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PREFACE

The MICRO-51 EB User Manual / Student Workbook has been devised as a User Manual
common for both the Micropower-i trainer based on Intel 8031 /8051 Microcontroller Micro-51
and Micro-51EB. It shall serve as a valuable aid to a learner, new to the software, hardware and
interface programming aspects of the 8031 / 8051.

The manual has been formulated with consideration to the capabilities of a beginner and has a
systematic organisation of all the chapter. Commencing with an introduction, each of the chapters
has a whole complement of examples and exercises.

Chapter - 1  Serves as an introduction to the 8031/ 8051.

Chapter -2 Which has been further segmented into various sections deals with the
programming features of 8031 / 8051 under arithmetic, data transfer, stack
operations, Bit manipulations, flags and such other heads.

Chapter -3  gives you typical examples on hardware programming with the peripherals to
further enhance your capability.

Chapter - 4 is on application examples based on the interfacing of different peripherals
available on the trainer, which will give you an idea of the ways in which a
microcontroller may be used to serve a particular purpose.

Chapter - 5 1t Deals the "System Oriented Functions' for making a program as small and sense.
Chapter - 6 1t gives details above the On-Chip interrupts of 8031 / 8051.

Chapter - 7 1t i1s discussion on using serial communication for data transfer using our
DATACOM.

While working through the exercises, please refer to the appendices given at the back of this
manual for information on instruction set of 8031 / 8051. To promote your skills to higher
levels, you can consult the titles quoted in the bibliography of references.

You shall no doubt emerge as a number one programmer, after working with the trainer along
with this manual in all sincerity. Suggestions to enhance the substances provided in this manual
are invited.

Write to:

The Customer-Support Division,

Vi Microsystems Dvt. Ltd.,

Plot No.75, Electronics Estate,
Perungudi, Chennai - 600 096.

Phone : (044) 2496 1842, 2496 1852.
Fax : (044) 2496 1536.
E-mail : sales@vimicrosystems.com
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MICRO - 51 EB USER MANUAL AN INTRODUCTION TO INTEL'S 8031 / 8051

CHAPTER 1
8031/8051 PROGRAMMING OVERVIEW

OBJECTIVES:
a) To introduce the user to the concept of Microcontroller.
b) To introduce the user to the Basic Architecture of Intel 8031/8051.

c) To familiarise the user with the Memory, I/O and Register Architecture and the Addressing
modes available on 8031/8051.

1.1 INTRODUCTION:

A Microcontroller consists of a powerful CPU tightly coupled with memory (RAM, ROM or
EPROM), various I/O features such as Serial port(s), Parallel port(s), Timer/Counter(s), Interrupt
Controller, Data Acquisition Interfaces - Analog to Digital Converter(ADC), Digital to Analog
Converter(DAC), everything integrated onto a single Silicon chip.

It does not mean that any microcontroller should have all the above said features onchip.
Depending on the need and area of application for which it is designed, the onchip features
present in it may or may not include all the individual sections said above.

Any microcomputer system requires memory to store a sequence of instructions making up a
program, parallel port or serial port for communicating with an external system, timer/counter
for control purposes like generating time delays, baud rate for the serial port, apart from the
controlling unit called the Central Processing Unit.

If a system is developed with a microprocessor, the designer has to go for external memory such
as RAM, ROM or EPROM and peripherals and hence the size of the PCB (Printed Circuit Board)
will be large enough to hold all the required peripherals. But, the microcontroller has got all these
peripheral facilities on a single chip. So, development of a similar system with a microcontroller
reduces PCB size and cost of the design.

One of the major differences between a microcontroller and a microprocessor is that a controller
often deals with bits, not bytes as in the real world applications. For example, switch contacts can
only be open or close, indicators should be lit or dark and motors can be either turned on or off
and so forth.

Vi Microsystems Dvt. Ltd,, [1-1]



MICRO - 51 EB USER MANUAL AN INTRODUCTION TO INTEL'S 8031 / 8051

INTEL MCS-51 FAMILY:

Intel has introduced a family of Microcontrollers called the MCS-51. This family comprises the
8031, 8051, 8052, 8751 and 8752 Microcontrollers. Our trainer kit supports all these
microcontrollers. 8051, an 8-bit Single chip Microcontroller has got a powerful CPU optimised
for control applications, 64K Program Memory address space, 64K Data Memory address space,
4K bytes of on-chip ROM (Read Only Memory), 128 bytes of on-chip RAM (Read/Write
Memory), Four 8-bit bidirectional Parallel ports, one full-duplex (it can transmit and receive
simultaneously) Serial port, two 16-bit timer/counters and an extensive interrupt structure.
8031 is the ROMless version of 8051 whereas 8751 is the EPROM version of 8051. This is the
main difference between 8031, 8051 and 8751. Since we have not used the On-chip ROM or
EPROM in Micro-51, Micro-51 EB and Micropower-i based 8031/51 Piggy board, any of these
three Microcontrollers can be used.

For individual line and control applications, 8051 is best suited as it incorporates a special set of
instruction which are capable of bit addressing the onchip I/O features of 8051.

The Major Features of 8051 Are:

*  8-bit CPU optimised for control applications.

*  Extensive Boolean processing (single-bit logic) capabilities.

* 64K Program Memory address space.

* 64K Data Memory address space.

* 4K bytes of on-chip Program Memory (in 8051 and 8751 only).
* 128 bytes of on-chip Data RAM.

* 32 bi-directional and individually addressable I/O lines.

*  Two 16-bit Timer / Counters.

*  Full Duplex UART (Universal Asynchronous Receiver / Transmitter).
*  6-source / 5S-vector interrupt structure with two priority levels.

*  On-chip Oscillator and Clock circuitry.

Vi Microsystems Dvt. Ltd,, [1-2]



MICRO - 51 EB USER MANUAL AN INTRODUCTION TO INTEL'S 8031 / 8051

APPLICATIONS OF MICROCONTROLLERS:

Microcontrollers are designed for use in sophisticated real-time applications such as industrial
control, instrumentation and intelligent computer peripherals.

Microcontrollers with ADC finds usage in data acquisition systems and closed-loop analog
controllers. It permits considerable system integration by combining analog and digital I/O
processing in the single chip.

They are used in industrial applications to control Motor, Robotics, discrete and continuous
process control, in missile guidance and control, in Medical instrumentation, Oscilloscopes,
Telecommunications, Automobiles, for scanning a keyboard, driving an LCD (Liquid Crystal
Display), for frequency measurements, period measurements, pulse width measurements and so
on.

NOTE:
As it becomes unwidely to be constantly referring the three microcontrollers namely 8031, 8051

and 8751 by their individual names, we will adopt a convention of referring to them generically
as "8051", unless a specific name is being referred to.

Vi Microsystems Dvt. Ltd,, [1-3]
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8051/8031 PROGRAMMING OVERVIEW

1.2 THE 8051 MICROCONTROLLER ARCHITECTURE

The architecture of the 8051 family of microcontrollersisreferred to asthe MCS-51 architecture
(Micro Controller Series-51), or sometimes simply asMCS-51.The microcontrollers have an 8-
bit data bus. They are capable of addressing 64K of program memory and a separate 64K of data
memory. The block diagram of 8051 microcontroller is shown below.
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MICRO-51 EB USER MANUAL 8031/8051 PROGRAMMING OVERVIEW

The 8051 have 4K of code memory implemented as on-chip Read Only Memory (ROM). The
8051 have 128 bytes of internal Random Access Memory (RAM). The 8051 has two
timer/counters, a serial port, 4 genera purpose paralel input/output ports, and interrupt
control logic with five sources of interrupts. Besides internal RAM, the 8051 have various
Special Function Registers (SFR), which are the control and data registers for on-chip
facilities. The SFRs aso include the accumulator, the B register, and the Program Status
Word (PSW), which contains the CPU flags. Programming the various internal hardware
facilities of the 8051 is achieved by placing the appropriate control words into the
corresponding SFRs. The 8031 are similar to the 8051, except it lacks the on-chip ROM.

1.2.1 VARIOUS 8051 MICROCONTROLLERS

The 8051 is available in different memory types, such as UV-EPROM, flash, and NV-RAM,
all of which have different part numbers. The UV-EPROM version of the 8051 is the 8751.
Many companies including Philips, Atmel, Analog Devices & Cygnal manufactures the flash
ROM version. The Atmel flash 8051 is called AT89C51 & the Analog Devices version is
ADuC812. The NV-RAM version of the 8051 made by Dallas semiconductor is called
DS5000. There is also the OTP (One time programmable) version of the 8051 made by
various manufacturers. All these versions of 8051 (MCS-51 series) are called as ‘8051
Derivatives .

M CS 51 Seriesof Microcontrollersare

INTEL - 805X, 803X, 875X, 835X, 8X152, 8X251
ATMEL - 835X, 875X, 895X, T8X251, AT205X
PHILIPS - 805X, 835X, 875X, 895X

CYGNAL - 8051FXXX

Tl - M SC121X

ANALOG DEVICES - ADuC812, 814, 816, 824, 831, 834, 844,848
1.2.2 PIN DESCRIPTION OF THE 8051

Although 8051 family members (e.g. 8751, 89C51) come in different packages, such as DIP
(dua in-line package), QFP (quad flat package), and LLC (Leadless chip carrier), they all
have 40 pins that are dedicated for various function such as I/O, RD, WR, address, data and
interrupts. It must be noted that some companies provide a less pin version of the 8051 with
a reduced number of I/O ports for less demanding applications & user flexibility. ATMEL
892051 is the 20 pin 8051 derivative 1C with less digital 1/0 lines & reduced flash memory
compared to its 40 pin AT89C51 series. However, since the vast majority of developers use
the 40-pin DIP package chip. And now RISC versions of 8051 ICs are also available with
ATMEL & they called it as AVR microcontrollers & available size from 8-pin package.

Examining the following figure, note that of the 40 pins atotal of 32 pins are set aside for the
four ports PO, P1, P2 and P3, where each ports takes 8 pins. The rest of the pins are
designated as Vcc, GND, XTAL1, XTAL2, RST, EA, ALE, and PSEN. Of these 8 pins, all
members of the 8051 and 8031 families use six of them. In other words, they must be
connected in order for the system to work, regardless of whether the microcontroller is of the
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MICRO-51 EB USER MANUAL 8031/8051 PROGRAMMING OVERVIEW

8051 or 8031 family. The other two pins PSEN- and ALE are used mainly in 8031 based
systems. We first describe the function of each pin.

P1.0[1 ~ 40| Vco
P1.1[ 2 39] P0O.0/ADO
P1.2[3 38] Po.1/AD1
P1.3[a 37] Po.27AD2
P1a[s 36] Po.3/ADS
Pi1.5[6 35] Po.4/ADA4
P16z 34] Po.5/ADS
P1.7[8 33| Po.6/AD6
RsST [ o 32| PO.7/AD7
RxD/P3.0[10] 8051 31] EA/VER
TxD/P3.1[11 30| ALE/FPROG
INTO/P3.2|12 29' PSEN
TNT1/P3.3[13] 28] P2.7/A15
To/P3.4 [14] 27] P2.6/A14
Ti1/P3.5[15 26| P2.5/A13
WR/P3.6[16] 25| P2.a/Al2
Ro/Pa.7[17 2a] P2.3/A11
xXTALZ [18 23] P2.2/A10
XTAL1 [19 22| P2.1/A9
vss [29 21| Pz.o/A8

Fig 2.2: 8051 PIN Diagram

RAM

128 Byt

4K es :

Oscillator Program y Timer 1
memory SFR Timer 2

8031
CPU

=

4 110 ports
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Serial
inputioutput

wternal memory

Fig 2.3: 8051 Simplified Diagram
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1-8: Port 1. Each of these pins can be used as either input or output according to
your needs. Also, pins 1 and 2 (P1.0 and P1.1) have special functions associated with
Timer 2.

9: Reset Signal: High logical state on this input halts the MCU and clears all the
registers. Bringing this pin back to logical state zero starts the program a new asif the
power had just been turned on. In another words, positive voltage impulse on this pin
resets the MCU. Depending on the device's purpose and environs, this pin is usually
connected to the push-button, reset-upon-start circuit or abrown out reset circuit.

10-17: Port 3:as with Port 1, each of these pins can be used as universal input or
output. However, each pin of Port 3 has an aternative function:

? Pin 10: RXD - seria input for asynchronous communication or serial
output for synchronous communication.

? Pin 11: TXD - seria output for asynchronous communication or clock

output for synchronous communication

Pin12: INTO* - input for interrupt O

Pin13: INT1* - input for interrupt 1

Pin 14: TO - clock input of counter O

Pin 15: T1 - clock input of counter 1

Pin 16: WR* - signal for writing to external (add-on) RAM memory.

Pin 17: RD* - signal for reading from external RAM memory

N ) N ) ) )

18-19: X2 and X1: Input and output of internal oscillator. Quartz crystal controlling
the frequency commonly connects to these pins. Capacitances within the oscillator
mechanism optimal voltage

20: GND: Ground

21- 28: Port 2: if external memory is not present, pins of Port 2 act as universal
input/output. If external memory is present, this is the location of the higher address
byte, i.e. addresses A8 — A15. It is important to note that in cases when not all the 8
bits are used for addressing the memory (i.e. memory is smaller than 64kB), the rest
of the unused bits are not available as input/output.

29: PSEN*: MCU activates this bit (brings to low state) upon each reading of byte
instruction) from program memory. If external ROM is used for storing the program,
PSEN- is directly connected to its control pins.

30: ALE: before each reading of the external memory, MCU sends the lower byte of
the address register (addresses AO — A7) to port PO and activates the output ALE.
External Chip (eg: 74HC373), memorizes the state of port PO upon receiving a signal
from ALE pin, and usesit as part of the address for memory chip. During the second
part of the MCU cycle, signal on ALE is off, and port PO is used as Data Bus. In this
way, by adding only one integrated circuit, data from port can be multiplexed and the
port simultaneously used for transferring both addresses and data.

Vi Microsystems Pvt. Ltd., [1-7]



MICRO-51 EB USER MANUAL 8031/8051 PROGRAMMING OVERVIEW

31: EA*: Bringing this pin to the logical state zero designates the ports P2 and P3 for
transferring addresses regardless of the presence of the internal memory. This means
that even if there is a program loaded in the MCU it will not be executed, but the one
from the external ROM  will be used instead. Conversely, bringing the pin to the high
logical state causes the controller to use both memories, first the internal, and
then the external (if present).

32-39: Port 0: Similar to Port 2, pins of Port O can be used as universal input/output,
if external memory is not used. If external memory is used, PO behaves as address
output (A0 — A7) when ALE pin is at high logical level, or as data output (Data Bus)
when ALE pinisat low logical level.

40: VCC: Power +5V

1.2.3 COMPARISON OF 8051 FAMILY MEMBERS

Features 8031 8051 8052
ROM (on-chip OK 4K 8K
program space in
bytes)

RAM (Bytes) 128 128 256
Timers 2 2 3
1/0O Pins 32 32 32
Serial Port 1 1 1
Interrupt Sources 6 6 8

1.2.4 8051 OSCILLATOR AND CLOCK

The manufacturers make available 8051 designs that can run at specified maximum and
minimum frequencies, typically 1 megahertz to 16 megahertz. Minimum freguencies imply
that some internal memories are dynamic and must always operate above a minimum
frequency or data will be lost.

The oscillator formed by the crystal, capacitors and on — chip inverter generates a pulse train
at the frequency of the crystal.

The time to execute the instruction is found by using the expression,
T (ingt) = (C* 12) / (crystal frequency)
Presently PHILIPS 8051 flash microcontrollers are working with the double speed of normal

8051 chip (40MHz operation) and\ CYGNAL 8051 series working with a speed of 100
MIPS.

Vi Microsystems Pvt. Ltd,, [1-8]
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18 19

1

27-47pF —— = 27.47pF

Fig 2.4: 8051 Oscillator Connection Circuit

It must be noted that there are various speed of the 8051 families. Speed refers to the
maximum oscillator frequency connected to XTAL. For example, a 12 MHz chip must be
connected to a crystal with 12MHz frequency or less. Likewise a 20KHz microcontroller
requires a crystal frequency of no more than 20MHz. When the 8051 is connected to a crystal
oscillator and is powered up, we can observe the frequency on the XTALZ2 pins using the
oscilloscope.

P1 24 P1

State A

P>  P1 P2 P11 P2 P P>  P1 P2 P1 P?

il

Oscillator
Frequency
f

State 1 State R

Shtes

Stated

Qnép?

< OneMachine {‘.\/r%lﬁ

AddressLatch
Enable(ALE)

Fig 2.5: 8051 Timing Diagram

1.3 MEMORY ORGANIZATION

During the runtime, microcontroller uses two different types of memory: one for holding the
program being executed (ROM memory), and the other for temporary storage of data and
auxiliary variables (RAM memory). Depending on the particular model from 8051 family,
thisis usually few kilobytes of ROM and 128/256 bytes of RAM. This amount is built-in and
is sufficient for common tasks performed "independently” by the MCU. However, 8051 can
address up to 64KB of externa memory.

Vi Microsystems Pvt. Ltd,, [1-9]
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1.31 MEMORY ARCHITECTURE
(i) VON-NEUMAN ARCHITECTURE

Von Neumann architectures are computer architectures that use the same storage device for
both instructions and data. By treating the instructions in the same way as the data, the
machine could easily change the instructions. In other words the machine was reprogram
able. Because the machine did not distinguish between instructions and data, it allowed a
program to modify or replicate a program.

Address Bus

MEMORY
CPU
_ DataBus,_

INSTRUCTIONS
& OPERANDS

Fig 3.1: Von-Neumann Architecture

(i) HARVARD ARCHITECTURE

The term Harvard architecture originally referred to computer architectures that uses
physically separate storage devices for their instructions and data. Harvard architecture has
separate data and instruction busses, allowing transfers to be performed simultaneously on
both busses.

Address Bus AddressBus

A

DATA PROGRAM
MEMORY CPU MEM ORY

A

Data Bus Data Bus

Fig 3.2: Harvard Architecture

The Harvard architecture executes instructions in fewer instruction cycles than the Von
Neumann architecture. This is because a much greater amount of instruction parallelism is
possible in the Harvard architecture. Parallelism means that fetches for the next instruction
can take place during the execution of the current instruction, without having to either wait

Vi Microsystems Pvt. Ltd., [1-10]
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for a"dead" cycle of the instruction's execution or stop the processor's operation while the
next instruction is being fetched.

1.3.3 ROM MEMORY (PROGRAM MEMORY)

8051 have built-in ROM, although there are substantial variations. With some models internal
memory cannot be programmed directly by the user. Instead, the user needs to precede the
program to the manufacturer, so that the MCU can be programmed appropriately in the
process of fabrication. Obvioudly, this option is cost-effective only for large series.
Fortunately, there are MCU models ideal for experimentation and small specialized series.
Many manufacturers deliver controllers that can be programmed directly by the user. These
come in an EPROM version or EEPROM version or OTP or FLASH type.

The program memory of 8051 is shown in figure.

200 EA=0
FFFF Y FFFF
External
Program
Memory IExtemal
rogram
Memory
1000 ROM
OFFF Internal Boundary
Program
00004 LY 00004

Fig 3.3: 8051 ROM (Program Memory)
1.3.4 RAM MEMORY (DATA MEMORY)

As previoudly stated, RAM is used for storing temporary data and auxiliary results generated
during the runtime. Apart from that, RAM comprises a number of registers: hardware
counters and timers, 1/0 ports, buffer for serial connection, etc. With older versions, RAM
spanned 256 locations, while new models feature additional 128 registers. First 256 memory
locations form the basis of RAM (addresses 0 — FFh) of every 8051 MCU. Locations that are
available to the user span addresses from O to 7Fh, i.e. first 128 registers, and this part of
RAM is split into several blocks as can be seen in the figure below.
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HNewer models
{256 available locations)

Older models
(128 available locations)
A

h!_lhu.l Dw. Hex.
B g8 1F 4]

T OFF ey B8 ¥

Fig 3.4: RAM ORGANIZATION

First block comprises 4 "banks" of 8 registers each, location O through 1Fh(32 bytes. The
device after reset default to register bankO. To use other register banks the user must select
them in software. Each register bank contains 8 one byte registers, 0 through 7.

Second memory block (range 20h — 2Fh) is bit-addressable, meaning that every belonging bit
has its own address (0 to 7Fh). Since the block comprises 16 of these registers, there is atotal
of 128 addressable bits. (Bit 0 of byte 20h has bit address 0, while bit 7 of byte 2Fh has bit
address 7Fh). Each of the 16 bytesin this segment can also be addressed as a byte.

Third isthe group of available registers at addresses 30h — 7Fh (total of 80 locations) without
special features or a preset purpose.
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To satisfy the programmers ever-increasing demands for RAM, latest 8051 models were
added an extra memory block of 128 locations. The problem lies in the fact that the
electronics, which addresses RAM, employs 1 byte (8 hits), reaching only the first 256
locations. Therefore, a little trick had to be applied in order to keep the existing 8-bit
architecture for the sake of compatibility with older models. The idea is to make the
additional memory block share the addresses with the existent locations intended for SFR
registers (80h - FFh). For distinguishing these two physically separate memory areas,
different methods of addressing are used: if SFR registers are in question, direct addressing is
used; for extra RAM locations, indirect addressing is used.

The 8051 can addressed up to 64K bytes of Data Memory external to the chip. The MOV X
instruction is used to access the external memory. Figure shows the 8051 data memory
organization.

Internal
FF - FFFF
SFR

80

¥ >— AND —»{ External

' DATA

RAM

00 /

0000
Fig 3.5: 8051 RAM (Data M emory)
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FFH FFH 7Fh
F8y |FF[FE[FD]FC|FB]FA[Fo]F8 e RAM Area
Foy [F7[Fe[Fs]Fa]Fa[F2[F1[Fo Internat P 30y
oFy [7F[7E[7D[7C[3B]7A[79] 78
E8y [EF|EE|ED|EC|EB|EA[ES|E8 (Optional) 2k |77]76(75]74 73] 72[ 71]70
(indirect 2D |6F |6E[6D]6C|6B]6A[69]68
Eoy [E7]E6]E5]E4[E3[E2] E1[EO addressable) 2Cy |67]6665|64]63[62]61]60] L2
128 Byte 2By, [5F[5E[5D[5C]5B]5A[59] 58| =
D8y |DF|DE[DD|DC|DB|DA|DY|DS 2Ap [57(56]55]54|5352(51]50] &
80y 29y, [4F[4E]4D[4C]4B[4A]49]48| §
D0y |D7]Ds]D5[D4]D3[D2[ D1]DO TFy 28 |47]46]45]44[43]42]41]40] £
27y |3F[3E[3D]3C[3B[3A[39] 38| &
C84 [cF[cE[cplcclcBlcAlcolcs Lower 26 [37]36]35]34[33[32[31]30 é
Internal Data 251 |2F|2E|2D[2C|2B|2A|29| 28| o
Cop [c7[cs|cs]c4|c3|c2[ci]co RAM 24y [27]26]25]24[23]22] 21]20| &
o . 23p [tF[1E[1D[1C[1B[1A[19]18] 2
B8, [BF[BE[BD[BC]BB[BA[B9[BS ('”ﬂgeC‘&g'lreCt 22, [17[16 15 141312 11]10
addressable) 21 [oF o€ o]oc]oB[0A 0908
B0\, |B7[B6[B5]B4]B3[B2[B1[BO 128 Byte 20y, [07]06]05]04] 03] 02[ 01]00
1Fy .
A8, [AF]AE[AD[ABJAC]AAA] A9 004 184 Registerbank 3
17y .
A0y, |A7]A6[As[A4]A3[ A2 A1 A0 10y Registerbank 2
OF .
98, [9F9E[9D]9B]9C oA 8] 99 084 Registerbank 1
07H R7
90 [97]96]95[94]93]92] 91]90 06 R6 .
054 RE S
83 |8F[8E[8D]8B]8C]8A[88]89 04y Re & |
03y R& 3 |
801 [87]8685]84]8382] 8180 02 R & |
Internal SFR Area 01y R1
(direct addressable) 00y RO

128 Byte

Optional = This area of memory is not contain in 8051, it is avaliable in other MCS-51 series

Fig 3.6: Internal RAM Architecture (M CS-51)

1.3.5 MEMORY CAPACITY

The number of bits that a semiconductor memory chip can store is called the chip capacity.
The memory capacity of a memory IC chip is aways given in bits, the memory capacity of a
computer system is given in bytes.
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SPEED

One of the most important characteristics of a memory chip is the speed at which its data can
be accessed. To access the data, the address is presented to the address pins, the READ pinis
activated, and after a certain amount of time has elapsed, the data shows up at the data pins.
The speed of the memory chip is commonly referred to as its access time. The table serves as
areference for memory calculations.

