table 2.4.
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0 bits

OP code

a) Single byte instruction

It 	 0 bits	 b'	 j-(	 & bits	 b'

OP code	 OP code
or

	

Low-order byte	 Low-order byte

(b)Two byte Instructions

16-bit I	 I	 16-bit
data	 OP code	 OP code	 memory

address

	

Low-order byte 	 I	 Low-order byte

	

High-order byte	 High-order byte

(c)Three byte Instructions

FIGURE 2.4 8085 instructions format.

Table 2.1 Summary of 8085 Instruction Set

Instruction	 OP Code	 Bytes	 Cycles	 Operations performed

ACI DATA
ADC A
ADC B
ADC C
ADC D
ADC E
ADC 1-1
ADC L
ADC M
ADD A
ADD B
ADD C
ADD D
ADD E
ADD H
ADD L
ADD M
ADI DATA
ANA A
ANA B
ANA C
ANA D
ANA E
ANA 1-I
ANA L
ANA M
AN! DATA
CALL ppqq
CC ppqq

CM ppqq

CMA
CMC
CMP A
CMP B

[Al - [A] + second instruction byte + (Cy(
A[ 4—(A[ + (Aj + ICyl

(Al 4—[A( + 101 + ( Cy[
(Al 4— [A] + (C) + (Cy(
[A] *— [A] + ( Dl + ICy)
[Al 4— [A] + [El + [Cy(
[A] 4— [A] + [HI + [Cy)
[A]	 [A] + [ LI + [ Cyl
[A] 4— [A] + ([ H LI) + ( Cyl
[A] - [A] + [A]
(A] - [A] + [ B]
(A) 4— (A] + [C]
(A) 4— ( Al + ID)
(A) - (A) + )E)
(A) +--[A] + (ill
(A) - (A) + ( LI

(A) - (A) +()fl LII
(A) 4— [A] + second instruction byte
(A) 4— ( Al A [A]
(A) - [Al A [B[
(Al - [A] A [C]
(Al	 (A] A [D]
[Al [A] A lE)
[A] - [A] A [HI
[A] 4— [ A] A (L(

[Al - [A] A ([ H LII
[A] - (A] A second instruction byte
Call A subroutine addressed by ppqq
Call a subroutine addressed by ppqq if Cy = I
Call a subroutine addrcsscd by ppqq if 
(A) 4-- l's complement of [A]
[Cy( 4— l's complement of [Cy)
[A] - [A] and affects flags
[A] - [ B] and affects flags
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Table 2.1 Summary of 8085 Instruction Set (continued)

Instruction

CMP C
CM? 1)
CM? E
CM? H
CMP L
CMP M
CIJC ppqq
CNZ ppqq
C? ppqq
CPE ppqq
C?! DATA
CPO ppqq
CZ ppqq
DAA
DAD B
DAD D
DAD H
DAD SP
DCR A
DCR B
DCR C
DCR 1)
DCR E
DCR H
DCR L
DCR M
DCX B
DCX D
DCX 11
DCX SP
Dl
El
HLT
IN PORT
1R A
JNR B
INR C
INR D
INR E
INR II
INR L
INR M
INX B
INX D
INX H
INX SP
JC ppqq
JM ppqq
iMP ppqq
INC ppqq
JNZ ppqq
IP ppqq
[PE ppqq
)PO ppqq
JZ ppqq
LDA ppqq
LDAX B
LDAX D
LHLD ppqq

OP Code	 Bytes	 Cycles	 Operations

139
	

IA] - [ CI and affects flags
BA
	

[A] - (DI and affects flags
1313
	

4
	

A] - (El and affects flags
BC
	

4
	

(A) - [1-Il and affects flags
BD
	

4
	

(A) - IL) and affects flags
BE
	

7
	

(Al - ((H L(( and affects flags
D4
	

9/18
	

Call a subroutine addressed by ppqq if Cy 0
C4
	

9/18
	

Call a subroutine addressed by ppqq if Z = 0
R
	

9/18
	

Call a subroutine addressed by ppqq if 	 0
EC
	

9/18
	

Call a subroutine addressed by ppqq if P = I
FE
	

7
	

(A] - second instruction byte and affects flags
£4
	

9/18
	

Call a subroutine addressed by ppqq if? = 0
CC
	

9/18
	

Call a subroutine addressed by ppqq if Z =
27
	

4
	

Decimal adjust accumulator
09
	

ID
	

FuLl i-- tIlL) + )BC(
19
	

ID
	

[HL( - (HL) + (DEl
29
	

10
	

[1-11.) - (HLJ + )HL]
39
	

ID
	

[HL(	 [HL] + (SP)
3D
	

4
	

[Al	 [A( -
05
	

4
	

(B] 4- ]B( - 1
01)
	

4
	

[C)	 (C] -
15
	

4
	

(DI 4- (1)] -
ID
	

4
	

[E]	 (E( - 1
25
	

4
	

(}l( 4- (HI - I
2D
	

4
	

(LI 4- [LI - 1
35
	

4
	

[[HL])4—((HLfl—I
OB
	

6
	

IBC( 4- [[IC) - I
lB
	

6
	

(DE) - (DE( -
213
	

6
	

(HL(	 [HL( - I
313
	

6
	

[SP] 4- [SP( -
P3
	

4
	

Disable interrupts
PB
	

4
	

Enable interrupts
76
	

5
	

Halt
DII
	

10
	

(A( 4- (specified port)
3C
	

(Al +- )A( + I
04
	

(B]	 JBI + I
OC
	

(CI 4- (CI + I
14
	

(Dl 4- (DI + I
IC
	

(El 4- (E( + I
24
	

(HI 4- )H( + I
2C
	

(LI - (LI + I
34
	

((IIL)J 4- ([I-ILl] +1
03
	

6
	

(BC) 4- )BC( +1
13
	

6
	

(DE)	 (DE) + I
23
	

6
	

[ML] 4- (ML) + I
33
	

6
	

(SP( 4- [SrI + I
DA
	

3
	

7/10
	

Jump to ppqq if Cy
PA
	

3
	

7/10
	

Jump to ppqq if  =
C3
	

3
	

10
	

Jump to ppqq
D2
	

3
	

7/10
	

Jump to ppqq if Cy = 0
C2
	

3
	

7/10
	

Jump to ppqq if Z 0
F2
	

3
	

7/10
	

Jump to ppqq if 	 0
EA
	

3
	

7/10
	

Jump to ppqq if? = I
£2
	

3
	

7/10
	

Jump to ppqq if P 0
CA
	

3
	

7/10
	

Jump to ppqq if Z = I
3A
	

3
	

13
	

[A] 4- (ppqql
OA
	

7
	

(A]	 I(BCII
IA
	

7
	

(A] 4- [(DElI
2A
	

3
	

16
	

(LI 4- (ppqq(,)Hl 4- [ppqq + II



01
ii
21
31
7E
78
79
7A
713
7C
7D
7E
47
40
4!
42
43
44

45
46

4F
48
49
4A
413
4C
4D
4E
57
50
51
52
53
54
55
56
5F
58
59
5A
513
5C
SD
SE
67
60
61
62
63
64
65
66
6F
68
69
6A
613
6C
61)
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Table 2.1 Summary of 8085 Instruction Set (continued)

Instruction	 OP Code	 Bytes	 Cycles	 Operations. performed

LXI B
LXI D
LXI H
LXI SP
MOV A,A
MOV A,B
MOV AC
MOV A,D
MOV A,E
MOV A,H
MOV A,L
MOV AM
MOV B,A
MOV 13,13
MOV B,C
MOV B.D
MOV B,E
MOV B,H
MOV B,L
MOV B,M
MOV c;
MOV CB
MOV C,C
MOV C,D
MOV C,E
MOV C,11
MOV C.L
MOV C,M
MOV DA
MOV D,B
MOV D,C
MOV D,D
MOV D,E
MOV D,H
MOV D,L
MOV D,M
MOV EA

MOV 11,13
MOV E,C
MOV E,D
MOV E,E
MOV EH
MOV E,L
MOV E,M
MOV H,A
MOV H,B
MOV H,C
MOV H,D
MOV H,E
MOV H,H
MOV H,L
MOV H,M
MOV LA
MOV LB
MOV L,C
MOV LI)
MOV LE
MOV LH
MOV LL

10	 [BC) - second and third instruction bytes
10	 [DE)	 second and third instruction bytes
10	 [HL] i— second and third instruction bytes
10	 [SP! i— second and third instruction bytes
4	 [A]	 [A)
4	 [A]—[BJ
4	 [A]	 [CI
4	 [A]	 1131
4	 [A]	 IF-)
4	 [Aj.t—jH]
4
7	 IA)-I1HL[[
4	 [1314-(A[
4
4	 [B)	 ICI
4	 [B)	 [D)
4
4	 (BJ—[H]
4	 [I31 —IL]
7	 [B)	 [[IlL))
4	 (Cu—tA)
4	 [C]	 (B)
4	 [CI	 ICI
4
4	 (CI	 (E)
4
4
7	 (C) - UHLI)
4	 (D]	 [A]
4	 IDH-(BI
4	 1D14—(CI
4	 JD)—(DI
4	 )D—IEI
4	 1Di4-IH)
4	 (DJ —(L]
7	 [D14—)IHL)J
4	 [E)t—IAJ
5	 [E)—(B]
4	 (Eh-ICI
4
4	 [E] 4--
4	 [E] 4— [H)
4	 (E[-[Lj
7	 [E[4.-[(HLJ)
4	 1111 4— (BI
4	 JHJ	

JAI

4	 (HH-ICI
4	 IHk-(DI
4
4	 [H)t-)H]
4
7
4	 [Lji—(A1
4	 [L4—(13)
4

4	 [LIt—)DJ
4
4	 (L)4—IH]
4	 (1] 4— (LI
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Table 2.1 Summary of 8085 Instruction Set (continued)

Instruction	 OP	 Code Bytes 	Cycles Operations performed

MOVL,M	 6E	 1	 7	 (L]4—IIHL!1
MOV MA	 77	 3	 7	 ((HL]] - IA)
MOV M.B	 70	 I	 7	 (!HLII - (B!
MOV M,C	 71	 1	 7	 IIHLII 4— IC)
MOV M,D	 72	 I	 7	 Ill-iL]!	 (D(
MOV M.E	 73	 1	 7	 IIHL(( —
MOVM.H	 74	 I	 7	 (IHLII - IH)
MOV M,L	 75	 1	 7	 ((HLII - (LI
MVI A, DATA	 3E	 2	 7	 IA) 4— second instruction byte
MV! B, DATA	 06	 2	 7	 (B] 4— second instruction byte

MV! C, DATA	 OE	 2	 7	 [Cl 4— second instruction byte
MVI D, DATA	 16	 2	 7	 ID! 4— second instruction byte
MV! E, DATA	 IE	 2	 7	 )E] 4— second instruction byte
MV! I-I, DATA	 26	 2	 7	 IHI 4— second instruction byte

MV1 L DATA	 2E	 2	 7	 IL! 4— second instruction byte
MV! M. DATA	 36	 2	 10	 IIHLII i— second instruction byte

NOP	 00	 1	 4	 No operation
ORAA	 117	 1	 4	 IA)4—(AIvIA(
ORA B	 130	 I	 4	 IA! 4— IAIv IB!
ORAC	 111	 I	 4	 [A]4-IAIvICI
ORAl)	 132	 I	 4	 )A]4—[A]v(DI
ORAE	 113	 I	 4	 IA!4_-IAIVIEI
ORA II	 134	 I	 4	 (Al 4— !AIv IH)
ORAL	 115	 1	 4	 (A)4—]Alv!L)
ORA M	 136	 I	 7	 [Al 4-- JAI v ((11L))

OR! DATA	 F6	 2	 7	 IA! 4— IA! v second instruction byte

OUT PORT	 D3	 2	 10	 (specified port) — (A]
PCHL	 E9	 1	 6	 IPCH( 4— [H), IPCL( 4— (LI

P01> 11	CI	 I	 10	 [CI 4-- ([SI')!, ISP! 4-- ISP] + 2

(13)	 (I SP ] + I)

POP D	 Dl	 1	 10	 IEI 4— IIS I'II, ISP! 4— [SP) + 2
(DI - (ISP! + I)

POP 1-1	 El	 I	 10	 [L)4-tISP1I,[SPI4—ISPI+2
(H! 4— (ISP] -I- I)

POP PSW	 Fl	 I	 10	 (A) 4— lISP! + I I, [PSWI 4—SP((, )SI'( 4— [ SP) + 2

((SI')— I) (— (B), ISP) - (SI') —2
PUSH B	 CS	 I	 12	 ([SP( —2) 4— IC)
PUSH D	 DS	 1	 12	 (ISP)—!] - (DI, [(5?] —2) — [E]

(SI') - (SI'! - 2
PUSH H	 ES	 1	 12	 lISP] - 1(4— [11), (Si l l 4— (SI') —2

([SI') —2] - (L)
PUSH P5W	 P5	 I	 12	 ((SPJ — 1 1 4— ) A ], )SP] - (SP)-2

()SP)-2]	 (PSW!

RAL	 171	 4	 A1I HI

RAR	 IF	 1	 4	 I I	 I L-'fl
RC	 D8	 I	 6/12	 Return if carry; (PC) 4— (SPI)

RET	 C9	 I	 10	 (PCI)'4— (ISP)], (SP( 4— I SP] + 2

IPCHI' 4— ( ( 5?] + 11
RIM	 20	 1	 4	 Read interrupt mask

RLC	 07 1	 EEE1=D A

RM	 P8	 1	 6/12	 Return if minus; [PC] 4— HSPII
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Table 21 Summary of 8085 Instruction Set (co:seinrcd)

Instruction	 OP Code	 Bytes	 Cycles	 Operations performed

	

RNC	 DO	 1	 6/12	 Return if no carry; )I'C[ 4- [[SP]]
	RNZ	 Co	 I	 6/12	 Return ifresult not zero; )PCJ - ((SP))

RP	 FO	 1	 6112	 Return if positive; [PCI *- [[SI')), ISP] - [SPJ + 2

	

RPE	 ES	 1	 6/12	 Return if parity even; [PC) *- (ISP)), [SP) 4- ISP) + 2

	

RPO	 EU	 1	 6/12	 Return if parity odd; (PC] 4- [I SP )), ISP) - )SP[ + 2

	

RRC	 OF	 I	 4
A	 4	 I	 11111	 I

	RSTO	 Cl	 1	 12	 Restart

	

lIST!	 CF	 1	 12	 Restart

	

RST2	 D7	 I	 12	 Restart

	

RST3	 DF	 1	 12	 Restart

	

RST4	 El	 1	 12	 Restart

	

RST5	 EF	 I	 12	 Restart

	

RST6	 Fl	 1	 12	 Restart

	

RS77	 FF	 I	 12	 Restart
Ri	 C8	 1	 6/12	 Return if zero; )I'C) - [(SP))

	

SBB A	 9F	 I	 4	 [A] +- [A) - (A) - [Cy)

	

SBB 13	 98	 I	 4	 (A) 4- (A) - ( B) - ICy)

	

SBB C	 99	 1	 4	 A) 4- (A) - [C] - )Cy)

	

SBB B	 9A	 1	 4	 (A) 4- (A) - ID) - )Cy)

	

Sf13 E	 913	 1	 4	 [A]	 [A] - )E[ - [Cy]

	

SBI3 H	 9C	 I	 4	 [A) 4- )A[ - )11) - ICy)

	

SBB L	 9D	 1	 4	 [A] 4- [A) - )L) - [Cy]

	

513DM	 911	 1	 7	 (A) 4--)A)-))HL](-)CyJ
5131 DATA	 DR	 2	 7	 [A] 4- )A] - sew, :nstruction byte - ICy)
SHLD ppqq	 22	 3	 16	 [ppqq) (- )L), )ppqq + I] 4- (1-I)
SIM	 30	 1	 4	 Set interrupt mask

	

SPHL	 P9	 I	 6	 )SP] 4- [HL]
STA ppqq	 32	 3	 13	 )ppqq[ - [A]

	

STAXB	 02	 1	 7	 )[ItCfl4-)A]
STAXD	 12	 I	 7	 )[DE))4-)AJ
STC	 37	 I	 4	 ICY] +-

	

SUB A	 97	 1	 4	 )A) 4- )A) - [A]

	

SUB 1I	 90	 1	 4	 JAI 4-)A]-)j3)

	

SUB C	 91	 1	 4	 (A) - (A] - IC]

	

SUB D	 92	 I	 4	 [A] i- [A) - )D)

	

SUB £	 93	 1	 4	 [A) 4- [A] - FE)
SUB 	 94	 I	 4	 [A[i-)A]-[HJ

	

SUB L	 95	 1	 4	 )A) - [A] - )L[

	

SWIM	 96	 1	 7	 [AIi-)A(-))HL))
SW DATA	 D6	 2	 7	 [A)	 [A) - second instruction byte

	

XCHG	 LB	 I	 4	 [1)) 4-) III), (11) (-4 [LI

	

XRAA	 AF	 1	 4
	XRA 13	 AS	 1	 4	 (A) - (A) $[B)

	

XRAC	 A9	 1	 4	 )A)4-)A(e[C(

	

XRAD	 AA	 1	 4

	

XRAE	 All	 I	 4	 )A)4- JAI ®[E[

	

XRAH	 AC	 1	 4	 - )A]4-[A] $(l-I)

	

XRA L	 AD	 1	 4	 (A) 4- [A] W )L)

	

XRA M	 AL	 1	 7	 (A] 4- [A) )(HL)J
XRI DATA	 ER	 2	 7	 [A) 4- (A) e second instruction byte

	

XTHL	 113	 I	 16	 [[SPII -+ IL) [ I SP ) + 1)) 4- [1-!]

&PCL - program counter low byte; PCH - program counter high byte.

All mnemonics copyright Intel Corporation 1976.
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Table 2.2 8085 Instructions Affecting the Status Flags

Status flagst'
Instruction?	 Cy	 Ac	 Z	 S	 P

ACt DATA	 +	 +	 +	 +	 +

ADCre8	 -4-	 +	 +	 +	 +

ADC 	 +	 +	 +	 +	 +
ADDrCg	 +	 +	 +	 +	 +

ADD 	 +	 +	 +	 +	 +
ADI DATA	 +	 +	 +	 +	 +
ANA rcg	 0	 1	 +	 +
ANA 	 0	 1	 +	 +	 +
ANI DATA	 0	 I	 +	 +	 +
CIVIC	 +
CMPrcg	 +	 +	 +	 +	 +

CMPM	 +	 +	 +	 +	 +
CPI DATA	 +	 +	 +	 +	 +
I)AA	 -s	 -1-	 +

DAD rp
DCRrcg	 +	 +	 +	 +
DCRM	 +	 -4-	 +	 +

lNRrcg	 +	 -s-	 +	 +
INIU%l	 +	 +	 +	 +
ORAreg	 0	 0	 +	 +	 1-

OItAM	 0	 0	 -s-	 +	 +
ORI DATA	 0	 0	 +	 +	 +
ItAL	 +
RAR	 +
RLC	 +
RRC	 +
SItItreg	 +	 +	 +	 +
51113 N1	 +	 +	 +	 -4-	 +

SRI DATA	 +	 +	 +	 +	 +
STC	 +
SUB reg	 +	 +	 +	 +	 -i-

SUB M	 +	 +	 +	 +	 +

SUI DATA	 +	 +	 +	 +	 +
XRAre8	 0	 0	 +	 +	 +
XRAM	 0	 0	 +	 +	 +
XRIDATA	 0	 0	 +	 +	 +

rcg - 8-bit register; M - memory; rp - 16-bit register pair.
bNote that instructions which are not shown in the table do not

affect the flags; + indicates that the particular flag is affected; 0 or
I indicates that these flags are always 0 or I after the correspond-
ing instructions are executed.

All mnemonics copyright Intel Corporation 1976.

Table 2.3 Symbols to be Used in 8085 Instruction Set

Symbol	 interpretation

ri, r2	 8-bit register
- rp	 Register	 pair
data8	 8-bit data
datal6	 16-hit data
M	 Memory	 location indirectly addressed through

the register pair Ill.
addrt 6	 16-bit memory address
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Table 2.6 8085 Arithmetic Instructions

Illustration

Operation	 Instruction	 Interpretation	 Addressing mode Example Comments

8-bit addition	 ADD r	 (A) 4— (A) + (r)	 Register	 ADD B	 (A) 4— (A) + (B)

ADI data8	 (A) 4— (A) + data8	 Immediate	 ADI 05	 (A) 4— (A) + 05

ADD M	 (A) 4— (A) + M((HL))	 Register indirect - 	 -

8-bit addition with ADC r	 (A) 4— (A) + (r) + Cy	 Register	 ADC C	 (A) 4— (A) i- (C) + Cy

a carry	 ACI data8	 (A) 4— (A) + data8 + Cy	 Immediate	 ACt 07	 (A) 4— (A) + 07 -i- Cy

ADC M	 (A) (-- (A) + M((HL)) + Cy Register indirect 	 —	 -

8-bit subtraction	 SUB r	 (A) 4— (A) — (r)	 Register	 SUB C	 (A) 4— (A) - (C)

5U1 data8	 (A) 4— (A) - dataB	 Immediate	 SUI 03	 (A) 4— (A) —03

SUB M	 (A) 4— (A) - M((I-IL))	 Register indirect	 -	 -

8-bit subtraction	 Sill r	 (A) 4— (A) — (r) — Cy	 Register	 51311 D	 (A) 4— (A) — (D) - Cy

with a borrow	 SBI data8	 (A) 4— (A) - data8 - Cy	 Immediate	 Sit 04	 (A) 4— (A) - 04 — Cy

SBI3 M	 (A) 1— (A) - M((IIL)) — Cy 	 Register indirect	 —	 -

16-bit addition	 DAD rp	 (ML) 4— (ML) + (rp)	 Register	 DAD B	 (ML) 4— (HL) + (BC)

Decimal adjust	 DAA	 Convert the 8-bit number	 Inherent	 -	 -
stored in the accumulator
into BCD

8-bit increment	 INR r	 (r) 4— (r) + I	 Register	 INR B	 (B) 4— (B) + I

INR M	 M((l-IL)) 4— M((l-tL)) + I	 Register indirect	 -	 -
16-bit increment' 	 INX rp	 (rp) 4— (rp) + I	 Register	 INX D	 (DE) 4— (DE) + 1

8-bit decrement	 DCR r	 (r) 4— (r) - I	 Register	 DCR It	 (B) 4— (B) — I

DCR M	 M((I-IL) 4— M((HL)) — I 	 Register indirect	 —	 -

16-bit decrement' 	 DCX rp	 (rp) 4— (rp) — I	 Register	 -

rp = BC, DE, I-IL, or SP.

The 8085 instruction set also accomplishes the 8- and 16-bit data transfers using the load
and store instructions. These instructions are summarized in Table 2.5.

From Table 2,5 notice that we adopt the following convention when we specify a register
pair in the instruction.

Symbol	 Register pairs used

It	 B.0
D	 DE
I-I	 I-t,L

Also, observe that in Table 2,5 the 8085 processor does not provide LDAX H instruction.
This is because the same result can be obtained by using the MOV A,M instruction. The 8085
includes a one-byte exchange instruction, namely, XCHG. The XCHG exchanges the contents
of DE with HL. That is, it performs the following operation:

[D] [H]
[E] —* [L]

The arithmetic instructions provided by the 8085 processor allow one to add (or subtract)
two 8-bit data with or without carry (or borrow). The subtraction operation is realized by
adding the two's complement of the subtrahend to the minuend. During the subtraction
operation, the carry flag will be treated as the borrow flag. Table 2.6 lists these instructions.
For some instructions such as ADD M, examples and comments are not included. This is
due to limited space in the table.

As far as logical operations are concerned, the 8085 includes some instructions to
perform traditional Boolean operations such as AND, OR, EXCLUSiVE-OR, in addition,
instructions are available to complement the accumulator and to set the carry flag. The
8085 COMPARE instructions subtract the specified destination from the contents of the
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Table 2.7 8085 Logical Instructions

Addressing	 illustration

Operation	 Instruction	 Interpretation	 mode	 Example Comments

Boolean AND

Boolean OR

Boolean EXCLUSIVE-OR

ANA r	 (A) (— (A) A (r)
ANt data8	 (A) <— (A) A data8
ANA M	 (A) <— (A) A NI ((H

ORAr	 (A)f—(A)v(r)
OR[ data8	 (A) - (A) v data8
ORA M	 (A) — (A) v M((I-IL))

XRAr	 (A)f—(A)(r)
XRI data8	 (A) - (A) G data8
XRA NI	 (A) - (A) G M((HL))

Register
Immediate
Register

indirect
Register
Immediate
Register

indirect
Register
Immediate
Register

indirect

ANA B	 (A) f— (A) A (B)
ANIOFI-I (A)—(A)A00001III5

ORAC	 (A)—(A)v(C)
ORI 0811 (A) - (A) v 00001000

XRAA	 (A)—(A)®(A)
XRI 03H (A) - (A) 000000112

Compare	 CMP r	 (A) - (r) and affect	 Register	 CMP D	 Compare (A) register

flags	 with (D) register

CPI dataS	 (A) - data8 and affect 	 Immediate CPI 05	 Compare (A) with 05
flags

CMP M	 (A) - M((lIL)) and	 Register	 -	 -
affect flags	 indirect

Complement	 CMA	 (A) f— ( X)	 Inherent	 —	 -

Bit manipulation	 STC	 Cy f— I (set carry to 1)	 Inherent	 -	 -
CMC	 Cy - Cy' (complement inherent 	 -	 -

carry flag)

accumulator and affect the status flags according to the result. However, in this case the
result of the subtraction is not provided in the accumulator. All 8085 logical instructions
are specified in Table 2.7. For some instructions in this figure, examples and comments
are not provided. This is due to limited space in the table.

The AND instruction can be used to perform a masking operation. If the bit value in a
particular bit position is desired in a word, the word can be logically ANDed with appropriate
masking data to accomplish this. For example, the bit value at bit 3 of the word 1011 X01 1,
can be determined as follows:

1011 x011	 Word

AND 0000 1000	 Masking Data

0000 x000	 Result

If the bit value X at bit 3 is 1, then the result is nonzero (Z = 0); otherwise the result is zero
(Z = 1). The Z-flag can be tested using )Z (jump if Z = 1) or JNZ (jump if Z = 0) to determine
whether X 0 or 1. The AND instruction can also be used to determine whether a binary
number is odd or even by checking the least significant bit (LSB) of the number (LSB = 0 for
even and LS13 = 1 for odd). XRA instruction can be used to find ones compliment of a binary
number by exclusive-ORing the number with all ones as follows:

1010	 1001	 Original number
XOR	 liii	 1111

0101	 xllO	 Ones complement

One of the applications of the compare instruction is to find a match in an array. The
number to be matched can be loaded in the accumulator and compared with each element in
the array. The JZ (jump if Z = 1) can then be executed to find the match. If the subtraction
instruction is used in place of the COMPARE, the number to be matched in the accumulator
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TABLE 2.8 8085 Rotate Instructions

Instruction

RLC

RRC

RAR

Interpretation

Rotate left accumulator by one
position without the carry flag Cy

Rotate right accumulator by one
position without the carry flag Cy

Rotate right accumulator by one
position through the carry flag

Illustration
0

I	 lT

RAL	 Rotate left accumulator by one
position through the carry flag

will be lost after each subtraction, and therefore the number needs to be loaded for the next
subtraction.

The 8085 instruction set includes rotating the contents of the A register to the left or right
without or through the carry flag. These instructions arc listed in Table 2.8.

In the 8085, only the absolute mode branch instruction is of the form JMP addr16. There
is also a one-byte implied unconditional jump instruction, namely, PCHL. The PCHL loads
[H] into PC high byte and [L] into PC low byte. That is, PCHL performs an unconditional
JUMP to a location addressed by the Contents of H and L. The general format of an 8085
conditional branch instruction is J <condition code> addr16 where the condition code may
represent one of the following conditions:

Conditional
jumps	 Condition	 Comment

JZ	 Z = I	 Z flag is set (result equal to zero)
JNZ	 Z = 0	 Z flag is reset (result not equal to zero)
IC	 Cy = 1	 Cy flag is set
INC	 Cy = 0	 Cy flag is reset
)PO	 P = 0	 The parity is odd
WE	 P = I	 The parity is even
JP	 S = 0	 S flag is reset (or the number is positive)
JM	 S I	 S flag is set (or the number is negative, or minus)

For example, the following instruction sequence causes a branch to the memory address
2000 only if the contents of the A and B registers are equal:

MP B

JZ 2000H

In the8085, the subroutine call instruction is of the form

CALL add.r16

The instruction RET transfers the control to the caller, and it should be the last instruction
of the subroutine. Both instructions use the PC and SP for subroutine linkage.

For example, consider the following:
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Main program	 Subroutine

-	 SUB	 -

CALL SUB	 -
START	 -	 -

-	 RT

The call SUB instruction pushes or saves the current PC contents (START which is the
address of the next instruction) onto the stack and loads PC with the starting address of the
Subroutine (SUB) specified with the CALL instruction. The RET instruction at the end of the
subroutine pops or reads the address START (saved onto the stack by the CALL instruction)
into PC and transfers control to the right place in the main program.

There are a number of conditional call instructions. These include:

CC add.r (call if Cy = 1)
CNC add.r (call if Cy 0)
CZ addr (call if Z = 3.)

CNZ addr (call if Z 0)
CM &ddr (call ifSl)
Cl' actdx (call if S= 0)
CPE addr (call if P = 1)
CPO addr (call if P 	 0)

Also there are a number of conditional return instructions. These include:

RC (Return if Cy = 1)
RNC (Return if Cy = 0)
RZ (Return if Z = 1)
RNZ (Return if Z = 0)
RPE (Return if P = 1)
RPO (Return if P = 0)
RH (Return if S = 1)
RP (Return if S = 0)

There are eight one-byte call instructions (RST 0 to 7) which have predefined addresses. The
format for these instructions is

11 XXX 111 = 000 for RSTO
= 001 for R.5T1
= 010 for RST2
= 012. for RST3
= 100 for RST4
= 101 for RST5
= 110 for RST6
= 111 for RST7

RSTs arc one-byte call instructions used mainly with interrupts. Each RST has a predefined
address. However, RSTO and the hardware reset vector have the same address 0000. There-
fore, use of RSTO is not usually recommended. The RSTs cause the 8085 to push the PC onto
the stack. The ROPq tb ­- ''"  be PC with a predefined address based on tli- 'articular RST

' used
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7	 6	 5	 4	 3	 2	 1	 0 —bit number

OP code for RST I I I 1	 X J X I X	 1 1	 1 1	 1

PC after

FIGURE 2.5 Execution of the RST instruction.

Table 2.9 RSTO-RST7 Vector Addresses

OP code	 Vector address
Instruction	 (hexadecimal)	 (hexadecimal)

RSTO	 C7	 0000
RSTI	 C1	 0008
RST2	 1)7	 0010
RST3	 DF	 0018
RS14	 E7	 0020
RST5	 EF	 0028
ItSTO	 1:7	 0030
ItST7	 IF	 0038

A 3-bit code in the OP code for a particular RST determines the address to which the
program would branch. This is shown in Figure 2.5.

The vector addresses for the RSTs are listed in Table Z.. Note that a limited number of
locations are available for each RST instruction. This may not provide enough locations for
writing a complete subroutine. Therefore, one may place an unconditional JUMP at the vector
address to JUMP to an address in RAM where the actual subroutine is written.

The 8085 stack manipulation instructions allow one to save and retrieve the contents of the
register pairs into and from the stack, respectively. For example, the following instruction saves
the register pair B,C into the stack:

PUSH B ; (SP) 4— (SP) - 1

;M((SP)) 4— (B)

(SP) 4-- (SP) - 1

;M((SP)) 4— (C)

Similarly, the instruction POP D retrieves the top two words of the stack and places them
into the registers E and I) in that order as follows:

POP D; (E) 4— M((SP))

(SP) 4— (SP) + 1

(D) 4— M((SP))

(SP) 4— (SP) + 1

This means that all 8085 registers can be-saved onto the stack using the following instruction
sequence:

PUSH PSW ; save the A and flags register
PUSH B ; save the D,E pair
PUSH D ; save the D,E pair
PUSH H ; save the H,L pair
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Similarly, the saved status can be restored by using the following sequence of POP instruc-

tions:

POP K ; restore H,L pair
POP D ; restore D,E pair
POP B ; restore B,C pair
POP PSW ; restore A and flags register

There are two other stack instructions: SPHL and XTHL. SPHL is a one-byte instruction.
It moves the [L] to SP high byte and [H] to SP low byte. XTHL is also a one-byte instruction.
It exchanges the [LI with the top of the stack addressed by SP and [H] with the next stack
addressed by SP + 1. That is, XTHL performs the following:

I] SP I] *-* [L]

[ (SP + 1 ]] 4- [H]

The 8085 can use either standard or memory-mapped I/O. Using standard I/O, the input
and output instructions have the following format:

IN (8-bit port address) ; 	 input instruction

OUT (8-bit port address) ; 	 output instruction

For example, the instruction IN 02H transfers the contents of the input port with address

02 16 into the accumulator. Similarly, the instruction OUT OOH transfers the contents of the
accumulator to the output port with address 00 k,. Using memory-mapped 1/0, LDA addr and
STA addr can be used as input and output instructions, respectively.

The 8085 HLT instruction forces the 8085 to enter into the halt state. Similarly, the dummy
instruction NOP neither achieves any result nor affects any CPU registers. This is a useful
instruction for producing software delay routines and to insert diagnostic messages.

The 8085 8-bit increment (INR) and decrement (DCR) instructions affect the status flags.
However, the 16-bit increment (INX) and decrement (DCX) instructions do not affect the
flags. Therefore, while using these instructions in a loop counter value greater than 256, some
other instructions must be used with DCX or INX to affect the flags after their execution. For
example, the following instruction sequence will affect the flags for DCX:

LXI B,16-BIT DATA
	

Load

Loop	 —
	 initial

16-bit loop
coufit to BC

Decrement
counter
Move B to A to
test for zero
Logically or with A
Jump if not zero

DCX B
MOV A,B

ORA C
.NZ Loop
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FIGURE 2.6 Accumulator data format after execution of RIM.
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Serial
Output enable
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Interrupt mask
for RST 5.5
Interrupt mask
for RST6.5

Interrupt mask
for RST 7.5

Interrupt
Enable Flag

Interrupt Pending
Flag for RST5.5

Interrupt Pending
Flag for RST6.5

Interrupt Pending
Flag for RST7.5

Serial Input Data
(SID pin)

There are four one-byte 8085 interrupt instructions. These are DI, El, RIM, and SIM.
Dl disables the 8085's maskable interrupt capability. El, on the other hand, enables the 8085

maskable interrupt capability.
RIM is a one-byte instruction. It loads the accumulator with 8 bits of data as shown in Figure

2.6.
Bits 0, 1, and 2 provide the values of the RST 5,5, RST 6.5, and RST 7.5 mask bits,

respectively. If the mask bit corresponding to a particular RST is one, the RST is disabled; a
zero in a specific RST (bits 0, 1, and 2) means that RST is enabled.

lithe interrupt enable bit (bit 3) is 0, the 8085s maskable interrupt capability is disabled;
the interrupt is enabled if this bit is one.