X V4
10 1K
11 2K
12 4K
13 8K
14 16K
15 32K
16 64K
17 128K
18 256K
19 512K
20 M
21 2M
22 4M
23 8M
24 16M

1.3.6 MEMORY TYPES
i ROM

ROM is a type of memory that does not lose its contents when the power is turned off. For
this reason, ROM is also called nonvolatile memory. There are different types of ROM, such
as PROM, EPROM, EEPROM, OTP ROM, and FLASH EEPROM.

ii. EPROM

In EPROM, one can program the memory chip and erase it thousands of times. This is
especially necessary during the development of the prototype of a embedded systems based
design. A widely used EPROM s called UV-EPROM where UV stands for ultra-violet. All
UV-EPROM chips have a window that is used to shine UV radiation to erase its contents.
The main problem, and indeed the major disadvantage of UV-EPROM is that it cannot be
programmed while in the system board. To find a solution, EEPROM was invented.
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iii. FLASH MEMORY

Flash EPROM has become a popular user programmable memory chip since the early 90s. In
this the process of erasure of the entire contents takes less than a second, or one might say in
a flash, hence its name flash EEPROM. Flash memories increases the performance of the
computer, since flash memory is semiconductor memory with access time in the range of 100
ns compared with disk access time in the range of tens of milliseconds.

iv. RAM

RAM memory is called volatile memory since cutting off the power to the IC will result in
the loss of data. The three types of RAM are: static RAM, NV-RAM (non-volatile RAM),
and dynamic RAM. Storage cells in static RAM memory are made of flip-flops and therefore
do not require refreshing in order to keep their data. The problem with the use of flip-flops
for storage cellsis that each cell requires at least 6 transistors to build, and the cell holds only
1 bit of data. NV-RAM combines the best of RAM and ROM: the read and write ability of
RAM, plus the nonvolatile of ROM. DRAM uses capacitors as storage cells. The major
advantages of DRAM are high density (capacity), cheaper cost per bit, and lower power
consumption per bit. The disadvantage isthat it must be refreshed periodically, due to the fact
that capacitor cell losesits charge.

1.3.7 MEMORY EXPANSION

In case the built-in amount of memory (either RAM or ROM) is not sufficient for your needs,
there is always an option of adding two external 64KB memory chips. When added, they are
addressed and accessed via |/O ports PO and P2.

8051 MCU has two separate read signals, RD and PSEN. The first one is active when reading
byte from the external data memory (RAM), and the second one is active when reading byte
from the external program memory (ROM). Both signals are active on low logical level. The
following image shows a typical scheme for such expansion using separate chips for RAM
and ROM, known as Harvard architecture.
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jrm- >y |

Writing lower address byte

Fig 3.7: Interfacing External Memory with 8051
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14 8051 REGISTERS
141 SFR(SPECIAL FUNCTION REGISTERS)

SFR can be seen as a sort of control panel for managing and monitoring the microcontroller.
Every register and each of the belonging bits has its name, specified address in RAM and
strictly defined role (e.g. controlling the timer, interrupt, serial connection, etc). Although
there are 128 available memory slots for allocating SFR registers.. The rest has been left open
intentionally to allow future upgrades while retaining the compatibility with earlier models.
This fact makes possible to use programs developed for obsolete models long ago.

TABLE OF SPECIAL FUNCTION REGISTERS

NAME FUNCTION HEX Bit-Addressable
ADDRES

A Accumulator EO Yes
B Arithmetic FO Yes
DPTR | Data Pointer (2 Bytes)
DPH Addressing external memory 83 No
DPL Addressing external memory 82 No
IE Interrupt enable control A8 Yes
IP Interrupt priority B8 Yes
PO Input/output port latch 80 Yes
Pl Input/output port latch 90 Yes
P2 Input/output port latch A0 Yes
P3 Input/output port latch BO Yes
PCON Power control 87 No
PSW Program status DO Yes
SCON Seria port control 98 Yes
SBUF Serial port data buffer 99 No
SP Stack pointer 81 No
TMOD | Timer/counter mode control 89 Yes
TCON | Timer/counter control 88 Yes
TLO Timer O low byte 8A No
THO Timer O high byte 8B No
TL1 Timer 1 low byte 8C No
TH1 Timer 1 high byte 8D No

142 ACCUMULATOR

Accumulator is a general-purpose register, which stores runtime results. Before performing
any operation upon an operand, operand has to be stored in the accumulator. Results of
arithmetical operations (performed by ALU) are also stored in the accumulator. When
transferring data from one register to another, it hasto go through the accumulator.
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Due to its versatile role, this is the most frequently used register, essential part of every
MCU.

m Accumulator
Value after

1] 1] 1] L] 0 0 1] 1] reset
| | | | | | | | | Bit name
bit7 bitD

Fig4.1: Accumulator
1.4.3 B REGISTER

Used along with the Accumulator for multiplication/division. This B register provides
temporary storage space for the 16 bit results in multiplication & divison operation.
Instructions of multiplication and division can be applied only to operands located in registers
A and B. Other instructions can use this register as a secondary accum80ulator (A).

1.4.4 PO, P1, P2, P3-1/0 PORTS

8051 has 4 ports, with each ports have 8 hit length. All the ports are bit and byte addressable.
Every port bit corresponds to one of the pins on the casing, thus controlling the voltage on
output (0 or 5V). Vice versa, while reading, voltage on input pinsis interpreted into bit logic
on port. A 5V at the input makes the port bit into logic 1(HIGH) and OV into logic 0 (LOW).

“ Port 0

Value after
1 1 1 1 1 1 1 1 P—
| P0.7 | P0.6 | PO.5 | PO.4 | PO.3 | PO.2 | PO.1 | PO.0 | Bit name
bitT bitD
Fig4.2: 1/0 PORT (Port 0)
1.4.5 DATA POINTER
DPH DPL
DFT“'r.,;,';,';,':.,,'.,;.l.,;.,'.; l.,;ﬁ'r.,;';,';,';.lh;'h;'halh;]
[1] 1] 1] [1] 1] 0 0 [1] Value after reset
DPH| — | — | — | — 1 — 1 — 1 — | — | Bitname
bitT bits Bits it bit3 bit2 bit1 bitD
1] 0 (1] (1] ] 1] (V] 1] Value after reset
DPL| — | — | — | —]—1—1— 1| — | sitname
bitT bits Bits5 litd bit3 bit2 it bitD

Fig4.3: DATA POINTER
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The Data pointer register is made up of two 8 hit registers, named DPH (Data Pointer High)
and DPL (Data Pointer Low). These registers are used to give addresses of the internal or
external memory.The DPTR is under the control of program. DPTR is also manipulated as
one 16 bit register, DPH & DPL are each assigned an address. Data Pointer's 16 bits are used
for addressing external memory. Since this is the only 16-bit register available to
programmer, it is commonly used for temporary storage of data and runtime results.

146 STACK POINTER

The stack refers to an area of internal RAM that is used in conjunction with certain opcodes
to store and retrieve data quickly. The register used to access the stack is called Stack
Pointer. The 8 bit stack pointer register is used by the 8051 to hold an internal RAM address
that is called then top of the stack.

Upon reset (or turning the power on), the stack pointer contains the value 07h.This means
that RAM location 08h is the first location being used for the stack by the 8051. If another
value iswritten to SP, entire Stack moves to the new specified location.

The stack pointer increments before storing the data on the stack As retrieved from the stack
the SP is decremented by one.The storing of CPU register in the stack is called a PUSH, and
loading the contents of the stack back into a CPU register is called a POP.The number in
Stack Pointer points to the location of the last "valid" address within the Stack. With the
beginning of every new routine, Stack Pointer increases by 1; upon return from routine, SP
decreases by 1.

0 0 (1] 0 0 1 1 1 Value after reset
SP[ — | — | — [ — | — ] — ] — [ — | sitName

bit7 bits bit5 bitd bit3 bit2 bit1 bitd

Fig 4.4. STACK POINTER
For example:

MOV SP,#22H ; Copy theimmediate data 22H to SP

MOV R1#33H ; Copy theimmediate data 33H to R1

PUSH OOH ; SP = 23H, Address 23H containsthe number 33H
PUSH OOH ; SP = 24H, Address 24H containsthe number 33H
POP 80H ; SP=23H, Port 0 latch now containsthe number 33H

1.4.7 PROGRAM COUNTER (PC)
Used to access code memory. Program counter always points to the address of the next

instruction in memory to be executed. Some of the instructions in the 8051 are 1 byte while
the others are two bytes or three bytes.
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MOV A#O1H PC="?

MOV DPTR,#4500H

MOVX @DPTR,A PC="?
STOP: SIMP STOP

148 PROGRAM STATUSWORD

The program status word ( PSW ) register is an 8 hit register. It is also referred to as the flag
register. It contains the math flags, user program flag FO,and the register select bits that
identify which of the four general purpose register banks is currently in use by the program.
PSW is one of the most important SFR registers, and is used for managing program during
the runtime. ALU automatically makes changes to certain bits of this register.

? P (bit 0) - Parity bit. If numeral in accumulator is even, bit is automatically set
(1), otherwise it's cleared (0). It is commonly used in data transfers via serial
connection.

? (bit 1) - Thisbit isintended for the upcoming MCU models and shouldn't be used.

? OV (bit 2) - Overflow bit. If result of arithmetical operation exceeds 255
(decimal), OV is set (1), otherwiseit's cleared (0).

? RSI, RSO (bits 3 and 4) - Register select. Masking these bits stores registers RO -
R7 into one of the 4 banksin RAM, according to the following table.

RS1 RS2 Location in RAM
0 0 Bank O 00h-07h
0 1 Bank 1 08h-OFh
1 0 Bank 2 10h-17h
1 1 Bank 3 18h-1Fh

? FO (bit 5) - Flag 0. An all-purpose user flag can be used by the user.

? AC (bit 6) - Auxiliary Carry Flag, used only for operations with BCD (Binary
Coded Decimal).

? CY (bit 7) - Carry Flag. Auxiliary (ninth) bit for arithmetical and shift operations.

m Program Status Word
Value after
1] 0 0 0 o 0 0 0 resett
cy | Ac | Fo | RS1 (RSO | ov | - | P | Bitname
bit7? bit0D

Fig 4.5: Flag Register
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149 COUNTERS& TIMERS:

The 8051 MCU clock employs a quartz crystal. As this frequency is highly stable and
accurate, it is ideal for time measuring. This is where the timer takes part; properly
programmed, value of timer register will increase or decrease with every MCU clock
impulse. Since one instruction takes 12 oscillator cyclesto complete, the math is easy.

8051 has two timers/counters marked as TO, T1. Their purpose is to measure time and count

external occurrences, but can also be used as clock in serial communication purpose called as,
Baud Rate.

1.4.10 Timer TO

As shown in the image below, TO consists of two registers - THO and TLO, for storing higher
and lower byte of a 16-bit binary numeral.

THO TLO
A A
I's 2 V4 A}
[ I | | [ I [ | I | | I | I ]
k] bit1d B3 bigt2 bit11 bit10 bty L] BitT bitd BitS bitd b3 bie2 [ 3] biz
e —
sl
Timer TO
1] [1] 0 0 [1] 0 0 ] Value after reset
THO — T — [ — T — T — T — T — [ — ] sitname
bit7 bitG bits bitd bit3 bit2 bitd kit
[1] (1] [i] (1] [i] [i] 0 [i] Value after reset
TLO[ — [ — | — | — [ — ] — 1 — ] — | sitname
bitT bité bit5 bitd bit3 bit2 bit1 bitd

Fig4.6: Timer O Register

For example, if TO = O, both registers will have value of zero. If TO has value of 1000d

(3E8H), THO (higher byte) will hold decimal value of 3 (O3H), and TLO (lower byte) will
hold decimal value of 232 (E8H). See the image below.

THO = 03H (03D) TLO = E8H (232D)

A A
r L Y 4 A
[@JoJoJo]o[o[4[i1[1[3[A[0[1]0o] 0] 0]
Batis Bitid bigid bit1Z  bitdd Bt it bt BitT

bitd bitg it bt it bigd biid

-

—
e
TIMER TO=3ESH (1000)

Fig 4.7: Exampleof Timer O
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Formulafor calculating the value of 16-bit register is simple:
THO* 256+ TLO=T
On our previous example:

3* 256 + 232 = 1000

Timers are technically 16-bit registers, thus the maximal value they can hold is 65,535
(FFFFH). If this number is exceeded, timer will automatically reset and start from zero. This
situation is known as overflow.

Two registerstightly connected to Timer TO are TMOD and TCON.

1411 Timer T1

This is the "twin brother" of Timer TO. It can fulfill same roles, it is also controlled by
TMOD and TCON, and has 4 different modes of work.

TH1 TL1
. .
i AT A
| | | | | | | I | | | | | | | | |
Be15  bield B3 b2 bR1 BiEl0  BiA9 BB BT bite B bitd B3 b2 B bisd)
L. _—
W
Timer T1
0 [i ] 1] [i] 0 [i] 0 i Value after reset
TH1[ — | — | — | — | — ] — | — | — | Bitname
bitT bits bits bitd bit3 bit2 bit1 bitD
[i1] 0 [1] 0 0 (1] 0 (i} Value after resct
TLA1[ — | — | — | — 1 — ] —1 — | — | sitname

bitT bité bit5s bitd bit3 bit2 bit1 bitd
Fig4.8: Timer 1 Register
1.4.12 TMOD - Timer Mode

TMOD is dedicated to the two timers TO & T1 and can be considered to be two duplicate 4-
bit registers, each of which controls the action of one of the timers. TCON has control bits

and flags for the timers in the upper nibbles, and control bits and flags for the external
interrupts in the lower nibble.

Thisregister sets mode for timers TO and T1. As shown in the image below, lower 4 bits (bit
0 - bit 3) are associated with TO, while the higher 4 bits (bit4 - bit7) are associated with T1.

Vi Microsystems Pvt. Ltd., [1-23]



MICRO-51 EB USER MANUAL

8031/8051 PROGRAMMING OVERVIEW

0 0 0 0

0 0 0

u Value atter reset

TMOD [care1]| cir1 [ Tam1 | rimo|careo| crro [Tom1 [ Tomo| Bit name

bit? bite bit5 bitd

bit3 bit2 bit1 bitD

Fig 4.9: TMOD Register

The following table gives details on bits 0 — 7:

Bit Bit Name Purpose Timer

7 GATE1 |1 Timer worksonly if INT1 (P3.3) is set T1
O Timer worksregardless of INT1 (P3.3)

6 CIT1- 1 Timer counts impulseson T1 (P3.5) T1
0 Timer counts impulses of internal oscillator

5 TiM1 Timer mode T1

4 TiMO Timer mode T1

3 GATEO |1 Timer worksonly if INTO (P3.2) is set TO
O Timer works regardless of INTO (P3.2)

2 CITO- 1 Timer countsimpulseson TO (P3.4) TO
O Timer counts impulses of internal oscillator

1 TOM1 Timer mode TO

0 TOMO Timer mode TO

Four bits from the previous table determine the operating mode of timers TO and T1. There
are 4 of these modes, and each will be covered in details.

TOM1|TOMO|Mode Description
0 0 0 13-bit Timer
0 1 1 16-bit Timer
1 0 2 8-bit auto-reload
1 1 3 Solit mode

i. Mode O (13-bit Timer)

This mode is an antiquity kept just for the sake of compatibility with older MCUs. When
activated, whole higher byte THO and only the first 5 bits of lower byte TLO are accessible.
Thus, with Mode 0, Timer TO uses only 13 of its 16 bits. How does it work? On each
impulse, lower register is changed (the "trimmed" one). When TLO isfilled after 32 impulses,
it is automatically reset, and THO is increased by one. This process repeats itself until 8192
(2713 hits) impulses are registered, upon which both registers are reset to zero.

ii. Mode 1 (16-bit “ manual reload” Timer)

Mode 1 uses all hits of registers THO and TLO, and is commonly used. Counting process is
same as with Mode O, except the timer reaches value of 65,536 (max for 16 bits) before reset.
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iii. Mode 2 (8-bit " auto reload” Timer)

In “auto reload” mode, only one of two registers is used for counting; however, it does not
start from zero, but from a specified value stored in the other register (0-255).Advantages of
this mode will be illustrated on the following example: suppose that there is a need to report
every 55th impulse of the clock. If Mode O or Mode 1 were used, you would need to store
200 (decimal) into TO, and then continually check for the overflow (exceeding 255 decimal).
Upon hit, value of 200 would need to be written to TO again. In Mode 2, MCU performs this
task automatically. Namely, TLO works as an 8-hit timer, while THO stores the starting value,
specifically 200 in our example. When TLO isfilled, instead of reset, it will load value from
THO. Thus, to register every 55th impulse, all you need to do iswrite 200 to THO, and set the
Timer Mode 2.

iv. Mode 3 (" Split" Timer)

When Timer TO is configured to Mode 3, you actually get an additional timer. In this mode,
registers THO and TLO act as separate 8-bit timers: THO substitutes Timer O, while TLO
substitutes Timer 1. Consequently, all control bits associated with the origina Timer 1 (16-bit
register consisting of TH1 and TL1) are now in control of newly created "Timer 1". This
means that, although it can be set to any mode (Mode 1, 2, or 3), the original Timer 1 cannot
be stopped anymore, because there is ssimply no control bit to do it. In this mode, it will be
constantly active in the background.

1.4.13 TCON - Timer Control

TCON is another register in direct control of the timers.

0 0 0 1] 1] 1] 1] 1] Value after reset

TCON | tr1 [Tr1 [ Tro [ TRo [ 1E1] 111 ] 1EO | 170 | Bitname
bit7 hite hits bitd bitd hit2 bit1 hitD

Fig 4.10: TCON Register

Of the 8 hits, TCON uses only 4 hits for controlling the timers, while the other 4 are
associated with interrupts.

Bit Bit Name Purpose Timer
7 TF1 This bit is automatically set in case of T1
overflow in Timer T1
6 TR1 1-Timer Tlison T1

O-Timer T1isoff

5 TFO This bit is automatically set in case of TO
overflow in Timer TO

4 TRO 1-Timer TOison TO
O-Timer TO is off
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1.4.14 UART (Universal Asynchronous Communication)

One of the things that makes this MCU so powerful is the hardware integrated UART, better
known as serial port. It isaduplex port capable of sending and receiving data simultaneously.
UART represents an elegant solution: programmer just needs to set the mode and the rate of
transfer. Register SBUF holds data to be sent to line, and the same register accepts data from
the line. Controller takes care of all the details of transfer with no room for error.

0 0 0 0 0 (1] a 0 Value after reset
SBUF[— T — T — T T T — T T ] sitname

bitT bitE bit> bitd bit3 bitZz kit bitD

Fig4.11: Serial Buffer

Before using the serial port, it should be appropriately configured. SFR register SCON
(Serial Control) isin control of the transfer parameters: size of one seria "word" in bits, baud
rate, and the source of impulses for synchronization.

1.4.15 CONNECTION TO RS232

The 8051 has two pins that are used specifically for transferring and receiving data serially.
These two pins are called TXD and RxD and are art of the port 3 groups. Pin 11 of the 8051
(P3.1) is assigned to TxD and pin 10 (P3.0) is designated as RxD. These pins are TTL
compatible; therefore, they require a line driver to make them RS232 compatible. One such
line driver is the MAX232 chip. MAX232 converts from RS232 voltage levels to TTL
voltage levels, and vice versa. One advantage of this chip isthat it usesa+5 V power source.

16 ’ca
1 2 +
+L
ell__b MAX232 6 s
+
rd
E = 8051 M AX232
cl—F :
P11 11 11 =
T1IN T10UT =
I 42
11 > 14 TxD
R1IN 13 3
12 R10UT 1 13 P3.0 |10 12
" T2IN . T20UT| , RxD
V'_
. R2QUT 4 RZIN 8 DB-9
=
TTL side 15 | R5232 side

Fig 4.12: 8051 Interfacing with M AX232
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1.4.16 SCON (Serial Port Control Register)

0 1] 0 1] 0 1] o o Value after reset
SCON|[s5M0 [ sSmM1 ]| Sm2 |REM| TB8 | RBB| TI | RI | Bit name
bitT bith bit5 bitd bit3 bit2 bit1 bitD

Fig 4.13: SCON Register

Bit Name | Bit Address Purpose
SMO 9Fh Mode of work
SM1 9Eh Mode of work
SM2 9Dh Enables connecting multiple MCU's
REM 9Ch When set, enables receiving data
TB8 9Bh 9th bit for sending datain modes 2 and 3
RB8 9Ah 9th bit for sending datain modes 2 and 3
TI 9%h Bit is automatically set when the whole byte is sent
RI 98h Bit is automatically set when the whole byte is
received
SMO | SM1 |Mode Description Baud Rate
0 0 0 |8-bit Shift register |Quartz frequency / 12
0 1 1 |8-bit UART Determined by timer T1 or T2
1 0 2 |9-bit UART Quartz frequency / 32
1 1 3 |9-bit UART Determined by timer T1 or T2

As shown in the table, combination of bits SMO and SM1 determines the mode of work for
seria port. Obviously, baud rate in modes 0 and 2 is fixed, and can be adjusted in modes 1
and 3. In addition, baud rate in modes 1, 2, and 3 is doubled if bit SMOD in register PCON is
Set.

i. Mode O

Mode 0 is not used for standard serial communication, but serves to provide additional 1/0
pins. External shift registers convert the data into binary sequence, which is then serially
transferred to the controller. Although there is no limit on the number of 1/0 ports that can be
gained in this manner, the existing 32 1/0 lines are sufficient for most of the tasks, making
this mode rarely used.

il. Mode 1

Thisis the standard RS-232 mode for serial transfer of 8-bit data. Sequence of ten bits is sent
via pin TXD or received via pin RXD in the following order: one start bit (always 0),
followed by 8 data bits (LSB bit is first), and one stop hit (always 1). Start bit is not
registered anywhere as its sole purpose is to start the mechanism for receiving data. When
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data is received, stop hit is automatically copied to bit RB8 in register SCON. In order to
connect the controller to RS-232 line, this "raw" serial data needs to be inverted - the
designated drivers carry this out automatically.

ii. Modes2 and 3

These modes are frequently used for speedy transfers at short range (Mode 2) and for
standard RS-232 transfers with parity bit (Mode 3). Both modes transfer 9-bit data in the
following order: one start bit (always 0), followed by 8 data bits (LSB hit is first), 9th bit
which is copied from the bit TB8 before transfer, and to the bit RB8 after transfer, and finally
one stop hit (always 1).

Other bits of register SCON have following roles:

Bit Purpose

SM2 |Thishit isused if multiple microcontrollers exchange data using the
same line. Otherwise, it needs to be cleared to provide normal
functioning of the communication

REN |Needsto be set to enable receiving data via serial communication
TB8 |Auxiliary 9th bit in 9-bit transfer (modes 2 and 3)

RB8 |Similar to TB8, but on receiving. When accepting 9-bit data, it stores
value of the ninth bit.

TI This bit is automatically set when the last bit of one byte has been
proceeded to the line. In this way, processor "knows' that the line is
free for sending another byte.

RI Similar to TI, but on receiving. It isa"doorbell" of akind, which
indicates that one byte has been received, and that it should be read
before another one arrives.

1.4.17 BAUD RATE

To alow data transfer between the PC and an 8051 system without any error, we must make
sure that the baud rate of the 8051 system matches the baud rate of the PC's COM port. The
8051 transfers and receives data serially at many different baud rates. The baud rate in the
8051 is programmable. The 8051 divide the crystal frequency by 12 to get the machine cycle
frequency.

In the case of XTAL = 11.0592 MHz, the machine cycle frequency is 921.6 KHz (11.0592
MHz / 12 = 921.6 KHz). The 8051's serial communication UART circuitry divides the
meachine cycle frequency of 921.6 KHz by 32 once more before it is used by timer 1 to set the
baud rate. When timer 1 is used to set the baud rate it must be programmed in mode 2.

Baud Rate in modes 0 and 2 depends solely on the frequency of quartz crystal. Timers T1
and/or T2 determine baud Rate in modes 1 and 3. Timer T1 is most commonly used in "Auto-
Reload” mode (TMOD = 0010xxxx). In this case, rate is determined by the frequency of
overflow occurrence, and can be calculated according to the formula:
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oscillator frequency

Baud Rate =
384 * (256- TH1)

If bit SMOD in register PCON is set, rate will be doubled:

oscillator frequency
Baud Rate=

192 * (256 - TH1)

To determine the value that must be placed in TH1 to generate a given baud rate, we may use
the following equation (assuming PCON.7 is clear).

TH1 =256 - ((Crystal / 384) / Baud)
If PCON.7 is set then the baud rate is effectively doubled, thus the equation becomes:
TH1 =256 - ((Crystal / 192) / Baud)

For example, if we have an 11.0592Mhz crystal and we want to configure the seria port to
19,200 baud we try plugging it in the first equation:

TH1 = 256 - ((Crystal / 384) / Baud)
TH1 = 256 - (11059000 / 384) / 19200)
TH1 = 256 - ((28,799) / 19200)
TH1=256-15= 2545

As you can see, to obtain 19,200 baud on a 11.059Mhz crystal we'd have to set TH1 to 254.5.
If we set it to 254 we will have achieved 14,400 baud and if we set it to 255 we will have
achieved 28,800 baud. But to achieve 19,200 baud we simply need to set PCON.7 (SMOD).
When we do this we double the baud rate and utilize the second equation mentioned above.
Thuswe have: 0

TH1 =256 - ((Crystal / 192) / Baud)
TH1 = 256 - (11059000 / 192) / 19200)
TH1 = 256 - ((57699) / 19200)

TH1 =256 - 3 = 253

Here we are able to calculate a perfect TH1 value. Therefore, to obtain 19,200 baud with an
11.059MHz crystal we must:

1. Configure Serial Port mode 1 or 3.

2. Configure Timer 1 to timer mode 2 (8-bit auto-reload).

3. Set TH1 to 253 to reflect the correct frequency for 19,200 baud.
4. Set PCON.7 (SMOD) to double the baud rate.
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To get baud rates compatible with the PC, we must load TH1 with the values shown in table
below:

Baud Rate TH1 (Decimal) TH1 (Hex)

9600 -3 FD
4800 -6 FA
2400 -12 F4
1200 -24 E8

i Writing to the Serial Port

Once the Serial Port has been properly configured as explained above, the serial port is ready
to be used to send data and receive data. To write a byte to the serial port one must simply
write the value to the SBUF (99H) SFR. For example, if you wanted to send the letter "A" to
the serial port, it could be accomplished as easily as:

MOV SBUF, # A’

Upon execution of the above instruction the 8051 will begin transmitting the character viathe
seria port. Obviously transmission is not instantaneous--it takes a measurable amount of time
to transmit. And since the 8051 does not have a seria output buffer we need to be sure that a
character is completely transmitted before we try to transmit the next character.