A "one" in a particular interrupt, pending bit indicates that an interrupt is being requested
on the identified RST line; if this bit is zero, no interrupt is waiting to be serviced. The serial
input data (bit 7) indicate the value of the SID pin.

The SIM instruction outputs the contents of the accumulator to define interrupt mask bits
and the serial output data line. The bits in the accumulator before execution of the SIM are
defined as shown in Figure 2.7.

FIGURE 2.7 Accumulator data format before execution of the SIM.
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If the mask set enable bit is set to one, interrupt mask bits for RST 7.5, RST 6.5, and RST
5.5 are sent out; a zero value at the mask set enable does not affect the interrupt mask bits. A
one at a particular interrupt mask disables that interrupt and a zero enables it.

The RESET RST 7.5, if set to one, resets as internal flip-flop to zero in order to clear the 7.5
interrupt.

If the serial output enable is one, the serial output data are sent to the SOD pin.
The interrupt instructions will be covered in detail during discussion of the 8085 interrupts.

Example 2.1

Write all assembly language program to add a 16-bit number in locations 5000H (high
byte) and 50011-I (low byte) with another 16-bit number stored in 500214 (high byte) and
5003H (low byte). Store result in BC.

Solution
ORG 2000H
LDA ImM2	 ; Load low byte of
LXI	 11,500311 ; number 1.
ADD M	 ; Add with low

; byte of number 2
MOV C, A	 ; Store result in C
LDA MEM1	 ; Load high byte
DCX H	 ; of number 1
ADC II	 ; Add with

; high byte and Cy
I'IOV	 B, A	 ; Store result

in
HLT	 ; stop
ORG 5000H

MEN1 DB	 DATA1
MEN2 1DB	 DATA2
MEN3 DB	 DATA3
NEN4 DB	 DATA4

Example 2.2

Write all assembly language program to perform a parity check oil 8-bit word in
location 5000 16 . If the parity is odd, store DD, in location 5000 16 . However, if the parity is

even, store EE, in location 500016.

Solution
ORG 300011
LDA PARITY ; Load 8-bit

; data into A

	

ADI 0011	 ; Add with
; 0011 to affect

MVI A, ODDH; flags

	

IYPO ODD	 ; Check for
odd parity

MVI A,OEEH ; If parity
even, store

; EH
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STA PARITY ; in 50001!
HLT	 ; Stop
ORG 50001!
DB DATA

Note that address 30001-I at ORG 3000H is arbitrarily chosen.

Example 2.3
Write a program in 8085 assembly language to perform an unsigned 8-bit by 8-bit multipli-
cation via repeated addition. Assume that the multijhLI1lu is in "B" register and the multiplier
is in "C" register. Store the product in I-IL.

Solution
ORG 50001!
LXI H,0000H

MVI C, MULT
MOV E,B

MVI D,00H

START DAD D
DCRC	 p
NZ START	 p

lILT

Example 2.4

Initialize the
16-bit product to zero
Move multiplier to C
Move multiplicand
to register E
Convert multiplicand
to unsigned 16-bit
Perform 16-bit addition
Decrement multiplier
Jump if multiplier not zero
Stop. Product
is in HL

Write a subroutine in 8085 assembly language to check whether an 8-bit number in location
3000,6'S odd or even. If the number is odd, store DD 16 in location 300016;'f the number is even,

store EE, in location 300016.
Also, write the main program to initialize stack pointer 5020 16 , load the 8-bit number to be

checked for odd or even into A, store DD or EE depending on the result, and stop.

Solution

Main Program

ORG 40001!
LXI SP, 50201!
LDA START	 p
CALL CHECK	 p
STA START	 p
lILT	 p
ORG 30001!

START DB DATA

Subroutine

Initialize SP
Load. number
Call subroutine
Store DD or EE
stop

ORG 70001!
CHECK RAR	 p Rotate 'A' for checking

I'WI A,OEEH	 ; Jump if even
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JNC RETURN
MVI A,ODDH

RETURN RET
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Store DD16 if
odd and return
Store EE16
if even and return

Example 2.5
Write an 8035 assembly language program to clear 100 consecutive bytes starting at 205016.

Solution
ORG 2000H
MVI A, 64H

LXI H,2050H
LOOP MVI M, OOH

INXH
DCRA
JNZ LOOP

liLT

2.6 Timing Methods

Load 'A' with number of
bytes to be cleared
Load HL with 205011
Clear memory location
Increment address
Decrement loop counter
Jump to loop if
loop counter zero
Stop

Timing concepts are very important in microprocessor applications. Typically, in sequential

process control the microprocessor is required to provide time delays for on-off devices such

as pumps or motor-operated valves. DELAY routines are used to provide such time delays.

A delay program typically has an input register that contains the initial count. The register

pair D,E is used for this purpose. A typical delay subroutine is given below:

DELAY DCX D
MOV A,D
ORAE
JNZ DELAY
RET

Decrement the D,E contents

Are the contents zero?
Jump if not zero
Return

We now calculate the total time required by the DELAY routine using the following data:

lostrucuon	 Number of cycles

CALL
	

1$

DCX D
	

6

MOV A,D
	

4

ORi\ E
	

4

NZ
	

7/tO

RET
	

10

Note that in the above, if the JNZ condition is met (Z = 0), ten cycles are required and the

program branches back to the DCX D instruction. However, if the JNZ condition is not met

(Z = 1), the seven cycles are required, and the program executes the next instruction, that is,

the RE'I instruction. Also, note that the CALL instruction is used in the main program written

by the user, and the 3-byte instruction CALL DELAY is used.

For each iteration in which the JNZ condition is met (Z = 0), the number of cycles is equal

to cycles for DCX D + cycles for MOV A,I) + cycles for ORA E + cycles for JNZ = 6 + 4 + 4

+ 10 = 24 cycles.
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These 24 cycles will be performed (y - 1) times, where y is the initial contents of D,E. For
the final iteration in which no jump is performed and the JNZ condition is not satisfied (Z
0), the number of cycles is equal to cycles for DCX D + cycles for MOV A,D + cycles for ORA
E + cycles for JNZ + cycles for RET 6 + 4 + 4 + 7 + 10 = 31 cycles. Therefore, the time used,
including a CALL instruction, is

18±31 +24(y-- 1)=49+24(y-1)clockcycles

Suppose that in a program a delay time of 113 ms is desired. The DELAY routine can be used
to accomplish this in the following way. Each cycle of the 8085 clock is 113 ms (3 MHz). The
number of cycles required in the DELAY routine is

1/3 InS - 10-3
= 1000 cycles

1/3ps

Therefore, the initial counter value y of the D,E register pair can be calculated:

49±24 (y–l)= 1000
24 (y–I)=95l

951
y=—+l 40I,,=28 1624

Therefore, in the program the D,E register pair can be loaded with 0028 16 and the DELAY
routine can be called to obtain 113 nis of time delay. Table 2.10 shows initial counts for various
time delays.

Table 2.10 Time Intervals along with Initial Counts

3-MHz clock	 Initial count
nliIhsecondS	 (hexadecimal)

	

/3	 0028

	

I	 007C

	

2	 00F9

	

10	 04E1

	

100	 301)3

The following program produces a delay of 10 ins:

LXI SP, 5000H ; Set stack pointer
LXI D, 04E1H ; Load D,E with initial count value of 04E1

to provide 10 ins of delay
CALL DELAY	 ; Call DELAY routine
HLT	 ; STOP

The delay times can be increased by using a counter. Suppose that a delay of 5 s is desired
in a program. From Table 2.10 an initial count of 30D3 16 produces a 100-ms delay. We can use
a counter along with the 100-ms delay to obtain the 5-s delay as follows

(100 nls)XX=5s
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where X is the value of the counter. Then

=----=50
100x10 3	10

Therefore, a counter of 50 or 32 15 is required. Now tile program for the 5-s delay can be

written as follows:

LXI SP, 5-000H

MVI C, 32H	 I
I

START LXI D, 30D3H I

CALL DELAY I

DCR C

Z START

HLT

Set stack pointer

Do DELAY loop 5O 10 times by loading C

with count 3216
Load initial count

Call DELAY loop
Decrement C and check if zero: if

not, do another delay

Loop back
STOP

In the above, since execution times of DCR C and JNZ START are very small compared to 5

s, they are not considered in computing the delay.

2.7 8085 Pins and Signals
The 8085 is housed in a 40-pin dual in-line package (DIP). Figure 2.8 shows the 8085 pins and

signals.

The low-order address byte and data lines ADO to AD7 are multiplexed. These lines are

bidirectional. The beginning ofall instruction is indicated by the rising edge of the ALE signal.

At the falling edge of ALE, the low byte of the address is automatically latched by some of the

8085 support chips such as 8155 and 8355: ADO to AD7 lines can then be used as data lines.

Note that ALE is an input to these support chips. However, if the support chips do not latch

ADO to AD7 then external latches are required to generate eight separate address lines A7 to

AU at the falling edge of ALE.

Pins AS to A15 are unidirectional and contain the high byte of the address.

Table 2.11 lists the 8085 pins along with a brief description of each.

The RD pin signal is output LOW by the 8085 during a memory or I/O READ operation.

Similarly, the WR pin signal is output LOW during a memory or 1/0 WRITE.

Next, we explain the purpose of IO/M, SO, and Si signals. The I0/M signal is output

HIGH by the 8085 to indicate execution of an I/O instruction such as IN or OUT. This pin is

output LOW during execution of a memory instruction such as LDA 205011.

The IOIM, SO, and SI are output by the 8085 during its internal operations, which can be

interpreted as follows:

	

1O/M Si	 SO	 Operation performed by the 8085

o	 0	 1	 Mcmory WRITE
o	 i	 o	 Memory READ
1	 0	 1	 I/O WRITE
1	 1	 0	 1/0 READ

o	 1	 1	 01' code fetch
1	 1	 1	 Interrupt acknowledge
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FIGURE 2.8 8085 microprocessor signals and pin assignments.

Table 2.11 8085 Signal Description Summary

Pin name	 Description 	 Type

ADO-AD7	 Address/data bus	 Bidirectional, tristate
A87A15	 Address bus	 Output, tristatc
ALE	 Address latch enable	 Output, triatate
RI)	 Read control	 Output, triatate
WR	 Write control	 Output. Lristatc
101 M	 I/O or memory indicator	 Output, tristate

SO, SI	 Bus state indicators	 Output
READY	 Wait state request 	 Input
SID	 Serial data input	 Input
SOD	 Serial data output	 Output
HOLD	 Hold request	 Input
HLDA	 Hold acknowledge	 Output
INTR	 Interrupt request	 Input
TRAP	 Nonmaskablc interrupt request	 Input
RST5.5	 Hardware vectored	 Input
RST6.5	 Hardware vectored interrupt request 	 Input
RST7.5	 Hardware vectored	 Input
INTA	 Interrupt acknowledge	 Output
RESET IN	 System reset	 Input

RESET OUT	 l'cziphcr.sls reset	 Output
XI, X2	 Crystal or RC connection	 Input
CLK (OUT)	 Clock signal	 Output
Vec, Vss	 Power, ground
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FIGURE 2.9 8085's interface to external device using ALE and the multiplexed ADO to AD7 pins.

Figure 2.9 illustrates the utilization of ALE and ADO to AD7 signals for interfacing an

EPROM and a RAM.
The 2716 is a 2K x 8 EPROM with separate address and data lines without any built-in

latches. This means that a separate latch such as the 74LS373 must be used to isolate the 8085

low byte address and DO-D7 data lines at the falling edge of ALE (Figure 2.9a).

The 8155 contains 256-byte static RAM, three user ports, and a 14-bit timer. The 8155 is

designed for 8085 in the sense that it has built-in latches with ALE as input along with

multiplexed address (low byte) and data lines, ADO to AD7. Therefore, as shown in Figure

2.9b, external latches are not required.
The READY input can be used by the slower external devices for obtaining extra time in

order to communicate with the 8085. The READY signal (when LOW) can be utilized to

provide wait-state clock periods in the 8085 machine. If READY is HIGH during a read or

write cycle, it indicates that the memory or peripheral is ready to send or receive data. If not

used, it must be tied high.
The Serial Input Data (SID) and Serial Output Data (SOD) lines are associated with the 8085

serial I/O transfer. The SOD line can be used to output the most significant bit of the

accumulator. The SID signal can be input into the most significant bit of the accumulator.

The HOLD and HLDA signals are used for the Direct Memory Access (DMA) type of data

transfer. The external devices place a HIGH oil 	 line in order to take control of the

system bus. The HOLD function is acknowledged by the 8085 by placing a HIGH output on

the HLDA pin and driving the Instate outputs high impedance.

The signals oil 	 TRAP, RST7.5, RST6.5, RST5.5, INTR, and INTA are related to the 8085

interrupt signals. TRAP is a nonmaskabic interrupt; that is, it cannot be enabled or disabled
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XI

Crystal

X,

JL2OpF	 I
Capacitor required for
crystals with frequeIlcy tossIn 4 MHz

FIGURE 2.10 Crystal connection to XI and X2 pins,

by an instruction. The TRAP has the highest priority. 16T7.5, RST6 .5,and RST5.5 are
maskable interrupts used by the devices whose vector addresses are generated automatically.
INTA is an interrupt acknowledge signal which is pulsed LOW by the 8085 in response to the
interrupt INTR request. In order to service INTR, one of the eight OP codes (RSTO to RST7)
has to be provided on the 8085 ADO-AD7 bus by external logic. The 8085 then executes this
instruction and vectors to the appropriate address to service the interrupt.

All unused control pins such as interrupts and HOLD must be disabled by grounding them.
(READY must be tied high).

The 8085 has the clock generation circuit on the chip and, therefore, no external oscillators
need to be designed. The 8085A can operate with a maximum clock frequency of 3.03 MHz
and the 8085A-2 can be driven with a maximum of 5 MHz clock. The 8085 clock frequency
can be generated by a crystal, an LC tuned circuit, or an external clock circuit. The frequency
at X1X2 is divided by 2 internally. This means that in order to obtain 3.03 MHz, a clock source
of 6.06 MHz must be connected to XIX2. For crystals of less than 4 MHz, a capacitor of 20 pF
should be connected between X2 and a ground to ensure the starting up of the crystal at the
right frequency (Figure 2.10).

There is a TTL signal which is output on pin 37, called the CLK (OUT) signal. This signal
can be used by other external microprocessors or support chips.

The RESET IN signal, when pulsed LOW then high, causes the 8085 to execute the first
instruction at the 0000 16 locaCion. In addition, the 8085 resets instruction register, interrupt
mask (RST5.5, RST6.5, and RST7.5) bits, and other registers. The RESET IN must be held
LOW for at least three clock periods. A typical 8085 reset circuit is shown in Figure 2.11. In
this circuit, when the switch is activated, RESET IN is driven to LOW with a large time
constant providing adequate time to reset the system.

The 8085 requires a minimum operating voltage of 4.75 V. Upon applying power, the 8085A
attains this voltage after 500 jis. The reset circuit of Figure 2.11 resets the 8085 upon activation

10k

RESET To RESET IN (pin 36) o(thc 8085
Switch

FIGURE 2.11 8085 rcsct circuit.
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FIGURE 2.12 8085 machine cycles.

of the switch. The voltage across the 0.1 -j.IP capacitor is zero on power-up. The capacitor then

charges Vcc alter a definite time dctcriniicd by the time constant RC. The chosen values of RC

in the figure will drive the RESET IN pin to low for at least three clock periods. In this case,

after activating the switch, RESET IN will be low (assuming capacitance charge time is equal

to the discharge time) for l0K0.1 i,LF = I ms, which is greater than three clock periods (3* 1/

3 ts = I p5) of the 3-MHz 8085A, During normal operation of the 8085, activation of the

switch will short the capacitor to growwl and will discharge it. When the switch is opened, the

capacitor charges and the RESET IN pin becomes HIGH. Upon hardware reset, the 8085

clears PC, IR, HALT flip-flop, and son' other registers; the 8085 registers P5W, A, 13, C, D,

E, 1-I, and L are una'Tccted. Upon activation of the RESET IN to low, the 8085 outputs HIGH

at de RESET OUT pin which can be used to reset the memory and I/O chips connected to the

8085. Note that since hardware reset initializes PC to 0, the 8085 fetches the first instruction

for address 0000 after reset.

2.8 8085 Instruction Timing and Execution

An 3085's instruction execution consists of a number of machine cycles (MCs). These cycles

vary from one to live (Ml to 1\15) depending on the instruction. Each machine cycle contains

a number of 320-ns clock periods. The first machine cycle will be executed in either four or

six clock periods, and the machine cycles that follow will have three clock periods. This is

shown in Figure 2.12.

The shaded MCs indicate that these machine cycles are required by certain instructions:

Similarly, the shaded clock periods (15 and T6) mean that they are needed in Ml by some

instructions.
The clock periods within a machine cycle can be illustrated as shown in Figure 2.13, Note

that the beginning of  new machine cycle is indicated oil 8085 by outputting the Address

Latch Enable (ALE) signal HIGH. Durim; this i imc, lines .D0 to AD7 are used for placing the

low byte of the address.

When the ALE signal goes LOW, the low byte of the address is latched so that the ADO to

AD7 lines can be used for transferring da;a.

We now discuss the timing diagratu tr instruction fetch, READ, and WRITE.

M	 N12	 \ 13

Ti2T3TTiT2T3_Ti

FIGURE 2.13 Clock period within a machine cycle.
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2.8.1 Basic System Timing

Figure 2.14 shows the 8085 basic system timing. An instruction execution includes two
operations: 01' code fetch and execution.

The OP code fetch cycle requires either four (for one-byte instructions such as MOV A,B)
or six cycles (for 3 byte instructions such as LDA 2030H). The machine cycles that follow will
need three clock periods.

The purpose ofall instruction fetch is to read the contents of  memory location containing
all 	 ion addressed by the program counter and to place it in the instruction register. The
8085 instruction fetch timing diagram shown in Figure 2.14 call 	 explained in the following
way:

1. The 8085 puts a LOW on the 10/M line of the system bus, indicating a memory
operation.

2. The 8085 sets SO = I and Si = I oil 	 system bus, indicating the memory fetch
operation.

3. The 8085 places the program counter high byte oil 	 A8 to A15 lines and the program
counter low byte oil 	 ADO to AD7 lines of the system bus. The 8085 also sets the ALE
signal to HIGH. As soon as the ALE signal goes to LOW, the program counter low byte
oil ADO to AD7 is latched automatically by some 8085 support chips such as 8155
(if 8085 support chips are not used, these lines must be latched using external latches),
since these lines will be used as data lines for reading the OP code.

4. At the beginning of T2 in Ml, the 8085 puts the RD line to LOW indicating a REAL)
operation. After sonic time, the 8085 loads the OP code (the contents of the memory
location addressed by the program counter) into the instruction register.

5. During the T4 clock period in Nil, the 8085 decodes the instruction.

The Machine Cycle M2 of Figure 2.14 shows a memory (or i/O) READ operation as seen
by the external logic, and the status of the SO and Si signals indicates whether the operation
is instruction fetch or memory READ; for example, S 1= 1, SO = I during instruction fetch and
Si = 1, S0= 0 during memory READ provided 10/M = 0.

The purpose of the memory READ is to read the contents of a memory location addressed
by a register pair, such as the H,L pair, or a memory location specified with the instruction and
the data placed in a microprocessor register such as the accumulator. In contrast, the purpose
of the men-tory fetch is to read the contents of  memory location addressed by PC into IR. The
machine cycle M3 of Figure 2. 1 ,'1 indicates a memory (or I/O)_write operation. In this case, Si

0 and SO=1 indicate a memory write operation when 10/ M = 0 and an 1/0 write operation
when IO/M = 1,

2.8.2 8085 Memory READ (IO/M = 0, RD = 0) and I/O READ (10/M 1, RD = 0)

Figure 2.15a shows an 8085i\ clock timing diagram. The machine cycle of M2 of Figure 2.14
shows a memory READ timing diagram.

The purpose of the memory READ is to read the contents of a memory location addressed
by a register pair, such as HL. Let us explain the 8085 memory READ timing diagram of Figure
2.15b along with the READ timing signals of Figure 2.14:

I. The 8085 uses machine cycle Ml to fetch and decode the instruction. It then performs
the memory READ operation in M2.

2. The 8085 continues to maintain 10/ M at LOW in M2 indicating a n-ten-tory READ
operation (or IO/M = 1 for J/O READ).

3. The 8085 puts Si = 1, SO = 0, indicating a READ operation.
4. The 8085 places the contents of the high byte of the memory address register, such as

the contents of the I-I register, on lines A8 to A15.
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S. The 8085 places the contents of the low byte of the memory address register, such as the
contents of the L register, in lines ADO to AD7.

6. The 8085 sets ALE to high, indicating the beginning of1\42. As soon as ALE goes to low,
the memory or support chip must latch the low byte of the address lines, since the same
lines are going to be used as data lines.

7. The 8085 puts the RD signal to LOW, indicating a READ operation.
8. The 8085 gets the data from the memory location addressed by the memory address

register, such as the H,L pair, and places the data into a register such as the accumulator.
In case of I/O, the 8085 inputs data from the I/O port into the accumulator.

2.8.3 8085 Memory WRITE (IO/M = 0, WIt = 0) amitl I/O WRITE (IO/M = 1, WIt
0)

The machine cycic M3 of Figure 2.14 shows a memory WRITE timing diagram. As seen by the
external logic, the signals S  = 0, SO = I, and WI( = 0 indicate a memory WRITE operation.

The purpose of  memory WRITE is to store the contents of the 8085 register, such as the
accumulator, into a memory location addressed by a pair, such as J-i,L.

The WRITE timing diagram of Figure 2.14 can be explained as follows:

I. The 8085 uses machine cycle MI to fetch and decode the instruction. It then executes
the memory WRITE instruction in Ml

2. The 8085 continues to maintain 10/ M at 1.0W, indicating ;I 	 operation (or
IO/M = I for I/O WRITE).

3. The 8085 puts S  = 0, SO = I, indicating a WRITE operation.
4. The 8085 places the Memory Address Register high byte, such as the contents of the H

register, oil 	 A8 to A 15
5. The 8085 places the Memory Address Register low byte, such as the contents of L

register, oil 	 A1)0 to AD7.
6. The 8085 sets ALE to HIGH, indicating the beginning of M3. As S000 as ALE goes to

LOW, the memory or support chip must latch the low byte of the address lines, since
the same lines are gjpg to be used as data lines.

7. The 8085 puts the WR signal to LOW, indicating a WRITE operation.
8. It also places the contents of the register, say, accumulator, oil 	 lines ADO to AD7.
9. The external logic gets data from the lines ADO to AD7 and stores the data ill

memory location addressed by the Memory Address Register, such as the I-I,L Pair. In
case of I/O, the 8085 outputs [A] to an I/O port.

Figures 2.15a through c show the 8085A clock and read and write timing diagrams.

2.9 8085 Input/Output (I/O)

The 8085 I/O transfer techniques are discussed. The 8355/8755 and 8155/8156 1/0 ports and
8085 SID and SOD lines are also included.

2.9.1 8085 Programmed I/O

There are two 1/0 instructions in the 8085, namely, IN and OUT. These instructions are 2 bytes
long. The first byte defines the OP code of the instruction and the second byte specifies the 1/
0 port number. Execution of the IN PORT instruction causes the 8085 to receive one byte of
data into the accumulator from a specified I/O port. On the other hand, the OUT PORT
instruction, when executed, causes the 8085 to send one byte of data from the accumulator
into a specified 1/0 port.
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The 8085 can .acccss I/O ports using either standard I/O or n)cnlory-mapped i/O.

In standard I/O, the 8085 inputs or outputs data using IN or OUT instructions.

In mcmoiy-mapped 1/0, the 8085 maps I/O ports as memory addresses. 1Jcncc LDA addr or

STA addr instructions are used to input or output data to or from the 8085. The 8085's pro-

grammed I/O capabilities are obtained via the support chips, namely, 835518755 and 8155/8156.
The 8355/8755 contains a 2K-byte ROM/EPROM and two 8-bit 1/0 ports (ports A and B).

The 9155/8156 contains 256-byte RAM, two 8-bit and one 6-bit 1/0 ports, and a 11-bit

programmable timer, The only diUcrence between the 8155 and 8156 is that chip enable is

LOW on the 8155 and H IGII on the 8156,
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2.9.1.a 8355/8755 I/O Ports

Two 8-bit ports are included ill 	 8355/8755. These are ports A and B. Another 8-bit port,

called the data direction register, is associated with each one of these ports. These registers

(DDRA and DDRI3) can be used to configure each bit ill 	 A or B as either input or output.

For example, a "0" written into a bit position of the data direction register sets up the

corresponding hit 
ill

	 I/O port as input. Oil 	 other hand, a "1" written in a particularbit

position ill 	 data direction register sets UI) the corresponding bit 
ill

	 I/O port as output.

For example, consider the following instruction sequence:

MVI A, 05H

OUT DDRA

The above instruction sequence assuiiies l)l)RA as the data direction register for port A. The

bits of port A are configured as follows:

7	 (	 5	 4	 3	 2	 1	 0
DDRA	 1 000 1 01 0 1 1	 oji

7	 6	 5	 4	 3	 2	 1	 0
Port A	 I IN I IN I IN I IN I IN I OUT i IN I OUT

t	 ft	 ft	 t	 .
The 8355/8755 uses the IO/M pin Oil the chip ill order to c:nguish between standard and

memory-mapped i/O. This pill controlled by the 8085 as shown in Figure 2.16.

The 8085 outputs a HIGH oil 	 IO/M pill 	 it executes either all 	 or OUT

instruction. This means that 10/ NI 
ill 	 8355/8755 becomes I UGH during execution of IN

or OUT. This, in turn, tells the 8355/8755 to decode the AD 1 and ADO lines 
ill 	 to obtain

the 8-bit address of various Ports ill 	 chip as follows:

ADI	 ADO

o	 0	 Port A
o	 I	 Pon 11

1	 0	 Data Direction Register A

I	 I	 Data Direction  Itcgistcr It

The other 6 bits of each 8-hit port address arc don't care conditions. This means that these

bits 
call

	 either one or zero. The 8085/8355/8755 standard 1/0 is illustrated ill 	 2.17.

Since the 8355/8755 is provided with 2K bytes of memory, II address lines i\0 to AlO are

required for memory addressing. Since the $085 has 16 address pins A0 to A15, Al 1 to i15 will

not be used for memory addressing. Note that the 8355/8755 includes two chip enables CE

and CE, Ill 2.17 these two chip enables arc connected to Vcc and All, respectively. It

should be pointed out that the 8085 duplicates ow and high bytes of the 16-bit address lines

with the port address when it executes all 	 or OUT instruction. This means that if the 8085

executes IN 01 instruction, it puts 0101 16 Oil 	 16 address lines. Note that ill 	 2.17, All

= 0 for both memory and port addressing. This is because A1i= 0 enables this chip. When the

8085 executes 
all

	 addr or STA addr instruction, 10/ M becomes LOW. This tells the

8355/8755 to interpret AG to A 1 as memory addresses. Oil other hand, when the 8085

executes an IN PORT or OUT PORT instruction, the 8085 drives 10/ M to HIGH. This tells

the 8355/8755 to decode AD! and ADO for I/O port addresses. The port addresses are as

follows:
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FIGURE 2.16 Interfacing the 8085 with 8355/8755 via the 101 M pin.
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FIGURE 2.17 8355/8755 standard I/O.

MS	 i\14	 \I3	 Al2

Al)7	 AD6	 Al))	 Al)4

Port A= X	 X	 X	 X

Port Il=	 X	 X	 X	 X

DDRA= X	 X	 X	 X

DDRI3 =	 X	 X	 X	 N

X Don't Care

All	 MO	 A9	 AS

Al))	 ,\D2	 At)]	 ADO

N	 0	 X	 0

o	 X	 0	 1

0	 X	 1	 0

o	 N	 I	 I

Address

= Doll,

= O1I

= 02
= 03—

X is don't care. Assume X is zero in the above.

Let us now discuss 8355/8755 memory-mapped I/O. Figure 2.18 provides such an example.

In Figure 2. 18, All must be zero for selecting the 835518755 and A 15 is connected to 10 / M

of the 8355/8755. When A15 = 1, l0/N4 becomes HIGH. This tells the 8355/8755 chip to

decode AD] and ADO for obtaining I/O port addresses. For example, if we assume all don't

cares in the I/O port addrcss are I then the 1/0 port addresses will be mapped into memory

locations as lotlows:

I'nrt Imme	 I (,-bit fleillo rv address

I/O P° t A	 I:7FC.

I/O port II	 1:71:1),,

1)11101	 1711,,

Note that in Figure 2.13 mcliiorv addresses are mapped as 7000 6 through 77FF 6 assuming

all don't cares to be ones.

Note that the above port addresses may tot physicall y exist in memory. However, input or

output operations with these ports can he accomplished by generating the necessary signals by

executing 1.D\ or ST\ instructions with the above addresses. For example, outputting to

DDRA or DDRR can be accomplished via storing to locations 1-71 : E 6 or P71: 1'- 1 ,, respectively.

The instructions STA	 or S'I','\ F7FF1-1 will generate all of the required signals for OUT
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FIGURE 2.18 8355/8755 memory-mapped I/O.

DDRA or OUT DDRB, respectively. For example, upon execution of the STA F7FEH, the 8085

sends a LOW to the WR pin and places F7PE11 oil 	 address bus, This will make A15 = 1,

Al I = 0, AD! 1, ADO = 0, and thus will make the 10/ M = I, CE = 0, IOW 0 oil 	 8355/
8755 in figure 2.18.

	

When ALE goes to LOW, the 8085 places the contents of the accumulator oil 	 AD7 to

ADO pins. 'l'he 8355/8755 then takes this data and writes into l)DRA. Therefore, STA F7FEH

is equivalent to OUT DORA instruction.

2.9.1.b 8155/8156 I/O Ports

The 8155 or 8156 includes 256 bytes of static RAM and three parallel I/O ports. These ports

are port A (8-bit), port . 11 (8-bit-), and port C (6-bit). By parallel it is meant that all bits of the

port are configured as either all input or all output. Bit-by-bit configuration like the 8355/8755

is not permitted. The only difference between the 8155 and 8156 is that the 8155 has LOW chip

enable (CE), while the 8156 includes a 1-HG!-! chip enable (CE). The 8155/8156 ports are

configured by another port called the command status register (CSR). When data are output to

the CSR via the accumulator, each bit is interpreted as a command bit to set up ports and control

tinier as shown in Figure 2.19. Port C call 	 used as a 6-bit parallel port or as a control port to

support data transfer between the 8085 and an external device via ports A and B using handshak-

ing. Note that handshaking means data transfer via exchange of control signals. Two bits (bits

2 and 3) are required in CSR to conligure port C. Note that port A interrupt and port B interrupt

are associated with handshaking and are different from the 8085 interrupts. For example, port

A interrupt is RICH when data are ready to be transferred using handshaking signals such as port

A buffer full and port. A strobe. '['lie port A interrupt (I)CO in ALT3) call 
connected to an 8085

interrupt pin and data can be transferred to or from the 8085 via port A by executing appro-

priate instructions ill the interrupt service routine.

When the 8085 reads the CSR, it accesses the status register and information such as status

of handshaking signals and timer interrupt is obtained.

Three bits arc used to decode the 8155 six ports (CSR, port A, port B, port C, timer high

port, timer low port) as follows:

AD2	 AI)1	 ADO	 Port selected

CSR
Port A
Port Ii
Port C
Tjmcr-Io' port
Timer-highll1 port
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7	 6	 5	 4	 3	 2	 1	 0

CSR as
conhrm Port A
resister definition 

1 o 
= Input

Port B	 1 = Output
definition

Enable

T
Port A

Port II	 Intvrrupt 	 Port C

	

Interrupt	 deitiori

1 = Enable

	

0 Disable	 00 ALT1 defines Port C
as an input port

Timer Control 	 11 m ALT2 defines Port C
00 = No effect on Timer	 as an output port

01 = STOP tinier if rulininl; 	 01	 ALT3 defines

10 = SF01' limer inniedialely if terminal 	 I'CO as Port A Interrupt

count is reached	 IICI as Port A lluuIer

11 = Start tinier immediately 	 Full
PC2 as Port A Strobe

F'C3 'CS as output bits.
10 = ALT4 defines

'CO as Port A Interrupt
PC  as Port A Buffer
Full
t'C2 as ['art A Strobe
I'C3 as Port 13 Interrupt
I'C4 as 'out 1313 Buffer Full
'CS as Port B Strobe

FIGURE 2.19 CSR forrn.iL as conhIltIrriLl re13istcr.

A typical interface between the 8085 and 8155 is shown in Figure 2.20. Consider Figure

2.20a. Since the 8085 duplicates low byte address bus with the high byte address (i.e., AD7 to

ADO same as A15 to AS for 8085 standard I/O), the address pins AD2 to ADO will be the same

as A10 to A8. This means that the pins AlO to A8 must not be used as chip enables since they

will be used for decoding of port addresses. Therefore, AM is used as chip enable in the figure.

The unused address lines All to A13 and A15 are don't cares and arc assumed to be zero in

the following. Therefore, the port addresses are

A15	 All	 A13	 Al2	 Ati	 iI0	 A9	 AS
AD7	 iWO ADS At)1	 AD)	 AD2	 At) I	 ADO	 Addrcss

0	 1)	 0	 ii	 0	 0	 (I	 I)	 = 0011

o	 0	 0	 0	 0	 0

0	 0	 0	 0	 0	 U

Ci	 0	 C)	 0	 0	 0

= CSR
0	 1	 —0111

= Port A
1	 0	 =021!

= tort tt
11	 0311

= Port C

For memory-mapped I/O, consider Figure 2.20b. In this case, the 8035 low byte and high

byte address bus are not duplicated. 'the ports will have 16-bit addresses as follows. Assume

the unused address pins AS to AD3 to be zeros.
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lO/M

A14

RD

WR

AD2

AD1

ADOC

ALE

AD3 .AD7 C

8085

(a) 5085- 8155 Interlace using standard VO

A15

A14

RD

WR

AD2

AD] (

ADO -*

ALE

AD3-AD7

0085

(b) 5085-8155 Interlace using memov-mapped I/O

lO/M

CE

RD

WR

AD2

AD 1

ADO

ALE

AD3-AD7

8155

IO/M

CE

RD

WR

AD2

AD 1

ADO

ALE

AD3 .AD7

0155

FIGURE 2,20 8085-8155 interface for I/O ports.

Port
A15 A14 A13 r\12 All AlO A9 AS iD7 AD6 ADS ,1)4 i\l)3 AD2 ADI ADO address

1	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 =8000
CSI(

1	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 1	 =8001
(Port A)

1	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 I	 0	 =8002
(Port II)

1	 0	 0	 0	 0	 0	 0	 U	 0	 0	 0	 0	 0	 0	 I	 I	 =8003
(Port C)

Like the 8355/8755 memory-mapped I/O, the above port addresses may not physically exist.

However, read or write operations with them will generate the necessary signals for input or

output transfer with the ports. Assuming all don't cares to be zeros, the memory map of either

configuration of Figure 2.20a or b includes addresses 0000H through OOFFI-l.

Example 2.6	 -

An 3085-8355-based microcomputer is required to drive an LED connected to bit 0 of port A

based on the input conditions set by a switch on bit 1 of port A. The input/output conditions

are as follows: if the input to bit I of port A is HiGH then the LED will be turned 0, otherwise
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the LED will be turned OFF. ASSUme that a HIGH will turn the LED ON and a LOW will turn

it OFF. Write an 8085 assembly language program starling at 5000H,

Solution
ORG 5000H

PORT A EQU OOH
DDRA	 EQU 02H

MVI A, O1H
OUT DDRA

START IN PORT A
RAR
OUT PORT A
JMt' START

Configure Port A

Input Port A
Rotate switch to LED position
Output to LED
Endless loop

Example 2.7
An 8085-8155-based microcomputer is required to drive an LED connected to bit 0 of port A

based on two switch inputs connected to bits 6 and 7 of port A. If both switches are either

HIGH or LOW, turn the LED on; otherwise turn it OFF. Assume that a HIGH Will turn the

LED ON and a LOW will turn it OFF. Use port addresses of CSR and port A as 20 16 and

respectively.
Write an 8085 assembly language program to accomplish this starting at address 3000H.

Solution
ORG 3000H

CSR	 EQU 20H
PORT A EQU 21H
START MVI A, OOH

OUT CSR
IN PORT A
ANI OCOH

MVI A, 0J.H
OUT CSR
JPE LEDON
MVI A, OOH

LEDON OUT PORT A
.:rNP START

Example 2.8

Configure Port A
as input
Input Port A
Retain bits 6 and 7
turn LED ON
Otherwise, configure
Port A as output

and turn LED OFF.

Jump to START

Write an 8085 assembly language program starting at address 5000H to turn on an LED

connected to bit 4 of the $1	 [/0 port ft Use address of port 11 as 22,,.

Solution
ORG 5000H

Port B EQU 22H
MVI A,02H	 Configure

OUT CSR	 Port B as output

MVI A,10H	 Output HIGH
OUT'PORT B ; to LED
HLT
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Example 2.9

An 8085-8355-based microcomputer is required to drive a common anode seven-segment
display connected to port A as follows:

-5 V

Write an 8085 assembly language program starting at address at 5000H to display a single
hcxidccimal digit (0 to F) from location 4000. Use it table. Note that the 7406 shown
in the figure contains six inverting buffers on one 7406. Therefore, two 7 ,106 or one 7406 and
one transistor are required for the seven segments. Use port addresses of DDRA and port A
as 42H and 401-I, respectively.

So/u lion

The decode table can be obtained as follows:

Hits
Ikx digit	 7
	

6
	

5	 4	 3
	

0
	

)cudc byte

g
	

I	 c	 d
	

C
	

I,	 a
0
	

0
	

0
	

I	 I	 I	 3t
0
	

0
	

o	 0	 0
	

0
	

06
0
	

o	 i	 0
	

513

	

3
	

0
	

o	 0	 1

	

4
	

0
	

0	 0
	

0
	

66

	

5
	

0
	

I	 0	 I
	

0
	

6D

	

6
	

0
	

I	 I
	

0
	

7D

	

7
	

()
	

t)
	

(I	 t)	 0	 07

	

S
	

0
	

I	 I	 I	 71:

	

9
	

0
	

I	 0	 1)	 67

	

1\
	

0
	

I	 I	 0	 77

	

Ii
	

0	 0
	

0
	

7C

	

C
	

0
	

0
	

I	 1
	

0
	

0
	

39

	

D
	

0	 o	 I	 0
	

SE

	

E
	

0	 I)	 0	 79
0	 I	 1)

	
0
	

(I	 7'

ORG	 5000H
DDRA	 EQU	 42H
Port A EQU	 40H
MVI	 A,7FH
OUT	 DDRA	 ; Port A
LXI	 H,4015H	 Load HL with

Starting address of table
LXI	 D,0000H ; Load 0000H to DE
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LDA

TABLE

DIGIT

NOV
DAD
MOV
OUT
HLT
ORG
DB
DB
DB
DB
ORG
DB
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DIGIT
	

Load digit to be
; Displayed into A

E,A	 ; Move digit to E
D	 ; Determine digit address
A, N	 ; Load decode byte to A
Port A
	

Outport decode byte
to display

40i.SH
3FH, 06H, 5BH, 4FH
66H, 6DH, 7DH, 07H
7FH, 67H, 77H, 7CH
39H, 5EH, 79H, 71H
4000H
DATA

2.9.2 8085 Interrupt System

The 8085 chip has five 
interrupt pins, namely., TRAP, RST7.5, RST6.5, RST5,5, and INTR. If

the signals on these interrupt pins go to I-IIGJ-1 simultaneousl y, then TRAP will be serviced first
(i.e., highest priorit y) followed by RST7.5, RST6.5, RST5.5, and INTR. Note that once an

interrupt is serviced, all the interrupts except TRAP are disabled. They can also be enabled or

disabled simultaneously by executing the El or Dl instruction respectively. The 8085 interrupts
are

1. TRAP - TRAP is a nonmaskable interrupt. That is, it cannot be enabled or disabled by

an instruction. In order for the 8085 to service this interrupt, the signal on the TRAP

pin must have a sustained l-llGl-1 level with a low to high transition. If this condition

occurs, then the 8085 completes execution of the current instruction, pushes the pro-

gram counter onto the stack, and branches to location 0024, (interrupt address vector

for the TRAP). Note that the TRAP interrupt is cleared by the falling edge of the signal

on the pin.

2. RST7.5 - RST7.5 is a maskable interrupt. This means that it can be enabled or disabled

using the SIM or El/DI instruction. The 8085 responds to the RST7.5 interrupt when

the signal on the RST7.5 pin has a low to high transition. In order to service RST7.5, the

8085 completes execution of the current instruction, pushes the program counter onto

the stack, and branches to 003C. The 8085 remembers the RST7.5 interrupt by setting

an internal D flip-flop by the leading edge.

3. RST6.5 - RST6.5 is a maskable interrupt. It can be enabled or disabled using the SIM
or El/DI instruction. RST6.5 is I-IIGI-I level sensitive. In order to service this interrupt,

the 8085 completes execution of the current instruction, saves the program counter

onto the stack, and branches to location 003416.

4. RST5.5 - RST5.5 is a maskable interrupt. It can be enabled or disabled by the SIM or

El/DI instruction. RST5.5 is l-IIGII level sensitive. In order to service this interrupt, the

8085 completes execution of the current instruction, saves the program counter onto

the stack, and branches to 002C.

5. INTR INTR is a maskable interrupt. It can be enabled or disabled by El or DI

instruction. This is also called the handshake interrupt. INTR is 1-IlGil level sensitive.

When no other interrupts are active and the signal on the INTR pin is 1-lIGl-J, the 8085

completes execution of the current instruction, and generates an interrupt acknowl-

edge, INTA, LOW pulse on the control bus. The 8085 then expects either a 1-byte CALL
(RSTO through RST7) or a 3-byte CALL on the data lines. This instruction must be
provided by external hardware, In other words, the INTA can be used to enable a tristate
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buffer. The output of this buffer can be connected to the 8085 data lines. The buffer can
be designed to provide the appropriate op code on the data lines. Note that the
occurrence of INTA turns off the 8085 interrupt system in order to avoid multiple
interrupts from a single device. Also note that there arc eight RST instructions (RSTO
through RST7). Each of these RST instructions has a vector iddrcss. These were shown
in Table 2.9.

In response to a HIGH oil INTR, the 8085 proceeds with the sequence of events
described below. If INTR is the only interrupt and if the 8085 system interrupt is enabled by
executing the El instruction, the 8085 will turn off the system interrupt and then make the
INTA LOW for about two cycles. This INTA signal can be used to enable an external
hardware to provide an 01) code oil data bus. The 8085 can then read this op code.
Typically, the 1-byte RST or 3-byte CALL instruction can be used as the op code. If the 3-byte
CALL is used, then the 8085 will generate two additional INTA cycles in order to fetch ill 
bytes of the instruction. However, oil 	 other hand, ifRST is used, then no additional INTA

is required. The call op code is normally placed oil data bus by the 8259 programmable
interrupt controller. At this point, only the op code for the CALL (CD 16) is fetched by the
8085. The 8085 executes this instruction and determines that it needs two morjxLcs (the
address portion of the 3-byte instruction), The 8085 then generates a second INTA cycle
followed by a third INTA cycle in order to fetch the address portion of the CALL instruction
from the 8259. The 8085 executes the CALL instruction and branches to the interrupt service
routine located at all specified in the CALL instruction. Note that the recognition of
any maskable interrupt (RST7.5, RST6.5, RST5.5, and INTR) disables all tuaskable interrupts
to avoid multiple interrupts from the same device.

Therefore, in order that the 8085 can accept another intcrrupl, ;' last two instructions of
the interrupt service routine will he El followed by RET.

One can produce a single RST instruction, say RST7 (op code FFH in HEX), using 74LS244.
The inputs JO to 17 of the 74LS244 (Figure 2.21) arc connected to HIGH and its enable line
(OE) is tied to an INTA. In response to INTA LOW, the 74LS244 places FF in hex (RST7)
on the data bus. Figure 2.21 shows a typical circuit. Figure 2.22 provides a schematic for eight
priority interrupts.

+5v

11N it',

FIGURE 2.21 Using an octal buffer to provide RST7 instruction.
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+5V

1K

_____	 I 74LS148	 -
7

74LS244	

6

5

Data	

I	 encoder	 R7

4

bus '3 	 F3
(to 8085) <=

Q0

12

II

OE	 '°H-	 I

INTA

FIGURE 2.22 Forming eight RST instructions with a prior ' ty encoder.

Let us elaborate on Figure 2.23. Execution of the El instruction sets the RS flip-flop of Figure

2.23 and makes one of the inputs to tile AND gates #1 through #4 HIGH. Hence, in order for

all the interrupts (except TRAP) to work, the interrupt system must be enabled. Execution of

Disable Interrupts (DI) clears the RS flip-flop and disables all interrupts except TRAP. The

SIM instruction outputs the contents of the accumulator which call interpreted as shown

in Figure 2.24.

The interrupt mask function is only executed if the mask set enable bit is I. Suppose that

if 0616 is stored in the accumulator and the SIM instruction is executed. A 1 will be sent to the

interrupt mask for RST7.5 and RST6.5, and 0 will be sent to RST5.5. That is, in Figure 2.23,

a 1 will be sent to the inputs of the AND gates #1 and #2, and a 0 will be sent to the AND gate

#3, then inverted at the AND gate inputs (shown by circles), giving two LOW outputs disabling

RST7.5, RST6.5, and a 1-1101-I input to AND gate #3. Therefore, iii order to enable RST7.5,

RST6.5, or RST5.5, the interrupt system must be enabled by executing El, the appropriate

interrupt mask bit must be LOW by executing SIM, and the appropriate interrupt signal

(leading edge or high level) at the respective pins must be available. For example, consider the

RST7.5 interrupt. When the El and SIM instructions are executed, the interrupt system call

enabled and also the interrupt mask bit for RST7.5 can be set to LOW, making the two inputs

to AND gate #1 J-IlGl-I. The third input to this AND gate call set to a 1-11011 by a leading

edge at the RST7.5 pin. This sets the I) flip-flop, thus making the output of the AND gate #1

1-1101-1, enabling RST7.5. The 8085 branches to location 003C16 where a 3-byte IMP instruc-

tion takes the program to the service routine. The RSl'5.5 and RST6.5 call 	 be

explained from Figure 2.23.

The RIM instruction call 	 used to check whether one or more of the RST7.5, RST6.5, and

RST5.5 interrupts are waiting to be serviced. The RIM instruction also provides the status of

the mask bits for RST7.5, RST6.5, and RST5.5 and the status of the SID pill 	 or LOW).

After execution of the RIM instruction, the 8085 loads the accumulator with 8 bits of data

which call 	 interpreted as shown in Figure 2.25.

The bits are interpreted as follows:

Mask bits - Bits 0, 1, and 2 are the status of the mask bits for RST5.5, RST6.5, and RST7.5.

Interrupt Enable bit - This bit indicates whether one maskable interrupt capability is

enabled (if this hit = I) or disabled (if this bit = 0).
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VectorPriority	 Input	 Pin	 Mask	 locations

	

2 5-L 7.5	 CLK CLR Q	 003 C1

Reset RST
RST 7.SPinterrupt
recognized

	

RST	 16
r 1	 02	 0034

3
-i

FIGURE 2.23 8085 interrupt structure,

7	 6	 5	 4	 3	 2	 1	 0

Interrupt mask for RST5.5
Interrupt mask for RST6.5
IrerrLIpt mask for 1<517.5
Mask set enable
Reset RST7.5
Undefined

Serial output enable

Serial output data

FIGURE 2.24 Interpretation of data OUt I)tl t by the SIM instruction.

Interrupt Pcndiiig bits - A one in a particular bit position indicates that the particular RST

is waiting to be serviced, while a 0 indicates that no interrupt is pending.
Serial Input data	 These data indicate the status of the SID pin.

The RIM instruction can be used to read the interrupt pending bits in the accumulator.

Uhcsc bits can then be checked by software to determine whether any higher priority interrupts
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7	 6	 5 	 3	 2	 1	 0

I	 1	 1	 I	 I	 I	 I	 Accumulator

Serial _________	 ______ Interrupt mask

	

Interrupt Pending j	 I	 I	 Iinput data (or RST 53

Interrupt maskEnable FlagFlag for RST7.5
Interrupt Pending 	 I	

for RST 6.5
Flag for RST63	 Interrupt mask

for RST 7.5
Interrupt Pending
Flag for RST5.5

FIGURE 2.25 Exccutioui of ItIM instruction.

are pending. For example, suppose that RST6.5 and RST5.5 interrupts are used in a system. if
RST5.5 interrupt first occurs, assuming no other higher level interrupts, the 8085 will execute
the RST5.5 service routine. Note that while in this service routine, the RST6.5 interrupt (higher
priority than RST5.5 interrupt) may occur. Since the 8085's maskable interrupt capability is
disabled, the user can check whether the RST6.5 is pending while executing the RST5.5 service
routine in one of two ways:

• By executing El at the beginning of the RST5.5 service routine provided that the level
at RST5.5 pin is LOW (RST5,5 disabled). This will service the RST6.5 immediately if
pending and will then complete RST5,5 service routine (nested interrupts).

• Byexccuting RIM and using rotate instruction to check whether RST6.5 is pending. The
RIM instruction can be executed at several places in the RST5.5 service routine. If the
RST6.5 is found to be pending, the interrupt can be enabled by executing El in the
RST5.5 service routine.

2.9.3 8085 DMA
The Intel 8257 DMA controller chip is a 40-pin DIP and is programmable. It is compatible

with the 8085 microprocessor. The 8257 is a four-channel DMA controller with priority logic
built into the chip. This means that the 8257 provides for DMA transfers for a maximum of
up to four devices via the DMA request lines DRQO to DRQ3 (DRQO has the highjjority
and DRQ3 the lowest). Associated with each DRQ is a DMA acknowledge (DACKO to
DACK3 for four DMA requests DRQO to DRQ3). Note that the DACK signals are active
LOW. The 8257 uses the 8085 HOLD pill order to take over the system bus. After initializing
the 8257 by the 8085, the 8257 performs the DMA operation in order to transfer a block of data
of up to 16,384 bytes between the memory and a peripheral without involving the micropro-
cessor. A typical 8085-8257 interface is shown in Figure 2.26. An I/O device, when enabled by
the 8085, call a DMA transfer by raising the DMA request (DRQ) line of one of the
channels of the 8257. In response, the 8257 will send a HOLD request (HRQ) to the 8085. The
8257 waits for the HOLD acknowledge (1-ILDA) from the 8085. Oil 	 of HLDA from the
8085, the 8257 generates a LOW oil DACK lines for the I/O device. Note that DACK is used
as a chip select bit for the I/O device. The 8257 sends the READ or WRITE control signals, and
data are transferred between the I/O and memory. On completion of the data transfer, the
DACKO is set to HIGH, and the HRQ line is reset to LOW in order to transfer control of the
bus to the 8085. The 8257 utilizes four clock cycles in order to transfer 8 bits of data.

The 8257 has three main registers. 1'hese are a 16-bit DMA address registers a terminal count
register, and a status register. Both address and terminal count registers must be initialized
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Address Bus

Data Bu

Other Cor tr I snals suci as D

HOLD

HLDA

CONTROL B

HOLD	 HRQ
(Hold request)

t-ILDA	 HLDA

	

I	 I/O device
Memory I	 I

I I DMA Request	 DRQO
I	 and	 I I	 DMA	 H	 o:itroI

DMA

8085	 I/O	 acknowledge H DACKO

FIGURE 2.26 An 8085-8257 interface.

before a DMA operation. The DMA address register is initialized with the starting address of
the memory to be written into or read from. The low-order 14 bits of the terminal count
register are initialized with the value (n - 1), where n is the desired number of DMA cycles.
A Terminal Count (TC) pin on the 8257 is set to HIGH in order to indicate to the peripheral
device that the present DMA cycle is the last cycle. An 8-bit status register in the 8257 is used
to indicate which channels have attained a terminal count.

2.9.4 8085 SID and SOD Lines

Serial I/O is extensively used for data transfer between a peripheral device and the micropro-
cessor. Since microprocessors perform internal operations in parallel, conversion of data from
parallel to serial and vice versa is required to provide communication between the micropro-
cessor and the serial I/O. The 8085 provides serial I/O capabilities via SID (Serial Input Data)
and SOD (Serial Output Data) lines.

One can transfer data to or from the SID or SOD lines using the instruction RIM and SIM.
After executing the RIM instruction, the bits, in the accumulator are interpreted as follows;

1. Serial input bit is bit 7 of the accumulator.
2. Bits 0 to 6 are interrupt masks, the interrupt enable bit, and pending interrupts.

The SIM instruction sends the contents of the accumulator to the interrupt mask register
and serial output line. Therefore, before executing the SIM, the accumulator must be loaded
with proper data. The contents of the accumulator are interpreted as follows:

1. Bit 7 of the accumulator is the serial output bit.
2. The SOD enable bit is bit 6 of the accumulator. This bit must be 1 in order to output

bit 7 of the accumulator to the SOD line.
3. Bits 0 to 5 are interrupt masks, enables, and resets.

Example 2.10

An 8085/8155-based microcomputer is required to input a switch via the SID line and output
the switch status to an LED connected to the SOD line. Write an 8085 assembly language
program to accomplish this.
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Solution

ORG 5000K
START RIM	 ; Bit 7 of 'A' is SID

ORI 40K	 ; Set SOD Enable to one
SIN	 output to LED
P START ; REPEAT

Example 2.11

Write an 8085 assembly language program to implement the following requirements. 1) if VI

> V2, the 808518155-based microprocessor system will read the switch input from port B. If
switch is open (input high), turn the LED off. If switch is closed (input low), turn the LED on.
ii) Repeat i) by using a) TRAP, b) RST6.5 with SID/SOD, c) INTR.

Assume

CSR = 001-I
Port A= 01H
Port 13= 0211
Port C= 03H

Write all programs starting at 2000H and service routines at 300014. Intialize SP to 2000H.

; Define CSR address.
Define Port A address-
Define Port B address.

; Define Port C addresa.
; Set Port A/Port B input and Port
C output.
Write to CSR.

; Initialize bit 5 of port C. Turn
LED off.

; Get the data from Port A.
Move the bitO of A to cy.

; Go to SCAN if V3. < V2. Go to
next if V1>V2.

; Get the switch input from Port B.
; Invert the input data.
Move the data in bit 1 of Port A
to bit 5.

I) Solution

ORG 2000K
CSR	 EQU OOH
PORTA EQU 01K
PORTB EQU 02K
PORTC EQU 03K

NVI A,OCH

OUT CSR
OUT PORTC

SCAN IN PORTA
RAR
C SCAN

IN PORTE
XRI 02K
RAL

m
RAL
RAL
OUT PORTC ; Write to Port C.

JMP SCAN	 ; Loop
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0024H	 ; Trap vector address entry.
3000U	 ; Go to trap service routine.
2000R
OOH	 ; Define CSR addx.si.
02H	 ; Define Port B address.
03H	 ; Define Port C address.
SP,2000H ; Initialize SP.
A,OCH	 ; Set Port B input and Port C

output.
CSR	 ; Writs to CSR.
PORTC	 ; Initialize bit 5 of Port C. Turn

LED off.
; Wait for TRAP request.

Loop
300011	 ; TRAP service routine entry.
PORTS	 ; Get the switch input from Port

B.
0211	 ; Invert the input data.

; move the data in bit 1 of A to
bit 5.

ii) Solution

	a)	 ORG

ORG
CSR EQU
PORTS EQTJ
PORTC EQU
START LXX

wx

OUT
OUT

LOOP NOP
JMP
ORG
IN

XRI
PAL

ii) Solution

b)

PAL
PAL
RAL
OUT PORTC	 Write to Port C.
JMP START

0110 003411	 ; RST6.5 vector address entry.



V1

V2

START

LOOP

JMP
ORG
LXI
MVI
SIN

MVI
SIX
El
MOP
JMP
ORG
RIM
XRI

ORI
SIN
JNP

ii) Solution
	C)	 ORG

JMP
ORG

CSR EQU
PORTB EQU
PORTC EQU
BEGIN LXI

XVI

OUT
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300011	 ; Go to RST6.5 service routine.
200011
SP,200011 ; Initialize SP.
A,40H	 ; initialize SOD. Turn LED off.

A,ODH	 ; Set data for RST6.5.
; Enable RST6.5.
; Enable interrupt.

LOOP	 ; Wait for RST6.5 request.
300011	 ; RST6.5 service routine entry.

; Got the data from SID>
8011	 ; Invert the input data in bit

7 of A.
40H	 ; Enable SOD.

; Write to SOD.
START

003011	 ; RST6 vector address entry
300011	 ; Go to RST6 service routine
200011
0011	 ; Define CSR address.
0211	 Define Port B address.
0311	 ; Define Port C address.
SP,200011 ; Initialize SP.
A, 0E	 ; Set Port B input and Port C

output.
CSR	 ; Write to CSR.



Vi

V2

OE

07
06
05
04
03
02
01
00

Port C

5

8085/8155
INJTR

INTA

Port B P
D7
06
05
04
03
02
01
DO

FI
+5 V

3-Slate

+5 V

7
F	 16

15
14
B
12
II
I0

jST 6
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; Initialize bit 5 of port C. Turn
LED off.

; Enable interrupt.
; Wait for INTh request.

; RST6 service routine entry.
; Get the switch input from Port

B.
; Invert the input data.
; Move the data in bit 2. of A to
bt 5.

OUT PORTC

El
LOOP NOP

P LOOP
ORG 3000H

IN PORTB

XRI 02K
RAL
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RAL
RAL
RAL
OUT ?ORTC
.ThP BEGIN

103

; Write to Port C.

2.10 8085-Based System Design

In order to illustrate the concepts associated with 8085-based system design, a microcomputer
with 2K EPROM (2716). 256 byte RAM, and 3 ports (8155) is designed. A hardware schematic
is included. Also, an 8085 assembly language program is provided to multiply 4-bit unsigned
numbers entered via DIP switches connected to port A. The 8-bit product is displayed on two
seven-segment displays interfaced via port B. Repeated addition will be used for multiplica-
tion. Figure 2.27 shows a schematic of the hardware design. Full decoding using the 74LS138
decoder is utilized. Texas Instruments TIL 311's displays with on-chip decoder arc used. The
memory and I/O maps are given in the following:

1. Memory map

2716
A15 A14 A13 Al2 All AlO A9 A8 AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO

0	 0	 0	 0	 0	 { ----------------- all zeros to ones

Result 00001-1-07PPH

8155

A15 A14 A13 Al2 All AlO A9 A8 AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
0	 0	 0	 0	 1	 0	 0	 0	 { ----------- all zeros to ones --------

Result 0800H-08FFH

2. 1/0 map using standard I/O

Ports

	

A 1	 A4	 AD	 Al2	 All	 AlO	 A9
AD7 ADG ADS AD4 AD3 AD2 AD!

	

o	 0	 0	 0	 1	 0	 0

	

o	 0	 0	 0	 1	 0	 0

	

o	 0	 0	 0	 1	 0	 I

	

o	 0	 0	 0	 1	 0

AS
ADO

O	 CSR	 0814
I	 Port A 09H
O	 Port B OAH
I	 Part C	 GUI-I

A listing of the 8085 assembly language program for performing 4 bit x 4 bit multiplication
is provided below:

CSREQTJ 08R
PORT A EQU
PORT B EQU
REPEAT MVX

OUT

MVI
IN

09H

OAB
A,02H ; Configure Port A as input

CSR	 ; and Port B as output

L, OOH ; Initialize product to zero

Port A ; Input multiplier and
multiplicand
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NOV LA

ANI OPH

NOV C,A
NOV A,B

EAR
RAR
RAR
RAR

ANI OFH
NOV D,A

START ADD D
DCR C
NOV L,A
JNZ START

NOV A, L
ANI OFH
NOV H,A
NOV A, L
RAR
BAR
EAR
EAR

ANI 2FH

OUT PORTB

NOV A,H
ANI 1FH

OUT PORTB
JMP REPEAT

105

Save multiplicand and
multiplier in B
Mask multiplicand and retain
multiplier
Save 4-bit multiplier in C
Move multiplicand and
multiplier to A

; Move 4-bit multiplicand
(upper nibble of A)
into LOW nibble
of
accumulator
Mask high nibble and retain
multiplicand
Perform repeated addition
Decrement multiplier value
Save sum
if Z = 0, repeat addition
else product in L
Move product to A
Retain product LOW nibble and
Save in H
Move product to A
Move
high nibble
of product
to LOW nibble
of A
Retain high nibble of
product and enable latch
of high hex display and
disable low latch
Display high nibble of product
Move LOW product nibble to A
Enable LOW latch and disable
high latch
Display LOW nibble of product
Or low display and continue

The above program can be assembled. The 2716 can then be programmed by using an
EPROM programmer with the machine code of the preceding program starting at location
000H. Then upon activation of the switch at the 8085 reset input, the dip switch low and high
nibbles will be multiplied and the result of the multiplication will be displayed on the two
TIL31 is. By changing DIP switch inputs at port A, new results can be displayed.

Questions and Problems

2.1 Compare the main differences of 8085AH, 8085AH-2, and 8085AH-1 with the 8085.
I
2.2 What is the primary purpose of the 8035 H-L pair with respect to external memory? List
two of its main functions.
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2.3 Identify the addressing modes of the following instructions:
i) MOVA, M
ii) RAR
iii) STAX D
iv) LDA START

2.4 Assume register pair BC contains 7F02 16 . For the following 8085 assembly language
program, determine the carry, zero, parity, and sign flags after execution of the MVI A,05H
instruction:

ORG 400011
LXI SP, 205011
PUSH B
MVI A,02H
ADI 0311
POP Psw
MVI A, 05H
HLT

2.5 What function is performed by each of the following 8085 instructions:
i) XORA
ii) MOV D,D
iii) DAD H

2.6 i)	 What is the function of the 8085 ALE pin?

ii) If a crystal of 4 MHz is connected to the 8085 XIX2 pins, what is the 8085 internal
clock period?

2.7 Write an 8085 assembly language program to divide an 8-bit unsigned number in
accumulator by 4. Neglect remainder. Use minimum number of instructions. Store result in
A.

2.8 Using the simplest possible algorithm, write an 8085 assembly language program with a
minimum number of instructions to divide a 16-bit unsigned number in DE by 16. Neglect
remainder. Store result in Dli.

2.9 Assume the contents of DE are 2050H. Write an 8085 assembly language program to
unconditionally branch to 2050H. Do not use any conditional or unconditional Jump or CALL
or return instructions. Use three instructions maximum.

2.10 Write an 8085 assembly language program using a minimum number of instructions
to add the 16-bit numbers in BC, DE, and HL. Store the 16-bit result in DE.

2.11 Write an 8085 assembly language program to add two 24-bit numbers located in
memory address 2000 16 through 2005 16 with the most significant byte of the first number in
2000 16 and the most significant byte of the second number in 2003 16. Store the 24-bit result in
three consecutive bytes starting at address 200016.

2.12 Write a subroutine in 8085 assembly language to divide a 16-bit unsigned number in
BC by Neglect the remainder. Use the simplest possible algorithm. Also, write the main
program in 8085 assembly language to perform all the initializations. The main program will
then call the subroutine, store the 16-bit quotient in DE, and stop.
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2.13 Write an 8085 assembly language program to shift the contents of the DE register twice
to left without using any ROTATE instructions. After shifting, if the contents of DE are
nonzero, store FFFF 16 in the HL pair. On the other hand ) if the contents of DE pair are zero,
then store 0000 16 in the HL pair.

2.14 Write an 8085 assembly language program to check the parity of an 8-bit number in "A"
without using any instructions involving the parity flag. Store EE in location 3000 if the parity
is even; otherwise, store DD in location 300016.

2.15 Write an 8085 assembly language program to move a block of data of length 100, from
the source block starting at 2000 16 to the destination block starting at 300016.

2.16 Write a subroutine in 8085 assembly language to divide an 8-bit unsigned number Xi
by 2. Also, write the main program in 8085 assembly language which will call the subroutine
to compute

Store the result in location 5000 16. Use a minimum number of instructions.

2.17 Assume an 8085/8355-based microcomputer. Suppose that four switches are connected
to bits 0 through 3 of port A, an LED to bit 4 of port A, and another LED to bit 2 of port B.
If the number of low switches is even, turn the port A LED ON and port B LED OFF. If the
number of low switches is odd, turn port A LED OFF and port B LED ON. Write an 8085
assembly language program to accomplish the above.

2.18 Draw a simplified diagram using an 8085, one 8156, and one 8355 to include the
following memory map and I/O ports:

i) 8355	 8156

2000 16 thru 27FF 16 4000 16 thru 40FF16

ii) Using memory-mapped I/O, configure ports A and B of the 8355 at addresses 800016
and 8001 16. Show only connections for the lines which are pertinent.

2.19 It is desired to interface a pump to a 8085/8355/8156-based microcomputer. The pump
will be started by the microcomputer at the trailing edge of  start pulse via the SOD pin. When
the pump runs, a HIGH status signal from the pump called "Pump Running" will be used to
interrupt the microcomputer via its INTR interrupt. In response, the microcomputer will turn
an LED on connected to bit 7 of the 8355 port A. Assume DDRA as the data directiom register
for this port.

i) Draw a simplified schematic for accomplishing the above.
ii) Write the main and interrupt service routines using the 8085 assembly language

programs.

2,20 Will the circuit shown work? If so, determine the memory and I/O maps in hex. If not,
justify briefly, modify the circuit and then determine the memory and I/O maps. Use only the
pins and signals as shown. Also, assume all don't cares to be zeros.

READY
Xi	 CL)< OUT	 ih llmct In

GMHz	 HOLD
X2	 AIC	 P CE
RST7.5	 All-15
RSTG.S	 A6-A9
RSTS.S	 ALE	 ALE
INTR	 ADO-AD7	 08	 ADO-AD7
TRAP	 IO/M	 IOJM
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Voltage Vm
Measurement

11 

RST6.5 of an
8085/8355/8156
microcomputer

0

wr CE

ALE ALE

ADO-AD7

AS-MS

Fill D117.1

RD

WR
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In the above, if Vm> 12 V, turn an LED ON connected at bit 3 of port A. On the other hand,
if Vm < 11 V, turn the LED OFF. Use ports, registers, and memory locations as needed.

i) Draw a hardware block diagram showing the microcomputer and the connections
of the above diagram to its ports.

ii) Write main program and service routines in 8085 assembly language.

2.22 Interface the following 8156 RAM chip to obtain the following memory map: 0400H
thru 04FFH. Show only the connections for the pins which are shown. Assume all unused
address lines to be zero.

IRS77.5 i
I	 5035

EST5.5-E2

If device 2 is presently being serviced by the 8085 and the device I interrupt occurs, explain
briefly what the user needs to do in the service routine of device 2 in order that device 1 will
be serviced before device 2.

2.24 Assume an 8085/8355 microcomputer. Suppose that two switches are connected to bit
1 of Port A and the SID line. Also, an LED is connected to the SOD line. It is desired to turn
the LED ON if both switches are HIGH; otherwise the LED is to be turned off. Write an 8085
assembly language program to input both switches and turn the LED ON or OFF based on the
above conditions.
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A/D

RSTG.5
Pump

Port Bof8l56	 INTR

Microcomputer	 F Running
D0-D7

Pump

2.25 It is desired to interface a pump and an A/D converter to an 8085/835/8156-based
microcomputer as follows: The pump can be started by a HIGH at the pump start signal.
If the pump starts, the pump-running signal goes to HIGH; otherwise the pump running stays
LOW. The A/D converter can be started by a HIGH and the conversion is completed when the
Busy signal is HIGH. Start the pump and A/D converter at nearly the same time. If the pump
runs, the LED is to be turned on. On the other hand, if the Busy signal goes to HIGH, the Al
D converter's output is to be read,

i) Draw a simplified hardware schematic to accomplish the above.
ii) Write main program and service routines in 8085 assembly language. Include the

interrupt priority concept in the programs.