The 8051 lets us know when it is done transmitting a character by setting the TI bit in SCON.
When this bit is set we know that the last character has been transmitted and that we may
send the next character, if any. Consider the following code segment:

CLR TI ;:Be sure the bit isinitially clear
MOV SBUF,#A’ ;Sendtheletter ‘A’ to the serial port
LOOP:JNB TI,LOOP ;Pause until the TI bit is set.

The above three instructions will successfully transmit a character and wait for the TI bit to
be set before continuing. The last instruction says "Jump if the TI bit is not set to LOOP,
means "the same address of the current instruction.” Thus the 8051 will pause on the JNB
instruction until the TI bit is set by the 8051 upon successful transmission of the character.

ii. Reading From the Serial Port

To read a byte from the serial port one just needs to read the value stored in the SBUF (99h)
SFR after the 8051 has automatically set the RI flag in SCON.

For example, if your program wants to wait for a character to be received and subsequently
read it into the Accumulator, the following code segment may be used:
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LOOP: JNB RI,LOOP ;Wait for the 8051 to set the RI flag
MOV A,SBUF ;Read the character from the serial port

The first line of the above code segment waits for the 8051 to set the RI flag; again, the 8051
setsthe RI flag automatically when it receives a character viathe serial port. So aslong asthe
bit is not set the program repeats the "JNB" instruction continuously.

Once the RI hit is set upon character reception the above condition automatically fails and
program flow falls through to the "MOV™" instruction which reads the value.

1.4.18 INTERRUPTS

An interrupt is an external or interna event that interrupts the microcontroller to inform it
that a device needs its service. A single microcontroller can serve several devices. There are
two ways to do that: interrupts or polling. In the interrupt method, whenever any device needs
its service, the device notifies the microcontroller by sending it an interrupt signal. Upon
receiving an interrupt signal, the microcontroller interrupts whatever it is doing and serves the
device. The program, which is associated with the interrupt, is called the interrupt service
routine. Although polling can monitor the status of several devices and serve each of them as
certain conditions are met, it is not efficient as far as microcontroller is concerned. The
advantage of interrupt is that each device get the attention of the microcontroller based on the
priority assigned to it. In interrupt method the time taken by the microcontroller is less when
compared to polling.

8051 supports total of 6 interrupt sources, meaning that it can recognize up to 6 different
events that can interrupt regular program execution. Each of these interrupts can be
individually enabled or disabled by configuring the register 1E. Clearing the bit EA in the
same register can disable also whole system of interrupts.

i INTERRUPT SERVICE ROUTINE
For every interrupt, there must be an interrupt service routine (ISR). When an interrupt is

invoked, the microcontroller runs the interrupt service routine. For every interrupt, thereis a
fixed location in memory that holds the address of its ISR.

Interrupt ROM location Pin
(HEX)

Reset 0000 9

External hardware interrupt O (INT 0) 0003

Timer O interrupt (TF 0) 000B P3.2 (12)

External hardware interrupt 1 (INT 1) 0013

Timer 1 interrupt (TF 1) 001B

Serial COM interrupt (R1 and T1) 0023 P3.3 (13)
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ii. 1E (Interrupt Enable)

0 0 0 0 0 0 0 1] Value after reset

IE | EA| — | ET2| ES | ET1| EX1| ETO | EX0 | Bit name
bit? bitG bit5 bitd bit3 bit2 bit1 bitD

Fig 4.14:Interrupt Enable Register

Following table describes the bits of register IE. Same rule applies to al bits - logical state of
1 enables the appropriate interrupt. ET2 is not used in 8051. It is available in derivatives of
8051 versions where Timer 2 is available.

Bit Purpose
EA Enables/disables all interrupt sources
ET2 |Timer T2 interrupt
ES UART and SPI interrupts
ET1 |Timer T1 interrupt
EX1 |Externa interrupt: pin INT1
ETO |Timer TO interrupt
EXO |Externa interrupt: pin INTO

To enable an interrupt, bit D7 of the IE register (IE) must be set to high to alow the rest of
register to take effect. If EA* is high, interrupts are enabled and will be responded to if their
corresponding bitsin IE are high. If EA* islow, no interrupt will be responded to, even if the
associated bit in the | E register is high.

1.4.19 INTERRUPT FLAG SFR REGISTER BIT

The list of al interrupt flags are listed below: Four of the interrupt flags are held in the TCON
register while the SCON hasthe RI and TI flags.

Interrupt Flag SFR Register Bit
Externa 0 IEO TCON.1

External 1 IE1 TCON.3

Timer O TFO TCON.5

Timer 1 TF1 TCON.7

Serial port T1 SCON.1

Timer 2 TF2 T2SCON.7 (For 89C51)
Timer 2 EXF2 | T2SCON.6 (For 89C51)
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V. INTERRUPT PRIORITY

When the 8051 is powered up, the priorities are assigned according to the table listed.

HIGHEST TO LOWEST PRIORITY

Externa Interrupt O (INTO) Highest
Timer Interrupt O (TFO)

External Interrupt 1 (INT 1)

Timer Interrupt 1 TF1)

Serial Communication RI +TI) Lowest

From the table we see that if external hardware interrupts O and 1 are activated at the same
time, external interrupt O is responded to first. Only after INT O has been serviced, INT 1 get
the node, since INT 1 has the lowest priority. We can alter the sequence of the table by
assigning a higher priority to any of the interrupts. This is done by a programming in a
register called IP (Interrupt Priority) register. The bit arrangement of the IP register is shown
below:

L] 0 1] [1] 0 [1] 1] (4] Value after reset
IP | | | pT2| PS | PT1| PX1]| PTO | PX0 | Bit name
bitT bits bit5 bitd bit3 bit2 bit1 bitD

Fig 4.15:Interrupt Priority Register

Priority bit = 1 assign high priority. Priority bit = O assigns low priority
-- IP.7 reserved

-- IP.6 reserved

PT2 IP.5 Timer 2interrupt priority bit (MCS-51 Series only)

PS IP.4  Serial port interrupt priority bit

PT1 IP.3 Timer 1interrupt priority bit

PX1 [IP.2 Externa interrupt O priority bit

PTO IP.1 Timer 1interrupt priority bit

PX0 IP.0 Externa interrupt O priority bit
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Upon reset, the IP register contains all 0s, making the priority sequence based on the priority
table. To give a higher priority to any of the interrupts, we make the corresponding bit in the
IP register high. When two or more interrupt bits in the IP register are set to high, those
interrupts having higher priority than others are serviced according to the sequence of the
priority table.

Upon receiving an interrupt request, following scenario takes place:
1. Current instruction is executed first.

2. Address of the instruction that would be executed next if there was no interrupt
request is put away to stack.

2. Depending on the interrupt in question, program counter will take value of one of
possible 6 vectors (addresses) according to the table below.

Interrupt source Vector (addressin hex)
IEO 3H
TFO OBH
IE1 13H
TF1 1BH
RI, TI, SPIF 23H
TF2, EXF2 2BH

These addresses should hold the appropriate subroutines for handling the interrupts. In
practice, instead of actual routines, they only point to the location of appropriate
routines in the code.

3. Upon accomplishing the interrupt routine, address of the next instruction to be
executed is retrieved from the stack, and the program proceeds from the location
where it was interrupted.

1.5 ADDRESSING MODES & INSTRUCTION SET

1.5.1 ADDRESSING MODES

The CPU can access data in various ways. The data could be in aregister, or in memory, or to
be provided as an immediate value.These various ways of accessing data are called
addressing modes. The various addressing modes are determined when it is designed and
therefore cannot be changed by the programmer.
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152 8051 ADDRESSING M ODES
The 8051 provide atotal of five distinct addressing modes. They are:

Immediate
Direct

Register
Register indirect
Indexed

agrwbdPE

We can use direct or register indirect addressing modes to access data stored either in RAM
or registers of the 8051.

i. IMMEDIATE ADDRESSING MODE

Immediate addressing is so-named because the value to be stored in memory immediately
follows the operation code in memory. That isto say, the instruction itself dictates what value
will be stored in memory. Immediate data has to be preceded by “#” sign.

For example, the instruction: MOV A, #20H

This instruction uses Immediate Addressing because the Accumulator will be loaded with the
value that immediately follows; in this case 20 (hexadecimal). Immediate addressing is very
fast since the value to be loaded is included in the instruction. However, since the value to be
loaded is fixed at compile-time it is not very flexible.

ii. DIRECT ADDRESSING

In Direct addressing the value to be stored in memory is obtained by directly retrieving it
from another memory location.

For example: MOV A, 30H

This instruction will read the data from the Internal RAM address 30 (hexadecimal) and store
it in the Accumulator.

Also, it isimportant to note that when using direct addressing any instruction, which refersto
an address between 00h, and 7Fh is referring to Internal Memory. Any instruction, which
refers to an address between 80h and FFh, is referring to the SFR control registers. Direct
addressing is the only method of accessing the special function registers. The lower 128 bytes
of internal RAM are aso directly addressable.

iii. REGISTER ADDRESSING

Register addressing accesses the eight working registers (RO - R7) of the selected register
bank. This instruction put the operand in a register and manipulates it by referring to the
register (by name) in the instruction & in this type of instruction the source & destination
registers must match in size.
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Example:

Mov A,RO ;A 1 contents (RO)

Mov R2 A ;R2 1 contents(A)

ADD A,R1 ;A 1 contents(A) + contents (R1)

The least significant bit of the instruction op-code indicates which register is to be used.
ACC, B, DPTR and CY, can also be addressed asregisters.

V. REGISTER INDIRECT ADDRESSING

Register indirect addressing is a very powerful addressng mode, which in many cases
provides an exceptional level of flexibility. Indirect addressing is also the only way to access
the extra 128 bytes of Internal RAM found on an 8052.

Indirect addressing appears as follows:
MOV A, @RO

This instruction causes the 8051 to analyze the value of the RO register. The 8051 will then
load the accumulator with the value from Internal RAM, which is found at the address
indicated by RO.

For example, let’s say RO holds the value 40H and Internal RAM address 40H holds the
value 67H. When the above instruction is executed the 8051 will check the value of RO. Since
RO holds 40H the 8051 will get the value out of Internal RAM address 40H (which holds
67H) and storeit in the Accumulator. Thus, the Accumulator ends up holding 67H.

Indirect addressing always refers to Internal RAM; it never refers to an SFR. Indirect
addressing only can access the upper half of the internal RAM. Access to the full 64 Kbytes
of external data memory address space is accomplished by using the 16-bit data pointer.
Execution of PUSH and POP instructions also uses register indirect addressing. The stack
may reside anywhere in the internal RAM.

V. INDEX ADDRESSING

Indexed addressing mode is widely used in accessing data elements of look-up table entries
located in the program ROM space of the 8051. Indexed addressing use a register for storing
the pointer and another register for an offset. The Effective address is the sum of base &
offset.

Eq:
MOVC A, @A+DPTR ;A 1 ext_code mem [(A + DPTR)]
MOVC A, @A+PC ; A 1 ext_code mem [(A + PC)]
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153 8051 INSTRUCTION SET

The 8051, 8-bit microcontroller family instruction set includes 111 instructions, 49 of which
are single-byte, 45 two-byte and 17 three-byte instructions. The instruction op-code format
consists of a function mnemonic followed by a destination & source operand field. The
instruction set is divided into four functional groups:

Data transfer
Arithmetic
Logic

Control transfer

N N) ) N

i DATA TRANSFER INSTRUCTIONS

Datatransfer operations are divided into three classes:
? Genera - purpose
? Accumulator-specific
? Address-object

None of these operations affects the PSW flag settings except a POP or MOV directly to the
PSW.

Examples
? MOV A, #45 - Immediate Addressing M ode
? MOV A/R1 - Register Addressing Mode
? MOV 45h,A - Direct Addressing M ode
? MOV @R1,32h - Indirect Addressing M ode

ii. ARITHMETIC INSTRUCTIONS

The MCS-51 family microcontrollers have four basic mathematical operations. Only 8-bit
operations using unsigned arithmetic are supported directly. The overflow flag, however,
permits the addition and subtraction operation to serve for both unsigned and signed binary
integers. Arithmetic can also be performed directly on packed BCD representations.

Examples
? ADD A, #84 - Immediate Addressing M ode
? SUBB A, R2 - Register Addressing Mode
? ADD 73hA - Direct Addressing M ode
? ADDC@R1, 25h - Indirect Addressing M ode

iii. LOGIC INSTRUCTIONS

The MCS-51 family microcontrollers perform basic logic operations on both bit and byte
operands.
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BIT LEVEL (SINGLE OPERAND) OPERATIONS

In 8051 internal RAM and SFRs can be addressed by the address of each bit within a byte.
This bit addressing is very convenient when we wish to alter a single bit of a byte. The ability
to operate on individual bits creates the need for an area of RAM that contains data addresses
that hold a single bit. The bit addresses are numbered from O0H to 7FH to represent the 128d
bit addresses that exist from byte addresses 20H to 2FH.

? CLR sets A or any directly addressable bit to zero (0).

? SETB setsany directly bit-addressable bit to one (1).

? CPL isused to complement the contents of the A register without affecting any flag,
or any directly addressable bit location.

? RL, RLC, RR, RRC, SWAP are the five operations that can be performed on A. RL,
rotate left, RR, rotate right, RLC, rotate left through carry, RRC, rotate right through
carry, and SWAP, rotate left four. For RLC and RRC the CY flag become equal to
the last bit rotated out. SWAP rotates A left four places to exchange bits 3 through O
with bits 7 through 4.

BYTE LEVEL (TWO-OPERAND) OPERATIONS

? ANL performs bit wise logical AND of two operands (for both bit and byte operands)
and returns the result to the location of the first operand.

? ORL performs bit wise logical OR of two source operands (for both bit and byte
operands) and returns the result to the location of the first operand.

? XRL performs logical Exclusive OR of two source operands (byte operands) and
returns the result to the location of the first operand.

Example
? ANL A, #45h - Immediate Addressing M ode
? ORL A,R2 - Register Addressing Mode
? XRL 52h, A - Direct Addressing M ode
? ANL @R3,65h - Indirect Addressing M ode

V. CONTROL TRANSFER INSTRUCTIONS

There are three classes of control transfer operations: unconditional calls, returns, jumps,
conditional jumps, and interrupts. All control transfer operations, some upon a specific
condition, cause the program execution to continue a non-sequential location in program
memory.

Example
? CJINE A ,#22H ,loop - Immediate Addressing Mode
? DJNZ R1,loop - Register Addressing Mode
? DJNZ 30H,loop - Direct Addressing M ode
? JMP @A+DPTR - Indirect Addressing M ode
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Notes on Data Addressing Modes

Rn - Working register RO-R7

direct - 128interna RAM locations, any I/O port,control or status register

@RI - Indirect internal or external RAM location addressed by register RO or R1
#data -  8-bit constant included in instruction

#data16 -  16-hit constant included as bytes 2 and 3 of instruction

Bit - 128 software flags, any bit-addressable I/O pin, control or status bit

A - Accumulator

Notes on Program Addressing Modes:

addr16 - Destination address for LCALL and LIMP may be anywhere within
the 64-Kbyte program memory address space.

addr1l - Destination address for ACALL and AIMP will be within the same 2-
Kbyte page of program memory as the first byte of the following
instruction.

rel - SIMP and all conditional jumps include an 8-hit offset byte. Range is +

127/- 128 bytes relative to the first byte of the following instruction.
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1.5.4 INSTRUCTION SET SUMMARY:

Mnemonic Description Byte |Cycle

Arithmetic Operations

ADD  ARn [ Add renister tn accumulator R
ACD Adroct

ADD

ADD

ADDG  APRn Aed register o accurulator with carry lag ‘
"““(’° A el eses i A £ ',J‘ pen gl Fa g AN ,,”““\,\ ety ‘
AL A,01IEC. ACO CICOL SWIE 18 A Wi Carny |

ING direct nerement diree: by 2 |

INCG @RI Increment ingirect RAM

RIS Yy
RS rill

NG DPIR
}»:’ﬂ L H L ‘ il E
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Mnemonic

Description

Byte |Cycle

Logic Operations

ANL A,Rn

AND register to accumulator

ANL A direct

AND direct byte to accumulator

ANL A @Ri

AND indirect RAM to accumulator

ANL A #data

AND immediate data to accumulator

ANL direct,A

AND accumulator to direct byte

ANL direct,#data

AND immediate data to direct byte

ORL ARn

OR register to accumulator

ORL A direct

OR direct byte to accumulator

—_ = N = = - = -

OR indirect RAM to accumulator

ORL A @Ri
ORI A gdate

XRl direct,A

OR immoegiale daa to acournuator

Wt @CCJMuUraior 10 airee. O\
OR Immegiate data to direc: bye

coeumulator

welusive OR immediale dala to direct byle

CLR

Clear accumulator

CPL

Complement accumulator

RL

Rotate accumulator left

RLC

Rotate accumulator left through carry

RR

Rotate accumulator right

RRC

Rotate accumulator right through carry

> | > >>| >

SWAP

Swap nibbles within the accumulator

Data Transier

Move register to eccumulator

to accumu.aor

Move irdirect RAM o accurrula:or
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Mnemonic Description Byte | Cycle
MOV A #data Move immediate data to accumulator 2 1
MOV Rn,A Move accumulator to register 1 1
MOV Rn,direct Move direct byte to register 2 2
MOV Rn,#data Move immediate data to register 2 1
MOV direct,A Move accumulator to direct byte 2 1
MOV direct,Rn Move register to direct byte 2 2
MOV direct,direct Move direct byte to direct byte 3 2
MOV lrect, @R Move indirect RAM to direct by'e 2 2
¢ [Vic yle
MO\ Move accurmulator w0 1
MOV
MO\
MOV p)
MOV 1 2
MOVX A, @Ri [Move excernal RAM (8-bit addr.) fo A 2
MOVX A,@DPTR Move external RAM (16-bit addr.) to A 1 2
MOVX  @RiA Move A to external RAM (8-bit addr.) 1 2
MOVX  @DPTR,A Move A to external RAM (16-bit addr.) 1 2
PUSH  direct Push direct byte onto stack 2 2
POP direct Pop direct byte from stack 2 2
XCH A,Rn Exchange register with accumulator 1 1
XCH A,direct Exchange direct byte with accumulator 2 1
XCH A,@Ri Exchange indirect RAM with accumulator 1 1
XCHD A @Ri Exchange low-order nibble indir. RAM with A 1 1
Boolean Variable Manipulation
CLR C Clear carry flag 1 1
CLR bit Clear direct bit 2 1
SETB C Set carry flag 1 1
SETB  bit Set direct bit 2 1
CPL C Complement carry flag 1 1
CPL bit Complement direct bit 2 1
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Mnemonic

Description Byte

Cycle

ANL C,bit

AND direct bit to carry flag

2

ANL C,/bit

AND complement of direct bit to carry

ORL C,bit

OR direct bit to carry flag

ORL C,/bit

OR complement of direct bit to carry

2
2
2

MOV C,bit

Move direct bit to carry flag

MOV hit,C

[N N AR B L O B B A G B G I B O]

Move carry flag to direct bit

Program and Machine Contro

addr
‘ L7\ ‘ o]

ncl

te subroutine call

ce| ” na ro
IV IR Rall

ReLii 1o subroutine |

RETI

Return from interrupt 1

AJMP  addr11

Absolute jump

LJMP  addri6

wW [N

Long iump

N[N DI

SIMP  rel

B hit,re

NI it rel
JBC bit,rel
GJINE Adirectre

CJINIE A,
CJNE P
GJNI-

DJNZ  Bin,re
DINZ - directre

NOP

D

Short jump (relative addr.)
Jump ingirget relative (o the DPTR

.
lima o g
JJTND T @GOk

Jump it cary ag s se 2
Jump ' egrry flag is not set 2
Jumo if direct bil is se!
Jump if ¢rect b is nol set
Jump if a'rect b is se: and elear bit
Compare direct oyle to A and jurnp if no: egual
Comparg mmediste to A and jump i net equal
Compare immeg. 1o reg. ard jump T no: equal
Compare immed. to na. ang jump T not equa

agister and jump i° not zero 2

yang jump if not zero

™D
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1.6 8051 DERIVATIVES
1.6.1 DERIVATIVE ADVANTAGES

The 8051 microcontroller family remains one of the most popular processors in the world. Its
ease of use and relatively high performance make it ideal for many applications, including
portable and handheld products. The introduction of 8051 derivatives by several
manufactures allows a way for existing 8051 designs to improve their power efficiency
without a costly redesign. The benefits of the 8051 derivatives as listed below.

£ A high performance CPU allows the processor clock to be slowed, resulting in
the same level of performance at less power. Alternatively, the performance of
an existing system can be increased without increasing power consumption.

& The high-speed microcontroller incorporates features such as watchdog timers,
additional UARTS, and precision reset circuits. External components consume
more powe.

& The introduction of power management modes provides a low-power
aternative to the Idle mode.

& Conventional 8051 architectures require the processor to operate at the
maximum clock rate, even if only minimal processing power is required. The
benefits of a programmable clock rate and high-performance core can be
combined with the Stop mode to greatly reduce power consumption.

The most direct approach to decreasing power consumption of an 8051-based design is to
improve the efficiency of the microcontroller. The original design of the 8051 was based on a
12-clock, 2-fetch-permachine cycle architecture. The high-speed microcontroller family,
however, uses a 4- or 1-clock per machine cycle core. It is more computationally efficient
and requires fewer clock cycles to execute an instruction, resulting in faster execution times
and increased maximum clock rates.

Integrating peripherals on-chip is a method of power conservation. When driving a signal off-
chip, the generating device must contend with the switching power required to drive the
external loads and any DC losses. Microcontroller-based systems typically use a number of
peripherals. These range from external UARTs and power-on reset circuitry to watchdog
timers. One of the strengths of the 8051 product family is the large number of peripheral
functions that are available on-chip. In addition to simplifying a design by eliminating
components, integrated peripherals also can reduce power consumption.

Another 8051 feature that is not commonly perceived as a peripheral is program memory. All
8051 derivatives incorporate various amounts of on-chip program memory. Thisis desired by
many system designers as a method of reducing the component count and board area, but it
also improves battery life in portable systems. As mentioned previoudly, this will reduce
power consumption by eliminating the need to drive an external bus. There is an additional
power savings when using on-chip memory.
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The use of on-chip data memory instead of external RAM will save power. The enlarged
scratchpad of the 80C32 derivatives (256 bytes) is sufficient for stack operations and some
data storage in small programs, eliminating the need for external RAM.

Another critical system component from a power standpoint is the clock management. The
operating frequency of the microcontroller is the single largest factor affecting the power
consumption of the device. Although the system clock frequency is primarily a hardware
function, the 8051 has the ahility to exercise limited control over it. These methods rely on
slowing or halting the internal operating frequency of all or part of the device.

In the Power Management Modes 8051 derivative architecture has used two clock control
modes: Idle and Stop. Idle mode halts operation of the CPU, but keeps the on-chip, general-
purpose timers operational. In a power-sensitive application, these timers are used to
periodically wake the device to perform atask or to poll if atask should be performed. This
consumes a considerable amount of power, considering the timers are basically operating in a
"standby" capacity.

Another interesting features found in derivatives are ADC, DAC and PWM integrated in on-
chip itself. These features simplify the embedded system design and programming easily.

In this chapter we will discuss about the two widely used 8051 derivatives from PHILIPS &
ANLOG DEVICES companies. First one is the 89C51 series from PHILIPS
SEMICONDUCTOR where FLASH memory is important in embedded system design, and
the second one from 812 series of microconverter from ANALOG DEVICES which
incorporates built-in high speed ADC & DAC in a single chip.

1.6.2 PHILIPS 89C51 — FLASH 8051 Derivative

This device is a Single-Chip 8-Bit Microcontroller manufactured in advanced CMOS process
and is a derivative of the 80C51 microcontroller family. The instruction set is 100%
compatible with the 80C51 instruction set. The device aso has four 8-hit 1/O ports, three 16-
bit timer/event counters, a multi-source, four-priority-level, nested interrupt structure, an
enhanced UART and on-chip oscillator and timing circuits. The added features of the
P89C51RB2/RC2/RD2 makes it a powerful microcontroller for applications that require
pulse width modulation, high-speed I/O and up/down counting capabilities such as motor
control.

This device executes one machine cycle in 6 clock cycles (12 clock mode ICs are also
available), hence providing twice the speed of a conventional 80C51. The configuration bit
lets the user select conventional 12 clock timing if desired. Three different versions of
89C51are available listed below:

P89C51RB2 --- 16KB FLASH /512 B RAM
P89C51RC2 --- 32KB FLASH /512 B RAM
P89C51RD2 --- 64KB FLASH / 1IKB RAM
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1.6.3 IMPORTANT FEATURES

» 80C51 Central Processing Unit

* On-chip Flash Program Memory with In-System Programming(I SP)

* 6 clocks per machine cycle operation (standard)
» 12 clocks per machine cycle operation (optional)

* Speed up to 20 MHz with 6 clock cycles per machine cycle (40 MHz equivalent

performance); up to 33 MHz with 12 clocks per machine cycle

* RAM expandable externally to 64 kB
* 4 |level priority interrupt

* 7 interrupt sources

* Four 8-hit 1/0 ports

* Full-duplex enhanced UART

* Power control modes

- Clock can be stopped and resumed
- |dle mode
- Power down mode

 Programmable clock out

» Second DPTR register

* Programmable Counter Array (PCA)
* PWM

* Capture/compare
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Fig 6.1: P89C51 PIN Details
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Fig 6.2: P89C51 BLOCK DIAGRAM
1.6.4 ARCHITECTURE DETAILS

The 89C51 pin details and block diagram are shown above. The architecture features are
same as the 8051 controller, and so here we will only explained the additional features
available in the chip.

XTAL1 and XTALZ2 are the input and output, respectively, of an inverting amplifier. The
pins can be configured for use as an on-chip oscillator. This device is configured to operate
using 6 clock periods per machine cycle. It may be optionally configured to operate at 12
clocks per machine cycle. Once 12 clock mode has been configured, it cannot be changed
back to 6 clock mode.
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i. LOW POWER MODES
Stop Clock Mode

The static design enables the clock speed to be reduced down to 0 MHz (stopped). When the
oscillator is stopped, the RAM and Special Function Registers retain their values. This mode
allows step-by-step utilization and permits reduced system power consumption by lowering
the clock frequency down to any value. For lowest power consumption the Power Down
mode is suggested.

|dle Mode

In the idle mode, the CPU puts itself to sleep while all of the on-chip peripherals stay active.
The instruction to invoke the idle mode is the last instruction executed in the normal
operating mode before the idle mode is activated. The CPU contents, the on-chip RAM, and
all of the special function registers remain intact during this mode. The idle mode can be
terminated either by any enabled interrupt, or by a hardware reset which starts the processor
in the same manner as a power-on reset.

Power-Down M ode

To save even more power, a Power Down mode can be invoked by software. In this mode,
the oscillator is stopped and the instruction that invoked Power Down is the last instruction
executed. The on-chip RAM and Special Function Registers retain their values downto 2.0 V
and care must be taken to return VCC to the minimum specified operating voltages before the
Power Down Mode is terminated. Either a hardware reset or external interrupt can be used to
exit from Power Down. Reset redefines all the SFRs but does not change the on-chip RAM.
An externa interrupt alows both the SFRs and the on-chip RAM to retain their values. To
properly terminate Power Down, the reset or external interrupt should not be executed before
VCC is restored to its normal operating level and must be held active long enough for the
oscillator to restart and stabilize (normally less than 10 ms).

ii. THE ADDITIONAL TIMER -TIMER 2

Timer 2 is a 16-bit Timer/Counter which can operate as either an event timer or an event
counter, as selected by C/T2* in the special function register T2CON. Timer 2 has three
operating modes. Capture, Auto-reload (up or down counting), and Baud Rate Generator,
which are selected by bitsin the T2CON.

Timer 2 Operating Modes

Timer 2 operating modes are shown in the below table.
RCLK + TOLK CPRL2 TR?2 MOoDE
0 1 16-bit Auto-reload

1 1 16-hit Capture
X 1 Baud rate generator
X 0

(off)

0
0
1
X
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iii. Special Function Registers

The additional SFR available in 89C51 is listed below.
CCAPOH Module 0 Capture High FAH
CCAP1H Module 1 Capture High FBH
CAP2H Module 2 Capture High FCH
CCAP3H Module 3 Capture High FDH
CCAP4H Module 4 Capture High FEH
CCAPOL Module 0 Capture Low EAH
CCAPIL Module 1 Capture Low EBH
CCAP2L Module 2 Capture Low ECH
CCAP3L Module 3 Capture Low EDH
CCAP4AL Module 4 Capture Low EEH

CCAPMO Module 0 Mode DAH
CCAPM1 Module 1 Mode DBH
CAPM?2 Module 2 Mode DCH
CCAPM3 Module 3 Mode DDH
CCAPM4 Module 4 Mode DEH
CCON PCA Counter Control D8H

CH PCA Counter High FOH

CL PCA Counter Low E9H

CMOD PCA Counter Mode D9H
AUXR Auxiliary 8EH
AUXR1 Auxiliary 1 A2H

IPH Interrupt Priority High B7H
RCAP2H Timer 2 Capture High CBH
RCAP2L Timer 2 Capture Low CAH

SADDR Slave Address A9H
SADEN Slave Address Mask B9H
T2CON Timer 2 Control C8H
T2MOD Timer 2 Mode Control COH

TH2 Timer High 2 CDH

TL2 Timer Low 2 CCH

WDTRST Watchdog Timer Reset A6H
iv. Interrupt Sources
The P89C51 has a 7 source four-level interrupt structure. There are 3 SFRs associated with

the four-level interrupt. They are the IE, IP, and IPH. The IPH (Interrupt Priority High)
register makes the four-level interrupt structure possible. The IPH islocated at SFR B7H.

PRIORITY BITS
INTERRUPT PRIORITY LEVEL
IPH.x IP.x
0 0 Level O (lowest priority)
0 1 Level 1
1 0 Level 2
1 1 Level 3 (highest priority)
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The priority scheme for servicing the interrupts is the same as that for the 80C51, except
there are four interrupt levels rather than two as on the 80C51. The bit status of IE & IP
registersis already explained in 8051.

SOURCE POLLING PRIORITY VECTOR ADDRESS
X0 1 03H
T0 2 0BH
X1 3 13H
T 4 1BH
PCA 5 33H
SP 6 23H
T2 T 2BH

Interrupt Table
V. Programmable Counter Array (PCA)

The Programmable Counter Array available on the 89C51is a specia 16-bit Timer that has
five 16-bit capture/compare modules associated with it. Each of the modules can be
programmed to operate in one of four modes:

Rising and/or falling edge capture
Software timer

High-speed output

Pulse Width Modulator

Each module has a pin associated with it in port 1. The basic PCA configuration is shown in
Figure.

— 16BITS —
N
) - P1.3/CEX0
— | wooueo [—3{]
L »
—— )| woouet (B[ JPracex
——— 1eBms ———
N )
PCA TIMER/COUNTER | mopue2 P ] P1sicexe
TIME BASE FOR PCA MODULES
| wooues [ P1ecExs
MODULE FUNCTIONS: v
16-BIT CAPTURE
16-BIT TIMER N
16-BIT HIGH SPEED OUTPUT | wooues (@ P[] P17cExs
8-BIT PWM .

WATCHDOG TIMER (MODULE 4 ONLY)

Fig 6.3: Programmable Counter Array (PCA)
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Vi.

FLASH EPROM MEMORY

The P89C51 Flash memory augments EPROM functionality with in-circuit electrical erasure
and programming. The Flash can be read and written as bytes. The Chip Erase operation will
erase the entire program memory. The Block Erase function can erase any Flash block. In-
system programming and standard parallel programming are both available. On-chip erase
and write timing generation contribute to a user friendly programming interface. The P89C51
Flash reliably stores memory contents even after 10,000 erase and program cycles. The
P89C51 usesa +5V VPP supply to perform the Program/Erase algorithms.

FLASH MEMORY FEATURES

Flash EPROM internal program memory with Block Erase.

Internal 1 kB fixed boot ROM, containing low-level in-system programming routines
and a default serial loader. The Boot ROM can be turned off to provide access to the
full 64 kB Flash memory.

Boot vector allows user provided Flash loader code to reside anywhere in the Flash
memory space. This configuration provides flexibility to the user.

Default loader in Boot ROM allows programming via the serial port without the need
for auser provided loader.

Up to 64 kB external program memory if the internal memory is disabled (EA = 0).
Programming and erase voltage +5 V.

Read/Programming/Erase:

— Byte-wise read (100 ns access time).

— Byte Programming (20 ?s).

— Typical erase times:

— Block Erase (8 kB or 16 kB) in 3 seconds.

— Full Erase (64 kB) in 3 seconds.

Parallel programming compatible hardware interface to programmer.
In-system programming facility.

Programmable security for the code in the Flash.

10,000 minimum erase/program cycles for each byte.

10-year minimum data retention.
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FLASH ORGANIZATION

The P89C51 contains 64K bytes of Flash program memory. This memory is organized as 5
separate blocks. The first two blocks are 8 kB in size, filling the program memory space from
address O through 3FFF hex. The final three blocks are 16 kB in size and occupy addresses
from 4000 through FFFF hex.

Boot ROM

When the microcontroller programs its own Flash memory, all of the low level details are
handled by code that is permanently contained in a 1 kB Boot ROM that is separate from the
Flash memory. The Boot ROM overlays the program memory space at the top of the address
space from FCOO to FFFF hex, when it is enabled. The Boot ROM may be turned off so that
the upper 1 kB of Flash program memory are accessible for execution.

i FFFF — /""" FFFF

BLOCK 4 (1 kB)
16 kB

89C51RD2

CO000

BLOCK 3

PROGRAM 16 kB
ADDRESS

8000

BLOCK 2

16 kB

4000
BLOCK 1
8 kB

89C51RB2 2000
l BLOCK 0
y

89C51RC2

8 kB

4 . A Gaoo

Fig 6.4: Flash Memory Configuration
Power-On Reset Code Execution

The P89C51 contains two special Flash registers: the BOOT VECTOR and the STATUS
BYTE. At the falling edge of reset, the PB9C51 examines the contents of the Status Byte. If
the Status Byte is set to zero, power-up execution starts at location 0000H, which is the
normal start address of the user’s application code. When the Status Byte is set to a value
other than zero, the contents of the Boot Vector is used as the high byte of the execution
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address and the low byte is set to 00H. The factory default setting is OFCH, corresponds to
the address OFCOOH for the factory masked-ROM ISP boot loader. A custom boot loader can
be written with the Boot Vector set to the custom boot loader.

In-System Programming (1 SP)

The In-System Programming (I1SP) is performed without removing the microcontroller from
the system. The In-System Programming (ISP) facility consists of a series of internal
hardware resources coupled with internal firmware to facilitate remote programming of the
P89C51 through the serial port. This firmware is provided by Philips and embedded within
each P89C51 device. For In-System Programming facility WinlSP, a software utility is
available from Philips. The security feature protects against software piracy and prevents the
contents of the Flash from being read. The Security Lock bits are located in Flash. The
P89C51 has three programmable security lock bits that will provide different levels of
protection for the on-chip code and data.

SECURITY LOCK BITS'
PROTECTION DESCRIPTION
LB1 LB2 LB3
X X X [MOVC instructions executed from external program memory are disabled from fetching code bytes
from internal memory.
1 X X [Block erase s disabled. Erase or programming of the status byte or hoot vector s disabled.
X 1 X [ Verify of code memory is disabled.
X X 1 External execution is disabled.

A=

& PHILIPS InSystem Data Bulfer (64K)
— ¢ Programmer 000 0z 00 03 75 31 0
FASH! Ver 2.29 Block Erase Selection

Wiz
Vector: Parameters Awailable Blocks On

FC Chie: [pascs1R0z - Click Blocks to Erase

Ciatus: PBICHIRD2 Blocks
i Part: | Cam1 - 0 Select Al
Range

Security: it W
q art

fit 1 ﬂ S

W Bit2 CANGE

Bit 3 || N TNy

Loaded File:
| yimicro.hex

Load File
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gt
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16K 16K,
ERASEI
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Program Part
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48K
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Fig 6.5: WINISP Software
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PROGRAMMING STEPS

Connect a serial cable to the board and one of your PC's serial ports.

Power up the ISP board.

Boot up your computer, start MS Windows and the Winl SP software.

In WinlSP, select the chip type, clock frequency (89C1RD2 / 11.0592 MHz for

VPC89C51 board) and the serial port number the board is connected to.

Force the Board into ISP mode. To do this, give proper settings in the tiny switch

(PSEN* makesto LOW & EA* makesto HIGH) & reset the hardware.

6. Verify the board will communicate with the software by pressing the Read button
in Misc window in WINISP software. If proper configuration is established it will
give the message “ Boot Vector Read OK” in status window. Please verify the
vector (FC) & Status (00) hits are correctly loaded.

7. The system is now ready. You can use the buttons on the left of the WinlSP

window to load hex files, progranverase/verify the part, set/reset the security bits

etc. Before loading the program in to the chip you have to use the Block Erase
function to erase the content of the memory if it is not blank.

The Board can be reset at any time to run the program.

Do not program the lock bits; this will disable chip access by Winl SP.

PoONPRE

o

© ©
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CHAPTER - 2

SOFTWARE EXAMPLES

OBJECTIVES:

To introduce the user to,

a) The Load and Exchange operations available with Intel 8051.

b) The various Arithmetic and Logical operations.

c) The Boolean Bit addressing instructions.

d) The Flag Register (Program Status Word) and how to test the flags for a specific condition.
e) The manipulation of arrays of data.

f) The Stack and Subroutines of 8051.

g) The implementation of software delays using delay loops.
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2.1 INTRODUCTION:

The Intel 8051's excellent and the most powerful instruction set offers possibilities in control
areas, Serial I/O, arithmetic, byte and bit manipulation.

It has an instruction set comprising of 140 one-byte instructions, 91 two-byte instructions, 24
three-byte instructions; an instruction cycle time of 1 ps.(12 MHz clock) in which 58% of
instructions are executed in 1 cycle, 40% in 2 cycles and 2% in 4 cycles (for Multiply and
Divide); direct memory to memory (on-chip RAM) transfer; memory mapped type instructions
in which a register's contents can be moved (MOV) directly to an external port or vice-versa;
ability to move an I/O pin bit to another /O pin bit (via the "Boolean Accumulator", the carry
flag) (I/O pin bits have individual address).

The above mentioned and various other instructions of the 8051 will be reviewed in this section
with the intent of simplifying them and grouping them into logical categories.

In this chapter, you will encounter experiments that will help you to enhance you ability as a
software programmer. Only the basic instructions of 8051 are used in this chapter which will be
easy for you to follow. However, if possible, they can be replaced by some other equivalent
instructions.

When developing programs on your own, try to make it SMALL AND EFFICIENT.

SMALL in the sense, it should occupy less memory space. EFFICIENT in the sense, the
desired task must be done in the most effective way by utilising the most efficient algorithm.

Here, we will examine the capabilities provided by the 8051 in terms of the following groups:
1) Data transfer Operations.

i1) Arithmetic and Logical Operations.

1i1) Bit addressable operations.

1v) Flag Operations.

V) Branch Operations.

Vi) Array Operations.

vil)  Stack and Subroutines.

viii)  Delay Loops.
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Y ou are requested to follow the guidelines given below, while going through this Chapter. It will
be very helpful for your strong foundation in the field of programming.

1) Study the different categories of instructions explained here.
i1) Understand the examples and work them out using a trainer and check for specified results.

ii1) Read through the exercises and try each and every program in your trainer. There is no other
way to ensure that your program is correct.

iv) Write your programs efficiently, i.e. the task desired must be done using the simplest and
most effective algorithm.

v) Write comments wherever possible, for it helps in debugging your program some time later.

vi) Your comments should not describe the purpose of the presence of that instruction in your
program. The comments can be ungrammatical, but crisp and clear.

By the end of this Chapter, you will become more familiar with the programming methods, so
that the next Chapter on hardware programming can be done very easily.
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List of Symbols and Notations Used:

S1. No. NOTATION DESCRIPTION
1 LSB Least Significant Bit
2 MSB Most Significant Bit
3 LSD Least Significant Digit (Byte)
4 MSD Most Significant Digit (Byte)
5 LN Lower Nibble
6 HN Higher Nibble
7 H Hexa decimal
8 D Decimal
9 B Binary
10 (DPTR) Contents of DPTR
11 [(DPTR)] Contents of memory location held by DPTR register
12 (X) Contents of X
where X may be any register

NOTE:

1) All address and data are in hex unless otherwise specified.

i1) Flowcharts are given wherever necessary.

2.2 LOAD & EXCHANGE OPERATIONS:

Data Transfer instructions transfer data between registers, between a register and memory and
between a register and an input/output device. This includes Load, Store and Exchange

instructions. Of all the above, you have got both 8-bit as well as 16-bit operations.

The following are some examples to explain the different addressing methods to load data to
registers and memory and also about the exchange of data between registers.
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2.2.1 PROGRAM 1 - IMMEDIATE, REGISTER, DIRECT AND INDIRECT
ADDRESSING:

OBJECTIVE:

To initialise data to registers and memory using Immediate, Register, Direct and Indirect
addressing modes.

THEORY:

Initialisation of data to registers and memory is accomplished using the addressing mode which
is highly dependent on the way the operand is available. The above said addressing modes will
be used in the following program to initialise registers and memory. In the immediate addressing
mode, the data operated upon is in the location immediately following the opcode. In the register
addressing mode, the opcode itself specifies the register in operation. In the direct addressing
mode, the operand is specified by an 8-bit address field in the instruction. In the Indirect
addressing mode, the operand will be in memory whose address is held either by an 8-bit or
16-bit register.

EXAMPLE:

To initialise the following Registers and memory contents as specified below.

(RO) = 9A

(B) = 1F

(DPTR) = 4500

(R6) = 9A

PROGRAM:
MOV RO,#9A ; (RO) =9A - Immediate
MOV B.#1F ;(B) =1F - Immediate
MOV DPTR, #4500 ; (DPL)=00;
; (DPH) =45 - Immediate

MOV R6,A ; (R6) <— (A) - Register
MOV A20 ; (A) <—(20) - Direct
MOVX A ,@DPTR ;(A) <— ((DPTR)) - Indirect
XCH A,RO ; (A) <——>(RO) - Register

HERE: SJMP HERE
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OBJECT CODES:

The above program written in 8051 mnemonics should be decoded into its own binary equivalent
for the microprocessor to understand and execute. These binary equivalents are called OBJECT
CODES or simply OPCODES. The instruction set of 8051 is given in the appendices at the
back of this manual for your reference.

MEMORY ADDRESS OBJECT CODES MNEMONICS
4100 78 MOV RO#9A
4101 9A
4102 75 MOV B#IF
4103 FO
4104 IF
4105 90 MOV DPTR #4500
4106 45
4107 00
4108 FE MOV  R6,A
4109 ES MOV A20
410A 20
410B EO MOVX  A,@DPTR
410C C8 XCH A,RO
410D 80 HERE: SJMP HERE
410E FE

PROCEDURE:

1) Key in the opcodes from the address 4100.

i1) Single step through the program and check for the contents of register or memory location,
after every individual instruction.
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DISCUSSION:

The above specified instructions are some among the load and exchange group of 8051. In the
above example, you stepped through a simple 'DO-NOTHING' program. Note that while
specifying 16-bit operands, the MSD is specified first followed by LSD.

2.2.2 PROGRAM 2 - INDEXED ADDRESSING:
OBJECTIVE:

To move a block (array) of data to another block to show how to employ indexed addressing to
access data stored in the form of a continuous array in memory.

THEORY:

This addressing mode is widely used for accessing look-up tables from memory. A 16-bit base
register (either DPTR or Program Counter) will hold the base of the table and the Accumulator
will contain the table entry number. The address of the memory to be accessed is formed by
adding the Accumulator data to the Base Pointer.

EXAMPLE:

Let the array start at 4501 and let the length of the array be in 4500. The contents of the array are
as below.

(4500) = 06
(4501) = FF
(4502) = EF
(4503) = DF
(4504) = CF
(4505) = BF
(4506) = AF

The program should move the contents into an array starting at 4510. The result is,

(4510) = FF
(4511) = EF
(4512) = DF
(4513) = CF
(4514) = BF
(4515) = AF
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PROGRAM:

MOV DPTR #4500

MOVX A,@DPTR

MOV  RO,A

INC DPTR

MOV  RI,DPL

MOV  R2,DPH

MOV  DPTR,#4510
REPT: PUSH DPL

PUSH DPH

MOV  DPLRI

MOV  DPH,R2

MOVX A,@DPTR

INC DPTR

MOV  RI,DPL

MOV  R2,DPH

POP DPH

POP DPL
MOVX  @DPTR,A
INC DPTR

DINZ RO,REPT
HERE: SIMP HERE

OBJECT CODES:

MEMORY ADDRESS | OBJECT CODES MNEMONICS
4100 90 MOV DPTR,#4500
4101 45
4102 00
4103 EO MOVX A,@DPTR
4104 F8 MOV RO,A
4105 A3 INC DPTR
4106 A9 MOV RI1,DPL
4107 82
4108 AA MOV R2,DPH
4109 83
410A 90 MOV DPTR, #4510
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410B 45

410C 10

410D Co REPT: PUSH DPL
410E 82

410F Co PUSH DPH
4110 83

4111 &9 MOV DPL,R1

4112 82

4113 8A MOV DPH,R2
4114 83

4115 EO MOVX A, @DPTR
4116 A3 INC DPTR
4117 A9 MOV R1, DPL
4118 82

4119 AA MOV R2, DPH
411A 83

411B DO POP DPH
411C 83

411D DO POP DPL
411E 82

411F FO MOVX @DPTR, A
4120 A3 INC DPTR
4121 D8 DINZ RO, REPT
4122 EA

4123 80 HERE: SIMP HERE
4124 FE
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PROCEDURE:

i. Enter the opcodes from 4100 and the data from 4500.
ii. Execute the program.
iii. See that the data from 4501 to 4506 is moved to 4510.

DISCUSSION:

In this example, we have used indexed addressing for accessing an array of data using DPTR to
hold the base address of the array. Here, MOVX @DPTR,A instruction is used as the data is
accessed from a 16-bits wide external memory. If an 8-bit address is being used, MOVX @Ri,A
instruction can be used for external memory access.

2.3 ARITHMETIC AND LOGICAL OPERATIONS:

Add, Subtract, Increment and Decrement operations, Multiply, Divide and Decimal Adjust
instructions comprise the Arithmetic instructions in the instruction set of the 8051. The Rotate,
And, Or, Exclusive Or, Complement, Swap and Clear instructions comprise the logical group. In
the following examples, you will learn about most of these instructions.

2.3.1 PROGRAM 3 -16-BIT ADDITION:

OBJECTIVE:

To perform 16-bit addition of two 16-bit data using immediate addressing and store the result in
memory.

THEORY:

As there is only one 16-bit Register in 8051, 16-bit addition is performed by using ADDC
instruction twice, i.e. adding LSD first and MSD next.

EXAMPLE:

The program is to add the 16-bit data 1234 with the data 5678 and store the result at the locations
4150 and 4151 using immediate addressing.

RESULT: [4150] = AC (LSB); [4151] = 68 (MSB).

DATAL1 = 34; DATAL2=78.
DATAMI1 = 12; DATAM2 = 56.

DATAMI1 - MSD OF DATALI,
DATAM2 - MSD OF DATA2,
DATAL1 - LSD OF DATALI,
DATAL2 - LSD OF DATA2.
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FLOWCHART:

16-BIT ADDITION

( START )

(A) = MSB OF
| OPERAND

ADD (A) WITH MSB
OF Il OPERAND

STORE MSB OF
RESULT IN MEMORY

(A) =LSB OF
I OPERAND

ADD (A) WITHLSB
OF Il OPERAND

STORE LSB OF
RESULT IN MEMORY

( STOP )
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PROGRAM:
CLR C
MOV A#DATALI
ADDC A#DATAL2
MOV DPTR,#4150
MOVX  @DPTR,A
INC DPTR
MOV A#DATAMI1
ADDC A#DATAM?2
MOVX  @DPTR,A
HLT: SJIMP HLT
OBJECT CODES:
MEMORY ADDRESS OBJECT CODES MNEMONICS
4100 C3 CLR C
4101 74 MOV A#DATALI1
4102 34
4103 24 ADD A#DATAL2
4104 78
4105 90 MOV DPTR, #4150
4106 41
4107 50
4108 FO MOVX @DPTR,A
4109 A3 INC DPTR
410A 74 MOV A#DATAMI
410B 12
410C 34 ADDC A#DATAM?2
410D 56
410E FO MOVX @DPTR,A
410F 80 HERE: SJMP HERE
4110 FE
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PROCEDURE:

1) Enter the above opcodes from 4100 in the trainer.

i1) Execute the program.

ii1) Check for the result at 4150 and 4151.

1v) Change data and see if the result at 4150 changes accordingly.

DISCUSSION:

In this example, 16-bit addition has been directly performed. The user can write a program to
perform 16-bit addition which can use any of the on-chip Register Banks. Also, in the above
example, the data were loaded into the registers using immediate addressing mode. Try to do the
same program by loading data from memory. Program for decimal addition can be written using
'DA A' in instruction of 8051.

EXERCISES:

1) Sample: [4500] = FF
[4501] = FF

Obtain the 16-bit sum of these two 8-bit data and store the result at memory locations 4510 and
4511.

Result:  [4510] = 01 (MSB)
[4511] = FE (LSB)

ii) Sample: [4500] = FFFF
[4502] = FFFF

Obtain the sum and store the result starting from 4510.
Result:  [4510] = 01 (MSB)

[4511] = FF
[4512] = FE (LSB)
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2.3.2 PROGRAM 4 - 8-BIT SUBTRACTION:
OBJECTIVE:

To perform subtraction of two 8-bit data using immediate addressing and store the result in
memory.

THEORY:

Using the accumulator, subtraction is performed and the result is stored. Immediate addressing is
employed. The SUBB instruction writes the result in the accumulator.