2.26 Assume an 808518355-based microcomputer. Write an 8085 assembly language pro-
gram to turn an LED (LED 1) ON connected to bit 3 of port A if a 16-bit number in DE register
pair is negative after shifting once to the left; if the number is positive after shifting, turn the
LED (LED 1) OFF. Also, after shifting, if there is a sign change of the 16-bit numbers turn
another LED (LED 2) ON connected to bit 1 of port A; otherwise, turn the LED (LED 2) OFF.

2.27 Design an 8085/2716/8155-based microcomputer to include the following:
i) 4K EPROM, 512 bytes static RAM, four 8-bit and two 6-bit ports. Use standard 1/

0 and linear decoding.
ii) Repeat i) except use fully decoding using a 3 x 8 decoder.
iii) Repeat i) except use memory-mapped I/O.
iv) Repeat i) except use memory-mapped I/O and full decoding.

Draw a neat schematic of each design and also determine memory and I/O maps in each case.
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This chapter describes the internal architecture, addressing modes, instruction set, and I/O
techniques associated with the 8086 microprocessor. Interfacing capabilities to typical memory
and I/O chips such as the 2716, 6116, and 8255 are included.

A design technique is presented showing interconnection of the 8086 102716 EPROM, 6116
RAM, and 8255 I/O chips. The memory and I/O maps are then determined.

3.1 Introduction

The 8086 is Intel's first 16-bit microprocessor.
The 8086 is designed using the HMOS technology and contains approximately 29,000

transistors. The 80086A is the low power version of the 8086 designed using HCMOS tech-
nology. The 8086 is packaged in a 40-pin CERDIP or Plastic package and requires a single 5V
power supply. The 8086 can he operated at three different clock speeds. The standard 8086
runs at 5 MHz internal clock frequency, whereas the 8086-I and 8086-2 run at internal clock
frequencies of 10 and 8 MHz, respectively. An external clock generator/driver chip such as the
Intel 8284 is needed to generate the 8086 dock input signal. The 8284 divides the external
crystal input internally by three. This means that for a 5-MHz 8086 internal clock, the 8284's
Xl and X2 pins must be connected to a 15-M1-1z crystal. The 8284 will then generate a 5 MHz
clock at its CLK pin which should be connected to the 8086 CLK input.

The 8086 has a 20-bit address and, hence, it can directly address up to one megabyte (220)
of memory. The 8086 uses a segmented memory. An interesting feature of the 8086 is that it
prefetches up to six instruction bytes from memory and queues them in order to speed up
instruction execution.

There are some advantages of working with the segmented memory. First of all, after
initializing the 16-bit segment registers, the 8086 has to deal with only 16-bit effective ad-
dresses. That is, the 8086 has to manipulate and store 16-bit address components. Secondly,
because of memory segmentation, the 8086 can be effectively used in time-shared systems. For
example, in a time-shared system, several users share a microprocessor. The microprocessor
works with one user's program for say, 10 milliseconds. After spending 10 milliseconds with
each of the other users, the microprocessor returns to execute the first user's program. Each
time the microprocessor switches from one user's program to the next, it must execute a new
section of code and new sections of data. Segmentation makes it easy to switch from one user
program (and data) to another.

The memory of an 8086-based microcomputer is organized as bytes. Each byte can be
uniquely addressed with 20-bit addresses of 00000 11,, 00001 16 1 00002 16 ..., FFFPF 16. An 8086 16-

111
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bit word consists of any two consecutive bytes; the low-addressed byte is the low byte of the
word and the high-addressed byte contains the high byte as follows:

Low byte of the word	 High byte of the word

T
07 16	 2616

Address 00520 16 	Address 0052116

The 16-bit word stored at the even address 00520 16 is 260716.
Next consider a word stored at an odd address as follows:

Low byte of thc word	 High byte of the word

IO5	 31

Address 012571 6 	Address 01258

The 16-bit word stored at the odd address 01257 16 is 3F05 16. Note that for word addresses, the
programmer uses the low-order address (odd or even) to specify the whole 16-bit word.

The 8086 always accesses a 16-bit word to or from memory. The 8086 can read a 16-bit word
in one operation if the first byte of the word is at an even address. On the other hand, the 8086
must perform two memory accesses to two consecutive memory even addresses, if the first byte
of the word is at an odd address. In this case, the 8086 discards the unwanted bytes of each.
For example, consider MOV BX, [ADDR). Note that the X or H (or L) following the 8086
register name in an instruction indicates whether the transfer is 16-bit (for X) or 8-bit (for H
or Q. The instruction, MOV BX, [ADDRI moves the contents of a memory location addressed
by ADDR into the 8086 16-bit register l3X. Now, if ADDR along with the data segment register
provides a 20-bit even address such as 30024 16 , then this MOV instruction loads the low (BL)
and high (BH) bytes of the 8086.16-bit register BXwith the contents of memory locations

30024 16 and 30025 16 , respectively, in a single access. Now, if ADDR is an odd address such as

40005 16, then the MOV BX, [ADDR] instruction loads BL and BH with the contents of
memory locations 40005 16 and 40006 16, respectively, in two accesses. Note that the 8086

accesses locations 40004 16 and 40005 16 in the first operation but discards the contents of

40004, 6, and in the second operation accesses 40006 16 and 40007 16 but ignores the contents of

4000716.
Next, consider a byte move such as MOV BH, [ADDRI. If ADDR is an even address such

as 50002 16, then this MOV instruction accesses both 50002 16 and 50003, 6, but loads BH with

the contents of 50002 16 and ignores the contents of 50003 1 . However, if ADDR is an odd

address such as 50003 16 , then this MOV loads BH with the contents.of 50003 16 and ignores the

contents of 5000216.
The 8086 familyconsists of two types of 16-bit microprocessors - the 8086 and 8088. The

8088 has an 8-bit external data path to memory and I/O, while the 8086 has a 16-bit external
data path. This means that the 8088 will have to do two read operations to read a 16-bit word
into memory. In most other respects, the processors are identical. Note that the 8088 accesses
memory in bytes. No alterations are needed to run software written for one microprocessor
on the other. Because of similarities, only the 8086 will be considered here. The 8088 was used
in designing the original IBM Personal computer. 	 -	 -

An 8086 can be configured as a small uniprocessor system - (minimum mode if the ...MN / MX

pin is tied to HIGH) or as a multiprocessor y!em (maximum mode when MN/ MX pin is
tied to LOW). In a given system, the MN/MX pin is permanently tied to either H1Gltr
LOW. Some of the 8086 pins have dual functions depending on the selection of the MN! MX
pin level. In the minimum mode (MN/MX pin high), these pins transfer control signals
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direct!)' to memory and input/output devices. In the maximum mode ( MN/MX pin low),

these same pins have different functions which facilitate multiprocessor systems. In the

maximum mode, the control functions normally present in minimum mode are performed by

a support chip, the 8233 bus controller.

Due to technological advances, Intel introduced the high performance 80186 and 80188

which are enhanced versions of the 8036 and 8088, respectively. The 8-MHz 80186/80188

provides two times greater throughput than the standard 5-MHz 8086/3088. Both have

integrated scvcral new peripheral functional units such as a DMA controller, a 16-bit timer

unit, and an interrupt controller unit into a single chip. Just like the 8086 and 8088, the 80186

has a 16-bit data bus and the 80188 has an 8-bit data bus; otherwise, the architecture and

instruction set of the 80186 and 80188 are identical. The 80186/80188 has an on-chip clock

generator so that only an external crystal is required to generate the clock. The 80186/80188

can operate at 6 MHz, 8 MHz, and other frequencies. Like the 8035, the crystal frequency is

divided by 2 internally. In other words, external crystals of 12 or 16 MHz must be connected

to generate the 6- or 8-MHz internal clock frequency. The 80186/80188 is fabricated in a 68-

pin package. Both processors have on-chip priority interrupt controller circuits to provide five

interrupt pins. Like the 8086/8088, the 80186/80188 can directly address one megabyte of

memory. The 80186/80188 is provided with 10 new instructions beyond the 8086/8088 in-

struction set. Examples of these instructions include INS and OUTS for inputting and output-

ting string byte or string word. The 80286, on the other hand, has added memory protection

and management capabilities to the basic 8086 architecture. An 8-MHz 80286 provides up to

six times greater throughput than the 5-1AHz 8086. The 80286 is fabricated in a 68-pin

package. The 80286 can be operated at 6, 8, 10, 12.5, 16.67, or 20 MHz clock frequency. The

80286 is typically used in a multiuser or multitasking system. The 80286 was used as the CPU

of the IBM PC/AT Personal computer. Intel's 32-bit microprocessor family includes 80386,

80486 and Pentium microprocessors which will be covered later in this book.

3.2 8086 Architecture
Figure 3.1 shows a block diagram of the 8036 internal architecture. As shown in the figure, the

8086 microprocessor is internally divided into two separate functional units. These are the Bus

Interface Unit (BIU) and the Execution Unit (EU). The BJU fetches instructions, reads data

from memory and ports, and writes data to memory and I/O ports. The EU executes instruc-

tions that have already been fetched by the BIU. The BIU and EU function independently. The

BIU interfaces the $086 to the outside world. The BIU contains segment registers, instruction

pointer, instruction queue, and address generation/bus control circuitry to provide functions

such as fetching and queuing of instructions, and bus control.

The BlU's instruction queue is a Pirst-In-First-Out (FIFO) group of registers in which up

to six bytes of instruction code are prefetched from memory ahead of time. This is done in

order to speed up program execution by overlapping instruction fetch with execution. This

mechanism is known as pipelining.
The bus control logic of the BIU generates all the bus control signals such as read and write

signals for memory and I/O. The 8036 contains the on-chip logical address to physical address

mapping hardware. The programmer works with the logical address which includes the 16-bit

contents of a segment register and a 16-bit displacement or offset value. The 8036 on-chip

mapping hardware translates this logical address Lo 20-bit physical address which it then

generates on its twenty addressing pins.
The BIU has four 16-bit segment registers. These are the Code Segment (CS), the Data

Segment (DS), the Stack Segment (SS), and the Extra Segment (ES). The 8086's one megabyte

memory is divided into segments of up to 64K bytes each. The 8086 can directly address four

segments (256K byte within the 1 Mbyte memory) at a particular time. Programs obtain access

to code and data in the segments by changing the segment register contents to point to the
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FIGURE 3.1 Internal architecture of the 8086.
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desired segments. All program instructions must be located in main memory pointed to by the
16-bit CS register with a 16-bit offset in the segment contained in the 16-bit instruction pointer
(IP). The BIU computes the 20-bit physical address internally using the programmer-provided
logical address (16-bit contents of CS and IP) by logically shifting the contents of CS four bits
to left and then adding the 16-bit contents of IP. For example, if [CS] = 456A 16 and [WJ =
1620 16 , then the 20-bit physical address is generated by the BLU as follows:

Four times logically shifted [CS] to left = 456A 016

± [IP] as offset	 162016

20-bit physical address 	 = 46CC016

The SS register points to the current stack. The 20-bit physical stack address is calculated
from SS and S1 1 for stack instructions such as PUSH and POP. The programmer can use the
BP register instead of for accessing the stack using the based addressing mode. In this case,
the 20-bit physical stack address is calculated Irons 1W and SS.

The DS register points to the current data segment; operands for most instructions are
fetched from this segment. A 16-bit offset (Effective Address, LA) along with the 16-bit
contents of DS are used for computing the 20-bit physical address.

The ES register points to the extra segment in which data (in excess of 64K pointed to by
DS) is stored. String instructions use ES and DI to determine the 20-bit physical address for
the destination, and DS and SI for the source address.

The scginents can be contiguous, partially overlapped, fully overlapped, or disjoint. An
example of how five segments (segment 0 through segment 4) may be stored in physical
memory are shown below:



Intel 8086
	 115

Fully overl.ppcd

Partially overlapped__r*

[iGMEN1 3

I s,iiii 2	 --- Disjoint

Contiguous

SEGMENT	

I	 +

	

° SEGMENT LI	 SEGMENT 4 j

	

I	 I

	

I	 I

Phsical
16lcmor

000001-1	 200001-1	 400001-1	 60000H	 80000H

In the above, SEGMENTs 0 and 1 are contiguous (adjacent), SEGMENTS 1 and 2 are partially
overlapped, SEGMENTs 2 and 3 are fully overlapped, and SEGMENTs 2 and 4 are disjoint.

	

Every segment must start oil 	 memory boundaries.
Typical examples of values of segments should then be selected based oil addresses

starting at 00000 16 00010161000201,,00030,, ..., FFFFO, 6. A physical memory location may be

mapped into (contained in) one or more logical segments. Many applications can be written
to simply initialize the segment registers and then forget them. One can then work with a 64K

memory as with the 8085.
The EU decodes and executes instructions. A decoder in the EU control system translates

instructions. The EU has a 16-bit ALU for performing arithmetic and logic operations.
The EU has eight 16-bit general registers. These are AX, BX, CX, DX, SP, BP, SI, and DI. The

16-bit registers AX, IIX, CX, and DX can each be used as two 8-bit registers (AH, AL, BH, BL,
-CH, CL, DI-I, DL). For example, the 16-bit register DX can be considered as two 8-bit registers
DH (high byte of DX) and DL (low byte of DX). The general-purpose registers AX, BX, CX,
and DX are named after special functions carried out by each one of them. For example, the
AX is called the 16-bit accumulator while the AL is the 8-bit accumulator. The use of
accumulator registers is assumed by some instructions. The Input/Output (IN or OUT)
instruions always use AX or AL for inputting/outpUtting 16- or 8-bit data to or from an 1/

o port.
Multiplication and division instructions also use AX or AL. The AL register is the same as

the 8085 A register.
The 13X register is called the base register. This is the only general-purpose register, the

contents of which can be used for addressing 8086 memory. All memory references utilizing
these register contents for addressing use DS as the default segment register. The BX register
is similar to 8085 HL register. In other words, 8086 fl-I and BL are equivalent to 8085 H and

L registers, respectively.
The CX register is known as the counter register. This is because some instructions such as

shift, rotate, and loop instructions usc the contents of CX as a counter. Fqr example, the
instruction LOOP START will automatically decrement CX by 1 without affecting flags and
will check if [CX] = 0. If it is zero, the 8086 executes the next instruction; otherwise the 8086

branches to the label START.
The data register DX is used to hold high 16-bit result (data) in 16 x 16 multiplication or high

16-bit dividend (data) before a 32 - 16 division and the 16-bit remainder after the division.
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The two pointer registers, SP (stack pointer) and BP (base pointer), are used to access data
in tack segment. The SP is used as all from the current SS during execution of
instructions that involve stack segment in external memory. The SP contents are automatically
updated (incremented or dccrcniented) due to execution of POP or PUSH instruction.

The base pointer contains an offset address in the current SS. This offset is used by the
instructions utilizing the based addressing mode.

The FLAG register in the EU holds the status flags after all 	 operation. Figure 3.2 shows
the 8086 registers.

The 8086 has six one-bit flags. Figure 3.3 shows the flag register. The AF (Auxiliary carry
Flag) is used by BCD arithmetic instructions. AF = 1 if there is a carry from the low nibble (4-
hit) into the high nibble or a borrow from the high nibble into the low nibble of the low-order
8-bit of  16-bit number. The CF (Carry Flag) is set if there is a carry from addition or borrow
from subtraction. The OF (Overflow Flag) is set if there is an arithmetic overflow, that is, if the
size of the result exceeds the capacity of the destination location. An interrupt oil
instruction is available which will generate an interrupt in t his situation. The SF (Sign Flag) is
set if tile most significant bit of the result is one (negative) and is cleared to zero for non-
negative result. The PP (Parity Flag) is set if the result has even parity; PP is zero for odd parity
of the result. The ZF (Zero Flag) is set if result is zero; ZF is zero for nonzero result.

The 8086 has three control bits in the flag register which can be set or reset by the
programmer: Setting DF (Direction Flag) to one causes string instructions to autodecrerneot
the appropriate index register(s), and clearing DP to zero causes string instructions to
autoincrement. Setting IF (Interrupt Flag) to one causes the 8086 to recognize external
niaskablc interrupts; clearing IF to zero disables these interrupts. Setting TF (Trace Flag) to one
places the 8036 in the single-step mode. In this mode, the 8086 generates an internal interrupt

15	 12	 11	 10	 9	 8	 7	 6
	

4	 3	 2	 1	 0
I	 lit	 ii

OF I DF I IF I TF I SF I ZF
	

AF	 PF	 CF

FIGURE 3.3 8086 flag register.
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after execution of each instruction. The user can write a service routine at the interrupt address
vector to display the desired registers and memory locations, The user can thus debug a
program.

	

3,,3 $t86 Addressing Modes 	 -

The 8086 has S basic addressing modes (register, immediate, and memory). The basic and
other 8086 addressing modes can be classified into five groups:

I. Addressing modes for accessing immediate and register data (register and immediate
modes)

2. Addressing modes for acccs.sing data in memory (memory modes)
3. Addressing modes for accessing i/O ports (I/O modes)
4. Relative addressing mode
5. Implied addressing mode

The assembler directives for the Microsoft 8086 asembler written for IBM PC will be used
to illustrate the above 8086 addressing modes.

3.3.1 Addressing Modes for Accessing Immediate and Register Data (Register
and Immediate Modes)

3.3.1.a Register Addressing Mode

This mode specifies the source operand, destination operand, or both to be contained in an
8086 register. An example is MOV DX, CX which moves the 16-bit contents of CX into DX.
Note that in the above both source and destination operands are in register mode. Another
example is MOV CL, DL which moves 8-bit contents of DL into CL. MOV BX, Cl-I is an illegal
instruction; the register sizes must be the same.

3.3.1.b Immediate Addressing Mode

In immediate mode, 8- or 16-bit data can be specified as part of the instruction. For example,
MOV CL, 031-I moves the 8-bit data 03H into CL. On the other hand, MOV DX, 0502H moves
the 16-bit data 05021-I into DX. Note that in both of the above MOV instructions, the source
operand is in immediate mode and the destination operand is in register mode.

A constant such as "VALUE" call defined by the assembler EQUATE directive such as
VALUE EQU 35H. An 8086 instruction with immediate niode'such as MOV Dl-!, VALUE can
then be used to load 35H into 131-I. Note that even though the immediate mode specifies data
with the instruction, these immediate data must be part of the program located in the code
segment. That is, the memory must be addressed by the 8086 CS and IP registers. This is
because these data are considered part of the instruction.

3.3.2 Addressing Modes for Accessing Data in Memory (Memory Modes)

The 8086 must use a segment register whenever it accesses the memory. Also, every memory
addressing instruction uses an Intel-defined standard default segment register which is DS in
most cases. However, a segment override prefix can be placed before most of the memory
addressing instructions whose default segment register is to be overridden. For example, INC
BYTE PTR [START] will increment the 8-bit content of memory locati6n in DS with offset
START by one. However, segment DS can be overridden by ES as follows: INC ES: BYTE PTR
[START]; segments cannot be overridden for some cases such as stack reference instri.fctions
(such as PUSH and POP). There are six modes in this category. These arc
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a. Direct addressing mode
b. Register indirect addressing mode
c. Based addressing mode
d. Indexed addressing mode
c. Based indexed addressing mode
f. String addressing mode

3.3.2.a Direct Addressing Mode
In this mode, the 16-bit effective address (EA) is directly included with the instruction. As an
example, consider MOV CX; DS:START. This instruction moves the 16-bit contents of a 20-
bit physical memory location cputed fr	 START and DS into CX.

Note that in the above instruction, the source is in direct addressing mode. If the 16-bit
value assigned to the offset START by the programmer using an assembler directive such as
EQU is 0040 16 and [US] = 3050 11 , then the BLU generates the 20-bit physical address 3054016
oil 8086 address pins and then initiates a memory read cycle tojead the 16-bit data from
memory location starting at 30540 16 location. The memory logic places the 16-bit contents of

locations 30540 16 and 30541 16 on the 8086 data pins. The BIU transfers these data to the EU;
the EU then moves these data to CX; (30540 16 ] to CL and [30541 16 ] to CH.

3.3.2.b Register Indirect Addressing Mode
In this mode, the E is specified in either a pointer register or an index regier. The pointer
register can be either base register BX or base pointer register BP and index register can be
either the Source Index (SI) register or the Destination Index (DI) register. The 20-bit physical
address is computed using DSand-li.A. For example, conider MOY [Ifl, BXjThe destination
operand of the above instruction is in register indirect mode, while t1r' source operand is in
register mode. The instruction moves the 16-bit content of BX into a memory location offsc
by the value of EA specified in Dri ithe —current contents in D . ow,i = 500416,

fT2O6,adtBXf-245616, then after MOV [DI], BX, contents of DL (56 16) and BH

(24 16) are moved to memory locations 50060 16 and 50061 16, respectively.
Using this mode, one instruction can operate oil 	 different memory locations if the

value in the base or index register is updated.

Based Addressing Mode
In this mode, EA is obtained by adding a displacement (signed 8-bit or unsigned 16-bit) value
1ihèontcnts of DX or l3PThe segment registers used are DS and SS. When memory is
accessed using 13X, the 20-1;jt physical address is computed from BX and DS. Oil other
hand, when the user stack is acccsed using lIP, the 20-bit physical address is computed from
BP and SS. This allows the programmer to access the stack without changing the SP contents.
Note that SP is called the system stack pointer since some 8086 stack instructions such as
PUSH and POP automatically use SP as the stack pointer ybBPica1ed the user stack
pointer. As ail of this mode, consider MOV ALTART [BX].)Note that some
assemble use MOV AL, [BX + START] rather than MOV*WFt BX ] . The source

operand in the above instruction is in based mode. EA is obtained by adding the value of
START and [BX). The 20-bit physical address is produced from US and EA. The 8-bit content
of this memory location is moved to AL. The displacement START can be either unsigned 16-
bit or signed 8-bit. However, a byte is saved for the machine code representation of the
instruction if 8-bit displacement is used. The 8086 sign-extends the 8-bit displacement an
then adds it to [BXI in the above MOV instruction for determining EA. Oil 	 other hand,
the 8086 adds an unsigned 16-bit displacement directly with [BXI for determining EA.

J3-ddrcssing provides a convenient way to address a structure which may be stored at
diffccnt places in memory:
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Base
Rcgiscr

Displacement
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EA

NAME 0	 2000H

RECOIU){ MIT OF ltl1Fl-I 2001H
0

SALARY	 2002H

NAME N	 3000H

RECORD	 DATE OF BIRTH 30011-1
N

SALARY	 30021-1

For example, the clement salary in record 0 of the employee NAMED can be loaded into an
8086 internal register such as Al. using the instruction MOV AL, ALPHA [BX[, where ALPHA
is the 8-bit displacement 021-I and DX contains the starting address of the record 0. Now, in
order to access the salary of RECORD N, the programmer simply changes the contents of the
base register to 3000H.

If BP is specified as a base register in an instruction, the 8086 automatically obtains the
operand from the current SS (unless a segment override prefix is present). This makes based
addressing with 1W a very convenient way to access stack data. 1311 can be used as a stack pointer
in SS to access local variables. Consider the following instruction sequence:

PUSH BP
NOV BP, SP
PUSH DX
PUSH AX
SUB £2, 4

NOV [BP - 61, AX
NOV [BP - B], BX
ADD SP, 4
POP AX
POP DX
POP BP

Save BP
Establish
Save
registers
Allocate 2
stack for

; Arbitrary
accessing
Deallocate
Restore

BP

words of
accessing stack
instructions for
stack data using BP
storage

all registers
that were pushed before

This instruction sequence is arbitrarily chosen to illustrate the use of IIP for accessing the stack.
Figure 3.4 shows the 8086 stack during various stages. Figure 3.4A shows the stack before

execution of the instruction sequence.
The instruction sequence from PUSH Bi l to SUB SP, 4 pushes BP, DX, and AX and then

subtracts 4 from SP, and this allocates 2 words of the stack. The stack at this point is shown
in Figure 3.43. Note that in 8086, SP is dccrcmcnted by 2 for PUSH and incremented by 2 for
POP. The [BPI is not affected by PUSH or POP. The instruction sequence MOV [B? —6], AX
saves AX in the stack location addressed by [B? —6] in SS. The instruction MOV [B? —8], BK
writes the [DX] into the stack location [8? —8] in SS. These instructions are arbitrarily chosen
to illustrate how B? can b used to access the stack. These two local variables can be accessed
by the subroutine, using B?. The instruction ADD SP, 4 releases two words of the allocated
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STACK	 High Addresses

ADD CX, DX

DEC CX

MOV MEM, CX N — SP (TOS)

Low Addresses

A) Stack before executing the instruct
i
on sequence.

(Assumed)

STACK	 I 1 ligh Addresses

ADD CX, DX

DEC CX

MOV MEM, CX

OLD UP	 Ill') = [SF')

E3P-2--*	 OLD DX

BP-4 •*	 OLD AX	 Allocate two words Of stack
BP-6 —*	 for local variables

UP-B —)

L_____ s (TOS)

Low Addresses

U) Stack alter execution Of the instruction sequence
from PUSH Ut' to SUB SP, 4

FIGURE 3.4 Accessing stack using OP.

stack. The stack at this point is shown in Figure 3.4C. The last three POP instructions restore
/ the contents of AX, DX, and BP to their original values and return the stack as it was before

as executed. This is shown in Figure 3.4D.the instruction sequence w 

3.3.2.d Indexed Addressing Mode
In this mode, the effective address is calculated by adding the unsigned 16-bit or sign-extended
8-bit displacement and the contents of SI or Dl.

As an example, MOV BH, ARRAY[SI] moves the contents of the 20-bit address computed
from the displacement ARRAY, SI and DS into SI-I. The 8-bit displacement is provided by the
programmer using an assembler directive such as EQU. For 16-bit displacement, the EU adds
this to SI to determine EA. On the other hand, for 8-bit displacement the EU sign-extends it
to 16 bits and then adds to SI for determining LA.

The Indexed addressing mode can be used to access a single table. The displacement can be
the starting address of the table. The content olSI or Dl can then be used as an index from the
starting address to access a particular clement in the table.
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STACK

ADD CX, DX

DEC CX

MOV MEM, CX

OLD UP

OLD DX

OLD AX	 -(	 SF' (TOS)

Low Addresses

C)Stack after execution of ADD SF', 4

STACK	 Fligh Addresses

ADD CX, DX

DEC CX

MOV MEM, CX	 - SF' (TOS)

Law Addresses

D)Stack before execution of P01' FtP.

FIGURE 3.4 (continued).

3.3.2.e Based Indexed Addressing Mode

In this mode, the EA is computed by adding a base register (BX or BP), an index register (SI
or Dl), and a displacement (unsigned 16-bit or sign-extended 8-bit). As an example, consider
MOV ALPHA [SI] [BX], CL if [ BX ] 0200H, value of ALPHA = 08H, [SI] = 1000H, and [DS]
= 3000 1-1, then 8-bit content of CL is moved to 20-bit physical address 31208.

Based indexed addressing mode provides a convenient way for a subroutine to address an
array allocated on a stac/ Register BP can be loaded with the offset in segment SS (top of the
stack after the subroutine has saved registers and allocated local storage). The displacement
can be the value which is the difference between the top of the stack and the beginning of the
array. An index register can then be used to access individual array elements as shown in Figure
3.5.

In the following, [BP] = top of the stack = 2005H; displacement = difference between the
top of the stack and start of the array = 04H; [SI or DI) = N = 16-bit number (0, 2,4,6 in the
example). As an example, the instruction MOV DX, 4 [SI] [BP] with [SI] = 6 will read the array
(3) which is the content of200FH in SS into DX. Since in the based indexed mode, the contents
of two registers such as BX and SI can be varied, two-dimensional arrays such as matrices can
also be accessed.

.s.3.2.f String Addressing Mode
This mode uses index registers. The string instructions automatically assume SI points to the
first byte or word of the source operand and DI points to the first byte or word of the
destination operand. The contents ofSl and 1)1 are automatically incremented (by clearing DF
to 0 by CLD instruction) or dccremcntcd (by setting DF to I by STD instruction) to point to
the next byte or word. The scgmcnt register for the source is DS and may be overridden.



122	 Microprocessors and Microcomputer-Based System Design, 2nd Edition

STACK

11'	 2013H

OLD B1	 20111-I

ARRAY (3)	 20011-1

ARRAY (2)	 200DH

ARRAY (1)	 20011H

ARRAY (0) 20091-1

VARIABLE 1 2007H

VAlUABLE 2 20051-1

16-bit

*—WORD—*

Displace men

04 ]

(+)

- HI'

_____ rr1
SlorDi	 N	 I

1
EA_____

H—'

FIGURE 3.5 An example of Based Indexed Addrcssing.

The segment register for the destination must be ES and cannot be overridden. As an
example, consider MOVS BYTE. If [DF] = 0, [OS] = 2000 16 , [SI] = 0500 16 , [ES] = 4000 16 , [DI]

= 0300 16 , [20500] 16 = 38 16, and [40300 16 ] = 45, then after execution of the MOVS BYTE,
[40300] = [SI] = 0501 16 , and [Dl] = 0301 16 . The contents ofother registers and memory
locations are unchanged. Note that SI and Dl can be used in either the source or destination
operand of a two-operand instruction, except for string instructions in which SI points to the
source (may be overridden) and DI must point to the destination.

3.3.3 Addressing Modes for Accessing I/O Ports (I/O Modes)

Standard I/O uses port addressing modes. For memory-mapped I/O, memory addressing
modes are used. There arc two types of port addressing modes: direct and indirect.

In direct port mode, the port number is an 8-bit immediate operand. This allows fixed
access to ports numbered 0 to 255. For example, OUT 051-1, AL outputs [AL] to 8-bit port OSH.
In indirect port mode, the port number is taken from DX allowing 64K 8-bit ports or 32K 16-
bit ports. For example, if [DX] = 5040 16 , then IN Al., DX inputs the 8-bit content of port 504016
into AL. On the other hand, IN AX, DX inputs the 8-bit contents of ports 5040 16 and 504116
into AL and AH, respectively. Note that 8-bit and 16-bit I/O transfers must take place via AL
and AX, respectively.
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3.3.4 Relative Addressing Mode

Instructions using this mode specify the operand as a signed 8-bit displacement relative to PC.

An example is JNC START. This instruction means that if carry = 0, then PC is loaded with

current PC contents (next instruction address) plus the 8-bit signed value of START; otherwise

the next instruction is executed. Relative mode with signed 8-bit displacement provides a

range of-128 10 to ±I27 (0 being positive). If branching beyond this range is necessary, one

must 
use 

the unconditional 8086 JUMP instruction which uses direct mode.

3.3.5 Implied Addressing Mode

Instructions using this mode have no operands. An example is CLC which clears the carry flag

to zero.

3.4 8086 Instruction Set

The 8086 instruction set includes equivalents of the 8085 instructions plus many new ones.

The new instructions contain operations such as signed and unsigned multiplication and

division, bit manipulation instructions, string instructions, and interrupt instructions.

The 8086 has approximately 117 different instructions with about 300 01) codes. The 8086

instruction set contains no operand, single operand, and two operand instructions. Except for

string instructions which involve array operations, the 8086 instructions do not permit memory-

to-memory operations. Table 3.1 lists a summary of 8086 instructions in alphabetical order.

Tables supplied in Appendix E provide a detailed description of the 8086 instructions includ-

ing the instruction execution times.

Examples of some of the 8086 instructions are given in the following.

1. Data transfer instructions

• MOV CX, DX copies the 16-bit content of DX into CX. MO\' AX, 0205H moves

immediate data 0205H into 16-bit register AX. MOV CH, [BX] moves the 8-bit content

of memory location addressed by 13X and segment register DS into CH. If IBX]

0050H, IDS] = 20001-1, [200501-1] = 08H, then after MOV CH, [lx], the content of CH

will be 0811.

MOV START [BP], CX moves the 16-bit (CL to first locatic nd then CH) content of

CX into two memory locations addressed by the sum of thc splacement START and

BP, and segment register SS. For example, if [CX] 50091-1, rIP] = 0030H, [SS] =

30001-1, START = 06H, then after MOV START [BPJ, CX pl i:.al memory location

[300361-1] = 09H and [300371-1]	 50H. Note that the segment register SS can be

overridden by CS using MOV CS: START [Bi l l, CX.

• PUSH START [IX] pushes the 16-bit contents of two memory locations starting at the

20-bit physical address computed from START, IX, and DS after decrementing SP by

2.

• POP ES pops the top stack word into ES and then increments SP by 2.

• XCI-1G START [IX], AX exchanges the 16-bit word in AX with the contents of two

consecutive memory locations starting at 20-bit physical address computed from START,

IX, and DS. [AL] is exchanged with the content of the first location and [All) is

exchanged with the content of the next location.

XLAT can be used to convert a code such as ASCII into another code such as EBCDIC.

This instruction is equivalent to MOV AL, [AL][BX].



Instructions

AAA

AAD

AAM

AAS

ADC memlrcg 1,
mem/rcg 2

ADC mem, data

ADC reg, data

ADD mem/reg 2,
memlreg 1

Intepretav(ufl

ASCII adjust (AL) after addition

ASCII adjust for division

ASCII adjust after multiplication

ASCII adjust (AL) after subtraction

[mem/reg 11 - (mcmircg I]
+ [mcmlrcg 21 + CY

(mcml f- (mem] + data + C?

[reg) - (reg) + data + CY

(mem/reg 1 1+— ( mern/reg 21
+ [mem/reg 11

(mcm) F- (mein] + data

(reg) +- [reg) + data

(mcm/rcg I)i— (mem/reg I) A
[mem/rcg 21

[mem] F-	 cm] A data

[reg] --
(rcg( A data

Call a subroutine in the same segment
with signed 16-bit displacement (to
CALL a subroutine in ±32K)

ADD mem, data

ADD reg, data

AND
mem/reg I,
memireg 2

AND
mem, data

AND
reg, data

CALL PROC (NEAR)
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1able 3.1 Summary of 8086 Instructions

Cwismcnts

This instruction has implied addressing mode; this
instruction is used to adjust the content of AL after
addition of two ASCII characters

This instruction has implied addressing mode;
converts two unpacked BCD digits in AX into
equivalent binary numbers in AL; AAD must be
used before dividing two unpacked BCD digits by
an unpacked BD byte

This instruction has implied addressing mode; after
multiplying two unpacked BCD numbers, adjust
the product in AX to become an unpacked BCD
result; ZF, SF, and PP arc affected

This instruction has implied addressing mode used
to adjust (AL] after subtraction of two ASCII
characters

Memory or register can be 8- or 16-bit; all flags arc
affected; no segment registers are allowed; no
memory-to-memory ADC is permitted

Data can be 8- or 16-bit; mem uses DS as the
segment register; all flags are affected

Data can be 8- or 16-bit; register cannot be segment
register; all flags are affected

Add two 8- or 16-bit data; no memory-to-memory
ADD is permitted; all flags are affected; mem uses
DS as the segment register; reg I or reg 2 cannot be
segment register

Mens uses DS as the segment register; data can be 8-
or 16-bit; all flags are affected

Data can be 8- or 16-bit; no segment registers are
allowed; all flags arc affected

This instruction logically ANDs 8- or 16-bit data in
[mem/reg 11 with 8- or 16-bit data in (mem/rcg 21;
all flags are affected; OF and CF are cleared to zero;
no segment registers are allowed; no memory-to-
memory operation is allowed; mem uses DS as the
segment register

Data can be 8- or 16-bit; mem uses DS as the
segment register; all flags are affected with OF and
CF always cleared to zero

Data can be 8- or 16-bit; reg cannot be
segment register; all flags are affected with
OF and CF cleared to zero

NEAR in the statement BEGIN PROC NEAR
indicates that the subroutine 'BEGIN' is in the
same segment and BEGIN is 16-bit signed; CALL
BEGIN instruction decrements SP1fT1 then
pushes IF onto the stack and then adds the signed
16-bit value of BEGIN to IF and CS is unchanged;
thus, a subroutine is called in the same segment
(intrasegment direct)

The 8086 decrements SF by 2 and then pushes IF
onto the stack, then specified 16-bit register
contents (such as BX, SI, and DI) provide the new
value for IF; CS is unchanged (intrasegment
indirect)

CALL rcg 16
	

CALL a subroutine in the same
segment addressed by the contents
of a 16-bit general register
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Comments

The 8086 decrements SP by 2 and pushes II' onto
the stack; the 8086 theis loads the contents 01 a
meniory location addressed by the content of a
16-bit register such as IIX, SI, and IN into II'; CS]
5 unchanged (mt rasegnient indirect)

FAR in the statement BEGIN PIIOC PAR indicates
that the subroutine ' BEGIN'  is is anotherher segnicn
and the value of BEGIN is 32 bit wide

The 8086 decrements SP by 2 and pushes CS onto
the stack and moves the low 16-bit value of the
specified 32-bit number such as BEGIN' in CALL
BEGIN into CS; SI' is again dccrcmentcd by 2; IP
is pushed onto the stack; IP is then loaded with
high 16-bit value of BEGIN; thus, this instruction
CAI.l.S a subroutine in another code segnient

(inlersegnient direct)
This instruction decrements SI' by 2, and pushes CS

onto the stack; CS is then loaded with the contents
of memory locations addressed by I rcg 16 + 21 and
[reg 16 + 3] in DS; the SP is again decremersted by
2; II' is ptislicd onto the stack; Ii' is then loaded
with the contents of memory locations addressed
by Ireg 161 and ) reg 16 + I) in DS; typical 8086
registers uscd for reg 16 are DX, SI, and DI
(itttercegment indirect)

EStCIILI the sign bit (bit 7) of AL register into All
Clear carry to zero
Clear direction flag to zero
Clear interrupt citable flag to zero to disable

nt,tskahhe interrupts
One's complement carry
mem/reg call 	 8- or 16-bit; no memory-to-

memory comparison allowed; result of subtraction
is not provided; all flags arc affected

Subtracts 8- or 16-bit data from [mein or reg] and
affects flags; no result is provided

8- or 16-hit data addressed by [Dl) itt ES is
subtracted Irons 8- or 16-hit data addressed by SI
ill DS and flags are affected without providing any

result; if I)F 0, then SI and Dl are incremented
by one for byte and two for word; if UP = I, tisets
SI and 1)1 are decrcnscnted by one for byte and two
for word; the segment register ES in destination

cannot be overridden

Extend the sign bit of AX (bit 15) into DX
This instruction uses implied addressing mode; this

instruction converts [AL) into BCD; DAA should
be used after BCD addition

This instruction uses implied addressing mode;
converts )AL) into BCD; DAS should be used after
DCI) subtraction

This is a one-byte instruction; used to decrement a
16-bit register except segment register; does not
affect the carry flag

Used to decrement a byte or a word in memory or
all 8-hit register content; segment register cannot
be decrensented by this instruction; does not affect

carry flag

Intel 8086

Table 3.1 Summary of 8086 Instructions (continued)

Instructions	 Interpretation

CALL. nscns 16	 CALI. a subroutine addressed by the
content of a memory location
pointed to by 8086 16-bit register
such its IIX. SI , and Dl

CALL PROC (FAR)
	

CALL a subroutine in another
segment

CALL DWORDI'TR
	 CALL a subroutine in another

treg LG[
	 segment

CBW	 Convert a brie to a word

CLC	 CP-0

CLD	 DI: - 0

CLI	 IF 
CIVIC	 CF - CF

CMP mem/reg I,	 )mcinlreg 1 - )mcin/rcg 2 1, flags are

mcmireg 2	 affected

CMP mens/reg, data
	 [mem/reg] - data, flags arc affected

CMPS BYTE or CMPSB
	

FOR BYTE [[Sill - [ [ DI I], flags are

affected
[Si) - [SI) ± I
(Dl) *— [1)1) ± I

CMPS WORD or CPSW FOR WORD
([SI]] - )[Di)I, flags are affected

)Si[ f— [SI) + 2
(DII - [DI] + 2

CWD
	 Convert a word to 32bits

DAA
	 Decimal adjust [AL) after addition

DAS
	 Decimal adjust [AL) after subtraction

DEC reg 16
	

(reg 16) — [reg 161 —

DEC mem/reg 8
	 mcml - [mcml — I or [reg 81 —

(reg 8) -
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Table 3.1 Summary of 8086 Instructions (cciniinucil)

Instructions	 Interpretation

DIV mem/reg	 16/8 hit divide:
[AX

[mem 8/ reg 81
[AH) f—. Remainder
[AL]	 Quotient
32/16 hit divide;

[DX) [AX)

Comments

Mem/reg is 8-bit for 16-bit by 8-bit divide and 16-
bit for 32-bit by 16-bit divide; this is an unsigned
division; no Flags are affected; division by zero
automatically generates an internal interrupt

ESC external 01' code,
source

HLT
]DIV mem/reg
IMUL mcm/reg

[niem 16/ reg 161
[DX) — Remainder
[AX) (— Quotient
ESCAPE to external processes

I-IAL1
Same as DIV mein/rcg
For 8 x 8

[AX) <— [AL)
linens 8lrcg 81

FOR 16 x 16
[DX] [AX)	 [AX)'
[isieni 16/reg 16]

This instruction is used to pass instructions to a
coprocessor such as the 8087 Floating point
coprocessor which simultaneously monitors the
system bus with the 8086; the coprocessor OP
codes are 6-bit wide; the coprocessor treats normal
8086 instructions as NOF's; the 8086 fetches all
instructions from memory; when the 8086
encounters an ESC instruction, it usually treats it as
NOl'; the coprocessor decodes this instruction and
carries out the operation using the 6-bit 01 1 code
independent of lie 8086; for ESC OP code,
memory, the 8086 accesses data in memory for the
coprocessor; for ESC data, register, the coprocessor
operates on 8086 registers; the 8086 treats this as an
NO!'

Halt
Signed disisio. No flags are affected.
Mem/reg can be - or 16-bit; only CF and OF are

affected; signed ni tiltipi icution

INT n (n can be zero
thru 255)

[AL) — [PORT DX)	 Input AL with the 8-bit content of a port addressed
by DX; this is a one-byte instruction

[AX] <—. [PORT DX)	 Input AX with the 16-bit content of  port addressed
by DX and DX + I; this is a one-byte instruction

[AL) - )PORT)	 Input Al. with the 8-bit content of a pt addressed
by the second byte of the instruction

[AX] f- [PORT)	 Input AX with the 16-bit content of a port addressed
by the 8-bit address in the second byte oft the
instrticlion

)rcg 161 — )rcg 161 + I 	 This is a one-byte instruction; used to increment a
16-bit register except the segment register; does not
affect the carry flag

- macrn] — [mem) + I or Ireg Si —..-.---This is a two-byte instruction; can be used to
[reg 81 + I	 increment a byte or word in memory or ats 8-bit

register content; segment registers cannot be
incremented by this instruction; does not affect the
carry flag

]SP]	 [SP) — 2	 Software interrupts can be used as supervisor calls;
[[ SPj ] — Flags	 that is request for service from an operating
IF +— 0	 system; a different interrupt type can be used for
TF *— 0	 each type of service that the operating system
ISP) — SF) - 2	 could supply for an application or program;
))SP)] f- [CS]	 software interrupt instructions can also be used
[C51 — 4n + 2	 for checking interrupt service routines Written for
[Sil l — )SP] –2	 hardware-initiated interrupts

IN AL, DX

IN AX, DX

IN AL, PORT

IN AX, PORT

INC reg 16

INC mcmircg 8
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Table 3.1 Summary of 8086 Instructions (continued)

Instructions
	 Interpretation

	 Comments

([SI'] I
- 1n

Interrupt oil

Interrupt
Return

uiiip if abovc/j u tnp it not below
or equal

Jo 1111 1 if above or equal/jump if not
below/jump if no carry

lump i below/jump if carry/jon) if
not above or equal

Jump if below or equal/jump if not
above

Jump if CX = 0

Jump if equal/jump if zcro

JGIINLE disp 8	 Jump if greater/jump if not less or
equal

G E/] N L disp S	 Jun51) if greater or equal/ j u nip if not
less

J [JJNG E disp S	 Jump if less/J um p if not greater nor

equal

LE/J NG d isp it 	 1511111) ii less or equal/ jump if not
greater

(MI' Label	 Unconditional Jump with a signed 8-
bit (SHORT) or signed 16-bit (NEAR)
displacement in the Sante segment

)NIP reg 16
	

Ill') - reg 101
[Cs1 is unchanged

Jisli' nem 16
	

[11 1 1 +— (nicitsi
[CS) is unchanged

Generates an internal interrupt if OF = I cxr..;
INT 4; can be used after an arithmetic opc *Lion to
activate a service routine if OF = 1; when INTO i
executed and if OF = 1 operations similar to INT n
take place

POI'S 11', CS and Flags from stack; IItET is used as
return instruction at the end of a service routine for
both hardware and software interrupts

Jun 5 1) if above/jump if not below or equal with 8-
bit signed displacement; that is, the displacement
call from - 128 10 to + 127,, zero being positive;
[A and JNBE are the mnemonic which represent
the sante instruction; [U ntp if both Cl: and ZF are

zero; used for unsigned comparison
Same as JA/JNBE except that the 8086 Jumps if CF

= 0; used for unsigned comparison
Sante as J1VJNBE except that the jump is taken Cl:

1, used for unsigned comparison
Same as JA/JN IIE except that the jump is taken if CF

= 1 or	 = 0; used for unsigned comparison
Jump if CX = 0; this instruction is useful at the

beginning of a loop to bypass the loot' if CX = 0
Same as JAJJNLtE except that the jump is taken if ZF

1; used for both signed and unsigned comparison
Sante as JAIJNIIE except that the jump is taken if

((SF (D OF) or ZF) 0; used for signed comparison
Same as JA/JNBE except that the jump is taken if

(SF ® OF) = 0; used for signed comparison
Saute as JA/JN BE except that the jump is taken if

(SF (B OF)	 1; used for signed comparison
Same as )A/JNIIE except that the jump is taken if

((SF ED OF) or ZF) = 1; used for signed comparison
The Libel START can be signed 8-bit (called SHORT

jump) or signed 16-bit (called NEAR jump)
displacement; the assembler usually determines the
displacement value; if the assembler finds the dis-
placenient value to be signed 8-bit (-128 to +127,0
being positive) then the assembler uses two bytes
fir the instruction: one byte for the OP code
lolloweil by a byte for the displacement; the assembler
sign extends the 8-bit displacement and thets adds

it to Ill; (CS] is unchanged; oil 	 other hand, if
the assembler finds the displacement to be signed
16-bit (±32 K), then the assembler uses three bytes
for the instruction: one byte for the 01' code followed
by 2 bytes for the displacement; the assembler adds
the signed 16-bit displacement to IF; [CS] is
unchanged; therefore, this JMP provides a jump in
the same segment (intrasegmens direct jump)

Jump to an address specified by the contents of a
6-bit register such as BX, SI, and Dl in the satttc

code segment; in the example JM P OX, [OX) is
loaded into II' and [CS) is unchanged
(hit rasegment memory indirect junip)

Junip to an address specified by the contents ofa
16-bit tisetitory location addressed by 16-bit register

INTO

IRET

JA/J NBE disp 8

JAE/jNIIJJNC disp 8

Jlt/JC/J NAE disp 8

JI3EJJNi\ disp S

JCXZ disp S

JE/JZ disp 8
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Table 3.1 Summary of 8086 Instructions (conziiztwd)

LOCK	 LOCK bus during next instruction

Comments

such as BX, SI, and Dl; in the example, JMP [OX)
copies the content of a memory location addressed
by OX in OS into 11'; CS is unchanged
(inlrascgment memory indirect jump)

This is a 5-byte instruction: the first byte is the OP
code followed by four bytes of 32-bit immediate
data; bytes 2 and 3 are loaded into IP; bytes 4 and 5
are loaded into CS to JUMP unconditionally to
another segment (intersegnscnt direct)

This instruction loads the Contents of memory
locations addressed by )reg 16] and [reg 16 ± I) in
OS into IP; it then loads the contents of memory
locations addressed by Ireg 16 t- 2) and [reg 16 +
31 in OS into CS; typical 8086 registers used for reg
16 are IIX, SI, and Dl (intcrscgment indirect)

Same as JA/JNBE except that the jump is taken if ZF
= 0; used for both signed and unsigned comparison

Same as IA/IN lIE except that the ju cp is taken if OF
=0

Sa inc as I A/J NIlE except that the j u up is taken if PP
=0

Same as JAIJNI3E except that the jump is taken if SF
=0

Same as JAIJNBE except that the jump is taken if OF

Same as JA/JNIIE except that the jump is taken if PP

Same as JA/JNIIE except that the jump is taken if SF

This instruction has implied addressing mode; it
loads AH with the low byte of the flag register; no
flags are affected

Load a 16-bit register (AX, OX, CX, DX, SP, BP, SI,
Dl) with the content of specified memory and load
OS with the content of the location that follows; no
flags are affected; OS is used as the segment register
for nseiss

LEA (load effective address) loads the vali, of the
source operand rather than its content to register
(such as SI, 1)1, IIX) which are allowed to contain

ffset for accessing memory; no flags are affected
OS is used as the segment register for mens; in the

example LES DX, [OX), DX is loaded with 16-bit
value from a memory locatiots addressed by 20-bit
physical address computed from OS and OX; the
16-bit content of the next memory is loaded into
ES; no flags are affected

Lock is a one-byte prefix that causes the 8086
(configured in maximum mode) to assert its bus
LOCK signal while following instruction is
executed; this signal is used in multiprocessing; the
LOCK pin of I lie 8086 can be used to LOCK other
processors off the systens bus during execution of
an instruction; in this way, the 8086 can be assured
of uninterrupted access to common system
resources such as shared RAM

Instructions	 Interpretation

JMP Label (FAR)
	

lJjicottdit ioiially jun11) to another
Segit IC Ii

JMP DWORDPTR
	

Unconditionally jump to another
[reg 16)	 segment

JNE/JNZ disp 8
	

Jo risp if not equal/jo iop if not zero

JNO disp 8
	

Jump if not overflow

JNPJJPd disp 8
	

Jon)1) if no parity/jump if parity odd

INS tBsp 8
	

Jump if not sign

JO disp 8
	

Jump if overflow

JP/JI'E disp 8
	

Jump if pant y/)ump if parity even

JS disp 8
	

Jump if sign

LAI IF
	

[All) (— Flag low-byte

LOS reg, mew

	

	
I rcg) +— [mew)
[OS) — )mem i- 21

LEA reg, incns	 reg] — )olIset portion of address)

LB reg, metti	 reg)	 1 ittem I

[ES) — Imens -I- 21



LOO1'NEILOOPNZ
disp S

MOV scinircg 2,
ntcIsi/rcg I

MOV incus, data

MOV rcg. data

MOV segrcg, rncm/rcg

MOV mcivJrcg, scgreg

MOVS llrl'E or MOVSI!

MOVS WOlU) or
MO VS W

Loop while not equallloop white not
rd o

n1cmcg 2] — [Incill./rcg 1]

(nscn( — data

(reg] — data

(scgrcg] *— [mcmircg(

(mcm/rcg) +— [segreg!

FOR BYTE
(FIJI]) — ([SI)]
st	 -- (SI) ± I

FOR \VORt)
[(DI]] — ([SI)]
[SE'; (- (SI)	 2

Intel 8086

Table 3.1 Summary of 8086 Instructions (continued)

Instructions	 Interpretation

LOPS BYTE or LODSB FOR BYTE
(AL) — ([Slfl
(SE) — tsr) ±

LOPS WORD or	 FOR WORD
LODSW	 IAX( — [(SI]]

1St) — (SE) ± 2
LOOP disp 8	 Loop if CX not equal to zero

LOOPEILOOPZ disp 8	 Loop wink cqualiloop while zero

M1JL mcits/rcg	 FOR 8x 8
(AX) <— [AL] (mcrn/rcg(

FOR 16x 16
(DX] (AX) <— [AX]' (mcmircgl

NEG r.crnircg	 (mens/reg) (— (mcnVreg]' 1- 1

NO!'
	

No Operation
NOT reg
	

IrcgI f— (rcg['

NOT rncrn
	

I mcns( f-. [ mcml'

OR Mcrit/rcg I
	

(rncm/zcg 11 <-
Mcm/rcg 2
	

(mcm/rcg I] V

[mem/reg 2)

129

Comments

Load 8-bit data into AL or 16-bit data into AX from
a memory location addressed by ST in segment 1)5;
i(DF = 0, then SI is incrcmentd by 1 for byte or
incremented by 2 for word after the load; if OF = 1,
then SI is deceemented by 1 for byte or decremented
by 2 for word; LOPS affects no flags

Decrement CX by one, without affecting (lags and
loop with signed 8-bit displacement (from —128 to
+ 127, zero being positive) if CX is not equal to zero

Decrement CX by one without affecting flags and
loop with signed 8-bit displacement if CX is equal
to zero, and if Zr- = 1 which results from execution
of the previous instructio,i

L)ecrcnscrd CX by one without affecting flag and
LOOp with signed 8-bit displacement if CX is not
equal In zero and iF 0 which results from
execution of previous instruction

risen) uses OS as the segment register; no memory-
to-memory operationallowed; that is, MOV rnenl,
mern is not permitted; segment register cannot be
specified as reg: no flags are affected

mem uses PS as thesegment register; 8- or 16-bit
data specifies whether memory location is 8- or 16-
bit; no flags are affected

Segment register cannot be specified as erg; data can
be 8- or 16-bit; no (lags arc affected

mem uses DS as segment register; used for initializing
CS, OS, ES, and SS; no flags arc affected

tnsrn uses OS as segment register; no flags are
Ifcctcd	 -

Move 8-l'.t or 16-bit data from the memory location
addressed by SI in segment OS location addressed
by DI in ES; segment DS can be overridden by a
prefix but destination segment muss be ES and
cannot be overridden; if OF 0, then SI is
incremented by one for byte or incremented by
two for word; iIDF = I, then $I is dccremcnted by
one for byte or by two for word

nse:n/reg can be 8- or 16-bit; only Cl : and OF are
affected; unsigned multiplication

nsemfrcg can be 8- or 16-bit; performs two's
complement subtraction of the specified operand
from zero, that is, two's complement of a number
is formed; all flags arc affected except CF = 0 if
(mcrnlrcg] is zero; otherwise CF = I

8086 does nothing
mucus and reg c_sn b- 6- or 10-bit; segment registers

arc not allowed; no (lags arc affected; ones
co;npkment reg

nierts uses PS as the segment register; no flags arc
affected; ones complement mcin

No nsenscry-to-memory operation is allowed; [men-i)
or (rcg 1] or (rcg 2) can be 8- or 10-bit; all flags are
affected with OF and CF cleared to zero; no
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Table 3.1 Summary of 8086 Instructions (continued)

Comments

segment registers arc allowed; mcm uses DS as
segment register

mcnl arid data can be 8- or 16-bit; tisem uses DS as
segment register; all flags are affected with CF and
OF cleared to zero

reg and data can be 8- or 16-bit; no segment
registers are allowed; all flags arc affected with CF
and OF cleared to zero

Output the 8-bit contents of AL into an 110 Port
addressed by the 16-bit content of DX; this is a
one-byte instruction

Output the 16-bit contents of AX into an I/O Port
addressed by the 16-bit content of DX; this is a
one-byte instruction

Output the 8-bit contents of AL into the Port
specified in the second byte of the instruction

Output the 16-bit contents of AX into the Port
specified in the second byte of the instruction

turns uses DS as the segment register; no flags are
affected

Cannot be used to FOP segment registers or flag
register

P01' CS is illegal

This instruction pops the top two stack bytes in the
16-bit flag register

mnem uses DS as segment rcgistcn no flags are
affected; pushes 16-bit memory contents

erg must be a 16-bit register; cannot be used to
PUSH segment register or Flag register

PUSh I CS is illegal

This instruction pushes the 16-bit Flag register onto
the stack

FOR BYTE

I7

J- . .

FOR WORD
CF

	

[15	 0

Operation same as RCL nsern/rcg, I cxccpt the
number of rotates is specified in CL for rotates up
to 255; zero or negative rotates are illegal

FOR BYTE

	

L:	 ,T;}J

Instructions
	 Interpretation

OR incru. data
	

(nscnh] — Irncrnl vdata

OR reg, data
	

(rcgl i— (reg] v data

OUT DX, AL
	

IPORTI — [AL]
DX

OUT DX, AX
	

[PORT] i— (AX]
DX

OUT PORT, AL
	

[PORT] (— cAL]

OUT PORT, AX
	

[PORT] — (AX)

POP mcni	 tncm] <— (ISP])
[SPI (—. [SF] + 2

POP ccii
	 [reg] — (ISP])

(SF) — ISP] + 2
POP segrcg
	 [segreg] — ()SP)[

[SF] — [SF) + 2
1-OPF
	

[Flags] *— ((SF)]
(SF) - [SI') + 2

PUSH mem
	

ISP] <-. [SF) —2
((SPI) (— (mem)

PUSH reg
	

(SF) - (SP] —2

lISP )) +— (reg)
PUSH segreg
	

(SF) +— (SP] —2

[[SP )] — [segreg]
PUSHF
	

(SF) +— [SF] —2
([SF)] — (Flags]

RCL rncnslreg, 1

	

	
ROTATE through carry left once byte

or word in rnerolreg

RCL mcmlrcg, CL
	

ROTATE through carry left byrc or
word irs mctnircg by (CLI

RCR mcmlreg, 1
	

ROTATE through carry right once byte
or word in mcm/reg

FOR WORD

RCR rncmlreg, CL	 ROTATE through carry right byte or 	 Operation same as RCR men/reg. 1 except the

word in mentireg by [CL)	 number of rotates is specified in CL for rotates up
to 255; zero or negative rotates are illegal
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Table 3.1 Summary of 8086 Instructions (continued)

Comments

The assembler generates an intrasegment return if
the programmer has defined the

subroutine as NEAR; for isltrasegmcnt return, the
following operations take place: [EPI - ([Sri) [SPI
- [SPj + 2; on the other hand, the assembler

generates an inrcrs.egmcnt return if the subroutine
has been defined as FAR; in this case, the following
operations take place: (II') -- USPI), (SPI - (SP[
+ 2, [CS] i— ([ SF]], [SP] - [SP) + 2; an optional
16-bit displacement 'START' can be specified with
the intersegment return such as RET START; in
this case, the 16-bit displacement is added to the SP
value; this feature may be used to discard
parameter pushed onto the stack before the
exeution of the CALL instruction

FOR BlIP.

I kJ.	 . ,lJA

FOR WORD

Instructions	 ation

REI
	

POPS IP for intr-ascgmcnt CALLS

POPS IP and CS for crscgmcnt
CALLS

ROL inem/rcg. I
	

ROTATE left once byte or word in
mern/reg

IS	 0

—riCF

[CL) contains rotate Count up to 255; zero and
negative shifts arc illegal; CL is used to rotate count
when the rotate s greater than once; mcrn uses US
as the segment register

FOR BYTE
7	 0

I '	 '
I	 A' •

FOR WORD

ROL mcnh/rcg, CL
	

ROTATE lea byte or word by the
content of CL

ROR mem/reg, 1
	

ROTATE right once byte or wc . rJ in
rnerst/rcg

is	 0ri.L .
Operation same as ROR nscm/rcg. I; (CLI specifies

the number of rotatcs for up to 255; zero and
negative rotates arc illegal; mem uses DS as the
segment register

This instruction has the implied addressing mode;
the content of the All register is stored into the
low-byte of the flag register; no flags are affected

FOR BYTE
FIT-1	 7
L_.

ItOR nscniircg, CL
	

ROTATE right byte or word in
tnemlrcg by [CL)

SAHF
	

[Flags, low-byte]	 [AU)

SAL mein/mg, I
	

Shift aithmctic left once byte or word
in mem or reg

FOR WORD

EJ	 0
T__j I-	 I k—o

Mem uses DS as the segment register, reg cannot be
segment registers; OP and CF are affected-, if sign
bit is changed during or after shifting, the OF is set
to one
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Table 3.1 Summary cr8086 Instructions (continued)

Comments

Operation same as SAL mem/reg. 1; CL contains
shift count for up to 255; zero and negative shifts
are illegal; [CL) is used as shift count when shift is
greater than one; OF and SF are affected; if sign bit
of [mcm] is changed during or after shifting, the
OF is set to one; mcm uses DS as acgsscnt register

FOR BYTE	 -

FOR WORD

Instructions
	

Intcrprclatlon

SAL nicmircg. CL
	

Shift arithmetic left byte or word by
shift count on CL

SAR rnemlrcg, I
	

SHIFT arithmetic right once byte or
word in mem/reg

SAIL mcniircg, CL
	

SHiFT arithmetic right byte or word
in mernlreg by [CL]

SIIlt nscm/rcg 1,	 nscns/reg 1) -
rnciulrcg 2
	

(mem/reg 1) - (mem/reg 2] - CV
EBB mcm, data
	

[mcml 4- [niem] - data - CV

Sill rcg, data	 lrcg) 1- (reg) -. data-- CV

SBB A, data
	

(A) 4- (A) - data - CV

SCAS BYTE or SCASB
	

FOR BYTE
(ALl - ([Dill, flags are affcctcd,
[DI] [DI) ± I

SCAS WORD or SCASW FOR WORD
[AX] - [(Di)), (lags are affected,
[DI) 4- (DI) 12

SHL mcinlrcg, 1	 SHIFT logical kit once byte or word
in mcmlrcg

SHL nseru/reg, Cl-	 SHIFT logical. left byte or word in
rncns/reg by the shift count in CL

SI-lit mcm/rcg, I	 SHIFT right logical once byte or word
in tncm/rcg

Operation same as SAR mcmircg, 1; however, shift
count is specified in CL for shifts up to 255; zero
and negative shifts are illegal

Same as SUB mem/reg I, men/:cg 2 except this is a
subtraction with borrow

Same as SUB acm, data except this is a subtraction
with borrow

Same as SUB rcg, data except this is a subtraction
with borrow

Same as SUB A, data except this is a subtraction with
borrow

8- or 16-bit data addressed by )DIJ in ES is
subtracted from 8- or 16-bit data in AL or AX and
(lags are affected without affecting [AL) or [AX] or
string data; ES cannot be overridden; hOP 0,
then Dl is incremented by one for byte and two for
word; if OF I, then DI is dccremcnted by one for
byte or decremented by two for word

Same as SAL mem/reg, I

Same as SAL menVrcg, Cl. except overflow is cleared
to zero

FOR BYTE

FOR WORD

0 -rç

Operation same as STIR merrtlreg, I; however, shift
count is specified in CL for shifts up to 255; zero
and negative shifts arc illegal

Set carry to one
Set direction (lag to one
Set interrupt enable flag to one to enable maskable

interrupts
Store 8-bit data Irons AL or 16-bit data from AX into

a memory location addressed by Dl in segment ES;
segment register ES cannot be overridden; if OF
0, then Dl is incremented by one for byte or
incremented by two Icr word after the store

SUIt mcm/rcg, Cl. 	 SHIFT right logical byte or word its
rnens/rcg by (CL)

ETC
	

CF I
DF - I

STI
	

IF 4- I

STOS BYTE or STOSB
	

FOR BYTE
llDfl 4- [AL(
)DIl (- (DI) ± 1

STOS WORD or STOSW FOR WORD

([ DI ]] 4- JAXI
DJ 4- [1311 ±2
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Table 31 Summary o 8086 Instructions (continued)

Instructions	 Interpretation	 Comments

SUIt zncmircg I,	 (rncmlreg 11	 No memory-to-memory SUB permitted; all flags arc

mem/reg 2	 mem/rcg 1) - [mens/reg 21	 aIfcctcd; nscm uses DS as the segment register

SUB mem, data	 Imenil 4- [mem] - data	 Data can be 8- or 16-bit; mem uses DS as the
segment register, all flags are affected

SUB reg, data	 [rcg 4— [reg] - data	 Data can be 8- or 16-bit; all flags arc affected

TEST mexnircg I, 	 (mcm/reg 1] A [mens/reg 21, no result-, No memory-to-memory TEST is allowed; no result is

mesnlreg 2	 flags are affected	 provided; Z flags arc affected with CF and OF
cleared to zero; [mem], (rcg 11 or (reg 21 can be 8-
or 16-b i t; no segment registers are allowed; mncm
uses DS as the segment register

TEST mem, data	 [rncns] A data, no result; flags are 	 Mena and data can be 8- or 16-bit; no result is

affected	 provided; all flags are affected with CF and OF
cleared to zero; mens uses DS as the segment
register

TEST reg, data	 Ircgj A data, no result; flags arc	 Reg and data can be 8- or 16-bit; no result is

affected	 provided; all flags are affected with CF and OF
cleared to zero; reg cannot be segment register;

WAIT	 8036 enterS wait state	 Causes CPU to enter wait state if the 8086 TEST pin
is high; while in wait state, the 8086 continues to
check TEST pin for low; if TEST pin goes back to
zero, the 8086 executes the next instruction; this
feature can be used to synchronize the operation of
8036 to an event in external hardware

XCHG mcm, cg [mcml -* [regi reg and mem can be both 8- or 16-bit; nicmn uses
DS as the semcnt register, reg cannot be segment
register, no flags are affected

XCHG reg, rcg	 (reg] - [rcgl	 meg can be 8- or 16-bit; meg cannot be segment
register; no flags are affected

XLAT	 (ALl - [Al.] + [BXI	 This insjuction is useful for translating characters
from one code such as ASCII to another such as
EBCDIC; this is a no-operand instruction and is
called an instruction with implied addressing mode;
the instruction loads AL with the contents of a 20-
bit physical address computed from 1)5, ItX, and
AL; this instruction cams be used to read the
elements in a table where BX can be loaded with a
16-bit value to point to the starting address (offset
from 1)5) and AL can be loaded with the clement
number (0 being the first clement number), no
flags arc affected; the XLAT instruction is
equivalent to MOV AL, [AL] [BXI

XOR Lmmcrnlrcg 1. 	 [mcm/rcg 1]	 No memory-to-memory operation is allowed; [mcml
mcmislrrg 2 (mcmnlrcg 110 [mcmlrcg 21 or (reg 11 or [reg 2] can be 8- or 16-bit; all flags arc

affected with CF and OF cleared to zero; mem uses
DS as the segment register

XOR mem, data	 [rcg] 4- (roem] € data	 Data and mem can be 8- or 16-bit; mem uses DS as
the segment register, mem cannot be segment
register; all flags are affected with CF and OF
dcared to zero

XOR reg data	 - (reg] I— [reg) ) data	 Same as XOIt mem. data
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Suppose that all 808,1;-based microcomputer is interfaced to an ASCII keyboard and an IBM
printer (EBCDIC code). In such a system, any number entered into the microcomputer will
be in ASCII code which must be converted to EBCDIC code before outputting to the printer.
If the number entered is 4, then the ASCII code for 4 (34H) must be translated to the EBCDIC
code for 4 (F4H). A look-up table containing EIICDIC code for all the decimal numbers (0 to
9) can be stored in memory at thd 16-bit starting address in the data segment of memory; with
code for 0 stored at 30301-I, code for I at 3031H, and so on. Now, if AL is loaded with the ASCII
code 34H and BX is loaded with 30001-I, then by using the XLA'I' instruction, content of
memory location 303411 in the data segment containing the EBCDIC code for 4 (F4H) from
the look-up table is read into AL, thus replacing the ASCII code for 4 with the EBCDIC code
for 4.

2. Examples of input/output iijslructioi is

Consider fixed port addressing in which the 8-bit port address is directly specified as
part of theinstruction. IN AL, 381-I inputs 8-bit data from port 381-I into Al., IN AX, 38H
inputs 16-bit data from ports 381-1 and 391-I into AX. OUT 38H, Al. outputs the contents
of AL to port 3811. OUT 3811, AX, oil other hand, outputs the 16-bit contents of AX
to ports 381-I and 39H.
For the variable port addressing, the port address is 16-bit and is contained in'thc DX
register. Consider ports addressed by 16-bit address contained in DX. Assume [DXI =
3124 in all the following examples:

IN AL, DX inputs 8-bit data from 8-bit port 3124 into AL.
IN AX, DX inputs 16-bit data from ports 312	 tid 3125 16 into AL and AH respectively.

OUT DX, AL outputs 8-bit data from AL into port

OUT DX, AX outputs 16-bit data from AL and AH ILto ports 3124 16 and 3125,
respectively.

Variable 	 addressing allows up to 65,536 ports with addresses from 0000H to FFFFH.
The port addresses in the variable port addressing call calculated dynamically in a program.
For example, assume that an 8086-based microcomputer is connected to three printers via
three separate ports. Now, in order to output to each one of the printers, separate programs
are required if fixed port addressing is used. However, with variable port addressing one can
write a general subroutine to output to the printers and then supply the address of the port for
a particular printer for which data output is desired to register DX in the subroutine.