EXAMPLE:

Sample data: DATA1l = 20
DATA2 = 10

Result: [4500] = 10

FLOW CHART:

8-BIT SUBTRACTION

( START )

CLEAR
CARRY FLAG

GET I OPERAND IN A

SUBTRACT II
OPERAND FROM A

STORE RESULT
IN MEMORY

( STOP )
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PROGRAM:

CLR C
MOV  A#DATALI
SUBB  A#DATA2
MOV  DPTR,#4500
MOVX @DPTR,A
HERE: SJMP  HERE

OBJECT CODES:
MEMORY ADDRESS OBJECT CODES MNEMONICS

4100 C3 CLR C
4101 74 MOV A#DATAI1
4102 20
4103 94 SUBB AH#DATA2
4104 10
4105 90 MOV DPTR, #4500
4106 45
4107 00
4108 FO MOVX @DPTR,A
4109 80 HERE: SJIMP HERE
410A FE

PROCEDURE:

1. Enter the opcodes and data in the trainer.

ii. Execute the program and verify for results.

11i. Change data and see that correct results are obtained.

DISCUSSION:

In this example, we have used the SUBB instruction. The same can be performed using two's
complement arithmetic using the CPL instruction and an ADD or INC instruction. A subtract is
essentially a two's complement addition. Note the change in the carry flag during a borrow.
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EXERCISES:

1. Subtract the contents of location 4500 from the contents of location 4501 and store the result
at location 4600.

Sample data: [4500] = 56
[4501] = 6A

Result: [4600] = 14

i1. Perform the same subtraction using two's complement addition.

2.3.3 PROGRAM 5 - 8-BIT MULTIPLICATION:

OBJECTIVE:

To obtain the product of two 8-bit data using immediate addressing and store the result in memory.
THEORY:

The 8051 has a "MUL" instruction unlike many other 8-bit processors. MUL instruction multiplies
the unsigned eight-bit integers in A and B. The low-order byte of the product is left in A and the
high-order byte in B. If the product is > 255, the overflow flag is set. Otherwise it is cleared. The
carry flag is always cleared.

EXAMPLE:

Let us multiply the contents of Registers A and B and store the 16-bit result at locations 4500 and
4501.

Sample data: DATA1 = 0A
DATA2 = 88
[4500] = 50 (LSB)
[4501] = 05(MSB)
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FLOW CHART:

8-BIT MULTIPLICATION

( START )

Y

GET MULTIPLIER IN A

Y

GET MULTIPLICAND IN B

Y

MULTIPLY A
WITH B

Y

STORE RESULT
IN MEMORY

Y

( STOP )

PROGRAM:

MOV  A#DATAI

MOV  B#DATA2

MUL  AB

MOV DPTR,#4500

MOVX @DPTR,A

INC DPTR

MOV  AB

MOVX @DPTR,A
HERE: SJMP  HERE

Vi Microsystems Dvt Ltd., [2-17]



MICRO-51 EB USER MANUAL SOFTWARE EXAMPLE

OBJECT CODES:
MEMORY ADDRESS | OBJECT CODES MNEMONICS

4100 74 MOV A #DATALI
4101 0A
4102 75 MOV B,#DATA?2
4103 FO
4104 88
4105 A4 MUL AB
4106 90 MOV DPTR,#4500
4107 45
4108 00
4109 FO MOVX @DPTR,A
410A A3 INC DPTR
410B ES MOV A,B
410C FO
410D FO MOVX  @DPTR,A
410E 80 HERE: SIMP HERE
410F FE

PROCEDURE:

i. Enter the above opcodes from 4100.

ii. Execute the program; see that the result is stored correctly.

iii. Change data and check if the results are correct each time.

DISCUSSION:

The MUL instruction and its usage have been demonstrated in this example. As mentioned earlier,

the LSD of the product is in A and the MSD is in the B Register. Multiplication can also be
performed by rotation because rotating a byte once towards left is equal to multiplying it by two.
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EXERCISES:

1. Obtain the square of a number stored in memory.

Sample: [4500] = OA

Result:  [4600] = 64

ii. Obtain the fourth power of 08 using MUL instruction and store the result in memory.

Result: [4500] = 10 (MSB)
[4501] = 00 (LSB)

2.3.4 PROGRAM 6 - ONE'S AND TWO'S COMPLEMENT:
OBJECTIVE:

To obtain the one's and two's complement of an 8-bit number in Register A.
THEORY:

The one's complement of a number is obtained by inverting all the bits in that number , that is
replacing all 1's by 0's and all 0's by 1's. The two's complement is the negative of that number.

EXAMPLE:

The number whose complements are needed is in register A. The result is in location 4200 and
4201.

Sample data: DATA = CC
Result: [4200] = 33 - One's Complement
[4201] = 34 -Two's Complement

PROGRAM:

MOV AH#DATA

CPL A

MOV DPTR,#4200

MOVX  @DPTR,A

INC A

INC DPTR

MOVX  @DPTR,A
HERE: SIMP HERE
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OBJECT CODES:
MEMORY ADDRESS | OBJECT CODES MNEMONICS

4100 74 MOV A #DATA
4101 cC
4102 F4 CPL A
4103 90 MOV DPTR,#4200
4104 42
4105 00
4106 FO MOVX @DPTR,A
4107 04 INC A
4108 A3 INC DPTR
4109 FO MOVX @DPTR,A
410A 80 HERE: SJMP HERE
410B FE

PROCEDURE:

i. Enter the opcodes and the data in the trainer.

ii. Execute the program and check for results.

iii Change data and check for the corresponding results.

DISCUSSION:

One's complement is nothing but the logical operation NOT'. In this example, the CPL instruction
has been employed. Since the two's complement of a number is its one's complement + 1 , the INC
instruction has been employed. It can also be performed by adding 1 to the one's complement
number by using ADD instruction.

EXERCISE:

1) Obtain the one's and two's complement of the data 77 and store it in memory.

Result: ~ One's complement  [4500] = 88
Two's complement: [4501] = &9
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2.3.5 PROGRAM 7-SETTING BITS IN AN 8-BIT NUMBER:
OBJECTIVE:

To set specific bits of an 8-bit number.

THEORY:

Setting bits can be done by ORing that particular bit by 1. The following program explains how
to set a particular bit in an 8-bit number by using the ORL instruction of 8051.

EXAMPLE:

In the following program, the contents of the Accumulator is ORed with an immediate data
accordingly to set the required bits.

Sample Data : DATAl = 2F

DATA2 = 45
Result : [4500] = 6F
PROGRAM:

MOV  A#DATAI
ORL A#DATA2
MOV DPTR,#4500
MOVX @DPTR,A
HERE: SJMP  HERE
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OBJECT CODES:
MEMORY ADDRESS | OBJECT CODES MNEMONICS
4100 74 MOV A#DATAI1
4101 2F
4102 44 ORL A#DATA2
4103 45
4104 90 MOV DPTR,#4500
4105 45
4106 00
4107 FO MOVX @DPTR,A
4108 80 HERE: SIMP HERE
4109 FE

PROCEDURE:

1. Enter the opcodes and execute the program.

ii. Check whether the corresponding bits are set accordingly.

DISCUSSION:

The ORL instruction can be used to set a particular bit in the command or control registers of
peripherals interfaced with the processor and can also be used to determine if the status read from

peripherals is as expected.

EXERCISES:

i. Set alternate bits in an 8-bit number, starting from bit 0 and store the result at location 4200 in

memory.

ii. Store successive powers of 2 from 0 to 7 in consecutive memory locations starting from 4300.

Result : [4300] = 01
[4301] = 02
[4302] = 04
[4303] = 08
[4304] = 10
[4305] = 20
[4306] = 40
[4307] = 80
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2.3.6 PROGRAM 8 - MASKING BITS IN AN 8-BIT NUMBER:

OBJECTIVE:

To mask bits 0 and 7 of an 8-bit number and store the result in memory.

THEORY:

The ANL instruction of 8051 can be used to reset bits. ANDing with zero produces a cleared bit.
ANDing with one does not change the status of the bit.

EXAMPLE:

To mask bits 0 and 7, the 8-bit data has to be ANDed with 7E, whichis 01111110 in binary.

Sample data: DATA1 = 87
DATA2 = 7E
Result: [4500] = 06
PROGRAM:
MOV A#DATAI1
ANL A#DATA2
MOV DPTR,#4500
MOVX  @DPTR,A
HERE: SIMP HERE
OBJECT CODES:
MEMORY ADDRESS | OBJECT CODES MNEMONICS
4100 74 MOV A#DATAI
4101 87
4102 54 ANL A#DATA2
4103 7E
4104 90 MOV DPTR,#4500
4105 45
4106 00
4107 FO MOVX @DPTR,A
4108 80 HERE: SIMP HERE
4109 FE
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PROCEDURE:

1. Enter the opcodes from 4100 and execute the program.
i1. Check whether the result is 06 at 4500.

DISCUSSION:

The ANL instruction can be used to check whether a particular status is reached in the peripheral
device just like the ORL instruction. The other logical instruction available in the instruction set
of 8051 is the XRL [Exclusive-OR]. The CLR [Clear operand] instruction is also a logical
instruction which can be used to initialise registers in counter operations.

EXERCISES:

1. Can the XRL instruction be used to clear an 8 bit register?

i1. Using DA A instruction, write a program for 8 bit Decimal Addition.

2.4  BIT ADDRESSABLE OPERATIONS:

One of the unique features of 8051 which makes it to serve as a powerful microcontroller in the
real world applications is that it has got a number of bit addressable Special Function Registers
which can be accessed using various Arithmetic, Logical, Data transfer and Boolean bit

manipulations.

The details of various Bit addressable Special Function Registers and their addresses can be had
from Chapter - 1 under the heading "Registers of 8051."
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2.4.1 PROGRAM 9 - ARITHMETIC OPERATIONS:
OBJECTIVE:

To perform various Arithmetic Operations using Bit addressable Special Function Registers of
8051.

THEORY:

Specific bits of various bit addressable registers can be ANDed, ORed with Carry flag, CLeaRed,
ComPLemented, SET and can be moved to Carry flag.

EXAMPLE:

In the following program, the contents of C(carry) is ANDed with ACC.7, ORed with IE.2. Also,
the contents of SCON.5 is set and that of SCON.1 is cleared and the contents of SCON.1 is moved
to the carry flag.

PROGRAM:

MOV A#OFFH
SETB C
ANL C,ACC.7
ORL CIE.2
SETB SCON.5
CLR SCON.1
MOV C,SCON.1
HLT: SJMP HLT

OBJECT CODES:
MEMORY ADDRESS | OBJECT CODES MNEMONICS

4100 74 MOV A#FF
4101 FF
4102 D3 SETB C
4103 82 ANL C,ACC.7
4104 EO
4105 72 ORL C,IE.2
4106 A8
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4107 D2 SETB SCON.5

4108 98

4109 C2 CLR SCON.1

410A 98

410B A2 MOV C,SCON.1

410C 98

410D 80 HLT: SIMP HLT

410E FE

PROCEDURE:

1. Enter the opcodes from 4100 and execute the program.

i1. Single step through the above program and check for register contents after every individual

instruction.

DISCUSSION:

Only few instructions in bit manipulation are given in the Example Program. Try to utilise the
maximum use of various Bit addressable instructions in 8051 instruction set for more efficiency.
The Bit addressable registers can also be used with Branch instructions to check a specific
condition which will be explained in the succeeding section under the name 'BRANCH

INSTRUCTIONS".

EXERCISE:

i.  Can the XRL instruction be used to XOR a Bit addressable register with carry flag?
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2.5 BRANCH INSTRUCTIONS:

Programming requires conditional or unconditional transfer of instruction execution sequences.
Depending upon the condition tested, the flags in the Program Status Word register are checked
for the status and program execution address may change or a branch is performed. Instructions are
also available in 8051 to test a particular bit of any bit addressable register whether it is set or not
and change the program flow accordingly. Branch instructions in 8051 are listed below.

UNCONDITIONAL JUMPS:
SIMP : SHORT JUMP
LIMP : LONG JUMP
JIMP @A +DPTR : JUMP INDIRECT
CONDITIONAL JUMPS:
DINZ :  DECREMENT AND JUMP IF NOT ZERO
CINE : COMPARE AND JUMP IF NOT EQUAL
JB : JUMP IF BIT SET
JBC : JUMP IF BIT IS SET AND CLEAR BIT
IC : JUMP IF CARRY IS SET
JNB : JUMP IF BIT NOT SET
INC : JUMP IF CARRY NOT SET
INZ : JUMP IF ACCUMULATOR NOT ZERO
IZ : JUMP IF ACCUMULATOR ZERO

In the unconditional jump instructions, it may be either long or short. If it is a long branch, it is
prefixed by an L. Long branch instruction LIMP causes an unconditional branch to the indicated
address, by loading the high-order and low-order bytes of the PC with the second and third
instruction bytes respectively. The destination may therefore be anywhere in the full 64K Program
memory address space.

The conditional jumps are all relative. The unconditional jump instruction JMP @A+DPTR is a
special instruction used for indirect jump whose branch address is calculated by adding the
accumulator's 8-bit data with the contents of DPTR. Neither Accumulator nor DPTR is affected.

The following programs shall employ any of these instructions and transform your programming
ability to higher levels.
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2.5.1 PROGRAM 10 - SUM OF THE ELEMENTS IN AN ARRAY:
OBJECTIVE:

To add the numbers of an 8-bit array, the array length being the first element in the array and store
the result in memory.

THEORY:

The numbers are stored in consecutive locations in memory. Addition has to be performed for the
number of times decided by the length of the array. Since the sum may exceed 8-bits, it is
necessary to monitor the carry flag status. Indexed addressing employing the 16-bit Base Register
DPTR is used in this program.

EXAMPLE:

The array starts at 4201. The address location 4200 contains the number of elements in that array.
The result is to be stored at 4500 and 4501.

Sample Data: [4200] = 03
[4201] = 01
[4202] = 02
[4203] = 03
Result: [4500] = 00 (MSB)
[4501] = 06 (LSB)
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FLOW CHART:

SUM OF THE ELEMENTS IN AN ARRAY

( START ) (B)

COUNT IN RO & INCREMENT MSB
POINTER IN DPTR OF THE RESULT
&—
GET I ELEMENT IN
A & CLEAR B INCREMENT POINTER
CLEAR DECREMENT R0
CARRY FLAG
1
ADD (A ) WITH
NEXT ELEMENT - NO “ro=09
YES

STORE LSB & MSB
IN MEMORY
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PROGRAM:

MOV
MOVX
MOV
MOV
MOV
ADD: CLR
INC
MOVX
ADD
MOV
INC
INC
NC: DINZ
MOV
MOV
MOVX
INC
MOV
MOVX
HLT: SIMP

DPTR, #4200
A,@DPTR
RO,A

B,#0

R1,B

C

DPTR
A,@DPTR
A.B

B,A

NC

RI

RO,ADD
DPTR, #4500
ARI
@DPTR,A
DPTR

AB
@DPTR,A
HLT

;DPTR points to base of array

;RO has the length of array

;Increment the Pointer
:Get the element
;Do the partial addition

;Check for carry
;If carry set, then inc. MSB
;Repeat it till count =0

:Store the MSB first

:Store the LSB at 4501
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OBJECT CODES:

MEMORY ADDRESS | OBJECT CODES MNEMONICS
4100 90 MOV DPTR, #4200
4101 42
4102 00
4103 EO MOVX A,@DPTR
4104 F8 MOV RO,A
4105 75 MOV B#0
4106 FO
4107 00
4108 A9 MOV R1,B
4109 FO
410A C3 ADD: CLR C
410B A3 INC DPTR
410C EO MOVX A ,@DPTR
410D 25 ADD AB
410E FO
410F F5 MOV B.A
4110 FO
4111 50 INC NC
4112 01
4113 09 INC RI
4114 D8 NC: DINZ RO, ADD
4115 F4
4116 90 MOV DPTR,#4500
4117 45
4118 00
4119 E9 MOV A,RI
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411A FO MOVX @DPTR,A
411B A3 INC DPTR

411C ES MOV AB

411D FO

411E FO MOVX @DPTR,A
411F 80 HLT: SJMP HLT
4120 FE

PROCEDURE:

1. Enter the above opcodes and data from 4100 and 4200 respectively.

i1. Execute the program.

iil. Check for result at 4500 and 4501.

iv. Change data at 4200 and check for results.

DISCUSSION:

Computation of the sum of the elements of an array employs the algorithm which is usually used
to compute checksums in data storage. The calculated checksum while retrieving data is compared
with the stored checksum to detect discrepancies if any. This would use the XRL instruction.
Branch instructions SJMP, JNC and DJNZ have been employed in the above example.
EXERCISES:

i.  Modify the program to employ JC.

ii. Modify the program to add 16-bit numbers stored in an array.

iii  Add the two numbers 12345678 and 9ABCDEFO using array addition.

Result = ACF13568.
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2.5.2 PROGRAM 11 - MULTIPRECISION ADDITION (24-BIT):
OBJECTIVE:

To add two numbers that are more than 8-bit in length, the length being given as the number
of 8-bits in that number.

THEORY:
The multi-byte addition program adds only in sets of 8-bits. The LSD of the two numbers are

added first. Now, the next set of 8-bits is added, taking into consideration the status of carry due
to the previous addition. Addition is done till the length of the number specified becomes zero.

EXAMPLE:

The length of both the numbers is 3 bytes. The length is loaded in R4. The first data is stored
from 4200 with the LSB taking the first position. The second number starts at 4210.

Data: [4200] = 29 - First number
[4201] = A4
[4202] = 02
[4210] = FB- Second number
[4211] = 37
[4212] = 28
02 A4 29 (+)
28 37 FB
2A DC 24

Result: [4500] = 24
[4501] = DC
[4502] = 2A
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FLOW CHART:

MULTIPRECISION ADDITION ( 24 - BITS )

( START )

CLEAR
CARRY FLAG

{

( DPTR ) = POINTER
FOR RESULT

W

LOAD R4 WITH
COUNT

STORE ( DPTR )
IN STACK

( DPTR ) = POINTER

FOR I NUMBER

(DPL)}> (RO)
(DPH)» (R1)

(DPL)}> (RO)
(DPH)»> (RI1)

(B)=((DPTR))

( DPTR ) = POINTER
FOR 1l NUMBER

INCREMENT DPTR

(RO)» (DPL)
(R1)}» (DPH)

(DPL)» (R2)

(DPH)» (R3)

b

(DPL)»> (R2)
(DPH)> (R3)

!
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T

(A)=((DPTR))

FLOW CHART:

INCREMENT DPTR

(RO )—»(DPL )
(R1 )—»(DPH)

(A)=(A)+(B)

GET THE ( DPTR )
FROM STACK

STORE ( A ) AS
RESULT IN MEMORY

DECREMENT R4
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PROGRAM:
CLR C ;Carry flag=0
MOV R4.#3 ;Count
MOV DPTR, #4200 ;Pointer for first no.
MOV RO,DPL
MOV R1,DPH
MOV DPTR #4210 ;Pointer for second no.
MOV R2,DPL
MOV R3,DPH
MOV DPTR, #4500 ;Pointer to store result
REPT: PUSH DPL
PUSH DPH
MOV DPL,RO
MOV DPH,R1
MOVX A, @DPTR
MOV B,A
INC DPTR
MOV RO,DPL
MOV R1,DPH
MOV DPL,R2
MOV DPH,R3
MOVX A, @DPTR
ADDC AB
INC DPTR
MOV R2,DPL
MOV R3,DPH
POP DPH
POP DPL
MOVX  @DPTR,A
INC DPTR
DINZ R4,REPT
HLT: SIMP HLT
OBJECT CODES:
MEMORY ADDRESS OBJECT CODES MNEMONICS
4100 C3 CLR C
4101 7C MOV R4#3
4102 03
4103 90 MOV DPTR, #4200
4104 42
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4105 00
4106 A8 MOV RO,DPL
4107 82
4108 A9 MOV RI1,DPH
4109 &3
410A 90 MOV DPTR,#4210
410B 42
410C 10
410D AA MOV R2,DPL
410E 82
410F AB MOV R3,DPH
4110 &3
4111 90 MOV DPTR, #4500
4112 45
4113 00
4114 Co REPT: PUSH DPL
4115 82
4116 Co PUSH DPH
4117 &3
4118 88 MOV DPL,RO
4119 82
411A 89 MOV DPH,R1
411B &3
411C EO MOVX A,@DPTR
411D F5 MOV B,A
411E FO
411F A3 INC DPTR
4120 A8 MOV RO,DPL
4121 82
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4122 A9 MOV RI1,DPH
4123 &3

4124 8A MOV DPL,R2
4125 82

4126 gB MOV DPH,R3
4127 &3

4128 EO MOVX A,@DPTR
4129 35 ADDC A,B

412A FO

412B A3 INC DPTR

412C AA MOV R2,DPL
412D 82

412E AB MOV R3,DPH
412F &3

4130 DO POP DPH

4131 &3

4132 DO POP DPL

4133 82

4134 FO MOVX @DPTR,A
4135 A3 INC DPTR

4136 DC DINZ R4,REPT
4137 DC

4138 80 HLT: SJMP HLT
4139 FE

PROCEDURE:

i.  Enter the opcodes and data into the trainer.

ii. Execute the program.
iii. Check for results at 4500.

iv. Change data at 4200 and 4210 and check for appropriate results from 4500.
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DISCUSSION:

The multi-byte addition and subtraction programs provide much help during long arithmetic table
operations. Take a careful look at the logic and try 32-bit, 48-bit additions and subtractions.

EXERCISES:

1. Subtract two multiple - word numbers. The length of the array is given at memory location
4550 the array itself starts from 4551 and 4560 respectively. The result replaces the number
starting from memory location 4551. Subtract the number string in 4560 from the one starting
at 4551.

Sample problem:

Data : [4550]=04 - Count.
[4551] = C3 - First number.
[4552] = A7
[4553]=5B
[4554] =2F
[4560] = B8 - Second number.
[4561] =35
[4562] = DF
[4563] =14
Result: [4551]=0B
[4552] =72
[4553]=7C
[4554]=1A

2F 5B A7 C3
14 DF 35 B8 (-)

1A 7C 72 0B

ii. Add the four numbers CA, 43, 56 and 19 and store the result at memory locations 4550 and
4551.

Result : [4550] = 7C
[4551] = Ol

CA+43+56+19=017C

iii. Do a decimal multi-byte addition in 32-bit and store the result in memory.
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Data : [4550] = 04 - Count
[4551] = 99 - First number
[4552] = 99
[4553] = 99
[4554] = 99
[4561] = 99 - Second number
[4562] = 99
[4563] = 99
[4564] = 99
Result :  [4570] = 98
[4571] = 99
[4572] = 99
[4573] = 99
[4574] = 01

2.5.3 PROGRAM 12 - 8-BIT DIVISION:
OBJECTIVE:

To divide an 8-bit number by another 8-bit number and store the quotient and remainder in
memory.

THEORY:

The 8051 has a "DIV" instruction unlike many other 8-bit processors. DIV instruction divides the
unsigned eight-bit integer in A by the unsigned 8-bit integer in register B. The Accumulator
receives the integer part of the quotient and register B receives the integer remainder. The carry
and OV flags will be cleared.

EXAMPLE:

Let the divisor and dividend be in registers B and A respectively.

Data : DATAl = 65 - Dividend
DATA2 = 08 - Divisor

Result :  [4500] = 0C - Quotient
[4501] = 05 - Remainder
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FLOW CHART:

8 BIT BY 8-BIT DIVISION

( START )

GET DIVIDEND IN A

GET DIVISOR IN B

DIVIDE A BY B

STORE LSB & MSB OF THE
RESULT IN MEMORY

( stop )
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PROGRAM:
MOV A#DATAI1 ;Load Acc. with Dividend.
MOV B,#DATA2 ;Load Reg. B with Divisor.
DIV AB
MOV DPTR, #4500
MOVX  @DPTR,A ;Store quotient at 4500
INC DPTR
MOV AB ;Store remainder at 4501

MOVX  @DPTR,A
HLT: SJMP HLT

OBJECT CODES:

MEMORY ADDRESS | OBJECT CODES MNEMONICS
4100 74 MOV A #DATAI
4101 65
4102 75 MOV B#DATA2
4103 FO
4104 08
4105 84 DIV AB
4106 90 MOV DPTR,#4500
4107 45
4108 00
4109 FO MOVX @DPTR,A
410A A3 INC DPTR
410B E5 MOV A,B
410C FO
410D FO MOVX @DPTR,A
410E 80 HERE: SIMP HERE
410F FE
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PROCEDURE:

1. Enter the opcodes and data.

i1. Execute the program.

i11. Check for results at 4500 and 4501.

iv. Change data and verify the results.

DISCUSSION:

Though DIV instruction is available in the 8051 instruction set, division can also be performed by
using the rotate instructions. Dividing by 8 can be performed by rotating the contents of
Accumulator 3 times towards right because rotating a byte once towards right is equal to dividing
it by two.

EXERCISES:

1 Divide the 16-bit unsigned number at memory locations 4550 and 4551 by the 8-bit unsigned
number at memory location 4552 and store quotient and remainder starting from 4553.

Sample problem:

Data : [4550]= 63
[4552] = 2I.
[4551] = 52;

Result :  [4553] = 03 Quotient
[4554] = 02
[4555] = 10 Remainder

ii. Divide 14 by 04 using Rotate Right instruction and store the result at 4550.
[Hint: Rotating a number right once is equivalent to dividing it by 2]
Sample problem:
Data : [4500] = 15 (Dividend)
[4501] = 02 (Divisor)

Result :  [4550] = OA - Quotient
[4551] = 01 - Remainder
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2.6  CODE CONVERSION:

The basic instructions learnt so far include Data transfer, Bit addressable, Arithmetic and logical
instructions. This section on code conversion makes use of any or all of these instructions.

Code conversion is very essential in micro computing because many peripherals that are to be
dealt which may provide data in ASCII, BCD or various special codes. Each one of the special
codes which is different from the binary concept of 8051 must be converted first to binary, for the
microprocessor to process it. After processing, the binary form must again be converted back to
the special code of that peripheral, before transferring it to the peripheral.