3. Lixampks of address in itializalion instruct ions

• LEA rcg, mem loads an offset (mew) directly into the specified register. This instruction
is useful when address computation is required. LEA BX, 5000H and MOV BX, 5000H
accomplish the same task. That is, both of these instructions load 5000H into 13X. On
the other hand, LEA DI, [511 [BX) loads the 16-bit value computed from BX and Si into
DI whereas MOV DI, [SI] [13X] loads the 16 bit contents of a memory location corn-
pitted from SI and 13X into Dl. LEA can be used to toad these addresses. For example,
LEA call 	 used to load the address of the table used by the XLAT instructions.

• LDS reg, mern can be used to initialize SI and DS to point to the start of the source string
before using one of the string instructions. For example, LDS Si, (13X] loads the 16-bit
contents of memory offset by [LIX] in the data segment into SI and the 16-bit contents
of memory offset by IBX + 2] in the data segment into DS.

• LE.S rcg, mern can be used to point to the start of the destination string before using one
of the string instructions. For example, LES DI, [BX] loads the 16-bit contents of
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memory offset by [BXI in the data segment to Dl and then initializes ES witil the 16-
bit contents of memory offset by [BX + 21 in DS.

4. Examples offing register instructions

• PIJSHF pushes the 16-bit flag register onto the stack.
• LAHF loads AH with the condition codes from the low byte of the flag rcgirt.

5. Explanation of arithmetic instructions

• Numerical data received by an 8086-based microcomputer from a terminal is usually in
ASCII code. The ASCII codes for numbers 0 to 9 are 30H through 391-i. Two 8-bit data
can be entered into an 8086-based microcomputer via a terminal. The ASCII codes for
these data (with 3 as the upper middle for each type) can be added. AAA instruction can
then be used to provide the correct unpacked BCD. Suppose that ASCII codes for 2
(32 16) and 5 (3516) are entered into an 8086-based microcomputer via .1 terminal. These
ASCII codes can be added and then the result can be adjusted to provide the correct
unpacked BCD using AAA instructions as follows:

ADD CL, DL ; (CL]	 = ACSII for 2
[DL] =	 = ASCII for 5

; Result [CL] =
MOV AL, CL ; Move ASCII result

into AL since AAA
adjust only [AL]

AAA	 ; [AL]	 07, unpacked
BCD for 7

Note that in order to send the unpacked BCD result 07 16 back to the terminal, [AL)
07 can be ORed with 3011 to provide 371-1, the ASCII code for 7.
DAA is used to adjust the result of adding two packed BCD numbers in AL to provide
a valid BCD number. If after the addition, the low 4-bit of the result in AL is greater than
9 (or if AF 1), then the DAA adds 6 to the low 4 bits of AL. Then, if the high 4 bits
of the result in AL is greater than 9 (or if CF = I), then DAA adds 601-1 to Al.. As an
example, consider adding two packed BCD digits 55 with 18 as follows:

ADD AL, DL

DAA

[AL] = 55 BCD
[DL] = 18 BCD
Result	 [AL) = 6DH
Since low nibble
D = 1101, > 9, add i.e 110 1 2 + 01102

OOlh

1'

carry 3IICD

• The ASCII codes for two 8-bit numbers in an 8086-based microcomputer can be
subtracted. Assume

(AL] = 35H = ASCII for 5
[DL]	 37H = ASCII for 7
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The following instruction sequence provides the correct subtraction result:

SUB AL, DL ; (AL]	 1111 11102 = subtraction result
in 2's complement
Cr = 1

AAS	 ; (AL)	 BCD02
CF = 1 means

; borrow to be
; used in ini.zltibyte BCD subtraction

AAS adjusts [AL] and leaves zeros in the upper nibble. To output to the ASCII terminal
from the microcomputer, BCD data can be ORed with 30H to produce the correct
ASCII code.

DAS can be used to adjust the result of subtraction in AL of two packed BCD numbers
to provide the correct packed BCD. If low 4-bit in AL is greater than 9 (or if AF = 1),
then DAS subtracts 6 from the low 4-bit of AL. Then, if the upper 4-bit of the result in
AL is greater than 9 (or if CF = 1) DAS subtracts 60 from AL. While performing these
subtractions, any borrows from LOW and HIGH nibbles are ignored. For example,
consider subtracting BCD 55 in DL from BCD 94 in Al..

SUB Al, DL ; [AL) = 3FH - Low nibble 	 1111
DAS	 ; CFO	 —6 =1010

1	 1001

	

CAL]	 39BCD	 1'
ignore

• IMUL mcm/rcg provides signed 8 x 8 or signed 16 x 16 multiplication. As an example,
if [CL] = FDH = —3w, [AL] = FEH —2w, then after IMUL CL, rcgis!cr AX contains
0006H.
Consider 16 x 16 unsigned multiplication, MUL WORDPTR [DX]. If [DX) = 0050H,
IDS) = 3000H, [30050H] = 00021-1, [AX] = 0006H, then after MUL WORDPTR [BX],
[DX) = 000011, [AX] 000CH.

• Consider DIV BL. If [AX] = 0009H, [DL] = 02H, then after DIV DL,

[AH] = Remainder = 01R

	

[AL] = Quotient	 041!

• Consider IDIV WORDPTR [DX]. If [DX] 0020H, [DS] 2000H, [20020H] 000411,
[DX] [AX] = 000000 11 H, then after IDl y. WORDPTR [DX],

	

(DX] = Remainder	 0001H

	

(AX)	 Quotient = 00041!

• AAD converts two unpacked BCD digits in AH and Al. to an equivalent binary number
in AL. AAD must be used before dividing two unpacked BCD digits in AX by an
unpacked BCD byte. For example, consider dividing [AX] = unpacked BCD 0508 (58
decimal) by (DH] = 07H. [AX) must first be converted to binary by using AAD. The
register AX will then contain 003AH 58 decimal. After DIV DH, [AL] = quotient =
08 unpacked BCD [AU] = remainder = 02 unpacked BCD.
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Consider CI3W. This instruction extends the sign from the AL register to AH register.

For example, if [AL] = E2H, then after CBW, Al-I will contain FFH since the most

significant bit of E2H is one. Note that sign extension is useful when one wants to

perform an arithmetic operation on two signed numbers of different sizes. For example,

the 8-bit signed number 021-I can be subtracted from 16-bit signed number 2005H as

follows:

2005H - 0010 00000 00000101

2compIcnf02FI-1111 11111 11111110

ignorc carry	 1 0010 0000 0006 0011
2

2 0 0 3H

Another example of sign extension is that in order to multiply a signed 8-bit number by

a signed 16-bit number, one must first sign-extend the signed 8-bit into a signed 16-bit

number and then the instruction IMUL can be used for 16 x 16 signed multiplication.

AAM adjusts the product of two unpacked BCD digits in AX. If [AL] = BCD3 =
00000011 2 and [Cl-I] = BCD8 = 0000 1000, then after MUL CH, [AX] =

0000000000011000 2 = 00181-1, and after using AAM, ]AX) = 00000010 00000100 2 =
unpacked BCD 24. The following instruction sequence accomplishes this:

MUL CH

AAM

Note that the 8086 does not allow multiplication of two ASCII codes. Therefore, before

multiplying two ASCII bytes received from a terminal, one must mask the upper 4-bits

of each one of these bytes and then multiply them as two unpacked BCD digits and then

use AAM for adjustment. In order to convert the unpacked BCD product back to ASCII,

for sending back to the terminal, one must OR the product with 3030H,

6. Examples of logical, shift and rotate insiructions

TEST 13L, 3 logically ANDs the contents of BL with 00000011 2 but does not store the

result in 13L. All [lags arc affected.

All shift and rotate instructions include two operands. The destination operand specifies

the register or memory to be shifted or rotated while the source operand specifics the

number of times the register or memory contents arc to be shifted. Por example, SHL

DX, 1 logically shifts the 16-bit contents of DX once to the left. O il other hand, SHL

DX >CL, with CL = 5, logically shifts the 16-bit contents of DX five times to the left. For

all 8086 shift and rotate instructions, a shift count of one must be represented in the

source operand by '1' while shift counts from2, to 255 must be represented in the

source operand by the contents of CL.

7. Example of string instructions

LODS can be represented in four forms:

For Byte LODS BYTE

or

LODSB
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For Word LODS WORD

or

LODSW

If [SI] = 0020H, [DS] = 30001-I, [30020H] = 05H, DF = 0, then after LODS BYTE or
LODSB, (AL] = 05H, (SI] = 0021H.
If [DS] = 2000H, [ES] = 3000H, [SI] = 0020H, [DI] = 0050H, DF = 0, [20020H] =
0205H, [30050H] 4071H, then after execution of MOVSW or MOVS WORD, memory
location 30050H will contain 0205H. Since DF = 0, register SI will contain 00221-I and
register DI will contain 0052H.
REP, a one-byte prefix, can be used with MOVS to cause the instruction MOVS to
continue executing until CX = 0. Each time the instructions such as REP MOVSB or
REP MOVSW are executed, CX is automatically decremented by 1, and if [CX] # 0,
MOVS is rccxccutcd and then CX is decremented by I until CX = 0; the next instruction
is then executed. REP MOVSI3 or REP MOVSW can be used to move string bytes until
the string length (loaded into CX before the instructions REP MOVSI3 or REP MOVSW)
is decremented for zero.

• REPE/REPZ or REPNE/REPNZ prefix can be used with CMPS or SCAS to cause one of
these instructions to continue executing until ZF = 0 (for REPNE/REPNZ prefix) or CX
= 0. Note that REPE and REPZ are two mnemonics for the same prefix byte. Similarly,
REPNE and REPNZ also provide the same purpose.

• If CMPS is prefixed with REPE or REPZ, the operation is interpreted as "compare while
not end-of-string (CX not zero) and strings are equal (ZF = 1)". If CMPS is preceded
by REPNE or REPNZ, the operation is interpreted as "compare while not end-of-string
(CX not zero) and strings not equal (ZF = 0)". Thus, repeated CMPS can be used to find
matching or differing string elements.

• If SCAS is prefixed with REPE or REPZ, the operation is interpreted as "scan while not
end-of-string (CX not 0) and string-clement = scan-value (ZF = I)". This form may be
used to scan for departure from a given value. If SCAS is prefixed with REPNE or
REPNZ, the operation is interpreted as "scan while not end-of-string (CX not 0) and
string-element is not equal to scan-value (ZF = 0)". This form may be used to locate a
value in a string.

• Repeated string instructions are interruptible; the processor recognizes the interrupt
before processing the next string element. Upon return from the interrupt, the repeated
operation is resumed from the point of interruption. When multiple prefixes (such as
LOCK and segment override) are specified in addition to any of the repeat prefixes,
program execution does not resume properly upon return from interrupt.

The processor remembers only one prefix in effect at the time of the interrupt, the
prefix that immediately precedes the string instructions. Upon return from interrupt,
program execution resumes at this point but any additional prefixes specified are not
recognized. If multiple prefix must be used with a string instruction, maskable inter-
rupts should be disabled for the duration of the repeated execution. However, this will
not prevent a nonmaskable interrupt from being recognized.

• Note that the segment register for destination for all string instructions is always ES and
cannot be overridden. However, DS can be overridden for the source using a prefix. For
example, ES: MOVSB instruction uses the segment register as ES for both source and
destination.
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8. Examples of unconditional transfers

• There are two types of Jump instructions. These are interseginent Jumps (both IP and
CS change; Jump to a different code segment) and intrasegment Jumps (IP changes and
CS is fixed; Jump in the same code segment). For example, iMP FAR BEGIN (or some
8086 assemblers use JMP FAR PTR BEGIN) unconditionally branches to a label BEGIN
in a different code segment. JMP START jumpts to a label START in the same code
segment.

• CALL instructions can be intersegment and intrasegment. For example, CALL DWORD
PTR [DX] pushes CS and IP onto the stack and loads IP and CS with the contents of four
consecutive locations pointed to by BX. CALL DX, on the other hand, pushes IP onto
the stack, the new value of IP is loaded from BX and CS in unchanged.

9. Examples of conditional transfers

All 8086 conditional branch instructions use 8-bit signed displacement. That is, the
displacement covers a branch range of —128 10 to +127 10 with 0 being positive. In order
to branch out of this range, the 8086 unconditional jump instructions (having direct
mode) must be used.

Conditional jumps are typically used with compare instructions to find the relation-
ship (equal to, greater than, or less than) between two numbers. The use of conditional
instructions depends on whether the numbers to be compared are signed or unsigned.
The 8-bit number 1111 1110 2 , when considered as signed, has a value of —2 10 ; the same

number has a value of +254, 0 when considered as unsigned. This number, when
considered signed, will be smaller than zero, and when unsigned will be greater than
zero. Some new terms are used to differentiate between signed and unsigned conditional
transfers. For the unsigned numbers, the terms used are "below and above", while for
signed numbers, the terms "less than" and "greater than" are used. The number 0111
1110, when considered signed is greater than 0000 0000, while the same number 0111
11102 when considered unsigned is above 0000 0000 2 . The conditional transfer instruc-
tions for equality of two numbers are the same for both signed and unsigned numbers.
This is because when two numbers are compared for equality irrespective of whether
they arc signed or unsigned, they will provide a zero result (ZF = 1) if equal or a nonzero
result (ZF = 0) if not equal. Therefore, the same instructions apply for both signed and
unsigned numbers for 'equal to" or "not equal to" conditions, and the various signed
and unsigned conditional branch instructions for determining the relationship between
two numbers are as follows:

Signed
Name	 Alternate name

Unsigned________________________
Niiiie	 Alternate name

JE dispS
(JUM1' if equal)

JNE disp8
(JUMP if not equal)

JG disp3
(JUMP if greater)

JCE disp8
(JUMP if greater or
equal)

JZ disp8
(JUMP if resultzero)

JNZ dispS
(JUMP if not zero)
JNLE disp3
(JUMP if not less or

or equal)
JNL disp8
(JUMP if not less)

I  disp8
(JUMP if equal)

JNE dispS
UJt I' if not equal)

IA disp8
(JUMP if above)

JAE disp8
(JUMP if above or equal)

JZ disp8
(JUMP if zero)

JNZ disp8
(JUMP if not zero)
JNI3E disp8
(JUMP if not below or

equal)
JNB disp8
(JUMP if not below)

JL lispS	 JNGE disps	 Ill dispS	 JNAE dispS

(JUMP ifles5 than)	 (JUMP if not greater or 	 (JUMP if below)	 (JUMP if not above or

equal)	 equal)

ILE dispS	 JNG dispS	 JBE dispS	 JNA disp8

(JUMP if less or equal) 	 (JUMP if not greater)	 (lUMP if below or equal) 	 (JUMP if not above)
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There are also conditional transfer instructions that are concerned with the setting of status
flags rather than relationship between two numbers. The table below lists these instructions:

IC disp3	 JUMP if carry, i.e.,CF = I

NC disp8	 JUMP if no carry, i.e., Cl' = 0
11' disp8	 JUMP if parity, i.e., PP = 1
JNP disp8	 JUMP if no parity, i.e., PP = 0
Jo disp8	 JUMP if overflow, i.e., OF =
JNO disp3	 JUMP if no overflow, i.e., OF = 0
IS disp8	 JUMP if sign, i.e., SF =
INS disp8	 JUMP if no sign, i.e., SF = 0
JZ dising 	JUMP if result zero, i.e., Z = 1
JNZ disp8	 JUMP if result not zero, i.e., Z = 0

10. Examples of LOOP instructions

LOOP BEGIN automatically decrements CX by 1 without affecting the flags and jumps
to the label BEGIN if CX #0; goes to the next instruction ifCX = 0 after autodecrement.
LOOPNE NEXT automatically decrements CX by 1 and jumps to the label NEXT ifCX
# 0 and ZF = 0. However, if CX = 0 after autodecrernent or ZF = 1, execution will go
on to the next instruction. Note that LOOPNE can be read as 'Loop while not equal and
CX not 0.'

11. Examples of interrupt instructions

• TNT n is a software interrupt instruction. This instruction pushes Flags, CS, and IP onto
the stack and loads CS ?1T the memory location 4n and IP from the memory location
4n+2. An interrupt service routine call 	 written at this location.

• IRET pops III , CS, and flags from the stack.

22. Excnn pies of processor or control instructions

• STD sets direction flag to one.
• CLI clears the IF flag in the status register to zero to disable maskable interrupts.

3.5 8086 Assembler-Dependent Instructions

Some 8086 instructions do not define whether an 8-bit or 16-bit operation is to be executed.
Instructions with one of the 8086 registers as an operand typically define the operation as 8-bit
or 16-bit based on the register size. An example is MOV CL, [BXI which moves ail number
with the offset defined by [BX] in the data segment into register CL; MOV CX, [BXI, on the other
]land, moves the number from offsets [BXI and [13X + 1] in the data segment into CX.

The string instructions may define this iii two ways. Typical examples are MOVSB or MOVS
BYTE for 8-bit and MOVSW or MOVS WORD for 16-bit. Memory offsets can also be
specified by including BYTEPTR for 8-bit and WORDPTR for 16-bit with the instruction.
Typical examples are INC BYTEPTR (BX] and INC WORDPTR [BX].

3.6 ASM-86 Assembler Directives

The ASM-86 is the assembler written by Intel for the 8086 microprocessor. Other 8086
assemblers include the Microsoft 8086 assembler written for the IBM personal computer and
the Hewlict Packard 8086 assembler written for the HI' 64000 microcomputer development
system. These assemblers allow the programmer to assign the values of CS, DS, SS, and ES.
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These assemblers can be used to declare a variable's type as byte (8-bit), word (16-bit), or

double word (4 bytes or 2 words) as follows:

START DB 0 ; START is declared

as a byte offset
and its content is initialized to zero.

BEGIN DW 0 ; BEGIN is declared
as a word offset

and its content is initialized to zero.

NAME DD 0	 ; NAME is declared
as a double word

(4 bytes) offset
and initialized to zero.

The EQU directive can be used to assign a name to constants.

In the following, typical ASM-86 assembler directives such as SEGMENT, ENDS, ASSUME,

and DUP are discussed.

3.6.1 SEGMENT and ENDS Directives

A section of a program or a data array can be defined by the SEGMENT and ENDS directives

as follows:

ORG	 500011

JOHN SEGMENT

Xl	 DB	 0

X2	 DB	 0

X3	 DB	 0

JOHN ENDS

The segment name is JOl-IN. The assembler will assign a numeric value 5000H to JOHN.

The programmer must use the 8086 instructions to load JOHN into DS as follows:

MOV BX, JOHN

MOV DS, BX

Note that the segment registers (except CS) must he loaded via a 16-bit register (AX, BX, CX,

or DX).

3.6.2 Assume Directive
As mentioned before, the 8086, at any time, can directly address four physical segments which

include a code segment, a data segment, a stack segment, and an extra segment. An 8086

program may contain a number of logical segments containing code, data, and stack. The

ASSUME pseudoinstruction assigns a logical segment to a physical segment at any given time.

That is, the ASSUME directive tells the assembler what addresses will be in the segment

registers at execution time.
For example, the statement ASSUME CS: PROGRAM, DS: DATA, SS: STACK directs the

assembler to use the logical code segment PROGRAM as CS containing the instructions, the

logical data segment DATA as DS containing data, and the logical STACK segment STACK as



CS: CODE,
STACK
AX
STACK TOP
DATA
AX
ADDR

DS: DATA, SS: STACK
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SS containing the stack. But, it is the responsibility of the programmer to set these segment
registers in the program.

3.6.3 DUP Directive

The DUP directive can be used to initialize several locations to zero. For example, the
statement START DW 4 DUI' (0) reserves four words starting at the offset START in DS and
initializes them to zero. The DUP directive can also be used to reserve several locations which
need not be initialized. A question mark must be used with DUP in this case. For example, the
statement BEGIN DII 100 DUP (?) reserves 100 bytes of uninitialized data space to an offset
BEGIN in the data segment. Note that BEGIN should be typed in the label field, DB in the op
field, and 100 DUP (?) in the operand field.

A typical example illustrating the use of these directives is given below:

DATA	 SEGMENT
ADDR	 DW 3005H
ADDR	 DW 2003FH
DATA	 ENDS
STACK	 SEGMENT

DW 60 DUP

STACK TOP LABEL WORD

STACK	 ENDS

(0) ;	 Assign 60 words.
of stack with zeros.
Initialize Stack—Top
to the next
location after the
too of the stack.

CODE SEGMENT
ASSUME
MOV AX,
MOV SS,
LEA SP,
MOV AX,
MOV DS,
LEA SI,
LEA DI, ADDRR

}
CODE	 ENDS

Main Program
Body

Note that LABEL is a directive used to initialize STACK —TOP to the next location after the top
of the stack, The statement STACK —T011 LABEL WORD gives the name STACK _TOP to the
next address after the 60 words arc set aside for the stack. The WORD in this statement
indicates that PUSH into and POP from the stack arc done as words.

When the assembler translates an assembly language program, it computes the displace-
ment, or offset, of each instruction code byte from the start of a logical segment that contains
it. For example, in the above program the CS: CODE in the ASSUME statement directs the
assembler to compute the offsets or displacements of the following instructions from the start
of the logical segment CODE. This means that when the program is run, the CS will contain
the 16-bit value where the logical segment CODE was located in memory. The assembler keeps
track of the instruction byte displacements which are loaded into IP. The 20-bit physical
address generated from CS and IP are used to fetch each instruction.

Another example to store data bytes in a data segment and to allocate stack is given in the
following:
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DSEG
	

SEGMENT

ARRAY
	

DB 02H, F].H, A2H

DSEG	 ENDS

SSEG	 SEGMENT
DW 10 DUP (0)

STACK TOP LABEL WORD

store 3 bytes
of data in an
address defined
by DSEG as DS
and ARRAY as
offset

Allocate
10 word stack
Label initial
TOS

SSEG	 ENDS

MOV AX, DSEG	 ; Initialize

MOV DS, AX	 ; DS
MOV AX, SSEG	 ; Initialize

MOV SS, AX	 ; SS
HOV SP, STACK—TOP ; Initialize SP

Note that typical 8086 assemblers on the Microsoft software and HP64000 system use the ORG

directive to load CS and IP, For example CS and IP can be initialized with 0500H and 0020H

as follows:

For Microsoft 8086 assembler: ORG 05000020H

For H P64000 8086 assembler: ORG 0500H:00201-1

Example 3.1

Determine the effect of each one of the following 8086 instructions:

i) PUSH [BX]
ii) DIV DH
iii)CWD
iv) MOVSB
v) MOV START [BX], AL

Assume the following data prior to execution of each one of the above instructions indepen-

dently. Assume all numbers in hexadecimal.

[OS]	 = 3000H
	

[Si]	 = 04001-I

[ES]	 = 5000H
	

[Dl]	 = 05001-I

[DX]	 = 0400H
	

DF	 =0

[SP)	 = 500011
	

[BX]	 = 6000H

[SS]	 = 6000H
	

Value of START = 05H

[AX]	 = 00A91-1



0000 B8 2000
0003 8E D8
0005 7D 1E 0000 R
0009 B9 0064

ASSUME CSoCODE, DS:DATA
MOV AX, 2000H
MOV DS, AX
LEA BX, ADDR
XWV CX, 100
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[36000H] = 021-I, [360011-1] = 031-I
[505001-I] = 051-I
[30400H] 02H, [304011-I] = 03H

Solution

i) 20-bit physical memory addressed by DS and BX = 36000H. 20-bit physical location
pointed to by SP and SS = 650001-1. PUSH [DX] pushes [36001H] and [36000H] into
stack locations 64FFFH and 64FFEH, respectively. The SP is then decrcrncnted by 2 to
contain the 20-bit physical address 64FFEH (SS = 6000H, SP = 4FFEH). Therefore,
[64FFFH] = 03H and [64FFEHJ = 02H.

ii) Before unsigned division, [DX] = 04001-I, DH contains 04H, and (AX) = 0OA9H = 169.
After DIV DI-!, [AH] = Remainder = 01H and [AL] = Quotient = 2AM =

iii) CWD sign extends AX register into the DX register. Since the sign bit of [AX] = 0, after
CWD, [DX AX] = 000000A9H.

iv) MOVSB moves the content of memory addressed by the source (DS) and [SI] to the
destination addressed by (ES) and [DI] and then it increments SI and DI by 1 for byte
move. Since DF = 0, [DS] = 3000H, [SI] = 0400H, [ES] = 5000H > [DI] = 0500H, and
the content of physical memory location 30400H is moved to physical memory 50500H,
Since [30400H] 02H, the location 50500H will also contain 02H. Since DF = 0 after
MOVSB, (SI) = 0401H, [DI] = 0501H,

v) Since [BXJ = 6000M, [DS] = 3000M, START = 05H and the physical memory for
destination = 36005H. After MOV START [DX], AL, memory location 360051-I will
contain A9H.

Example 3.2

Write 8086 assembly program to clear 100 10 consecutive bytes.

Solution

0000
	

CODE SEGMENT AT 1000H

000C C6 07 00 START:MOV BYTEPTR[BXJ, 0
000F 43	 INC BX
0010 E2 FA	 LOOP START

0012 F4	 HLT
0013
	

CODE ENDS
0000	 DATA SEGMENT AT 2000H
0000 3000	 ADDR DW 3000H

0002	 DATA ENDS
END

; Program to
; clear 100 bytes

; Initialize
; Data Segment
; Initialize BX

Initialize loop
; count
; Clear memory byte
; Update pointer
; Decrement CX and

loop
; Halt

; Store the initial
; address

End program
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Microsoft (R) Macro Assembler Version 5.10 5/13/92 13:12:12
Symbols-1

Segments and Groups:

Name	 Length Align Combine Class

CODE ..............0013 	 AT	 1000

DATA ..............0002	 AT	 2000

Symbols:

Name

ADDR ..............
START .............
@CPU ..............
@FILENAME .........
@VERSION ..........

Type	 Value Attr

L WORD 0000 DATA
L NEAR 00CC CODE
TEXT	 O101h
TEXT	 ex32
TEXT	 510

28 Source Lines
28 Total Lines
9 Symbols

47886 + 445965 Bytes symbol space free

0 Warning Errors
0 Severe Errors

Example_3.3

Write 5086 assembly program to computer 	 XiYi where Xi and Yi arc signed S-bit

numbers. N = 100. Assume no overflow.

Soli tim

0000	 CODE SEGMENT AT 1000H
ASSUME CS:CODE, DS:DATA

0000 ES 2000	 MOV AX, 2000H

0003 BE D8	 MOV DS, AX

0005 B9 0064	 MOV CX, 100

0008 8D 1E 0000 R LEA BX ADOR1

000C 8D 36 0002 R LEA SI, ADDR2

001& BA 0000	 MOV DX, 0000H

0013 BA 07	 START:MOV AL, [BX]

0015 F6 2C	 IMUL BYTEPTR [SI]

Initialize
Data Segment
Initialize loop
count
Load ADDR1
into BX
Load ADDR2
into SI
Initialize sum
to zero
Load data into
AL
Signed 8x8
multiplication
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0017 03 DO	 ADD DX, AX	 ; Sum XiYi
0019 43	 INC BX	 ; Update pointer
001A 46	 INC SI	 ; Update pointer
OO1B E2 F6	 LOOP START	 ; Decrement CX

and loop
COlE	 CODE ENDS
0000	 DATA SEGMENT AT 2000H
0000 0000	 ADDRI. DW 0000H
0002 1000	 ADDR2 DW 1000H
0004	 DATA ENDS

END

; Location of Xi
; Location of Yi

; End program

Microsoft (R) Macro Assembler Version 5.10 5/13/92 13:26:33

Segments and Groups:

Name	 Length Align Combine Class

CODE
	 OOlE	 AT	 1000

DATA
	 0004	 AT	 2000

Symbols:

Name

.DDR1 .............
ADDR2 .............
START .............
@CPU ..............
@FILENANE .........
@VERSION ..........

Type	 Value Attr

• WORD 0000 DATA
• WORD 0002 DATA
L NEAR 0013 CODE
TEXT	 O101h
TEXT	 ex33
TEXT	 510

39 Source Lines
39 Total Lines
10 Symbols

47848 + 445003 Bytes symbol space free

O Warning Errors
O Severe Errors

Example 3.4
Write 8086 asscrnbly language program to add two words; each word contains four packed LCD
digits. The first word is stored in two consecutive locations with the low byte at the offset pointed
to by SI at 05001-I, while the second word is stored in two consecutive locations with the low byte
pointed to by BX at the offset 10001-I. Store the result in memory pointed to by BX.

Solution

0000	 CODE SEGMENT AT 100011
ASSUME CS:CODE, DS:DATA

0000 BE 2000	 NOV AX, 200011	 ; Initialize



NOV DS, AX
NOV CX, 2

NOV SI, 0500H
NOV BX, 1000H
CLC

START:MOV AL, [SI)
ADC AL, [BX]

DAA
NOV [BX], AL
INC SI
INC BX
LOOP START

HLT
CODE ENDS
DATA SEGMENT AT 2000H
DATA ENDS

ENDS
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Data Segment
, Initialize loop
, count

Initialize SI
Initialize BX
Clear carry
Move data
Perform addition

, BCD adjust
Store result
Update pointer

, Update pointer
Decrement CX and
loop
Halt

; End program

Intel 8086

0003 8E D8
0005 B9 0002

0008 BE 0500
00DB BB 1000
000E F8
000F 8A 04
0011 12 07
0013 27
0014 88 07
0016 46
0017 43
0018 E2 F5

OO1A F4
OO1B
0000
0000

Microsoft (R) Macro Assembler Version 5.10

Segments and Groups:

Name

CODE
DATA

Symbols:

Name

START .............
@CPU ..............
t3FILENAME .........
@VERSION ..........

Length Align Combine Class

0013	 AT	 1000

0000	 AT	 2000

Type	 Value Attr

L NEAR 000F CODE
TEXT	 O101h
TEXT	 ex34
TEXT	 510

36 Source Lines
36 Total Lines
S Symbols

47890 + 445961 Bytes symbol space free

0 Warning Errors
0 Severe Errors

Example 3.5
Write an 8086 assembly language program to add two words; each contains two ASCII digits. The

first word is stored in two consecutive locations with the low byte pointed to by SI at offset 0300H,

while the second byte is stored in two consecutive locations with the low byte pointed to by DI at

offset 07001-I. Store the result in memory pointed to by Dl.
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Solution

0000	 CODE SEGMENT AT 1000H
ASSURE CS:CODE, DS:DATA

0000 B8 2000	 MOV AX, 2000H
0003 BE D8	 MOV DS, AX
0005 B9 0002	 MOV CX, 2

0008 BE 0300
	

MOV SI, 0300H
000B BF 0700
	

MOV DI, 0700H
000E F8
	

CL1C
000F 8A 04 START: MOV AL, (SI]
0011 12 05	 ADC AL, [DI]
0013 37	 AAA
0014 88 05
	

MOV (DI], AL
0016 46
	

INC SI
0017 47	 INC DI
0018 E2 F5
	

LOOP START

001A	 HLT
001B	 CODE ENDS
0000	 DATA SEGMENT AT 2000H
0000	 DATA ENDS

END

; Initialize
Data Segment

; Initialize loop
; count
; Initialize SI

Initialize DI
Clear carry
Move data

; Perform addition
; ASCII adjust
; Store result
; Update pointer

Update pointer
; Decrement CX and

loop
; Halt

End program

Microsoft (R) Macro Assembler Version 5.10 10/05/93 22:25:10
Symbols-1

Segments and Groups;

Name

CODE
DATA

Symbols:

Name

START .............
@CPU ..............
FILENAME .........
VERSION ..........

Length Align Combine Class

001B	 AT	 1000
0000	 AT	 2000

Type	 Value Attr

L NEAR 000F CODE
TEXT	 O101h
TEXT	 ex35
TEXT	 510

36 Source Lines
36 Total Lines
8 Symbols

47890 + 445961 Bytes symbol space free

0 Warning Errors
0 Severe Errors
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Example 3.6

Write an 8036 assembly language program to compare a source string of 50 words pointed

to by an offset of 20001-1 in the data segment with a destination string pointed to by an offset

30001-I in another segment. The program should be halted as soon as a match is found or the

end of string is reached.

Solution

CODE SEGMENT AT 1000H
ASSUME CS:	 I DS : DATA, ES : DATAA
NOV AX,2000H	 ; initialize

NOV DS, AX	 ; Data segment

MOV AX,4000H	 ; Initialize

MOV ES,AX	 ; ES
NOV SI,2000H	 ; Initialize SI

NOV DI,3000H	 ; Initialize DI

NOV CX,50	 ; Initialize CX

CLD	 ; DF is cleared so
; that SI and DI

will autoincrement
; after compare

REPNE CMPSW	 ; Repeat CMPSW until
; CX=0 or until

compared words are
; equal

HLT	 ; Halt

CODE ENDS
DATA SEGMENT AT 2000H
DATA ENDS
DATAh SEGMENT AT 4000H

END	 ; End program

0000 38 2000
0003 83 D8
0005 38 4000
0008 8E CO
000A BE 2000
000D BF 3000
0010 39 0032
0013 FC

0014 F2 /A7

0016 F4
0017
0000
0000
0000

Microsoft (R) Macro Assembler Version 5.10 10/05/92 11:45:41

Segments and Groups:

Name

CODE ..............
DATA ..............
DATAA..............

Symbols:

Length Align Combine Class

0017	 AT	 1000

0000	 AT	 2000

0000	 AT	 4000

Name
	 Type
	 Value Attr

@CpU ..............	 TEXT
	

0101h

@FILENANE .........	 TEXT
	 TEST1

@VERSION ..........	 TEXT
	

510

20 Source Lines
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20 Total Linn
8 Symbols

47884 + 433567 Bytes symbol space free

0 Warning Errors
0 Severe Errors

Example 3.7

Write a subroutine in 8086 assembly language which can be called by a main program in a

different code segment. The subroutine will multiply a signed 16-bit number in CX by a signed

,9-bit number in AL. The main program will call this subroutine, store the result in two

consecutive memory words, and stop. Assume SI and DI contain pointers to the signed 8-bit

and 16-bit data, cespectively.