In the following examples, you will learn about conversion between different codes, using certain
algorithms. These algorithms can be changed if desired.

2.6.1 PROGRAM 13 - ASCII TO DECIMAL CONVERSION:

OBJECTIVE:

To convert the ASCII number in the accumulator to its equivalent decimal number.

THEORY:

Conversion of an ASCII number to decimal is very simple because all the decimal numbers form

a sequence in ASCII. Any ASCII number can be converted to decimal just by subtracting 30 from
it.

ASCII Number(Hex) Decimal Equivalent
30 00
31 01
32 02
33 03
34 04
35 05
36 06
37 07
38 08
39 09

EXAMPLE:
Let the ASCII number be in Register A and the result be stored at 4500.

Data : DATA =35
Result :  [4500] =05
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Data : DATA =3B
Result : [4500] = FF

If the decimal number got is not a valid one, FF will be stored as the result to indicate the error.

FLOW CHART:

|

( START )

|

ASCII TO DECIMAL CONVERSION

GET DATA IN A

|

(A)=(A)-30H

RESULT = FFH

NO

RESULT=(A)

( STOP )
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PROGRAM:
MOV DPTR. #4500
MOV A#DATA ;Get ASCII number
CLR C ;Clear carry flag
SUBB A #30 ;Subtract [A] by 30
CLR C
SUBB AHOA :Check if the no. is decimal
JIC STR
MOV A H#OFF :Else store FF at 4500
SIMP L1
STR: ADD AH#OA
L1: MOVX  @DPTR,A  ;Store the result if valid
HLT: SIMP HLT
OBJECT CODES:
MEMORY ADDRESS OBJECT CODES MNEMONICS
4100 90 MOV DPTR, #4500
4101 45
4102 00
4103 74 MOV A#DATA
4104 35
4105 C3 CLR C
4106 94 SUBB A,#3
4107 30
4108 C3 CLR C
4109 94 SUBB A,#0A
410A 0A
410B 40 JC STR
410C 04
410D 74 MOV A #0FF
410E FF
410F 80 SIMP L1
4110 02
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4111 24 STR: ADD A#0A
4112 0A

4113 FO L1l: MOVX @DPTR,A
4114 80 HLT: SJMP HLT
4115 FE

DISCUSSION:

In this program, the basic idea is to subtract ASCII "0" for all ASCII digits. This conversion is
perfect only for decimal digits. There is a break between ASCII "9" and ASCII "A" which must
be taken into account during ASCII to Hex conversions or vice versa. The ASCII is very useful
to display data on CRT displays or to print on an ASCII Printer.

EXERCISES:

1) Convert the decimal number at 4550 to its equivalent ASCII and store it at 4551. Store FF if
the input data is not a valid ASCIL

Sample problems:
Data : [4550]= 03
Result : [4551]= 33
Data : [4550]= 10
Result : [4551] = FF - (Error)

ii. Convert the hex number at 4550 to its equivalent ASCII at 4552.

Sample problems:
Data : [4550]= OF
Result : [4552] = 46
Data : [4550]= 09
Result : [4552] = 39
Data : [4550]= 10
Result : [4552] = FF - (Error)

1ii. Do ASCII to hex conversion of data at 4550 and store result at 4551.

Sample Problems:
Data : [4550]= 38
Result : [4551]= 08
Data : [4550]= 41
Result : [4551]= OA
Data : [4550]= 3C
Result : [4551]= FF (Error)
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2.6.2 PROGRAM 14 - WORD DISASSEMBLY:
OBJECTIVE:

Split the contents of 4500 into two nibbles (4-bit numbers) and store the HN at 4501 and the LN
at 4502.

THEORY:
The data is fetched from memory and SWAP instruction of 8051 is used which will interchange
the low and high-order nibbles of the Accumulator. The HN of the result is masked off and is
stored in memory. Then, the HN in the original data is masked off and is stored in memory.
EXAMPLE:
The contents of 4500 is 56. The result stored at 4501 is 05 and at 4502 is 06.

Data : [4500] = 56

Result : [4501] = 05

[4502] = 06

PROGRAM:

MOV DPTR,#4500
MOVX A, @DPTR  ;Get the data from memory

MOV B,A ;B has the original data
SWAP A

ANL A #OF

INC DPTR

MOVX  @DPTR,A  ;Store HN

MOV AB ;Get original data

ANL A#HOF ;Mask HN of original data
INC DPTR

MOVX  @DPTR,A  ;Store LN
HLT: SJMP HLT
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OBJECT CODES:

MEMORY ADDRESS OBJECT CODES MNEMONICS
4100 90 MOV DPTR,#4500
4101 45
4102 00
4103 EO MOVX A,@DPTR
4104 F5 MOV B.A
4105 FO
4106 c4 SWAP A
4107 54 ANL A #0F
4108 OF
4109 A3 INC DPTR
410A FO MOVX @DPTR,A
410B E5 MOV A,B
410C FO
410D 54 ANL A #OF
410E OF
410F A3 INC DPTR
4110 FO MOVX @DPTR,A
4111 80 HLT: SIMP HLT
4112 FE

PROCEDURE:

i. Key in the opcodes from the address specified.
ii. Enter data at 4500.
iii. Execute the program and check for results.

iv. Change data and try again.
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DISCUSSION:

Word disassembly has been included under code conversion since it is another nomenclature for
packed to unpacked decimal conversion. This is used in many I/O interfacing techniques

(displays).

EXERCISES:

1) Do a word assembly of data at locations 4550 and 4551 and store the result at 4560.
Sample Problems:

Data : [4550]=07
[4551]1=09
Result :  [4560] =79
Data : [4550]=09
[4551]1=09
Result :  [4560] =99

2.6.3 PROGRAM 15- HEX TO DECIMAL CONVERSION:
OBJECTIVE:

To obtain the decimal equivalent of an 8-bit hex number stored in memory.
THEORY:

In this program, the hex number is converted to its equivalent decimal number. The algorithm
followed is very simple. The hex number to be converted is brought to the accumulator and is
divided by 100 D to find the number of hundreds in it. DIV instruction of 8051 is used in this
program. The remainder is now divided by 10 D to count the number of tens in it. Finally, the
remainder obtained from the above division gives the number of units in the given hex number.
The result is stored in memory in the unpacked form.

EXAMPLE:
Let us work with FF.

Data : [4500] = FF
Result : [4501] = 02
[4502] = 05
[4503] = 05
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FLOW CHART:

HEX TO DECIMAL CONVERSION

{ START )

GET THE HEX
DATA IN A

LOAD B WITH
100 D

DIVIDE ABY B

STORE (A )i.e.
NO . OF 100S

LOAD B WITH
10D

DIVIDE ABY 10D

STORE ( A ) AS NO.
OF TENS

STORE (B ) AS
NO . OF UNITS

{ STOP )
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PROGRAM:
MOV DPTR,#4500
MOVX A, @DPTR ;Get the data
MOV B,#64
DIV AB ;Find no. of 100s
MOV DPTR,#4501
MOVX  @DPTR,A
MOV A.B
MOV B,#0A
DIV AB ;Find no. of 10s
INC DPTR
MOVX  @DPTR,A
INC DPTR
MOV A.B
MOVX  @DPTR,A
HLT: SIMP HLT
OBJECT CODES:
MEMORY ADDRESS OBJECT CODES MNEMONICS
4100 90 MOV DPTR, #4500
4101 45
4102 00
4103 EO MOVX A,@DPTR
4104 75 MOV B #64
4105 FO
4106 64
4107 84 DIV AB
4108 90 MOV DPTR, #4501
4109 45
410A 01
410B FO MOVX @DPTR,A
410C E5 MOV AB
410D FO
410E 75 MOV B #0A
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410F FO

4110 0A

4111 84 DIV AB

4112 A3 INC DPTR

4113 FO MOVX @DPTR,A
4114 A3 INC DPTR

4115 E5 MOV A,B

4116 FO

4117 FO MOVX @DPTR,A
4118 80 HLT: SIMP HLT
4119 FE

PROCEDURE:

1. Enter the opcodes from the specified address.

ii. Enter the data.

iii. Execute the program and check for results.

iv. Change data and see if exact results are stored.

DISCUSSION:

Code conversions are very important to extend the operations done with the trainer to the external
world. In the above program, the result has been stored in unpacked BCD form. Try to write a
program which will store the result in packed BCD format. Use of a previous example in this
section may be resorted to.

EXERCISE:

i.  Convert a 16-bit hex number at location 4500 and 4501 to its equivalent decimal number and
store the result from 4502 onwards.
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Sample Problem:
Data : [4500] = FF
[4501] = FF

Result :[4502] = 06

[4503] = 05
[4504] = 05
[4505] = 03
[4506] = 06

2.6.4 PROGRAM 16 - DECIMAL TO HEX CONVERSION:
OBJECTIVE:

To convert BCD digits in memory to the equivalent hex number.
THEORY:

Considering that out of the two unpacked BCD digits at 4200 and 4201, the digit at 4200 is the
MSD, the logic is to multiply this by 0A (10D) and then add the LSD at 4201 to the product.

EXAMPLE:

The digits are at 4200 and 4201 and let the result be stored at 4202.

Data : [4200] = 03
[4201] = 06
Result : [4202] = 24
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FLOW CHART:

DECIMAL TO HEX CONVERSION

( START )

Y

GET MSD OF
DATAIN A

Y

MULTIPLY A
WITH OAH

Y

ADD IT WITH
LSD OF DATA

Y

STORE HEX DATA
IN MEMORY

Y

( STOP )
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PROGRAM:
MOV  DPTR, #4200
MOVX A,@DPTR
MOV  B,#0AH
MUL AB
MOV  BA
INC DPTR
MOVX A,@DPTR
ADD AB
INC DPTR
MOVX @DPTR,A
HLT: SIMP  HLT
OBJECT CODES:
MEMORY ADDRESS OBJECT CODES MNEMONICS
4100 90 MOV DPTR,#4200
4101 42
4102 00
4103 EO0 MOVX A,@DPTR
4104 75 MOV B, #0A
4105 FO
4106 0A
4107 Ad MUL AB
4108 F5 MOV B,A
4109 FO
410A A3 INC DPTR
410B EO MOVX A,@DPTR
410C 25 ADD A,B
410D FO
410E A3 INC DPTR
410F FO MOVX @DPTR,A
4110 80 HLT: SIMP HLT
4111 FE
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PROCEDURE:

1. Key in the opcodes from 4100.

i1. Enter the BCD data at 4200 and 4201.

i1i. Execute the program.

iv. Check for result at 4202.

v. Change data and verify for proper results.

DISCUSSION:

BCD entries are converted to Hex in order to save on storage and calculations. BCD numbers
require additional memory space and more complex calculations. However, this conversion may
offset some of the advantages of binary arithmetic. The vice versa of this conversion is also very
important if it is to be used with a peripheral device.

EXERCISES:

1. Convert the BCD digits 02 and 06 into a packed BCD number. Convert the hex number thus
obtained into decimal and store the decimal number at 4250.

Result : [4250] = 38.
ii. Convert the BCD number 255 into the hex equivalent and store result in memory.
Result : [4250] = FF.
2.7 ARRAY OPERATIONS:
As the name implies, the examples given here deal with arrays of data. An array is a collection of
data stored in consecutive memory locations, to be accessed by the program for manipulation of

array. Finding the biggest number, sorting techniques, look-up table block operations all come
under this array operation.
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2.7.1 PROGRAM 17 - LARGEST ELEMENT IN AN ARRAY:

OBJECTIVE:

To find the biggest number in an array of 8-bit unsigned numbers of predetermined length.
THEORY:

To find the Biggest number in any given array, the contents of the array must be compared with
an arbitrary Biggest number. In this experiment, since all numbers are said to be unsigned 8-bit
numbers, let Internal memory location (say 40H) has the biggest number i.e. zero. Now compare
the first number with Internal memory location. If it is greater, move it to Internal memory
location. Further comparison is with this biggest number and this comparison is done till the end
of the array. Now the biggest number in Internal memory location is stored in memory as the
result.

EXAMPLE:

The length of the array is specified in the Register R5. The array itself starts at 4200. The largest
number of the array is stored at location 420A.

Data : [4200] = 05

[4201] = 67
[4202] = 76
[4203] = 89
[4204] = 98
[4205] = 49
[4206] = 45
[4207] = OF
[4208] = 57
[4209] = 7A

Result :[420A] = 9F
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FLOW CHART:

LARGEST ELEMENT IN AN ARRAY

< START >

INITIALISE COUNTER &
POINTER
LOAD INTERNAL MEMORY INCREMENT POINTER &
LOCATION 40H WITH 0 DECREMENT COUNTER
®
GET CURRENT ELEMENT
NO
OF ARRAY IN A a

(40H)=(A) ? STORE ( 40H )

IN MEMORY

( STOP )

(40H)<(A) ?

MOVE ( A ) INTO
40H LOCATION
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PROGRAM:

MOV
MOV
MOV
MOVX
CINE
INC
DINZ
MOV
MOVX
SIMP
\[@
MOV
SIMP

LOOP2:

LOOP3:

HLT:
LOOPI:

OBJECT CODES:

DPTR, #4200
40H,#00
R5#0AH
A,@DPTR
A,40H,LOOP1
DPTR
R5,LOOP2
A 40H
@DPTR,A
HLT

LOOP3
40H,A
LOOP3

MEMORY ADDRESS

OBJECT CODES

MNEMONICS

4100

90

MOV DPTR,#4200

4101

42

4102

00

4103

75

MOV 40H,#00

4104

40

4105

00

4106

7D

MOV RS #0AH

4107

0A

4108

EO

LOOP2:
A,@DPTR

MOVX

4109

B5

CINE A,40H,LOOP1

410A

40

410B

08

410C

A3

LOOP3: INC DPTR

410D

DD

DINZ RS, LOOP2

410E

F9

410F

ES

MOV A40H
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4110 40
4111 FO MOVX @DPTR,A
4112 80 HLT: SIMP HLT
4113 FE
4114 40 LOOPI: JC LOOP3
4115 F6
4116 F5 MOV 40H,A
4117 40
4118 80 SJMP LOOP3
4119 F2

PROCEDURE:

1. Enter the opcodes starting from 4100.

ii. Key in the data at 4200.

iii Execute the program and verify for result at 420A.

iv. Change the array length and data and repeat.

DISCUSSION:

In the above program, the Internal memory location 40H is initialised to zero for the first
comparison. This is because the numbers are unsigned and hence after the first comparison, the
first number will come to Internal memory location. This number is then used for further
comparison. A new algorithm of doing the same program can also be thought of. The algorithm

must be changed if the numbers are signed.

EXERCISES:

1. Find the smallest of two numbers 39 and 65 and store result at 4250.

Result :  [4250] = 39

ii. Find the smallest number in an array of four elements residing from 4250 and store result at

4260.
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Sample problem:

Data : [4250]= 04 - Count

[4251] = 56
[4252] = 73
[4253] = 13
[4254] = ES5

Result : [4260] = 13

i1ii. Find the biggest and smallest number of an array in a single program; the length of the array
is at memory location 4250 and the array itself starts at 4251. Store the biggest number at 4260
and smallest number at 4261.

Sample problem:

Data [4250] = 05 - Length of the array.
[4251] = 85 - Array starts.
[4252] = 19
[4253]= 70
[4254] = 36
[4255] = 59

Result: [4260] = 85 - Biggest number.
[4261] = 19 - Smallest number.

iv. In an array of five signed numbers, find the smallest number. The numbers themselves are at
memory from 4250 and the result is to be stored at 4260.

Sample problem:
Data : -77,+60, -9C, -2D, +40
Result : -9C
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2.7.2 PROGRAM 18 - ASCENDING ORDER OF AN ARRAY:

OBJECTIVE:

To arrange an array of 8-bit unsigned numbers of known length in ascending order.

THEORY:

The sorting technique used here is relatively simple. First consider the first two numbers of the
array. See if this pair of numbers is out of order. Similarly examine successively each pair of
numbers in the array. If any pair is out of order, interchange the numbers in the pair. Perform this
step for count times, count being one less than array length.

EXAMPLE:

The length of the array is in register R3. The array starts from 4501.

Data [4500] = 2A
[4501] = 1C
[4502] = F9
[4503] = 88
[4504] = 76
Result : [4500] = 1C
[4501] = 2A
[4502] = 76
[4503] = 88
[4504] = F9

Vi Microsystems Dvt Ltd., [2-63]



MICRO-51 EB USER MANUAL SOFTWARE EXAMPLE

FLOW CHART:

ASCENDING ORDER OF AN ARRAY

{ START )

INCREMENT POINTER &

(R3) & (R4)=COUNT - 1
DECREMENT R3

(DPTR ) = POINTER

NO IS
O R3=07?

(R5 )~e—(DPL)

(R6 )~—( DPH) YES
(DPL )—=— (R5)
(DPH )~— (R6)
GET FIRST ELEMENT
INB
INCREMENT POINTER AND
DECREMENT R4
GET NEXT ELEMENT
IN A
O—.
G YES
YES

NO STOP

EXCHANGE (A )
AND (B)
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PROGRAM:

MOV R3.,#4 ;Count-1

MOV R4.,#4

MOV DPTR, #4500
REPT1: MOV R5,DPL

MOV R6,DPH

MOVX A, @DPTR

MOV  BA
REPT: INC DPTR

MOVX  A,@DPTR

MOV  RO,A

CLR C

SUBB A,B

JNC CHKNXT
EXCH: PUSH DPL

PUSH DPH

MOV DPL,R5
MOV DPH,R6

MOV  AR0

MOVX @DPTR,A

POP DPH

POP DPL

MOV  AB

MOVX @DPTR,A

MOV  B,R0O
CHKNXT: DINZ  R3,REPT

DEC R4

MOV  AR4

MOV  R3,A

INC R 4

MOV DPL,R5

MOV DPH,R6

INC DPTR

DINZ R4,REPTI
HLT: SIMP HLT
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OBJECT CODES:
MEMORY ADDRESS OBJECT CODES MNEMONICS
4100 7B MOV R3,#4
4101 04
4102 7C MOV R4.,#4
4103 04
4104 90 MOV DPTR,#4500
4105 45
4106 00
4107 AD REPT1: MOV R5,DPL
4108 82
4109 AE MOV R6,DPH
410A 83
410B EO MOVX A,@DPTR
410C F5 MOV B,A
410D FO
410E A3 REPT: INC DPTR
410F EO MOVX A,@DPTR
4110 F8 MOV RO,A
4111 C3 CLR C
4112 95 SUBB AB
4113 FO
4114 50 INC CHKNXT
4115 13
4116 Co EXCH: PUSH DPL
4117 82
4118 Co PUSH DPH
4119 83
411A 8D MOV DPL,R5
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411B 82

411C 8E MOV DPH,R6
411D 83

411E E8 MOV A,RO

411F FO MOVX  @DPTR,A
4120 DO POP DPH

4121 83

4122 DO POP DPL

4123 82

4124 E5 MOV AB

4125 FO

4126 FO MOVX  @DPTR,A
4127 88 MOV B,RO

4128 FO

4129 DB CHKNXT: DINZ R3,REPT
412A E3

412B 1C DEC R4

412C EC MOV A,R4
412D FB MOV R3,A
412E oC INC 4

412F 8D MOV DPL.R5S
4130 82

4131 8E MOV DPH,R6
4132 83

4133 A3 INC DPTR
4134 DC DINZ R4,REPTI
4135 D1

4136 80 HLT: SIMP HLT
4137 FE
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PROCEDURE:

1. Key in the opcodes from 4100.

ii. Enter data at 4500.

ii1. Execute the program and check for results from 4500.
DISCUSSION:

In the above program for ascending order, what will happen if two numbers compared are similar?
What will happen if JC is used instead of JNC in the program.

The algorithm used above is very simple and is called Bubble sort. Various other methods like
Quick sort, Insertion sort exist for which also programs may be written.

EXERCISES:

1. Perform a 16-bit sort of an array of unsigned numbers in descending order. The length of the
array is at 4550 and the array starts from 4551. In this array, MSB is stored first.

Sample problem:

Data : [4550]= 03
[4551] = 2A
[4552] = BS
[4553] = 60
[4554] = 3F
[4555] = D1
[4556] = C6

Result : [4551] = D1
[4552]= C6
[4553] = BS
[4554] = 60
[4555] = 3F
[4556] = 2A

it Given five arrays of 8-bit numbers, find the smallest number in each array. Do a descending
order sort of the resultant numbers.
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Data : First array [4550] 3A
[4551] = 23
[4552] = AC
[4553] = 79
[4554] = F3
Second array : [4555] = 3B
[4556] = 4C
[4557] = S5E
[4558] = 89
[4559] = 3F
Third array [455A] = 10
[455B] = 2E
[455C] = OF
[455D] = 05
[455E] = 5D
Fourth array [455F] = 37
[4560] = 12
[4561] = 49
[4562] = 72
[4563] 89
Fifth array [4564] 17
[4565] = 88
[4566] = FD
[4567] = 28
[4568] 97
Smallest number from each array:
Array 1 23
Array2 = 3B
Array3 = 05
Array4 = 12
Array5 = 17
Result : [4600] = 3B
[4601] = 23
[4602] = 17
[4603] = 12
[4604] 05
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2.8 STACK AND SUBROUTINES:

The STACK is a group of memory locations in the On-chip Internal Data RAM (here in 8051) that
is used for temporary storage of data during program execution. The Stack Pointer Register is 8 bits
wide.

A SUBROUTINE is a group of instructions that perform a subtask (e.g. time delay or arithmetic
operation) of repeated occurrence. The subroutine is written as a separate unit, apart from the main
program and the microprocessor transfers program execution from the main program to the
subroutine whenever it is called to perform the task. After completion of the subroutine task, the
execution returns to the main program. Before implementing a subroutine technique, the stack
must be defined. The stack is used to store the address of the instruction in the main program that
follows the subroutine call.

2.8.1 STACK OPERATIONS:

Stack operations move data between register and the top of the stack. It is incremented before data
is stored during PUSH and CALL executions. While the stack may reside anywhere in the chip
RAM, the Stack Pointer is initialized to 07 after a reset. This causes the stack to begin at location
08.

We can, and many times should and must, load the Stack pointer at another location. It cannot be
located above 7F in the on-chip data RAM because the SFRs are located above 7F, and they will
carry special information that could be destroyed by any stack operations carried out there.

To push registers onto the stack before branching to a subroutine, the following instructions may
be employed.

PUSH A
PUSH B
PUSH PSW
PUSH DPL
PUSH DPH
PUSH IP
PUSH IE

Upon returning from the routine, the register contents can be retrieved using the POP instruction.

POP IE
POP IP
POP DPH
POP DPL
POP PSW
POP B
POP A
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The addressing mode employed in both operations is immediate.
Let us examine the stack operation with a typical example.

MOV SP,#10

MOV A#88
MOV B.#67
MOV DPL,#43
PUSH A

PUSH B

PUSH DPL

The stack pointer contents and the contents of the stack itself are as depicted below after the
execution of each instruction.

Instruction Register Contents Stack Contents
A B DPL

MOV SP,#10 XX XX XX SP initialised to 10 of
internal RAM

MOV A#88 88 XX XX A has 88

MOV B.#67 88 67 XX B has 67

MOV DPL,#43 88 67 43 DPL has 43

PUSH A 88 67 43 SP incremented by 1 and
(A) is stored here

PUSH B 88 67 43 SP incremented by 1 and (B)
is stored here

PUSH DPL 88 67 43 SP Incremented by 1 and
(DPL) is stored here.
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STACK CONTENTS AFTER INSTRUCTION PUSIH A

STACK CONTENTS AMTER INSTRUCTION PUSIH B

10 XX
11 88
12 67

STACK CONTENTS AFTER INSTRUCTION PUSH DPL

10 XX
11 88
12 67
13 43
XX = USER DEFINED DATA

2.8.2 SUBROUTINES:

If the structure of a program requires repetitive execution of a certain set of instructions, these
instructions may be combined as a routine and execution of this routine may be done as and when
required by employing two types of CALL instructions namely LCALL and ACALL. Return from
the subroutine to the main program is by the use of the RET instruction. ACALL is Absolute
CALL and LCALL is Long CALL.

ABSOLUTE CALL:

The following is the sequence of the ACALL instruction.

i The contents of PC is incremented twice.

it Stack Pointer is incremented by one.

iii. low-order PC is pushed onto the stack.

iv. Stack Pointer is incremented by one.
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v. The high-order PC is pushed onto the stack.

vi. The destination address is obtained by successively concatenating the five high-order bits of
the incremented PC, opcode bits 7-5, and the second byte of the instruction.

vii. Now, the routine starting from (PC) is executed.
viii. RET returns control to the instruction following ACALL.

This Absolute branch can access any instruction within the same 2K block of Program memory
as the first byte of the instruction following ACALL.

The long branch can access any instruction in the total 64K memory area since the relative jump
is specified by 16 bits.

LONG CALL:

The following is the sequence of the LCALL instruction.
1. The contents of PC is incremented by three.

i1. Stack Pointer is incremented by one.

iii. The low-order PC is pushed onto the stack.

iv. Stack Pointer is incremented by one.

v. The high-order PC is pushed onto the stack.

vi The second byte of the instruction is loaded to PCH and the third byte of the instruction is
loaded to PCL.

vii Now, the instruction at (PC) is executed.

viii. RET returns control to the instruction following LCALL.
NOTE:

While using subroutines;

i. Save all registers employed in the subroutine on the stack.
ii. Avoid using the stack in the subroutine since it contains the return address.
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2.9 DELAY LOOPS:

OBJECTIVE:

To write a program that generates a delay of 0.5 ms with the 8051 at the Clock rate of 12 MHz.
THEORY:

Timing intervals or delays can be generated by either of the following three modes.

1. Hardware delays employing monostable multivibrators which produce a pulse output as
decided by the trigger.

ii. Programmable timers which are the combination of hardware and software.

iii. Software loops employing register(s) as a counter.

Let us now examine the third method more closely; what needs to be done is summarised as below.
Load a register with a count value.

Decrement the register contents.

If the register does not contain 0, then repeat previous step.

The delay interval depends upon the execution time required by each instruction.

EXAMPLE:

In this example, a 0.5 ms delay is produced employing the RO register. Calculation of the count
value is also detailed below.

PROGRAM:

MOV RO,#0FB
REPT: DINZ RO,REPT

DELAY CALCULATION:

The MOV RO,#COUNT instruction takes execution time of 1 Microsec. and DJINZ instruction
takes 2 Microsecs.

The count to be loaded into register RO is as calculated below:

1+ 2 x count = Execution time.
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Required Delay = 500 micro seconds.
500 = 1+2xcount
500 -1
Count = ——
2
= 249.5 D.
In hex the count = FB in hex.

The value FB has to be loaded in register RO to obtain a delay of 0.5 millisecond.

OBJECT CODES:
MEMORY ADDRESS | OBJECT CODES MNEMONICS
4100 78 MOV RO.#FB
4101 FB
4102 D8 REPT: DINZ RO,REPT
4103 FE
PROCEDURE:

i.  Employ this delay subroutine with another program so that the delay is meaningful and visible.
ii. Change counter value and repeat to see if the delay varies.

DISCUSSION:

To further increase the delay, nested loops which decrement two registers in cascade can be
employed.

EXERCISE:

Implement a real time Digital clock using software delay loops.
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CHAPTER 3

PERIPHERAL INTERFACING &
HARDWARE EXAMPLES

OBJECTIVES

i. Toillustrate the interfacing of 8255 with 8031/ 8051.

ii. Toillustrate the interfacing of 8279 with keyboard and display interface using 8031 / 8051.
ili. Toillustrate the interfacing of printer using 8031 / 8051.

iv. Toillustrate the interfacing of LCD keyboard and On-Chip features of 8031 / 8051.

31 INTRODUCTION:

This Chapter emphasizes more on the INTERFACE PROGRAMMING ASPECTS of the
various peripherals available on Micro-51 EB .

As in the earlier Chapter, you will have to try and exercise the given EXAMPLES AND
EXERCISESto strengthen your technical muscle, in understanding the operational capabilities
of the peripheral devicesused. Chapters2 and 3 should no doubt set a milestone in shaping you
into a proficient system programmer.

Ample details pertaining to the programming aspect of the peripherals has been provided in the
succeeding sections. But for further detailsthat concerntheinternal architecture, timing diagrams
and hardware organisation of the chips, the user is requested to consult the Manufacturer Data
Sheets of Intel or National Semiconductor as the case may be.

NOTE:

1. Thesignals specified with a"*" to the right indicate active low signals.

2. In the example programs, as the programs are common for Micro-51 EB except the
peripheral addresses, the peripheral addresses are  denoted as 'XXXX' in the following

programs. The user hasto substitute the correct address depending on the kit in which heis
working by referring the table given.
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3.2 PARALLEL INTERFACE:
3.21 COMPONENT:

The Intel 8255, Programmable Peripheral Interface is the one used here to provide the Parallel
interface. Two such numbers are available providing atotal of 48 1/O lines for user interface.

The 8255 isawidely used, programmable, parallel 1/0 device. It can be programmed to transfer
data under various conditions, from simple /O to interrupt 1/0. It is flexible, versatile and
economical (when multiple 1/0 ports are required), but somewhat complex. It is an important
general purpose 1/0 device that can be used with almost any microprocessor.

Its unique features are,

24 programmable 1/0 pins
Improved timing characteristics
Direct bit set, reset capability
Reduces system package count

3.2.2 COMPONENT DESCRIPTION:

The 24 1/0 lines of each 8255 can be programmed in two groups of 12 and used in three major
modes of operation. It hasa CONTROL REGISTER to which the modes of the three ports are
written into. It cannot be read.

a) BASIC SYSTEM INTERFACE:

The control pinswith which the CPU communicateswith 8255 arethe RESET, CS*, RD*, WR*,
AOQ, A1, DO - D7. Its basic operation is as given in the following table.

RD* - Active Low Read

WR* - Active Low Write

Cs - Active Low Chip Select
AOA1 - Select Control Register / Port
DO-D7 - Bidirectional Data Bus

The basic operation of the 8255 using the above signals is as below:
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Al A0 RD* WR* CS* FUNCTION
INPUT OPERATION (READ)

0 0 0 PORT A ? DATA BUS
0 1 0 1 0 PORT B ? DATA BUS
1 0 0 PORT C ? DATA BUS

OUTPUT OPERATION (WRITE)

0 0 1 0 0 DATA BUS? PORT A
0 1 1 0 0 DATA BUS? PORT B
1 0 1 0 0 DATA BUS? PORT B
1 1 1 0 0 DATA BUS ? CONTROL
DISABLE FUNCTION
X X X X 1 DATA BUS? 3- STATE
1 1 0 1 0 ILLEGAL CONDITION
X X X 1 0 DATA BUS ?3- STATE

3.2.3 PROGRAMMING DESCRIPTION:

The 8255 offers three modes of operation, that can be selected by writing control words
appropriately. The three modes are,

MODE 0 - Basic Input / Output
MODE 1 - Strobed Input / Output
M ODE 2 - Bi-Directional Bus

The 24 1/0 lines of the 8255 are organised asthree ports A, B and C each having eight /O lines.
The modes for Port A and Port B can be separately defined, while Port C is divided into two
portions as required by the Port A and Port B definitions.

PROGRAMMING THE CONTROL REGISTER:
Figure F3.8 illustrates the operation of 8255 in al the three modes. From the figure, it is

understood that in Mode O, al the ports can be configured either asinput or output port. Hence,
this mode can be used for almost all applications.
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BASIC MODIT DETINITION OI' 8255

MODIO 82554
¢

s

U4 L1 ‘Lo ‘Vo

PRO-PR7PC4-PCPCO-PC3PAO-TAY

MODITT 82554
¢

o .

T

PRO-PBPCO-PCS PC1-PCPAO-PA7

MODLEZ 82554
¢

1A

PRO-PBPCO-PC2 PC3-PC7

Figure F3.8

Figure F3.9 shows the mode definition format for 8255. Using this, the mode control word is
configured according to therequirement and can bewritteninto the Control register. For instance
to have,

APORT as Input Port,

BPORT as Output Port,

CPORT higher nibble as Input Port,

CPORT lower nibble as Output Port.

the control word will be 9C.
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SINGLE BIT SET/RESET FEATURE:

Any of the eight bitsof Port C can be set or reset using asingle OUTput instruction. Thisfeature
reduces software requirementsin Control-based applications. The Bit Set / Reset Format isgiven
in Figure F3.10. When Port Cisbeing used as status/ control for Port A or Port B, these bitscan
be set or reset using the Bit Set / Reset operation just as if they were data output ports.

PROGRAMMING SEQUENCE:

From the above discussion, it should be clear that the sequence involved in configuring the 8255
consists of,

i)  Writing the mode definition format byte into the Control register.
if) Writing/Reading the data from the ports according to their configuration.
3.24 CIRCUIT IMPLEMENTATION:

The Figure F3.11a, F3.11b and F3.11c give a clear idea of the interface between the 8255 and
8051 in Micropower-i, Micro-51 EB respectively.

As seen from the block diagram, the DO-D7 lines are connected to the system data lines. The
RESET, RD* and WR* are connected to RESET, IOR* and IOW* lines of the circuit
respectively. The CS* is got from 8255SELECT* which goes low for I/O addresses AOOC to
AOOF (EOOC to EOOF) and (FFOC to FFOF) for 8255-1 and A010 to A013 (E010 to E013) and
(FF10 to FF13) for 8255-2 (E014 to E017 for 8255-3).
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MODE DEFINITION FORMAT

MODE DEFINITION FORMAT

CONTROL WORD

D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

GROUP B

PORTC(LOWER)
1=1/p
0=0/P

PORTB
1=T1/P
0=0/P

MODESELECTION
0 =MODEO0
1 =MODEI

GROUP A

PORTC(UPPER)
1=T1/P
0=0/P

PORTA
1=1/P
0=0/P

MODESELECTION
00 = MODEO
01 =MODEI
1X =MODE2

MODE SET FLAG
1 = ACTIVE

FigureF3.9
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BIT SET / RESET FORMAT

BIT SET / RESET FORMAT 8255

CONTROL WORD

D7 | D6 | D5 | D4 | D3 | D2 | D1 DO

BIT SET / RESET
e 1=SET
DON'T CARE 0= RESET

BIT SELECT
3 7

1| BO
1| B1
1

B2

o|o|o|o

O|lO|=a|—
o|=|o|nd

4
0
0
1

56
110
01
11

1
1
0

BIT SET/ RESET FLAG
0=ACTIVE

Figure F3.10

BASIC BLOCK DIAGRAM OF 8255 INTERFACE IN MICRC

PARALLLL PORYT

8255 (P4 /P
(U1l 7 L25 ) .
PAO) — PAX
N0 — D0 - D7 |K—=—1 ¢
o o
_ L I )
A AO PO~ pere
1\1
Al <:: o o
101k =D o o
L I )
SE5E TR [ IR N &
2HOIYLLECT =
ED bD = (”\ o o
BREBREIHRNOG ——¢e
RIS f=—— RERET
TOR - ACTIVES TOW 1O READ T'ROM DECODING 1OGIC
oW — ACTIVEL LOW 1/0 WRITE TRON DECODING 10
DO — DY — DATA BLE FROM THE PROCKSROR
TTCT  —  SOIRCTS TOR ADDRESSES A0OC TO AC
BOLL2STITCT  —  SMIRCTS FOR ADDRTSSES A0T0 TO AC

Figure3.11 A
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BASIC BILOCK DIANGRAM OF 8255 INTHRFACE TN

PARALLEL DPORT

8205 (PL , P2 /D3
(U1l 7/ u20 S 133)
PAOD = PAY
Do - o - 7 [0
[ 2N J
® ®
AO AO PBO P& 7e
[ 2N J
Al Al <,l: P
TOR - P
RD . o
O e BRNE
255 1ISTITEC J ]
o [ <": o 0
B25L2 FTRCT o
RF 9F fe— RTATT
TOR =  ACTIVE LOW 1,0 READ FROM DECODING 1.0G
oW ACTIVE LOW 1/0 WRITE T'ROM DLCODING L
DO D7 = DATA BUR KFROM 'THFE PROCESSOR
B2OOTSRTECT =  SELECTS FOR ADDRESSES KOOC TO
826523NTNCT SEIMCTS TOR ADDRESSTS TO10 TO
2553SLLECT = SELECTS FOR ADDRESSES LO14 TO
Figure 3.11B

BASIC BLOCK DIAGRAM OI" 8255 INTERIACLE IN  MI(

PARALLEL PORT

8255 (P2 /7 P3)
( Ue us )
PAO — PRAZ
Do GEN N0 D 0
\ ..
v MO PO~ PeTe
[ 2 ]
Al ¢ o ¥
[OR A ¥
v .
. ToW kD N
BTSN/ = e e
B2H52SETRCT , ¥
RIS | = RESET

T0R ACTIVE LOW I O READ FROM DECODING LOGIC

TOW ACTIVEE LOW 1/0 WRITE ROV DECODING 1.0G

DO — DY DATA BUS FROM THE PROCESSOR

B255 [ELECT SELECTS FOR ADDRESSES FFOC TO FH

820023ELECT = SELECTS FOR ADDRESSES FF10 TO Fj
Figure 3.11C
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Thefollowing are the 1/O addresses for 8255:

Function Addressin Micropower - i Addressin Micro-51 Addressin
Micro - 51EB

Control Register AOQOF EOFF FFOF
Port A AOOC EOOC FFOC
Port B AOOD EOOD FFOD
Port C AOCE EOOE FFOE
Control Register A013 E013 FF13
Port A A010 EO010 FF10
Port B A011 EO11 FF11
Port C AQ012 EO12 FF12
Control Register - EQL17 -

Port A - EO14 -

Port B - E015 -

Port C - E016 -

3.25 EXAMPLE 1 - SQUARE WAVE GENERATION:
OBJECTIVE:

To generate a Square wave at al 24 1/0 lines of 8255-1. The frequency of the Square wave
depends solely on the time delay routine used.

THEORY:

To generate a Square wave using 8255, first initialise al the ports of the 8255 as output ports by
writing the corresponding control word. Then, makethe 24 1/0 lineshigh and low with acertain
delay and you will get a square wave out of 8255. If you don't give any delay, then you cannot
See any square wave because of the speed at which the 8255 output lines change states from high
to low and low to high. Increase the delay to reduce the frequency and reduce the delay to
increase the frequency.
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PROGRAM:

4100 90 XX XX MOV DPTR#CNT_1

4103 7480 MOV A#80

4105 FO MOVX  @DPTR,A

4106 74 FF REPT: MOV A #HFF

4108 124111 LCALL OUT

410B E4 CLR A

410C 124111 LCALL OUT

410F 80 F5 SIMP REPT

4111 90 XX XX OuT: MOV DPTR#APORT_1

4114 FO MOVX  @DPTR,A

4115 A3 INC DPTR

4116 FO MOVX  @DPTR,A

4117 A3 INC DPTR

4118 FO MOVX  @DPTR,A
DELAY:

4119 78 FF MOV RO,#FF

411B D8 FE DLY: DINZ RO,DLY

411D 22 RET

VERIFICATION:

After entering the program given above and executing it, verify for the square wave at the Port
pins of the 8255-1. Calculate the frequency for the delay used. Change delay and verify whether
the frequency changes accordingly or not.

3.2.6 EXERCISES:

i) Configure 8255-1 as output and 8255-2 as input ports. Connect the Parallel port connectors
of 8255-1 and 8255-2 using a 26-core flat cable. Output data to 8255-1 and check them
by inputting through 8255-2.

i) Using our PLC add-on board, write aprogram that will generate a sequential logic display
on PLC through 8255-2.

Output 01 to Port A, give adelay of 2 secs.
Output 02 to Port A, give adelay of 3 secs.
Output 04 to Port A, give adelay of 5 secs.
Output 08 to port A, give adelay of 4 secs.
Repesat again from step 1.

agrwWDNDE
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3.3 KEYBOARD / DISPLAY INTERFACE:
3.31 COMPONENT:

Intel's 8279 - Keyboard and Display Controller (KDC) is responsible for the Keyboard /
Display interface.

Its main features are,
i) Simultaneous Keyboard Display operation.

i) 3input modes such as Scanned Keyboard Mode, Scanned Sensor Mode, Strobed I nput Entry
Mode.

iii) 2 output modes such as 8 or 16 character multiplexed displays, right or left entry display
formats.

iv) Clock Prescaler.

v) Programmable Scan Timing.

vi) 2-Key lockout or N-key Roll-over with contact debounce.
vii) Auto Increment facility for easy programming.

3.3.2 COMPONENT DESCRIPTION:

Thelntel 8279 isresponsible for the debouncing of the keys, the coding of the keypad matrix and
the refreshing of the display elements in the Micropower-i, Micro-51 and Micro-51EB . The
keyboard portion can provide a scanned interface to a 64-contact key matrix.

The keyboard portion will aso interface to an array of sensors or a strobed interface keyboard.
Key depressions can be 2-key lockout or N-key roll-over. Keyboard entries are debounced and
strobed in an 8-character FIFO. Key entries set the interrupt output line.

Thedisplay portion providesascanned display interfacefor LED, incandescent and other popular
display technologies. Both numeric and alphanumeric segment displays may be used as well as
simpleindicators. The 8279 has 16 x 8 display RAM which can beloaded or interrogated by the
CPU. Bothright entry, calculator and left entry typewriter display format are possible. Bothread
and write of the display RAM can be done with or without auto-increment of the display RAM
address.
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a) BASIC SYSTEM INTERFACE:

The 8279 isdesigned specifically to connect to any 8-bit microprocessor busdirectly. Thisallows
the CPU to do some other work other than scanning the keyboard and refreshing the display. The
CPU can program the operating modes for 8279.

The control signals with which the 8279 communicates with the CPU are the Data Bus DO-D7,
RST, CS*, A0, RD*, WR*, and IRQ.

DO-D7 - Bidirectional databus
RST - Reset Input

Cs - Active Low Chip Select
A0 - Buffer Address Select
RD* - Active Low Read Input
WR* - Active Low Write Input
IRQ - Interrupt Request Output

The functional definition is as below:

A0 RD* WR* FUNCTION
0 0 1 Read Display RAM or keyboard FIFO
0 1 0 Write Display RAM
1 0 1 Read Status
1 1 0 Write Command

The interface pins for Keyboard and Display are,

SLO-SL3 - Scanlines. Used to Scan the key switch or sensor matrix or display digits.
They can be encoded or decoded.

RLO-RL7 - Returnlineinputs. They areconnected to scanlinesthrough thekeys or sensor
switches. They also serve as an 8-hit input port in the strobed input mode.

SHIFT - Thisinput is a status stored along with the key position.

CNTL/STB - Thisisacontrol input for keyboard modes and is stored like astatus. Thisis
the strobe line that enters the data into the FIFO in the Strobed Input Mode.

BD* - Blank Display. It blanks the display during digit switching.

A0-A3 ),
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BO-B3 ) - - These 2 ports are the outputs of the 16 x 4 display registers. The data on
these outputs is synchronised to scan lines (SLO - SL3) for multiplexed
displays. Thesetwo 4 bit ports can also be considered as a single 8-bit port.
BO correspondsto DO of Data bus and A3 to D7.

3.3.3 PROGRAMMING DESCRIPTION:

PROGRAMMING SEQUENCE (8279):

The KDC requires proper loading of the following command words for satisfactory operation:

i) Keyboard / Display Mode Setup Word.

i) Program Clock Select Word.

iii) FIFO / Sensor RAM Read Word.

iv) Display RAM Read Word.

V) Display RAM Write Word.

Vi) Blank / Write Inhibit Word.

vii)  Clear Display Word.

viii)  End Interrupt Setup Mode Word.

iX) FIFO Status Initialisation Word.

Hence the sequenceto befollowed for displaying or inputting akey, using the KDC isasfollows:

i) Select / Display mode, with the proper number of digits and entry mode.

)] Select the keyboard mode whether encoded, decoded etc.

iii) Clear the digits of the display.

iv) Select row address for display and auto-increment or non-auto-increment mode.

V) Write the data to be displayed in the correct segment definition into the data buffer or
input the key code after the keyboard read operation in the data buffer.

Step (i) to (iv) are to be performed with the control section and step (v) isthe actual data output
or input.
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The following discussion elaborates upon the above points.
8279 COMMANDS:

The following commands program the operating modes of Intel 8279. The commands sent on
the Data Buswith CS* low and AO high, are loaded to the 8279 on the rising edge of WR*.

i) KEYBOARD /DISPLAY MODE SETUP

0 0 0 D D K K K

DD - DISPLAY MODE

00 - 8 8-bit Character display - Left Entry
01 - 16 8-hbit Character display - Left Entry
10 - 8 8-bit Character display - Right Entry

11 - 16 8-bit Character display - Right Entry

KKK - KEYBOARD MODE

000 - Encoded Scan Keyboard - 2 key Lockout
001 - Decoded Scan Keyboard - 2 key Lockout
010 - Encoded Scan Keyboard - N key rollover
011 - Decoded Scan Keyboard - N key rollover
100 - Encoded Scan Sensor Matrix

101 - Decoded Scan Sensor Matrix

110 - Strobed input, Encoded Display scan

111 - Strobed input, Decoded Display scan.

Intel 8279 supports four types of keyboard modes. They are,
a) Scan Keyboard - 2 key Lockout,
b) Scan Keyboard - N Key Roll over,
c) Scan Sensor Matrix ,
d) Strobed Input Display Scan.
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In the Scanned Keyboard Mode, when a key is depressed, the debounce logic is set. Other
depressed keys are looked for during the next two scans. If none are encountered, it isa single
key depression and the key position is entered into the FIFO along with the status of CNTL and
SHIFT lines. If the FIFO was empty, IRQ will be set to signal the CPU that there isan entry in
the FIFO. If the FIFO was full, the key will not be entered and the error flag will be set.

If another closed switch is encountered, no entry to the FIFO can occur. If al other keys are
released before this one, then it will be entered to the FIFO. If this key is released before any
other, it will be entirely ignored. A key isentered to the FIFO only once per depression, no matter
how many keyswere pressed along with it or inwhat order they arereleased. Thislogicisdefined
as 2 Key Lockout.

In case of N Key rollover, any number of keys can be depressed. If a smultaneous depression
occurs, the keys are recognized and entered to the FI FO according to the order the keyboard scan
found them.

In all the above modes, we have two types.

i) Decoded keyboard mode (or)
if) Encoded keyboard mode

In the decoded keyboard mode, the scan lines SLO through SL3 are internally decoded and can
be directly connected to keyboard matrix. Hence, in the decoded keyboard mode, only a
maximum of four displays can be used as the scan lines available are only four.

In the encoded keyboard mode, the scan lines represents abinary count and has to be externally
decoded using a three to eight (74LS138) or four to sixteen (74LS154) line decoders. In the
encoded keyboard mode, a maximum of sixteen displays can be connected to 8279 by decoding
the four scan lines SLO - SL3.

i) PROGRAM CLOCK

0 0 1 P P P P P

PPPPP - Determinesthe value of the prescale which dividesthe external clock to yield the
100 KHz, to give the specified scan and debounce time.

i) READ FIFO/ SENSOR RAM
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X - Dont care.

Al - Auto Increment Flag - Irrelevant if Scanned Keyboard Mode. For Sensor Matrix
Mode, if Al=1, then each successive read will be from subsequent row of the sensor
RAM.

AAA - Inscanned keyboard Mode - Irrelevant. In Sensor Matrix Mode, it selects one of

the 8 rows of sensor RAM.

NOTE: InScanned Keyboard Mode, the8279 will automatically drivethe datafor subsequent
read in the same sequence in which data first entered the FIFO.

iv) READ DISPLAY RAM

0 1 1 Al A A A A

Al - Auto Increment Flag. If Al=1, the row address selected will be incremented after
each following read or write to the Display RAM.

AAAA - Selectsone of the 16 rows of the Display RAM.

V) WRITE DISPLAY RAM

1 0 0 Al A A A A

This command is written with AO=1. All subsequent writes with AO=0 will be to the Display
RAM.

vi) DISPLAY WRITE INHIBIT/BLANKING

1 0 1 X W W BL BL
X - Don't Care.
IW - Inhibit writing. By setting IW=1, the corresponding port i.e. A(AO-A3) or B(B0-B3)

becomes marked, so that entriesto Display RAM do not affect this port.

BL - Blank flag. It isused to blank the display and one flag is available for each nibble
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Vi)  CLEAR

ch ch Cb
_—
0 X — AO0O—-A3 BO—-B3 — 00
0] 0] — AO—AS BO—B3 — 00
1 0 — AO—AS 30—133 = 20
1 | AO A3  BO B33 = I
L = ENABLE CLEAR DISPLAY WHEN CD = 1
(Il CHh = 0 Then Lhe Conlenls ol RAM
CF - If CF=1, FIFO statusis cleared, interrupt output line is reset. Sensor RAM pointer
isset to row 0.
CA - Clear All bit has the combined effect of CD and CF. Resynchronises the internal

timing chain. It uses CD clearing code on Display RAM and clears FIFO status.

vii)  END INTERRUPT / ERROR MODE SETUP

1 1 1 E X X X X

E - If E=1, then the chip will operate in the special Error mode for N - key rollover mode.
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ix) FIFO STATUS

FIFO STATUS

DUS/ BEO | U] F| N|NJ|N
= NO. OF CHARACTERS IN FIFC
FIFO FULL

ERROR — UNDERRUN
ERROR — OVERRUN
SENSOR CLOSURES FRR
DISPTAY UNAVAITABIE

The keyboard connected has been designed to be used in the Encoded scan keyboard - 2 key
lockout mode. The display has been selected for eight 8-bit character display - left entry. A
prescale factor of 25 is selected to provide 5 ms keyboard and display scan time and 10 ms
debounce time. These initialisations are done during RESET operation.

3.34 CIRCUIT IMPLEMENTATION:

The Figure F3.15a, F3.15b and F3.15c give a clear idea of the 8279 interface with 8051 in
Micropower-i, Micro-51 EB.
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BLOCK DIAGRAM FOR 8279 INITERFACE
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BI.OCK DIACRAM FOR 8279 INTERFACH
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Figure 3.15c

Asseenfromthe block diagram, the DO-D7 lines are connected to the systemdatabus. The RD*,
WR*, RESET, CLK and AO linesare connected to the IOR*, IOW*, RESET, CLK and AOlines
of the circuit respectively. The RLO-RL7 lines are used for the keyboard interface. The AO-A3
and BO-B3 lines are used for the display interface. The SLO-SL3 lines are decoded and used for
both the keyboard and display interface. The CNTL and SHIFT lines are grounded. The IRQ
signal is not used.