Solution
0000	 CODE SEGMENT AT 1000H

ASSUME CS: CODE, DS: DATA, SS STACK
0000 B8 5000	 NOV AX, 5000H	 ; Initialize
0003 8E D8	 NOV DS, AX	 ; Data Segment
0005 B8 6000	 NOV AX, 6000H	 ; Initialize
0008 BE DO	 NOV SS, AX	 ; Stack Segment
000A BC 0020	 NOV SP, 0020H	 ; Initialize SP
000D BB 2000	 NOV BX, 200011	 ; Initialize BX
0010 BA 04	 NOV AL, [SI]	 , Move 8-bit data
0012 8B OD	 NOV CX, [DI]	 ; Move 16-bit data
0014 9A 0000----R	 CALL FAR PTR MULTI 	 Call MULTI

0019 89 17

OC1B 89 47 02

001E F4
00 iF
0000

0000
0000 51

0001
0002
0003
0005
0006
0007
0008
0004
0000
0000
0000
0000

; subroutine
NOV [EX], DX	 ; Store high word of

result
NOV [BX+2], AX	 ; Store low word of

result
HLT	 ; Malt

CODE ENDS
SUBR SENENT AT 700011

ASSUME CS:SUBR
MULTI PROC FAR

PUSH CX
,
I

,

I

Must be called from
another code
segment

50	 PUSH AX
98	 CBW
F7 E9	 IMULCX
58	 POP AX
59	 POP CX
CB	 RET

MULTI END?
SUBR ENDS
DATA SEGMENT AT 5000H
DATA ENDS
STACK SEGMENT AT 600011
STACK ENDS

END

Sign extend AL
[DX] (AX][AX]*[Cx]

Return
End of procedure
End subroutine

; End program
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Microsoft (R) Macro Assembler Version 5.10 10/05/93 22:40:32
Symbols-1

Segments and Groups:

Name

CODE ..............
DATA ..............
STACK .............
SUBR ..............

Symbols:

Name

MULTI .............
@CPU ..............
@FILENAME .........
@VERSION ..........

Length Align Combine Class

001F	 AT	 1000
0000	 AT	 5000
0000	 AT	 6000
0004	 AT	 7000

Type	 Value Attr

F PROC 0000	 SUBR Length=0004

TEXT	 O101h
TEXT	 EX37
TEXT	 510

52 Source Lines
52 Total Lines
10 Symbols

47852 + 443951 Bytes symbol space free

0 Warning Errors
0 Severe Errors

Example 3.8
Write an 8056 assembly language program to subtract two 64-bit numbers. Assume SI and DI

contain the starting address of the numbers. Store the result in memory pointed to by [DI],

Solution

CODE SEGMENT AT 4000H
ORG 3000H

05712FA2 DATAA DD 05712FA2H
0248A201	 DD 0248A201H
561A2604 DATAB Di) 561A2604H
72A2B270	 Di) 72A2B270H

DATA ENDS
PROG SEGMENT

ASSUME CS:PROG,DS:DATA

B8 4000	 MOV AX, 4000H
BE D8	 MOV DS, AX
BA 0004	 MOV DX, 4
SD 36 3000 R LEA SI, DATPJL
SD 3E 30008 R LEA DI, DATAB
F8	 CLC
8B 04 START: MOV AX, [SI]
19 05	 SBB [ DI ], AX

0000
3000
3000
3004
3008
300C
3010
0000

0000
0003
0005
0008
000C
0010
0011
0013

DATAA LOW
DATAA HIGH
DATAB LOW
DATAB HIGH

Initialize
DS
Load 4 into DX

I Initialize SI
I Initialize DI

Clear carry
Load DATAA

I Perform subtraction
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0015 83 C6 02
0018 83 C7 02
OO1B 4A
OO1C 75 F3
OGlE F4
001F

Microprocessors and Microcompu ter . Based System Design, 212d Edition

ADD SI, 2	 ; Update
ADD DI, 2	 ; pointers
DEC DX
JNZ START
liLT

PROC ENDS
END

Microsoft (R) Macro Assembler Version 5.10 10/10/93 22:14:0
Symbols-i

Segments and Groups:

Name	 Length Align Combine Class

DATA	 3010	 AT	 4000
PROG	 OO1F	 PARA NONE

Symbols:

Name

DATAA .............
DATAB .............
START .............
CPU ..............

@FXLENANE .........
@VERSION ..........

Typo	 Value Attr

• DWORD 3000 DATA
• DWORD 3008 DATA
• NEAR 0011 PROG
TEXT	 O101h
TEXT	 exaziip38
TEXT	 510

25 Source Lines
25 Total Lines
10 Symbols

47518 + 428045 Bytes symbol space free

0 Warning Errors
o Severe Errors

Example 3.9

Write an 8036 assembly language program that will perform the following operation:

5 * AL - 6 * 13H •i- (BH18) - CX

Assumc that the stack pointer is already initialized and all numbers are unsigned.

Solution

0000
0500

0500 B3 05
0502 F6 E3
0504 8B C8

PROC SEGMENT AT 5000H
ORG 050011
ASSUME CS:PROG
MOV BL,5
MUL BL
NOV CX,AX

Compute
; AX(--5*AL
; Store in CX
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0506 B3 06
0508 8A C7
050A F6 E3
05Cc 29 C8
050E 51
050F B1 03
0511 D2 EF
0513 8A DF
0515 B7 00

0517 59
0518 03 CB

NOV BL,6
NOV AL,BH
MCI_a fT.,
SUB CX,AX
PUSH CX
NOV CL,3
SHR BH,CIj
MOV BL,BH
NOV BH,0

POP CX

?.DD CX,BX

153

I

; Compute
AXE6*BH

; store in CX

; Compute BH/8
; Convert BH/8 to

; 16-bit unsigned

; number in BX

; Store final result

; in CX
051A F4
	

HLT
051B
	

PROG ENDS
END

Microsoft (R) Macro Assembler Version 5.10 1/16/80 12:07:44
Symbols-1

Segments and Groups:

Name
	 Length Align Combine Class

PROG
	

051B
	

AT	 5000

Symbols:

Name
	 Type	 Value Attr

cCPU ..............	 TEXT
	

OiOlh
@FILENANE .........	 TEXT	 TEST1
@VERSION ..........	 TEXT	 510

20 Source Lines
20 Total Lines
6 Symbols

47808 + 433643 Bytes symbol space free

0 Warning Errors
0 Severe Errors

Example 3.10

Write an 8086 assembly program that converts a number from Fahrenheit degrees to Celsius
degrees. Each number is only one byte. The source byte is assumed to reside at offset 1000H
in the data segment, and the destination at an offset of 20001-I in the data segment.Discard the
remainder of the result.

(P-32)
use C=	 x5

9



.1 ,.rr	 Design,

Solution

UUOO	 CODE SEGMENT
ASSUME CS:CODE,DS:DATA

0000 BE 1000	 MOV SI, 1000H	 ; Initialize source
pointer

00.03 BF 2000	 MOV DI, 2000H	 ; Initialize
destination pointer

0006 B4 00	 MOV AH, 0	 ; Clear AX high byte
0008 8A 04	 NOV AL, [SI)	 ; Get degrees F
000A 98	 CBW	 ; Sign extend
00GB 2D 0020	 SUB AX, 32	 ; Subtract 32

000E B9 0005	 NOV CX, 5	 ; Get multiplier
0011 F7 E9	 IMUL CX	 ; Multiply by 5

0013 B9 0009	 MOV CX, 9	 ; Get divisor
0016 F7 F9	 IDIV CX	 ; divide by 9 to

get Celsius

0017 88 05	 NOV [DI], AL	 ; Put result in
destination

001A	 CODE ENDS	 ; End segment

END

Microsoft (R) Macro Assembler Version 5.10 10/10/93 22:27:4
Symbols-1

Segments and Groups:

Name	 Length Align Combine Class

CODE ..............0019	 PARA	 NONE

Symbols:

Name.	 Type	 Value Attr

GO ................ L NEAR	 0000	 CODE
@CPU ..............TEXT 	 OlOih
@FILENAME .........TEXT 	 examp 310
@VERSION	 TEXT 510

22 Source Lines
22 Total Lines
11 Symbols

47464 + 428099 Bytes symbol space free

0 Warning Errors
0 Severe Errors
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3.7 System Design Using the 8086

This section covers the basic concepts associated with interfacing the 8086 to its sui5port chips
such as memory and I/O. Topics such as timing diagrams and 8086 pins and signals will also
be included.

3.7.1 Pins and Signals

The 8086 pins and signals are shown in Figure 3.6. Unless otherwise indicated, all 8086 pins
are TTL compatible. As mentioned before, the 8086 can operate in two modes. These are
minimum mode (uniprocessor system . single 8086) and maximum mode (multiprocessor
system - more than one 8086). MN/MX is an input pin used to select one of these modes.
When MN/MX is HIGH, the 8086 operates in the minimum mode. In this mode, the 8086
is configured (that is, pins are defined) to support small, single processor systems using a few
devices that use the system bus.

When MN/MX is LOW, the 8086 is configured (that is, pins are defined in the maximum
mode) to support multiprocessor systems. In this case, the Intel 8288 bus controller is added
to the 8086 to provide bus controls and compatibility with the multibus architecture. Note that
in a particular application, the MN/MX must be tied to either HIGH or LOW.

The ADO-AD 15 lines are a 16-bit multiplexed address/data bus. During the first clock cycle
ADO-AD15 are the low order 16 bits of address. The 8086 has a total of 20 address lines. The
upper four lines are multiplexed with the status signals for the 8086.These are the A161S3,
A17/S4, Al 8/S5, and A19/S6. During the first clock period of a bus cycle (read or write cycle),
the entire 20-bit address is available on these lincs/I)uring all other clock cycles for memory
and I/O operations, AD 15-ADO contain the 16-bit data, and S3, S4, S5, and S6 become status
lines. S3 and S4 lines are decoded as follows:

AI7IS4	 A16/S3	 Uunction

Extra segment
Stack segment
Code or no segment
Data segment

Therefore, after the first clock cycle ofall instruction execution, the A17/S4 and A16/S3 pins
specify which segment register generates the segment portion of the 8086 address, Thus, by
decoding these hues and then using the decoder outputs as chip selects for memory chips, up
to 4 megabytes (one megabyte per segment) can be provided. This provides a degree of
protection by preventing erroneous write operations to one segment from overlapping into
another segment and destroying information in that segment. A18/S5 and A191S6 are used as
A18 and A19, respectively, during the first clock period of an instruction execution. If an I/O
instruction is executed, they stay low during the first clock period. During all other cycles, A181
S5 indicates the status of the 8086 interrupt enable flag and a low Al 9/S6 pin indicates that the
8086 is on the bus. During a "Hold Acknowledge" clock period, the 8086 tristates the A19/S6
pin and thus allows another bus master to take control of the system bus.

The 	 tristates ADO- D15 during Interrupt Acknowledge or Hold Acknowledge cycles.
BHE/S7 is used as 13HE (Bus High Enable) during the first clock cycle of an instruction

execution. The 8086 outputs a low oil pin during read, write, and interrupt acknowledge
qLcIcs in which data are to be transferred in a high-order byte (AD15-AD8) of the data bus.
BHE can be used in conjunction with ADO to select memory banks. A thorough discussion
is provided later. During all other cycles BHE/S7 is used as S7 and the 8086 maintains the
output level (BHE) of the first clock cycle on this pin.



Maximum mode pin functions (e.g., LOCK)
are shown in parenthesis

7
8
9
10
11
12
13
14
15
?6
17
Is
19
20

CND
ADI4

AD?)
A012
AD??
AD 10

ADS
ADO
AD7
AD6

ADS
AD4
AD)
ADS
AD?
ADO
NM?

INTR
CL K

CND

vCC

AD 15

AD? 6/53

A? 7/54
Al 8/55
Al 9/SC,

tHE/Si
MN/;;TX
RD
HOLD -
HLDA
WIt
04/10

DTIR.
DEN
ALE
FN TA
TEST
READY
RESET

's-.--'	 40

39
38
37
36
35
24

33
32

8086	 '

CPU

28
27
26
25
24
23
22
21

(RQ/GTO)
(RQJGT I)
(LOCK)
(52)
IS?)

(So)

(QS0)

(Q51)

156	 Microprocessors and Microcomputer-Based System Design, 2nd Edition

Common Signals

Name	 Function	 Type -

AD 15-ADO	 Address/Data Bus	 Bidirectional
3-State

A19/S6-A16/S3	 Address/Status	 Output, 3-State
BHE/S7	 Bus High Enable/Status	 Output, 3-State
MN/MX	 MinimumlMaximurn	 Input

Mode Control
iT	 Read Control	 Output 3-State
TEST	 Wait On Test Control	 Input
READY	 Wait State Control 	 Input
RE-SET	 System REset	 Input
NMI	 Non-Maskable	 Input

Interrupt Request
INTR	 Interrupt Request 	 Input
CLK	 System Clock	 Input
Vcc	 +5V	 Input
GND	 Ground

Mimimuns Mode Signals (MN/MX = Vcc)

Name	 Function

HOLD	 Hold Request	 Input
HLDA	 Hold Acknowledge	 Output

Write Control	 Output, 3-State
M/lO	 Memory/10 Control 	 Output, 3-State
DT/R	 Data Transmit/Receive 	 Output, 3-State
DEN	 Data Enable	 Output, 3-State
ALE	 Address Latch Enable	 Output
INTA	 Interrupt Acknowledge	 Output

Maximum Mode Signals (MN/MX = GND)

Name	 Function	 Tvne

RQ/GTI, 0	 Request/Grant Bus	 Bidirectional
Access Control

LOCK	 Bus Priority Lock Control Output, 3-State
52-S0	 Bus Cycle Status	 Output, 3-State
QSI, QSO	 Instruction Queue Status	 Output

FIGURE 3.6 8086 pins and signals.

is LOW whenever the 8086 is reading data from memory or an I/O location.
crEST is an input pin and is only used by the WAIT instruction. The 8086 enters a wait state

after execution of the WAIT instruction until a LOW is seen on the TEST pin.\This input is
synchronized internally during each clock cycle on the leading edge of the CL'I( pin.

INTR is the maskable interrupt input. This line is not latched and, therefore, INTR must be
held at a HIGH level until recognized to generate an interrupt.

NMI is the nonmaskable interrupt input activated by a leading edge.
RESET is the system reset input signal. This signal must be high for at least four clock cycles

to be recognized, except after power-on which requires a 50-ms reset pulse. It causes the 8086
to initialize registers DS, SS, ES, IP, and flags to all zeros. It also initializes CS to FFFFH. Upon
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removal of the RESET signal from the RESET pin, the 8086 will fetch its next instruction from
20-bit physical address FFFFOH (CS FFFFH, IP = 00001-1).

The reset signal to the 8086 can be generated by the 8284. The 8284 has a Schmitt Trigger
input (RES) for generating reset from a low active cxterial reset.

Since the reset vector is located at the physical address FFFFOH, there may not be enough
locations available to write programs. Typical assemblers such as the Microsoft 8086 assembler
use the following to jump to a different code segment to write programs:

ORG	 OFFFFOH ;reset vector

	

JMP	 FAR BEGIN

	

ORG	 30000500H
BEGIN	 -

	

-	 user

	

-	 program

	

—	
i

The above instruction sequence will allow the 8086 to jump to the offset BEGIN (offset 0500H)
in code segment 30001-I upon hardware reset where the user can write his/her programs.

To guarantee reset from power-up, the 8284 reset input must remain below 1.05 volts for
50 microseconds after Vcc has reached the minimum supply voltage of 4.5V. The RES input
of the 8284 can be driven by a simple RC circuit as shown in Figure 3.7.

The values of R and C can be selected as follows:

Vc (t) = V (I —eXj) - (t/RC))

where t = 50 microseconds, V 4.5 V, Vc = 1.05V, and RC = 188 microseconds. For example,
if C is chosen arbitrarily to be 0.1 jiF, then R = 1.88 KQ.

System
Reset
(to reset input
pins of the
other chips)

FIGURE 3.7 8086 rcsct and system rcssL
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A/mentioned before, the 8086 can be configured in either minimum or maximum mode
-i1g the MN/MX input pin. In minimum mode, the 8086 itself generates all bus control
signals. These signals are

DT/R (Data Transmit/ Receive). DT/R is an output signal required in minimum
system that uses an 8286/8287 data bus transceiver. Iti__secl_tsicojitzol direction of data
flow through the transceiver.

• DEN (Data Enable) is provided as an output enable for the 8286/8287 in a minimum
systm which uses the transceiver.

• );,.EN is active LOW during each memory and 1/0 access and for INtA cycles.
—*'ALE (Address Latch Enable) is an output signal provided by the 8086 ad can be used

to demultiplex the ADO-AD 15 into AC-A 15 and DO-D 15 at the falling edge of ALE. The
8086 ALE signal is similar to the 8085 ALE.	 -

• M/IO. This 8086 outpi.lt signal is similar to the 8085 IOLM. It is used to distinguish
a memory access ( M/10 = HIGH) from an I/O access ( M/ 10 = LOW). When the 8086
executes an 1/0 instruction such as IN or OUT, it outputs a LOW on this pin. On the
other hand, the 8086 outputs HIGH on this pin when it executes a memory reference
instruction such as MOVE AX, [SI].

• WR. The 8086 outputs LOW on this pin to indicate that the pcessor is performing
• a write memory or write I/O operation, depending on the M/lO signal.

• INTA. The 8086 INTA is similar to the 8085 INTA. For Interrupt Acknowledge cycles
INTR pin), the 8086 outputs LOW on this tin.

.(HOLD (input), HLDA (output). These pins have the sari;e purpose as the 8085 HOLD!
HLDA pins and are used for DMA. A HIGH on the HOLD pin indicates that another
master is requesting to take over the system bus 	 processor receiving the HOLD
request will output HLDA high as an acknowle At the same time, the processor
tristates the system bus. Upon receipt of LOW op The HOLD pin, the processor places
LOW on the HLDA pin/ HOLD is not an asynchronous input. External synchronization
should be provided if the system cannot otherwise guarantee the setup time.

's—eLK (input) provides the basic timing for the 8086.

Ph maximum clock frequencies of the 8086-1, 8086, and 8086-2 are 5 MHz, 10 MHz, and
8 MHz, respectively) Since the design of these processors incorporates dynamic cells, a mini-
mum frequency of2 MHz is required to retain the state of the machine. The 8086, 8086-1, and
8086-2 will be referred to as 8086 in the following. Since the 8086 does not have on-chip clock
generation circuitry, an 8284 clock generator chip must be connected to the 8086 CLK pin as
shown in Figure 3.8.

xl
8284

Crystal	
CLK	 CIK

X2
CL
	 8086

FIGURE 3.8 8284 clock generator connections Co the 808.

The crystal must have a frequency three times the 8086 internal frequency. That is, the 8284
divides the crystal clock frequency by 3. In other words, to generate a 5 MHz 8086 internal
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clock, the crystal clock must be 15 MHz. To select the crystal inputs of the 8284 as the
frequency source for clock generation, the F/C input must be strapped to ground. This
strapping option allows either the crystal or an external frequency input as the source for clock
generation. When selecting a crystal for use with the 8284, the crystal series resistance should
be as low as possible. Two crystal manufacturers recommended by Intel are Crystle Corp.
model CY 15A (15 MHz) and CTS Knight Inc. model CY 24 A (24 MHz).

Note that the 8284 can be used to generate the 8086 READY input signal based on inputs from
slow memory and I/O devices which are not capable of transferring information at the 8086 rate.

In the maximum mode, sonic of the 8086 pins in the minimum mode are redefined. For
example, pins HOLD, 1TjLi)A,iV1LJV1L1Q, l)T/R, DEN. L AL,. and INTA in the minimum
mode are redefined as RQ/GTO, RQ/GTI, LOCK, S2, Si, SO, QSO, and QS1, repctjve1.
In maximum mode, the 8288 bus controller decodes the status information from SO, Si, S2
to generate bus timing and control signals required for a bus cycle. S2, Si, SO are 8086 outputs
and are decoded as follows:

S2	 SI	 SO

Interrupt Acknowledge
Read I/O port
Write I/O port
Halt
Code access
Read memory
Write memory
Inactive

RQ/GTO, RQ/GT1. These request/grant pins are used by other local bus masters to
force the processor to release theicLcaLb, s at the end of the processor's caeritb_us cycle.
Each pin is bidirectional, with RQ/GTO having higftr priority than RQIGTI. These
pins have internal pull-up resistors so that they may be left unconnected. The request/
grant function of the 8086 works as follows: 	 - -	 - -

1. A pulse (one clock wide) from another local bus master (RQ/GTO or RQ/GT1
pins) indicates a local bus request to the 8086,

2. At the end of 8086 current bus cycle, a pulse (one clock wide) from the 8086 to the
requesting master indicates that the 8086 has relinquished the system bus and
tristated the outputs. Then the new buscontrol of
the system bus by sending a LOW on RQIGTO or RQ/GT1 pins. The 8086 then

_gains bus control.
LOCK. The 8086 outputs LOW on theLOCK pin to prevent other bus masters from
gaining control of the system bus. The LOCK signal is activated by the 'LOCK' prefix
instruction and remains active until the completion of the instruction that follows.

QSI, QSO. The 8086 outputs to QS1 and QSO pins to provide status to allow external
tracking of the internal 8086 instruction queue as follows:

QSI	 QSO

o	 o	 No operation
o	 i	 First byte of op code from queue
1	 0	 Empty the queue
I	 I	 Subscqucii t bvt c rum queue

QSO and QS 1 are valid during the clock period following any queue operation. The 8086
can be operated from a ±SV to -t-lOV power supply. There are two ground pins on the
chip to distribute power for noise reduction.
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FIGURE 3.9 Basic 8086 bus cycle.

3.7.2 8086 Basic System Concepts

This Section describes basic concepts associated with 8086 bus Cycles, address and data bus,
system data bus, and multiprocessor environment.

3.7v086 Bus Cycle
In order to communicate with external devices via the system bus for transferring data or
fetching instructions, the 8086 cecutes a bus cycle. The 8086 basic bus cycle timing diagm
is shown in Figure 3.9. The minimum bus cycle contains four CPU clock periods called T
States. The bus cycle timing diagram depicted in Figure 3.9 can be described as follows:

1/During the first T State (T1) the 8086 outputs the 20-bit address computed from a
segment register and an offset on the multiplexed address/data/status bus.

I For the second T State (T2) the 8086 removes the address from the bus and either
tristates or activates [he ADI 5-ADO lines in preparation for reading data via AD 15-ADO
lines during the T3
ADO lines. Also, during-12— the upper four, multiplexed bus lines -switch from address
(A19-A16). jbus cycle status (S6, S5, S4, S3). The 8086 outputs LOW on RD (for read
cyck) or WR (for write-cycle) during portions of T2, T3, and T4.

3. During T3, the 8086 continues to output status information on the four A19-A16/S6-
S3lines and will either c intic to uputi-itc data or input read data to or from
AD15-ADO lines,lfthe selected memory or I/O device is not fast enough to transfer data
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FIGURE 3.10 Separate address and data buses.

with the 8086, the memory or I/O device activates the 8086's READY input line low by
the start ofT3. This will force the 8086 to insert additional clock cycles (wait states TW)
after T3. Bus activity during TW is the same as T3. When the selected device has had
sufficient time to complete the transfer, it must activate the 8086 READY PIN HIGH.
As soon as the TW clock periods end, the 8086 executes the last bus cycle, T4. The 8086
will latch data on AD 15-ADO lines during the last wait state or during T3 if no wait states
are requested.
During T4, the 8086 disables the command lines and the selected memory and I/O
devices from the bus. Thus, the bus cycle is terminated in T4. The bus cycle appears to
devices in the system as an asynchronous event consisting of an address to select the
device, a register or memory location within the device, a read strobe, or a write strobe
along with data._

5. DEN and DT/ R pins are used by the 82L287 transceiver in a minimum system.
During the read cycle, the 8086 outputs DEN LOW during part of T2 and all of T3
cycles. This signal can be used to enable the 8286/8287 transceiver. The 8086 outputs
LOW oil DT/R pin from the start of Tl and part of T4 cycles. The 8086 uses this
signal to receive (read) data from the receiver during T3-T4. During a write cycle, the
8086 outputs DEN LOW during part of Ti, all of T2 and 1'3, and part of T4 cycles.
The signal can be used to enable the transceiver. The 8086 outputs HIGH on DT/R
throughout the four bus cycles to transmit (write) data to the transceiver during
T3-T4,

3.7.2.b 8086 Address and Data Bus Concepts

The majority of memory and I/O chips capable of interfacing to the 8086 require a stable
address for the duration of the bus cycle. Therefore, the address oil 8086 multiplexed
address/data bus during Ti should be latched. The Latched address is then used to select the
desired I/O or memory location. Note that the 8086 has a 16-bit multiplexed address and data
bus, while the 8085's 8-bit data lines and LOW address byte are multiplexed. Hence the
multiplexed bus components of the 8085 family arc not applicable to the 8086. To demultiplex
the bus, the 8086 provides an ALE (Address Latch Enable) signal to capture the address in
either the 8282 (noninverting) or 8283 (inverting) 8-bit bistable latches. These latches propa-
gate the address through to the outputs while ALE is HIGH and latch the address in the falling
edge of ALE. This only delays address access and chip select decoding by the propagation delay
of the latch. Figure 3.10 shows how the 8086 dernultipiexes the address and data buses.

The programmer views the 8086 memory address space as a sequence of one million bytes
in which any byte may contain an eight-bit data element and any two consecutive bytes may
contain a 16-bit data element. There is no constraint on byte or word addresses (boundaries).
The address space is physically implemented oil 16-bit data bus by dividing the address space
into two banks of up to 512K bytes as shown in Figure 3.11. These banks call selected by
BHE (Bus High Enable) and AO as follows:
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ONE MEGABYTE
ADDRESS

20-bit
address	 çg

FFFFFH
F FF F E H

00001 H
00000H

1 Megabyte
Memory

PHYSICAL iMPLEMENTATION
OF THE ADDRESS SPACE

20-bit	 20-bit
address	 512K Bytc5	 adIrcss	 512K

FFFFFH 	 FFFFEH
FFFFDH	 FFFFCH F
00003H I I	 I 00002H I I	 I
000OIH	 I	 I 00000H I I	 I

A1 9A1	

I
D15-D8 -	 D7-D0

IJHE	 A0

FIGURE 3.11 8086 memory.

BI-IE	 A0	 Byte transferred

0	 0	 Both bytes
0	 1	 Byte to/from odd address via D15—D,

1	 0	 Byte to/from even address via D7—D0

I	 I	 None

One bank is connected to D7-D0 and contains all even addressed bytes (AO 0). The other

bank is connected to D15-D8 and contains odd-addressed bytes (A0 = 1). A particular byte in

each bank is addressed by A19-Al. The even-addressed bank is enabled by LOW A0 and data

bytes transferred over D7-D0 lines. The 8086 outputs HIGH on l3HEjis High Enable) and

thus disables the odd-addressed bank. The 8086 outputs LOW on BHE to select the odd-

addressed bank and HIGH on A0 to disable the even-addressed bank. This directs the data

transfer to the appropriate half of the data bus. Activation of A0 and Bi-IE is performed by the

8086 depending on odd or even addresses and is transparent to the programmer. As an example,

consider execution of the instruction MOV DH, [BX}. Suppose the 	 address computed by

BX and DS is even. The 8086 outputs LOW on A0 and HIGH on BHE . This will select the even-

addressed bank. The content of the selected memory is placed on the D7-D0 lines by the memory

chip. The 8086 reads this data via D7-130 and automatically places it in DH. Next consider

accessing a 16-bit word by the 8086 with low byte at an even address as shown in Figure 3.12.

For example, suppose that the 8086 executes the instniction MOV (BXL CX. Assume [BX] =

0004H, [DS] = 2000H. The 20-bit physical address for the word is 20004H. The 8086 outputs

D15-D8
	

D7-D0

FIGURE 3.12 Even-addressed word transfer.
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LOW on both AU and IIHE ,enabling both jpks simultaneously. The 8086 outputs [CLI to D7-
DO lines and [CH] to D15-D8 lines with WR LOW and M/IO HIGH. The enabled memory
banks obtain the 16-bit data and write [CL] to location 20004H and [CU] to location 20005H.
Next, consider accessing an odd-addressed 16-bit word by the 8086. For example, suppose the
20-bit physical address computed by the 8086 is 20005H. The 8086 accomplishes this transfer in
two bus cycles (A19-Ai = 20005H in the first cycle, and 20006H in the second c ycle). In the first
bus cycle, the 8086 outputs HIGH on AU, LOW on BHE and thus enables the, odd-addressed
bank and disables the even-addressed bank. The 8086 also outputs LOW on RD and HIGH on
M/ 10 pins. In this bus cycle, the odd memory bank places [20005HJ on D15-D8 lines. The
reads this data into CL. In the second bus cycle, the 8086 outputs LOW on A0, HIGH on BHE,
and thus enables the even-addressed bank and disables the odd-addressed bank. The 8086 also
outputs LOW on RD and HIGH on M/ JO pins. The selected even-addressed memory bank
places [2000611] on D7-D0 lines. The 8086 reads this data into CH.

During a byte read, the 8086 floats the entire D15-DO lines during portions of T2 cycle even
though data are expected on the upper or lower half of the data bus. As will be shown later,
this action simplifies the chip select decoding requirements for ROMs and EPROMs. During
a byte write, the 8086 will drive the entire 16-bit data bus. The information on the half of the
data bus not transferring data is indeterminate. These concepts also apply to I/O transfers.

If memory of 110 devices are directly connected to the multiplexed bus, the designer must
guarantee that the devices do not corrupt the address on the bus during Ti. To avoid this, the
memory or I/O devices should have an output enable controlled by the 8086 read signal.

3.7.3 Interfacing with Memories

Figure 3.13 shows a general block diagram of an 8086 memory array. In Figure 3.13, the 16-
bit word memory is partitioned into high and low 8-bit banks on the upper and lower halves
of the data bus selected by BHE and AU.

3.7.3.a 11DM and EPROM

ROMs and EPROMs are the simplest memo chips to interface to the 8086. Since ROMs and
EPROMs arc read-only devices, AU and 131-IE arc not required to be part of the chip enable/
select decoding (chip enable is similar to chip select except chip enable also provides whether

FIGURE 3.13 8086 memory array.
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the chip is in active or standby power mode). The 8086 address lines must be connected to the
address pins of the ROM/EPROM chips starting with Al and higher to all the address lines of
the ROM/EPROM chips. The 8086 unused address lines can be used as chip enable/select
decoding. To interface the ROMs/RAMs directly to the 8086 multiplexed bus, they must have
output enable signals.

Byte accesses are obtained by reading the full 16-bit word ontoh bus with tile 8086
discarding the unwanted byte and accepting the desired byte. If RD, WR, and M/ JO are not
decoded to generate separate memory and I/O commands for memorynd I/O chips and the
I/O space overlaps with the memory space of ROM/EPROM, then M/ 10 must be a condition
of chip select decode.

3.7.3.b Static RAMs
Since static RAMs are read/write memories, both A0 and Bl-IE must be included in the chip
select/chip enable decoding of the devices and write timing must be considered in the compat-
ibility analysis.

For each static RAM (containing odd or even addresses), the memory data lines must be
connected to either the upper half AD15-AD8 for static RAM with odd addresses or lower half
AD7-ADO of the 8086 data lines for static RAM with even addresses.

3.7.3.c Dynamic RAMs
Dynamic RAMs store information as charges in capacitors. Since capacitors can hold charges for a
few milliseconds, refresh circuitry is necessary in dynamic RAMs for retaining these charges.
Therefore, dynamic RAMs are complex devices to design into a system. To relieve the designer of
most of these complicated interfacing tasks, Intel provides the 8202 dynamic RAM controller as part
of the 8086 family ofperiphcral devices. The 8202 can be interfaced with the 8086 to build a dynamic
memory system. A thorough discussion on this topic can be found in the Intel manuals.

3.7.4 8086 Programmed I/O

The 8086 can be interfaced to 8- and 16-bit I/O devices using either standard or memory-
mapped I/O. The standard I/O uses the instructions IN and OUT and is capable of providing
64K bytes of I/O ports. Using standard I/O, the 8086 can transfer 8- or 16-bit data to or from
a peripheral device. The 64K byte I/O locations can then be configured as 64K 8-bit ports or
32K 16-bit ports. All I/O transfer between the 8086 and the peripheral devices take place via
AL for 8-bit ports (AH is not involved) and AX for 16-bit ports. The 1/0 port addressing can
be done either directly or indirectly as follows:

DIRECT	 . IN AL, PORTA or IN AX, PORTB inputs 8-bit contents of port A into AL
or 16-bit contents of port B into AX, respectively.

Port A and port B are assumed as 8- and 16-bit ports, respectively.

OUT PORTA, AL or OUT PORT B, AX outputs 8-bit contents of AL into
port A or 16-bit contents of AX into port B, respectively.

INDIRECT • IN AX, DX or IN AL, DX inputs 16-bit data addressed by DX into AX or
8-bit data addressed by DX into AL, respectively.
OUT DX, AX or OUT DX, AL outputs 16-bit contents of AX into the port
addressed by DX or 8-bit contents of AL into the port addressed by DX,
respectively. In indirect addressing, register DX is used to hold the port
address.

Data transfer using the memory-mapped I/O is accomplished by using memory-oriented
instructions such as MOV reg 8 or reg 16, [13X] and MOV EBXI, rcg 8 or reg 16 for inputting
and outputting 8- or 16-bit data from or to an 8-bit register or a 16-bit register addressed by
the 20-bit memory-mapped port location computed from DS and BX.
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Note that the indirect 1/0 transfer method is desirable for service routines that handle more
than one device such as multiple printers by allowing the desired device (a specific printer) to
be passed to the procedure as a parameter.

Devices with I/O ports call 	 connected to either the upper or lower half of the data bus.
If the 1/0 port chip is connected to the 8086 lower half of the data lines (ADO-AD7), tport
addresses will be even (A0 = 0). Oil 	 other hand, the port addresses will be odd ( BHE =
0) if the 110 port chip is connected to the upper half of the 8086 data lines (AD8-AD15).

3.8 8086-Based Microcomputer

In this section, an 8086 will be interfaced in the minimum mode to provide 2K x 16 EPROM,
2K x 16 static RAM, and six 8-bit I/O ports. 2716 EPROM, 6116 static RAM, and 8255 1/0
chips will be used for this purpose. Memory and I/O maps will also be determined. Figure 3.14
shows a hardware schematic for accomplishing this.

Three 74LS373 latches are used. The 2716 is a 2K x 8 ultraviolet EPROM with eleven address
pins A0-A10 and eight data pins 00-7. Two 2716s are used. The 8086 Al-Alipins are
connected to the A0-A10 pins of these chips. The 2716 even EPROM's 00-7 pins are connected
to the 8086 D0-D7 pins. This is because the 8086 reads data via the D0-D7 pins for even
addresses. On the other hand, the 00-7 pins of the odd 2716 are connected to the 8086 D8-
D15 pins. The 8086 reads data via D8-Dl5 pins for odd addresses.

The 6116 is a 2KX8 SRAM. Two 6116s are used.
Table 3.2 shows memory and 1/0 maps of the 8086-based microcomputer of Figure 3.14.
Note that the reset vector FFFFOH (CS = FFFFH, IP = 00001-1) is included in the 2716.
For I/O ports, two 8255 chips are used. The 8255 is a general-purpose programmable I/O

chip. The 8255 has three 8-bit 1/0 ports: ports A, B, and C. Ports A and B are latched 8-bit ports
for both input and output. Port C is also all port with latched output but the inputs are
not latched. Port C can be used in two ways. It can either be used as a simple I/O port or as
a control port for data transfer using handshaking via ports A and B.

The 8086 can configure the three ports by outputting appropriate data to the 8-bit control
register. The ports can be decoded by two 8255 input pins A0 and Al as follows:

Al	 AO

o 0 Port 
o	 i	 PorIB
1 0 Port 

I	 Control register

The structure of the control register is given below:

7	 0	 5	 4	 3	 2	 I	 0

1)7 1 1)0 I DS 11)4 11)3 I 1)2 1 DI I DO

Mode 
____________________

________________
1 -ctivc	 Port C (upper

t'our bits) I
1 — lispilt
o	 output	 i

A 

L
select
lag

Port A	 I
- It)tit	 I

o - cuitpLI(

iti ,dc scict on I
OO - ModeO I
01 — ?stodc I
Ix-Modc2

Group B
Port C (low

four bits)
- input

o — output

Port B
I - input
O - output

Mode sciction
0 — Mode 0

— Mode I
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TABLE 3.2 Memory and 1/0 Maps

(a) P
2716 (U7) EVEN # EPROM

uo;
TO

I to enabledent cares	 the	 output line 7 of
asumed high	 74LS13t3 I the 74L5133

fF00211, ... FFUFEH

JAL1&)DJ1SL

don't	 to enable
asurnedhh	

output line 7o(,,	
the 74LS13874LSI 38

IFOul H, F FiX) FH,. f FFF)H
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TABLE 3.2 Memory and 1/0 Maps (continued)

(b) Logical Memory Map
Chip	 Segment Value	 Offel

Even 2716	 FFOOH	 0000H, 0002H, 0004H, ..., OFFER
Odd 2716
	

FFOOH	 00011-I, 0003H, 0005H.....OFFFI-I
Even 6116	 FBOOH	 0000H, 00021-1, 00041-I.....OFFEH
Odd 6116	 FBOOH	 000IH, 0003H, 0005H.....OFFFH

The bit 7 (D7) of the control register must be one to send the above definitions for bits 0
through 6 (DO-D6).

In this format, bits D0-D6 are divided into two groups: groups A and B. Group A configures
all 8 bits of port A and upper 4 bits of port C, while Group B defines all 8 bits of port B and
lower 4 bits of Port C. All bits in a port can be configured as a parallel input port by writing
a 1 at the appropriate bit in the control register by the 8086 OUT instructions, and a 0 to a
particular bit position will configure the appropriate port as a parallel output port. Group A
has three modes of operation. These are modes 0, 1, and 2. Group B has two modes: modes
0 and 1. Mode 0 for both groups A and B provides simple 1/0 operation for each of the three
ports. No handshaking is required. Mode 1 for both groups A and B is the strobed I/O mode
used for transferring I/O data to or from a specified port in conjuction with strobes or
handshaking signals. Ports A and B use the lines on port C to generate or accept these
handshaking signals.

The mode 2 of group A is the strobed bidirectional bus I/O and maybe used for commu-
nicating with a peripheral device on a single 8-bit data bus for both transmitting and receiving
data (bidirectional bus I/O). Handshaking signals are required. Interrupt generation and
enable/disable functions are also available.
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When D7 = 0, the bit set/reset control word format is used for the control register as follows:

D7 D6 D5 D4 D3 D2 Dl DO

I I 1 1 1 1 L Bit sct / rcsct
I	 1-sct

Bit set /	 don't 0 - rcsct
rcsct flag
0 - Active	

cares
Bit scicct
0 thru 7

This format is used to set or reset the output on a pin of port C or when enabling the interrupt
output signals for handshake data transfer. For example, the following 8-bits

0	 XX	 11 0	 0
I	 don't	 bit 6	 1

bit set/	 care	 clear
reset mode

will clear bit 6 of port C to zero. Note that the control word format can be output to the 8255
control register by using the 8086 OUT instruction.

Next, only mode 0 of the 8255 will only be considered in the following discussion to
illustrate 8086's programmed 1/0 capability.

Now, let us define the control word format for mode 0 more precisely by means of
numerical example. Consider that the control word format is 1 0000 010 2. With this data in
the control register, all 8 bits of port A are configured as outputs, 8 bits of port C are also
configured as outputs, but all 8 bits of port B are defined as inputs. On the other hand,
outputting 10 011011, into the control register will configure all 3 8-bit ports (ports A, B, and
C) as inputs.	 -

Let us decodethejJO port addresses. One 8255 will contain the odd-addressed ports since
it is enabled by BHE, while the other 8255 will include the even-addressed ports since it is
enabled by AO.
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Since the 8086 Al and A2 pins are utilized in addressing the ports, bits A3-A7 are don't cares
and are assumed to be ones here. Note that A0 = 1 for odd-addressed ports, while AU = 0 for
even-addressed ports.

For 8255-I (Odd-Addressed Ports)

Address
Port name	 A7	 AG	 A5	 A4	 A3	 A2	 Al AO

Port A	 1	 1	 1	 1	 1	 0	 0	 1	 =F91-1
Port 	 1	 1	 1	 1	 1	 0	 1	 1	 =FBFI
Port 	 1	 1	 1	 1	 1	 1	 0	 1	 FDH
Control Register	 1	 1	 1	 1	 I	 1	 I	 I	 = FFH

For 8255-2 (Even-Addressed Ports)

Address
Port name	 A7 AG AS A4 A3 A2 Al A0

Port 	 1	 1	 1	 1	 1	 0	 0	 0	 =F8H
Port 	 1	 1	 1	 1	 1	 0	 1	 0	 =FAH
Port 	 1	 1	 1	 1	 1	 1	 0	 0	 FCH
Control Register	 1	 1	 1	 1	 1	 1	 1	 0	 = FEH

In the above, standard I/O technique is used. The 8255s can also be interfaced to the 8086 using
memory-mapped I/O. In this case the 8086 MI 10 pin will not be used. The 20-bit physical
addresses for the ports can be determined in a similar way by considering any unused 8086
address bits (A3-A19) as don't cares.

From the above discussion, the following points can be summarized:

1. For ROMs and EPROMs, BHE and AU are not required to be part of chip enable/select
decoding,

2. For RAMs and I/O chips, both BHE and AU must be used in chip select logic.
3. For ROMs/EPROMs and RAMs, both odd and even addressed chips are required.

However, for I/O chips, either an odd-addressed I/O chip or even-addressed I/O chip
or both can be used depending on the number of ports required in an application.

4. For interfacing ROMs/EPROMs and RAMs to the 8086, the same chip select logic must
be used for both even and its corresponding odd memory bank. For example, the even
memory chip containing address 00000H, 00002H, 00004H.....must have the same
chip select logic as its odd counterpart containing address 00001H, 00003H, 00005H.....
The memory map of the two memory banks will be distinguished by the value of AU (AU
= 0 for even addresses and AU = 1 for odd addresses).

Example 3.11

Assume 8086/8255 based microcomputer. Write an 8086 assembly language program to drive
an LED connected to bit 2 of Port B based on two switch inputs at bs 6 and 7 of Port A. If
both switch inputs are HIGH or LOW, turn the LED "ON"; otherwise turn the LED "OFF".

Solution

TITLE

1000
	

ORG
0000
	

PROG

=0001	 PORTA

PROGRAM
1000H

SEGt'IENT

ASSUME CS;PROG

EQU 011i
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=0003
=0007
0000 BO 90
0002 E6 07
0004 E4 01
0006 24 CO
0008 7A 06
000A BO 00
000C E6 03
000E EB F4
0010 BO 04
0012 E6 03
0014 EB EE
0016

PORTB
CNTRL

BEGIN:

LEDON:

PROG

EQU 03H
EQU 0Th
MOV AL, 9011
OUT CNTRL,AL
IN AL, PORTA
AND AL,OCOH
JPE LEDON
MOV AL, 0011
OUT PORTB,AL
JMP BEGIN
MOV AL, 0411
OUT PORTB,AL
JNP BEGIN
ENDS
END

Microsoft (R) Macro Assembler Version 5.10 10/23/93 21:58:39
PROGRAM	 Symbols-1

Segments and Groups:

Name
	 Length Align Combine Class

PROG
	

0016	 PARA NONE

Symbols:

Name
	 Type
	 Value Attr

BEGIN ............	 L NEAR 0004	 PROG

CNTRL ............ 	 NUMBER
	

0007

LEDON ............ 	 L NEAR 0010	 PROG

PORTA ............ 	 NUMBER
	

0001

PORTB ............ 	 NUMBER
	

0003

@CPU .............	 TEXT
	

O101h

@FILENAME ........	 TEXT	 testi

@VERSIO	 .........
	 TEXT	 510

19 Source Lines
19 Total Lines
11 Symbols

47884 + 433567 Bytes symbol space free

0 Warning Errors
0 Severe Errors

Example 3.12

Assume an 8086/8255 configuration with the following port addresses:

Port A	 F9H
Port B	 = FBH
Control Register = FFH
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Port A has three switches connected to bits 0, 1, and 2 and port B has an LED connected to
bit 2 as follows.

Write an 8086 assembly language program to turn the LED ON if port A has an odd number
of HIGH switch inputs; otherwise turn the LED OFF. Do not use any instructions involving
the parity flag.

Solution
1000	 ORG
0000	 CODE

=00F9	 PORTA
=OOFB	 PORTB
=OOFF	 CNTRL
0000 BO. 90

000A 74 12
00CC 3C 01
000E 74 OH
0010 3C 02
0012 74 OA
0014 3C 04
0016 74 06
0018 BO 00
OO1A E6 YB
OO1C EB E6
001E BO 04
0020 HG YB
0022 EB E0
0024
	

CODE

1000H
SEGMENT
ASSUME CS:CODE
EQU OF9H
EQU OFBH
EQU OFFH
NOV AL, 90H

JZ ODD
CNP AL, 01H
JZ ODD
CMP AL, 02H
JZ ODD
CMP AL, 04H
JZ ODD
NOV AL, OOH
OUT PORTB, AL
JNP BEGIN
NOV AL, 04H
OUT PORTB, AL
JMP BEGIN
ENDS
END

; Configure Port A as
input

; Port B as output
; Input switches
; Mask high five bits
; Are all three inputs
; HIGH?
; If so, turn LEDON
; Is only input 0 HIGH?
; If so, turn LED ON
; Is only input 1 HIGH?
; If so, turn LED ON
; Is only input 2 HIGH?
; If so, turn LED ON
; Else turn LED

OFF
; REPEAT

Turn LED
ON
REPEAT

0002 E6 FF	 OUT CNTRL, AL
0004 E4 F9 BEGIN: IN AL, PORTA
0006 24 07	 AND AL, 07H
0008 3C 07	 CMP AL, 07H

Microsoft (R) Macro Assembler Version 5.10 11/14/93 16:40:4
Symbols-1

Segments and Groups:

Name	 Length Align Combine Class

CODE .............0024 	 PARA	 NONE

Symbols:

Name

BEGIN............
CNTRL............
ODD..............
PORTA............

Type	 Value Attr

L NEAR 0004 CODE
NUMBER 00FF
L NEAR 001E CODE
NUMBER 00F9
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PORTB	 NUMBER OOFB
@CPU .............TEXT	 0101h

@FILENAME	 TEXT examp17

@VERSION	 TEXT 510

26 Source Lines
26 Total Lines
11 Symbols

47576 + 427923 . Bytes symbol space free

0 Warning Errors
0 Severe Errors

3.9 8086 INTERRUPT SYSTEM

The 8086 interrupts call 	 classified into three types. These are

1. Predefined interrupts

2. User-defined software interrupts

3. User-defined hardware interrupts

The interrupt vector addresses for all the 8086 interrupts are determined from a table stored
in locations 000001-1 through 003 FEH. The starting addresses for the service routines for the
interrupts are obtained by the 8086 using this table. Four bytes of the table are assigned to each
interrupt: two bytes for IP and two bytes for CS. The table may contain up to 256 32-bit
vectors. If fewer than 256 interrupts are defined in the system, the user is required to provide
enough memory for the interrupt pointer table for obtaining the defined interrupts.

The 8086 assigns every interrupt a type code for identifying the interrupt. There are 256 type
codes associated with the 256 table entries. Each entry consists of two word addresses, one for
storing the IP contents and the other for storing the CS contents. Each 8086 interrupt physical
address vector is 20 bits wide and is computed from the 16-bit contents of IP and CS.

For obtaining an interrupt address vector, the 8086 uses the two addresses in the pointer

table where IP and CS are stored for a particular interrupt type.
For example, for the interrupt type on (instruction INT nn), the table address for IP = 4

no and the table address for CS = (4 * on) + 2. For servicing the 8086's nonmaskable interrupt

(NMI pin), the 8086 assigns the type code 2 to this interrupt. The 8086 automatically executes

the IN'1'2 instruction internally to obtain the interrupt address vector as follows:

Address for' IP = 4 * 2 = 00008H

Address for CS = ( 4 * 2) + 2 = 0000AH

The 8086 loads the values of I  and CS froni the 20-bit physical addresses 00008H and 0000AH
in the pointer table. The user must store the desired 16-bit values of IP and CS in these

locations. Similarl y , the IP and CS values for other interrupts arc calculated. The 8086 inter-

rupt pointer table layout is shown in Table 3.3.
In response to an interrupt, the 8086 pushes flags, CS, and IP onto the stack, clears TF and

IF flags and then loads lP and CS from the pointer table using the type code.
Interrupt service routines must be terminated with the IRET (Interrupt Return) instruction

which pops the top three stack words into IP, CS, and flags, thus returning to the right place

in the main program. The 256 interrupt type codes are assigned as follows:
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TABLE 33 8086 Interrupt Pointer Table

Interrupt type codc	 20-bit Memory Address

	

0 L.___..	 00000H
CS	 000021i

I-00004H-
CS	 -	 00006H

2 ------------00008H
0000AJ-I

Types 0 to 4 are for the predefined interrupts.
Types 5 to 31 are reserved by Intel for future use.
Types 32 to 255 are available for maskable interrupts.

3.9.1 Predefined Interrupts (0 to 4)

The predefined interrupts include DIVISION BY ZERO (type 0), SINGLE STEP (type 1)
NONMASKABLE INTERRUPT pin (type 2), BREAKPOINT-INTERRUPT (type 3) and
INTERRUPT ON OVERFLOW (type 4). The user must provide the desired IP and CS values
in the interrupt pointer table. The user may also imitate these interrupts through hardware or
software. If a predefined interrupt is not used in a system, the user may assign some other
function to the associated type.

The 8086 is automatically interrupted whenever a division by zero is attempted. This
interrupt is nonmaskable and is implemented by Intel as part of the execution of the divide
instruction. When the TF (TRAP flag) is set by an instruction, the 8086 goes into the single step
mode. The TF can be set to one as follows:

PTJSBF

NOV B?, 5?

OR [BP + 01, 0100H

; Save flags
; Move (SP] to [B?]
I Set TF

POPF	 ; Pop flags

Note that in the above [BP + 01 rather than [BPI is used since BP cannot be used without
displacement.

Once TF is set to one, the 8086 automatically generates a TYPE 1 interrupt after execution
of each instruction. The user can write a service routine at the interrupt address vector to
display memory locations and/or register to debug a program. Single step is nonmaskable and
cannot be enabled by STI (enable interrupt) or disabled by CLI (disable interrupt) instruction.

The nonmaskable interrupt is initiated via the 8086 NMI pin. It is edge triggered (LOW to
HIGH) and must be active for two clock cycles to guarantee recognition. It is normally used
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for catastrophic failures such as power failure. The 8086 obtains the interrupt vector address
by automatically executing the INT2 (type 2) instruction internally.

Type 3 interrupt is used for breakpoint and is nonmaskablc. The user inserts the one-byte
instruction INT3 into a program byby replacing all Breakpoints are useful for
program debugging.

The INTERRUPT ON OVERFLOW is a type 4 interrupt. This interrupt occurs if the
overflow flag (OF) is set and the INTO instruction is executed. The overflow flag is affected,
for example, after execution of signed arithmetic such as IMUL (signed multiplication)
instruction. The user can execute the INTO instruction after the IMUL. If there is an overflow,
an error service routine written by the user at the type 4 interrupt address vector is executed.

3.9.2 User-Defined Software Interrupts
The user can generate an interrupt by executing a two-byte interrupt instruction INT nn. The
INT nn instruction is not niaskable by the interrupt enable flag (IF). The IN'l' nn instruction
can be used to test an interrupt service routine for external interrupts. Type codes 0 to 255 can

be used. If predefined interrupt is not used in a system, the associated type code can be utilized
with the INT nn instruction to generate software (internal) interrupts.

3.9.3 User-Defined Hardware (Maskable Interrupts, Type Codes 32-255)

The 8086 maskable interrupts are initiated via the INTR pin. These interrupts can be enabled
or disabled by STI (IF = I) or CLI (IF = 0), respectively. If IF = 1 and INTR is active (HIGH)
without occurrence ofany other interrupts, the 8086, after completing the current instruction,
generates INTA LOW twice, each time for about 2 cycles.

The state of the INTR pin is sampled during the last clock cycle ofeach instruction. In some
instances, the 8086 samples the INTR pin at a later time. An example is execution of POP to
a segment register. In this case, the interrupts are sampled until completion of the following
instruction. This allows a 32-bit pointer to be loaded to SS and SP without the danger of an

interrpp occurring between the two loads.
INTA is only generated by the 8086 in rcspDmu to INTR, as shown in Figure 3.15. The

interrupt acknowledge sequence includes two INTA cycles separated by two idle clock cycles.
ALE is also generated by the 8086 and will load the address latches with indeterminate

I T j	 I	 T2	 I	 1 3	 T 	 I	 T j	 I	 T 2	 I

ALE

LOCK

(Ut-UtNUI lULL

FIGURE 3.15 Interrupt acknowledge sequence.
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255
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' Data bus
D0-D7

FIGURE 3.16 Servicing the INTR in the minimum modc.

information. The ALE is useful in maximum sycms With_multiple 8259A priority interrupt
controllers. During the INTA_bus cycles, WV R and DEN are LOW (see 8086 minimum
mode bus cycle). The first INTA bus cycle indicates that an interrupt acknowledge cycle Jjn
progress and allows the system to be ready to place the interrupt type code on the next INTA
bus cycle. The 8086 does not obtain the information from the bus during the first cycle. The
external hardware must place the type code on the lower half of the 16-bit data bus during the
second cycle.

In the minimum mode, the M/ 10 is low indicating I/O operation during the INTA bus
cycles. The 8086 internal LOCK signal is also low from T2 of the first bus cycle untilT2 of
the second bus cycle to avoid the BIU from accepting a hold request between the two INTA
cycles. Figure 3.16 shows a simplified interconnection between the 8086 and 74LS244 for
servicing the INTR. INTA enables 74LS244 to place the type code nn on the 8086 data bus.

In the maximum mode, the status lines SO to S2 will enable the INTA output for each cycle
via the 8288. The 8086 LOCK output will be active from T2 of the firsjcycjuntil T2 of the
second to prevent the 8086 from accepting a hold request oj_jlier RQ/GT input and to
prevent bus arbitration logic from releasing the bus between INTA s in niultimaster systems.
The LOCK output can be used in external logic to lock other devices off the system bus, thus
ensuring the INTA sequence to be completed without intervention.

Once the 8086. has the interrupt-type code (via the bus for hardware interrupts, from
software interrupt instructions INT nn or from the predefined interrupts), the type code is
multiplied by four to obtain the corresponding interrupt vector in the interrupt vector table.
The four bytes of the interrupt vector are least significant byte of the instruction pointer, most
significant byte of the pointer, least significant byte of the code segment register; and most
significant byte of the code segment register. During the transfer of control, the 8086 pushes
the flags and current code segment register and instruction pointer into the stack, Flags TF and
IF are then cleared to zero. The CS and IP values arc read by the 8086 from the interrupt vector
table. No segment registers are used when accessing the interrupt pointer table. S4, S3 has the
value 102 to indicate no segment register selection.

As far as the 8086 interrupt priorities are concerned, single-step interrupt has the highest
priority, followed by NMI, followed by the software interrupts (all interrupts except single
step, NMI, and INTR interrupts). This means that a simultaneous NMI and single step will
cause the NM! service routine to follow single step; a simultaneous software interrupt and
single step will cause the software interrupt service routine to follow single step and a simul-
taneous NMI and software interrupt will cause the NMI service routine to be executed prior
to the software interrupt service routine. An exception to this priority scheme occurs if all three
nonmaskable interrupts (single step, software, and NMI) are pending. For this case, software
interrupt service routine will be executed first followed by the NM! service routine, and single
stepping will not be serviced. However, if software interrupt and single stepping are pending,
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single stepping resumes upon execution of the instruction causing the software interrupt (the
next instruction in the routine being single stepped).

The INTR is maskabic and has the lowest priority. If the user does not wish to single step
before INTR is serviced, the single-step routine must disable interrupts during execution of the
program being single stepped, and reenable interrupts on entry to the single-step routine. To
avoid single stepping before the NM! service routine, the single-step routine must check the
return address on the stack for the NM! service routine address and return control to that
routine without single step enabled.

A priority interrupt controller such as the 8259A can be used with the 8086 INTR to provide
eight levels of hardware interrupts. The 8259A has built-in features for expansion of up to 64
levels with additional 8259As. The 8259A is programmable and can be readily used with the
8086 to obtain multiple interrupts from the single 8086 JNTR pin.

Example 3.13

Fort A

Port 

7
8086/8255	 1-

Microcomputer

V2

+5v

5V

LED

i) In the above, the 8086/8255 microcomputer is required to perform the following:

If Vi > V2, turn the LED "ON" if the switch is open. If Vi 5 V2, loop and test

again.

Write an 8086 assembly language program to accomplish the above.
ii) Repeat part i) using NMI and INTR interrupts. Write service routine at IP 4000H, CS
= 3000H. Assume that the stack pointer and stack segment are already initialized.

Solution

i)

0000

=0001
=0005
=0007
0000 BO 91
0002 E6 04

JOHN SEGMENT AT 1000H
ASSUME CS: JOHN

PORTA EQU 01H
PORTC EQU 05H
CNTRL EQU 07H

MOV AL, 91H
OUT CNTRL,AL

; Configure
; Port A and Port C
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0004 E4 01 START: IN AL, PORTA	 ; Input comparator
0006 24 01	 AND AL, 01H	 ; Chuck if high
0008 74 PA	 JZ START	 ; Jump back if low
000A E4 03	 IN AL, PORTC	 p Input switch
000C BI 02	 NOV CL, 2
000E 1)2 1)8	 RCR AL, CL
0010 E6 03	 OUT PORTC, AL	 p Output to LED
0012 F4	 HLT
0013	 JOHN	 ENDS

END

Microsoft (R) Macro Assembler Version 5.10 11/17/93 22:35:4
Symbols-1

Segments and Groups:

Name	 Length Align Combine Class

JOHN .............0013 	 AT	 1000

Symbols:

Maine	 Type	 Value Attr

CNTRL............NUMBER	 0007
FORTh ............NUNBER	 0001
PORTC ............NUMBER	 0005
START ............L NEAR 0004	 JOHN
C3CPU .............TEXT	 O101h
FILENAME ........TEXT	 EXP318A
VERSION ........ . TEXT	 510

17 Source Lines
17 Total Lines
10 Symbols

47576 + 427939 Bytes symbol space free

0 Warning Errors
0 Severe Errors

Using NMI
Main program

0000	 JOHN	 SEGMENT AT 200011
ASSUME CS: JOHN

=0001	 PORTA EQU 0111
=0005	 PORTC EQU 0511
=0007	 CNTRL EQU 0711
0000 BO 91	 NOV AL, 9111	 p Configure
0002 E6 07	 OUT CNTRL,AL	 p Port A and Port C
0004 9B	 WAIT:	 IThIP WAIT
0005 P4	 lILT	 p Wait for interrupt
0006	 JOHN	 ENDS

Elm
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Service routine

0008	 ORG	 00000008H

0008 40003000	 DD	 40003000H

30004000	 ORG	 30004000H
30004000 E4 03 START:	 IN AL, PORTC	 ; Input switch

30004002 El 02	 MOV CL, 2

30004004 D2 D8	 RCR AL, CL

30004006 E6 03	 OUT PORTC, AL ; Output to LED

30004008 CF	 IRET

Microsoft (R) Macro Assembler Version 5.10 11/17/93 22:18:20
Symbols-1

Segments and Groups:

Name
	 Length Align Combine Class

JOHN
	

0006	 AT	 2000

Symbols:

Name

CNTRL............
PORTA ............
PORTC ............
CPU.............
FILENAME ........

@'TERSION .........

Type	 Value Attr

NUMBER 0007
NUMBER 0001
NUMBER 0005
TEXT	 O101h

TEXT test
TEXT 510

11 Source Lines
11 Total Lines
9 Symbols

47884 + 433567 Bytes symbol space free

0 Warning Errors
0 Severe Errors

Using INTR (vector 256,)
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Main program

0000	 JOHN	 SEGMENT AT 300011
ASSUME CS: JOHN

=0001	 PORTA EQU 0111
=0005	 PORTC EQU 0511
0007	 CN'PRL EQU 0711

0000 PB	 STI	 ; Enable maskable
; interrupt

0001 BO 91	 NOV AL, 9111	 ; Configure Port A and
0003 E6 04	 OUT CNTRL, AL	 ; Port C

WAIT: JMP WAIT	 ; Wait for interrupt
0005 P4	 HLT
0006	 JOHN	 ENDS

END

Service routine
03 PC
03FC 40003000
30004000
30004000 E4 03
30004002 Bi 02
30004004 D2 D8
30004006 E6 03
30004008 CF

ORG 000003FCH
DD 4000300011
ORG 3000400011
IN AL, PORTC ; Input switch
NOV CL, 2
RCR AL, CL
OUT PORTC, AL ; Output to LED
IRET

Microsoft (R) Macro Assembler Version 5.10 11/17/93 22:55:4
Symbols-i.

Segments and Groups:

Name	 Length Align Combine Class

JOHN .............0006 	 AT	 3000

Symbols:

Name	 Type	 Value Attr

CNTRL ............NUMBER	 0007
PORTA ............NUMBER 0001
PORC ............NUMBER 	 0005
(CPU .............TEXT	 O101h
@FILENANE	 TEXT EXP318C
@VERSION	 TEXT 510

11 Source Lines
11 Total Lines
9 Symbols

47576 + 427939 Bytes symbol apace free
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o Warning Errors
o Severe Errors

3.10 8086 DMA

When configured in the minimum mode (MN/ MX pillI-ITCH), the 8086 provides HOLD

(DMA request) and HI.DA (DMA acknowledge) signals to take over the system bus for DMA

applications. The Intel DMA controller chips 8257 and 8237 can be used with the 8086. The

8257 or 8237 can reqist DMA transfer between the 8086 memory and I/O device by activating

the 8086 HOLD pin. The 8086 will complete the current bus cycle (if there is one presently in

progress) and then output HLDA, relinquishing the system bus to the DMA controller. Tile

8086 will not try to use the system bus until the HOLD pin is negated.

As mentioned before, the 8086 memory addresses are organized in two separate banks -

one containing even-addressed bytes and the other containing odd-addressed bytes. An 8-bit

DMA controller must alternately select these two banks to access logically adjacent bytes in

memory.

QUESTIONS AND PROBLEMS

3,1 'What is the basic difference between the 8086 and 8088 microprocessors? Name one

reason why these two microprocessors are included in the i APX 86 family by Intel.

3.2 List the 8086 minimum and maximum mode signals. How are these modes selected?

3.3 What are the functions provided by 8288 bus controller in a maximum mode 8086

system?

3.4 Which bit of the 8086 FLAG register is used by the string instructions? How? Illustrate

this by using the 8086 MOVSII instruction.

3.5 What is the relationship between the 8086 and 8284 input clocks? Does the 8086 have an

on-chip clock circuitry? Comment.

3.6 What is the purpose of the TF bit in the FLAG register?

3.7 If [IlL] = 36,, (ASCII code for 6) and [CL) = 33, (ASCII code for 3), write an 8086

assembly program which will add the contents of IlL and Cl, and then provide the result in

decimal. Store result in CL.

3.8 What happens to the contents of the AX register after execution of the following 8086

instruction sequence:	 -

MOV AX, OF180H
CBW
CWD

3.9 Determine the addressing modes for the following instructions:

(a) MOV CH, 8
(b) MOV AX, DS:START
(c) MOV [SI], AL
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(d) MOV SI, BYTEPTR[BP+2) (DI]

3.10 Consider MOV BX, DS: BEGIN. How many nicniory accesses are required by the
8086 to execute the above instruction if BEGIN = 0401H.

3.11 Write an 8086 assembly program to implement the following Pascal segment:

St.Thd: =0; for 1: = 0 to 15 do
SUM: = SUM + A(i)

Assume CS and DS are already initialized. A(i)s are 16-bit numbers.

3.12 Write and 8086 assembly program to add two 128-bit numbers stored in memory in
consecutive locations.

3.13 What arc the remainder, quotient, and registers containing them after execution of
the following instruction sequence?

MOV DX, 0
MOV AX, —5
MOV BX, 2

IDIV BX

3,14 Write an 8086 assembly language program Fc. divide A5721624H by F271H. Store
the remainder and quotient onto the stack. Assume thai thi' numbers are signed and stored
in the stack as follows:

SP	 )	 F271
A572	 Increasing Address
1624

Assume that the stack segment and stack pointer are already initialized.

3.15 'Write an 8086 assembly language program to compute X = Y + Z - 12PFH where X,
Y, Z are 64-bit variables. The lower 32 bits of Y and Z arc stored respectively at offset
5000H and 5008H followed by the upper 32 bits. Store the lower 32 bits of the 64-bit result
at offset 6000H followed by the upper 32 bits.

3.16 Assume that rgistcrs AL, BX and DX CX contain a signed byte, a signed word, and a
signed 32-bit number respectively. Write an 8086 assembly language program that will com-
pute the signed 32-bit result:

AL + DX - DXCX - DXCX

3.17 Write an 8086 assembly language program to compute X = 5 * Y + (Z/W) where offsets
5000H, 5002H, and 5004H respectively contain the 16-bit signed integers Y, Z, and W. Store
the 32-bit result in memory starting at offset 500611. Discard the remainder of Z/W.
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3,18 Write an 8086 instruction sequence to clear the trap flag to zero.

3,19 Write an 8086 subroutine to compute

jx

where Xis arc signed 8-bit integers and N = 100. The numbers are stored in consecutive
locations. Assume SI points to Xis and SP, DS, 55 are already initialized.

3.20 Write an 8086 assembly program to move a block of data bytes of length 100, from the
source block starting at location 2000H in ES = 1000H to the destination block starting at
location 3000H in the same extra segment.

3.21 Write an 8086 assembly program to logically shift a 128-bit number stored in location
starting at 4000H in DS twice to the right. Store the result in memory location starting at
5000H in the data segment. Assume DS is initialized.

3.22 Connect one 2732, and one 8255 to an 8086 to obtain even 2732 locations and odd
addresses for the 8255's Port A, Port B, Port C, and the Control register. Show only the
connections for the pins shown in the figure below. Assume all unused address lines to be
zeros, Use latches and gates as required.

3.23 Determine the number of 27324K x 8 EPROMs and 6116 2K x 8 static RAMs to provide
a 4K x16 EPROM and a 2K x16 word RAM. Draw a neat schematic connecting these chips to
the 8086 and determine the map.

3.24 Assume the memory and 1/0 maps of Table 3.2. Interface the following AID to the
8086/2716/6116/8255 of Figure 3.14:

DATA VALID I
8-bit	 DO-D7

A/D
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Write all assembly program to input the AID converter and turn all ON connected
to bit 5 of port A of thc even 8255 if the number read from the A/D is odd; otherwise turn the
LED OFF. Assume that the LED is turned ON by a HIGH and turned OFF by a LOW.

3.25 Repeat problem 3.24 using the 8086 INTR interrupt.

3.26 Write an 8086 assembly language program to add a 16-bit number stored in DX (bits
0 to 7 containing the high-order byte of the number and bits 8 to 15 containing the low-order
byte) with another 16-bit number stored in BX (bits 0 to 7 containing the low-order 8 bits of
the number and bits 8 through 15 containing the high-order 8 bits). Store the result in CX.

3.27 Assume an 8086/8255 based system. Write all assembly language program to input
16-bit data via Port 13 and Port C, and then divide this by the 8-bit input data at Port A. Assume
all numbers to be signed.

3.28 An 8086/8255 based microcomputer is required to drive a common anode seven-
segment display connected to Port C as follows:

+5 V

nil i	 I	 I
liii	 12	 (1	

Ii	 I)

r 

!l a a

PorlC	 dg

[ lit	

7406 R=33O2	

II u

Write an 8086 assembly language program to display a single hexadecimal digit (0 to F) from
offset 3000H at DS = 10001-I. Use a look-up-table.

3.29 Assume an 8086/8255 based microcomputer. Suppose that four switches are connected
to bits 0 through 3 of Port A, an LED is connected at bit 4 of Port B and another LED is
connected at bit 2 of Port C. If the number of low switches is even, turn the Port B LED "ON"
and Port C LED "OFF". If the number of low switches is ODD turn Port 13 LED "OFF" and
Port C LED "ON". Write all 	 assembly language program to accomplish the above.

In the above figure, ifV 1 > 15V, turn an LED "ON" connected at bit 2 of Port C. Oil 	 other
hand if V 1 < 14V, turn the LED "OFF". Use registers and memory locations of your choice.
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Draw a block diagram showing the microcomputer and the connections of the figure to its
ports. Also, write 8086 assembly language programs to accomplish the above using:

a) Polled 1/0 by inputting one or more outputs in the figure.

b) INTR
c) NM!