The 1/O address for the 8279 are as follows;

Function Addressin Micropower - i Addressin Addressin
Micro-51 Micro-51EB
8279 Control / Status A001 EO001 FFO1
8279 Data A000 EOQ0O0 FFOO
Vi Microsystems Pvt. Ltd.., [3-20]



MICRO-51 EB USER MANUAL HARDWARE EXAMPLES
3.35 EXAMPLE 2- DISPLAY DATA " A" USING 8279:

OBJECTIVE:
To initidlise 8279 and to display the character A in the first digit of the display.
THEORY:

Theinitialisation of 8279 must be done before writing the datato be displayed. First select the
Keyboard / Display modewhichis00 for eight 8-bit character display (6 bit character display for
Micro-51 EB ) - Left entry for display and Encoded scan keyboard - 2 key lockout for keyboard.
Then, clear the display using the command (vii) which will actually clear the Display RAM.
Then, write the control word to select the Row address and set Auto- increment flag. Now, write
the data to be displayed, which isfound by the data bus and display correspondence given below.

The segment definition and correspondence between data bus, segmentsenabled and 8279 output
bits are as follows.

SEGMENT DEFINITION :
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PROGRAM:

4100 90 XX XX MOV DPTR#DSP CNT

4103 E4 CLR A

4104 FO MOVX @DPTRA

4105 74CC MOV A#HCC

4107 FO MOVX @DPTRA ;Clear Display RAM

4108 7490 MOV A #90

410A FO MOVX @DPTRA :Select auto-row increment
410B 90 XX XX MOV DPTR#DSP DAT

410E 7488 MOV A #88

4110 FO MOVX @DPTRA

4111 80FE HLT: SIMP HLT
VERIFICATION:

Enter the above program from the address specified and execute it. The display should be "A"
in the first digit, and the rest should be blank.

3.3.6 EXAMPLE 3- READ A KEY:

OBJECTIVE:

To read the code of a key pressed from the 8279.

THEORY:

The steps to be followed to read a key from 8279 are given below:

In the Scanned Keyboard Mode, the character entered into the FIFO correspondsto the position

of the switch in the keyboard plus the status of CNTL and SHIFT lines. Inthe hardware, CNTL
and SHIFT inputs of 8279 are grounded.

MSB LSB

OO0 EJE|E X X |X

CNTL SHIFT SCAN RETURN
( Indicates the ( Indicates the
row in which the column in which the
key was found ) key was found )

Vi Microsystems Pvt. Ltd.., [3-22]



MICRO-51 EB USER MANUAL HARDWARE EXAMPLES
Thiscode will be entered into the FIFO whenever akey ispressed. So,

i) Read the FIFO.

if) Check if the least significant 3 bits is less than 0111 B. Because any key closure will
increment the row indicated by the AAA hits.

i) Read the datafrom FIFO RAM, which isthe key code.

Thefollowing program waits for a key to be pressed in the keyboard, reads the same and stores
it in the location 4300.

PROGRAM:

4100 90 XX XX MOV DPTR#DSP_CNT
4103 EO REPT: MOVX A,@DPTR
4104 5407 ANL A #T1

4106 60 FB Z REPT

4108 7440 MOV A #40

410A FO MOVX  @DPTR,A
410B 1582 DEC DPL

410D EO MOVX A,@DPTR
410E 904300 MOV DPTR,#4300
4111 FO MOVX  @DPTRA
4112 80 FE HLT: SIMP HLT

3.3.7 EXERCISES:

i) Receive a key and display the key code received in the right most digit of the 7 segment
Display.

if) Fash the message " HELLO" using 8279.
iii) Display arolling message "HAPPY bIrTHdAY to YOU" using 8279.
iv) Initialise 8279 without setting the Al flag and display the message "diSPLAY".

[Hint: The Display RAM should be initialised each time adataisto be displayed for, it will
not increment display RAM after displaying a data.]
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34 PRINTER INTERFACE:

341 COMPONENT:

The Printer interface logic has been implemented here using a 74L S273 asthe 8-bit output latch,
a 74LS175 as the 4-bit control latch and a 74LS244 as the 5-bit status buffer. The Printer Port
in Micropower-i and Micro-51 EB are specifically designed for interfacing a Centronics
compatible Parallel Printer, In Micro-51 EB , 8255-1 Port is used for interfacing a centronics
compatible parallel printer, but it can aso be used as a general input/output port for any
application that matchesitsinput/output capabilities. It has12 TTL buffer output points, which
are latched. The interface also has five steady state TTL input points.

3.4.2 COMPONENT DESCRIPTION:

When the Printer port (8255-1 Port in the case of Micro-51 EB ) is attached to a Printer to take
printouts, 'PRINT' command available in the keypad can be used. When the printer command is
activated, data areloaded into the 8-bit latched output port and when the strobe lineis activated,
dataiswritten to the buffer of the printer connected to the printer port (8255-1 port for Micro-51
EB).

BASIC SYSTEM INTERFACE:
The8-bit data/latch, the 4-bit control latch and the 5-bit status buffer communicate with the CPU

with the help of the bidirectional data bus and the chip select signals. The correspondence
between the data bus and the  4-bit control latch (PCNT) is as tabulated below:

4 -BIT CONTROL LATCH (PCNT)

DATA BUS DO D1 D2 D3

PRINTER SIGNAL INIT * SLCTIN* STROBE * AUTO FEED

The correspondence between the data bus and the -bit status buffer (PSTAT) is as below:

5- BIT STATUSBUFFER

DATA BUS DO D1 D2 D3 D4

PRINTER SIGNAL SELECT P-END ERROR * ACK* BUSY

SIGNAL TIMING:

Each character transmitted to the Printer must be clocked by a STROBE* signal. When a
STROBE* isreceived, the Printer setsthe BUSY signal to inform the host that the printer isno
longer ableto receivefurther data. When the character hasbeen processed, an ACK* pulseissent
and BUSY isdropped to inform the host that the Printer can receive further data
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When the Printer is powered-ON, a HIGH level BUSY signal is output by the Printer until the
Printer isput inthe READY stateto accept data. At the end of the initialisation, an ACK* pulse
is sent to the host before dropping the BUSY signal. The Printer timing diagram is given in
Figure F3.16 which clearly indicates the timing of STROBE, data latch etc.

PRINTER INTERFACE STIGNATLS TIMING

TRANSFER CYCTFE

DATA BLY
DO — DY
AN DATA NNNNNNANN DATA
STROBF
ST
R e
T4
BUSY
T5
ACK

- T6 | T7
T = T3 = 1 uSEC R
T2 1 500 usSEC
0

— 10 usSEC

T5 — 20 usSEC (MIN)

T6 2.0 — 6.6 usShEC

T7 HOST RESPONSE TIME

Figure F3.16
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3.4.3 PROGRAMMING DESCRIPTION:

Simplifying the process of programming or making the Printer print the data supplied by our
system, we shall limit ourselvesto the discussion of BUSY and ERROR signals only.

PROGRAMMING SEQUENCE:

i) Check if the Printer isbusy using the dataread from status buffer.

i) Write data using the STROBE* control signal for latching the data.

i) Send acarriage return character to ensure that the Printer prints the character sent.

Inthefollowing program, only the BUSY and ERROR* signalsare considered to check whether
the Printer is busy or ready for receiving more data.

First, the BUSY signal ischecked and if the Printer is not busy, then 8-bit dataislatched onto the
Printer clocked by a STROBE* signal. For the Printer to print that character, a carriage return
must be sent. So after sending the Carriage Return it will be seen that the character is printed.
The connections between the Printer port of the kit and the Printer is given in Figure F3.17.
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CONNECTOR SPECIFICATIONS

(For Micro-51 EB and Micropower-i)

SIGNAL NAME

STGNAT, NAMFE

STROBE *
DATA BIT
DATA BIT
DATA BIT
DATA BIT 3 -
DATA BIT \
DATA BIT
DATA BIT

DATA BI'l
PRINTER
ACK *
PARATIETL 10 >0 10 PORT
PRINTER BUSY (1 OF THT KIT

P END
. SEITCT
AUTOFEED *
ERROR *
INIT *
STCTIN *

o _ 4o GROUND

N [— |
J

J

i

o)
AN AN A AN A AN A A
< o o
0 o

Figure F3.17

Vi Microsystems Pvt. Ltd.., [3-27]



MICRO-51 EB USER MANUAL HARDWARE EXAMPLES
344 CIRCUIT IMPLEMENTATION:

The Figure F3.18 given below gives a clear idea of the Printer interface.

BASIC BI.OCK DIAGRAM OF PRINTER TNTERFACE
QLT
Do — DY PRINTER P - LD 25 PIN D FF
¢ STATUS D CONNECTOR
(TA13241) oy
[ J
PRNSTAT 9 ® d
Py [ ]
Py [ J
DATA BIT 0 Py b
[ ]
PRINTIR ® .
DATA ]
(71T.8273) ° L4
DATA BIT 7 [ ] ¢
° [ J
PRIDATA 7 o ®
Py [ ]
STROBIL # [ J e
PRINTER ALTOFEED *
CONTROT. Q10T N PRINTTIR PORT
(\?MSHB) INTT
PRNCNTRI 9
Figure F3.18

As seenfrom the block diagram, the DO-D7 datalines are used by the two latches and one buffer
for the control, data and status lines respectively. The outputs of the two latches and the inputs
to the buffer are terminated at a 25-pin D Female connector.

The 1/O addresses for the Printer are as follows;

FUNCTION Addressin Mpi Addressin Addressin
M-51 M-51 EB
Printer Control A030 E020 FFOE
Printer Data A034 E028 FFOC
Printer Status A02C E024 FFOD
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345 EXAMPLE 4-PRINT A SINGLE CHARACTER:

OBJECTIVE:

To write a sample program that will print asingle character "A" onto the Printer. Checking for
the Printer Busy and Error signals should also be done.

THEORY:

First of al, the Printer is initialised to clear the Printer buffer. Then, proper Control word is
written to make Strobe high and Select low. Then, the Busy and Error signals are checked by
reading its Status Port to know whether the Printer isready to processfurther dataor not. After
the Printer isready to receive data, the ASCII code of character "A", which is 41 hex, is output
to the dataport of the Printer. Also, followed by this character isthe Carriage Return (0D hex),
because the Centronics compatible Printerswill print the charactersreceived only after receiving
a Carriage Return. If there is any problem in the Printer side or in the Printer port of the kit
(8255-1 port for Micro-51 EB ), 'E' will be displayed to denote Error.

In the PRNDATA routine of the following program, the Printer statusis read and the Printer is
checked for the Paper error signals. It will bein acontinuousloop if any error isdetected. If no
errorsare encountered, thenthe datawill be outputted while making the strobe low and high after
1 microsecond so that the data will be latched. Now the data can be seen printed.

PROGRAM: (For Micro-51 EB only)

4100 90 FF OF MOV DPTR,#FFOF
4103 7482 MOV A #82
4105 FO MOVX  @DPTR,A
4106 90 FF OE MOV DPTR#PRN_CNT
4109 74 0oC MOV A#OC
410B FO MOVX  @DPTR,A
410C 12 414C LCALL DELAY
410F 74 0D MOV A#OD
4111 FO MOVX  @DPTR,A
4112 74 41 MOV A#A1
4114 12 41 1E LCALL PRNDATA
4117 74 0D MOV A#OD
4119 12 41 1E LCALL PRNDATA
411C 80 FE HLT: SIMP HLT
411E F5FO PRNDATA: MOV B,A
4120 90FFOD LOOPI: MOV DPTR#PRN_STA
4123 EO MOVX A,@DPTR
4124 5410 ANL A#10
4126 B4 00 F7 CINE A#0,LOOP1
4129 EO MOVX A,@DPTR
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412A 5401 ANL A#l
412C B40115 CINE A#1,ERR
412F E5FO MOV A,B
4131 90 FFOC MOV DPTR#PRN_DAT
4134 FO MOVX @DPTR,A
4135 12414C LCALL DELAY
4138 90 FF OE MOV DPTR#PRN_CNT
413B E4 CLR A
413C FO MOVX  @DPTR,A
413D 1241 4C LCALL DELAY
4140 7405 MOV A#5
4142 FO MOVX  @DPTR,A
4143 22 RET
ERR:
4144 90 FF 00 MOV DPTR#DSP_DAT
4147 7468 MOV A #68
4149 FO MOVX  @DPTR,A
414A 80 FE HLT1: SIMP HLT1
DELAY:
414C 79 FF MOV R1,#FF
414E D9 FE DLY: DINZ R1,DLY
4150 22 RET

3.4.6 EXERCISE:

i) Print the message " Hello! | am now aware of printer interface” .
35 EPROM PROGRAMMER: (for Micro-51 EB only)

3.5.1 COMPONENT:

The Onboard EPROM programmer isimplemented in Micro-51 EB using the buffers 74L SO7
to switch the switching transistors to obtain the appropriate voltages. The buffers are driven by
an octal latch 74LS273. The address and data lines for the EPROM are provided through an
8255 operating in output and input mode and the Programmer Socket is a 28 pin ZIF (Zero
Insertion Force) Socket.

3.52 COMPONENT DESCRIPTION:

To use the Onboard programmer, the user is required to press the Function Key F1 and EXEC
key that are available in the keypad, in succession. The user can then select any of the EPROMs
2716, 2732, 2732A, 2764, 2764A, 27128, 27128A, 27256 and 27256A. The programming
voltages, the pin at which the voltage appears, the capacity of each EPROM and hence the
number of address lines are as tabulated below.
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EPROM Programming | Pin No. in ZIF Capacity No. of Address
Voltage Lines

2716 25V 23 2K 11
2732 25V 22 4K 12
2732A 215V 22 4K 12
2764 215V 1 8K 13
2764A 125V 1 8K 13
27128 215V 1 16K 14
27128A 125V 1 16K 14
27256 215V 1 32K 15
27256A 125V 1 32K 15

PROGRAMMING MODES AND PROGRAM VERIFY:

Programming an EPROM can be accomplished in any of three ways namely the Standard
Programming Algorithm, the Quick Pulse Programming Algorithmor theIntelligent Programming
Algorithm. The EPROM is programmed using the algorithm which it supports. Either Standard
or Quick Pulseis used.

STANDARD PROGRAMMING ALGORITHM:

The flowchart below shows the method followed in programming an EPROM using Standard
Programming Algorithm.
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TTOWCTTART TOR STANDARD PROGRAVMING ALGORITITM

ADDRTSR = TIRST
LOCATION

Vee — OV. GIVE
Vpp ACCORDING
TO EPROV

PROGRAM ONL

- . INCREMENT ADDRESS
S50ms PLIESH

DRVICT. PASSTD

[AS'T \NO
ADDRESR

DEVICT PATLED

Figure F3.25

The device is in the programming mode when the OE*/Vpp or Vpp pin is a the specified
programming voltage. The datato be programmed is given 8 bits in parallel to the data bus of
EPROM through Port B of 8255-3. Logic high of the TTL level correspondsto 2.0V and logic
low level correspondsto 0.8V.

When the address and data are stable, a 20 microseconds active low, TTL program pulse is
applied to the CE* input. A program pulseisapplied at each addresslocation to be programmed,
the pulse having a maximum width of 55 microseconds, either sequentialy, individually or in
random.

A Verify (Read) is performed on the programmed bits to determine that they are correctly
programmed, with OE*/Vpp or Vpp and CE* at their TTL low level, after the falling edge of
CE*.
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QUICK PULSE ALGORITHM:

Thisalgorithmsubstantially reducesthethroughput timeinthe programming environment. It uses
initial pulses of 100 microseconds followed by a byte verification to determine whether the
address byte has been successfully programmed. Upto 25-100 microseconds pulses per byte are
provided before afailure is recognized.

FLOWCHART FOR QUICK PULSE PROGRAMMING ALGORITHM

{ START )

ADDRESS = FIRST
LOCATION

@
Vee — 6.25V. GIVE

LAS NO
ADDRES?
?
Vpp ACCORDING

YES TO EPROM . ?
Vee = Vpp =5V

INCREMENT ADDRESS

FALSE COMPARE PROGRAM ONE
ALL BYTES TO 100us PULSE. [~ ]
ORIGINAL DATA
TRUE INCREMENT X
DEVICE PASSED
YES ~
X=257

DEVICE FAILED

FAIL VERIFY\_ NO
ONE
BY

Figure F3.26

The flow chart for Quick-Pulse Programming Algorithm is shown in Figure F3.26 For this
algorithm, the entire sequence of programming pulse and byte verifications are performed at V .
=6.25V and V, at 12.75V. When programming of the EPROM is completed, all bytes should
be compared to the original datawithV =V, = 5.0V
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VOLTAGE GENERATION:

Hence, the circuit must be capable of generating appropriate voltages and these voltages are
derived as described below. From the +30V supply of the Linear Power Supply provided with
the kit, through Zener networks, 12.5V, 22V and 27V are derived. From the +12V supply, a
5.6V and 6.3V are obtained.

The Programming voltages are derived from the Emitters of Switching transistors. The base of
a Switching transistor is connected to the Output of a buffer, 74LS07. The buffer Outputs are
pulled high and the buffer inputs are driven by the outputs of an octal latch.

So, if the emitter of the transistor whose collector gets 12.5V should switch to 12.5V, then, the
buffer driving it should get a TTL high input. Thisis done by making the appropriate data line
high.

ADDRESS AND DATA LINES:

The address and data lines are the Port outputs of the 8255 (U33). The Port A and Port C are
configured in the output mode. The lower order address lines are derived from Port A and the
higher order address lines are given through Port C. The data lines are from Port B of the 8255
(U33). Whenthe dataisgivento the EPROM asin programming, then Port B acts as an Output
Port. When the function selected is either reading or blank checking, then Port B is configured
in input mode.

3.5.3 CIRCUIT IMPLEMENTATION:

Thefollowing Figure F3.27 isthe simple block diagram of the EPROM programminginterface
in Micro-51 EB.
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USING THE PROGRAMMER:

Pressing F1 and EXEC keys in succession, the user enters into the Programming Mode.

Asexplained inthe Technical Reference Manual, the EPROM can be selected by pressing any of
the hex keys from O to 8. Then, the functions like Blank Check, Read or Write can be
performed.

After invoking the EPROM Programmer, the user can select any of the EPROMSs from 2716 to
27256A. This selection can be done by pressing the corresponding hex key from O to 8 as
explained in the Technical Reference Manual.

Then, the function to be performed can be selected by pressing keys from O to 2 for blank
checking, reading or writing onto the EPROM, respectively.

The following example shows you how to Blank Check, Program and Verify the programmed
contents for a 2716 EPROM.

3.54 EXAMPLE 8. PROGRAMMING AN EPROM (2716)

OBJECTIVE:

To Blank check, Program and Verify the contentsin a 2716 EPROM.

THEORY:

Reset the System. Initially press F1 when prompted for entry and then press EXEC. Then press
"0" to select 2716. Now insert the EPROM into the socket taking care to use the lower24 pins
of the ZIF.

Then press” 0" to select " blank check” mode of operation. Now, the trainer will ask you for
the Start and End address of the block of EPROM to be blank checked. Upon giving these
addresses as 0000 and O7FF, thetrainer readsall thelocationsand checkswhether they all contain
FF. If all the locations are blank, the trainer displays” Y" and comes back to the Programming
prompt "EPProG". Else, " n" will be displayed before displaying the prompt "EPProG".

Now let us copy the contents of locations 0000 to 07FF of the Monitor EPROM to the 2716 in
the ZIF.
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After the programming prompt "EPProG", press” 0" for 2716 selectionand” 2" for selectingthe
programming function. Then, the user has to enter the Start and End address of the block to
be programmed and the Destination addressfromwhereto read the datato be programmed into
the EPROM. Giving all thethree addresses and pressing NEXT causesthe programmer to write
into the blank locations. A data byte is written by switching to "off" state or "on"state, the
flip-flop or memory cell in the EPROM. The selection of the addresses is done, programmed
sequentially and the prompt isdisplayed, if theprogramming isdone successfully. Now, we should
verify if the EPROM has the correct data. Hence let us read the contents of the EPROM into
RAM to check it with the Monitor contents.

Thisisachieved by performinga” read" operationby selecting” 1" after "EPProG" and"0". The
Start and End addresses are given as 0000 and O7FF and the Destination address is specified
as4100, whichisthe RAM address. After reading is completed, the Programmer Prompt comes
to "EPProG". Now Reset the kit and compare the contents of source with that of the data read
from EPROM.

Usethe CMP command available on the keypad to compare the contentsfrom 0000 to 07FF with
4100. Now, the trainer will come back to the Command Prompt if the EPROM has been
programmed successfully.

3.54 EXERCISES:

i) Get the following EPROMSs.
2732, 2732A, 2764, 2764A, 27128, 27128A.
Blank check al the EPROMs.

i) @ Writeaprogramto implement adigital clock. Configure addresses from 6000.
b) Copy your programin a2764 EPROM and insert it into the memory socket U9.
c) Check if your digital clock program is working.

3.6 LIQUID CRYSTAL ALPHANUMERIC DISPLAY INTERFACE :

(Applicable for Micro-51 EB only)
3.6.1 COMPONENT:

In Micro-51 EB, Liquid Crysta Alphanumeric Display module arranged as 2 lines of 16
charactersis used as the output device.

3.6.2 COMPONENT DESCRIPTION:
The display module includes a CMOS VLS| Microprocessor Controller which supplies

character memory RAM, character generator RAM and ROM, and all refresh, control and timing
signals.
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3.6.3 BASIC SYSTEM INTERFACE:

Interfacing the LCD module with amicroprocessor bus requires minimum hardware. We
have to provide only +5VDC and parallel TTL level ASCII in order to display data. The4 or 8
bit bus interfaces easily with most popular microprocessors with a minimum of additional
hardware and allows such control functions as cursor home, cursor addressing, display shift and
programmable characters to be easily implemented.

The control signals with which the LCD module communicates with the CPU are the data bus
DO-D7, RS, R/'W and E.

The following table shows the LCD interface pin connections.

INTERFACE PIN CONNECTIONS

Pin No. Symbol Function

1 VCS Power Supply - ground

2 VDD Power Supply +5VDC +0.25V

3 VO LCD Driving voltage (Viewing angle adjustment)

4 RS Seth high to READ and WRITE aphanumeric data and
character generatedata. Set low to READ statusand address
information and to WRITE control words.

5 R/W READ / WRITE set low to WRITE to the module.

Set high to READ from the display.

6 E Enable pulse. Datais clocked into the DAY STAR module
on the trailing edge of this pulse. Valid Busy Flag data
appears on Data Bait 7, a maximum of 320ns after the
leading edge of this pulse and is valid for 20ns after the
trailing edge.

7 DBO low order 4 lines of bi-directional tri-state data bus. Used

8 DB1 for datatransfer between the MPU and the display. These

9 DB2 four are not used during 4-bit operation.

10 DB3

11 DB4 Higher order 4 lines of bi-directional tri-state data bus.

12 DB5 Used for datatransfer between the MPU and the display.

13 DB6 D7 can be used asaBUSY flag.

14 DB7
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3.6.4 DETAILED DESCRIPTION OF COMMANDS:

(i) Clear Display

Code |0 0 0 0 0 0 0 0 0 1

Writes ASCII "space" (20H) into al of the DD RAM. The cursor returnsto Address O(App =
"00") and the display, if it has been shifted, returns to the original position.

(if) Return Home

R AV o) - e ——— DBO

Code |0 0 0 0 0 0 0 0 1 *

* (Dont Care)
Returns the cursor to Address 0 (App ="00") and display, if it has been shifted, to the
original position. The DD RAM contents remain unchanged.

(i)  Entry Mode Set

RS R/W )= ——— DBO

Code | O 0 0 0 0 0 0 1 I1/D |S
* (Dont Care)

I/D : Thismode automatically increments (I/D=1) or decrements (I/D=0) THE DD
RAM address by one every time a character iswritten to or read fromthe DD RAM.
(The cursor moves to the right when incremented.) The same applies to writing and
reading of CG RAM.

S : Automaticaly shifts the entire display to either the right or the left after each
character is written, if S=1; either to the left (when 1/D=1), or to the right (when
I/D=0). Therefore, the cursor looks asiif it stood still and only the display moved. The
display is not shifted when reading from the DD RAM, or if S=0.

(iv)  Display ON/OFF Control (Display Blanking)

Code | O 0 0 0 0 0 1 D C B
* (Dont Care)

D : The display isturned ON when D=1 and OFF when D=0. When the display isturned
OFF by D=0,the display dataremainsinthe DD RAM and it can be displayed immediately
by setting D=1.
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C : Thecursor isdisplayed asan under bar when C=1 and not displayed when C=0. Even
if the cursor isnot displayed, the function of 1/D,etc. does not change during display data
write. The cursor is displayed using 5 dots in either the 8th line when the 5x7 dot
character font is selected or in the 11th line when 5x10 dot character font is selected .

B : The character at the cursor position blinks when B=1. The blink is done by switching
between all block dotsand the displayed character at 0.4 second intervals. The cursor
underbar and the blink can be set concurrently.

(v) Cursor or Display shift

Code | O 0 0 0 0 1 S/C |R/L [|* *
* (Dont Care)

Shifts the cursor position or display to the right and the left without writing or reading the
display data. Thisfunction is used for correction or search of display.

SC RIL

0 O Shiftsthe cursor position to the left. (AC is decremented by one.)

0 1 Shifts the cursor postion to theright. (AC isincremented by one.)
1 O Shiftstheentiredisplay to theleft. The cursor follows the display shift.
1 1 Shiftstheentire display to the right. The cursor follows the display shift.

(vi)  Function set

R T - Y e — DBO
Code | O 0 0 0 1 DL N F * *
* (Dont Care)
DL : Sets interface data length. Data issent or received in 8-bit length (DB7 through

DBO0) when DL=1 and 4-hit length (DB7 through DB4) when DL=0. When 4-bit
length is selected, data must be written or read twice for each 8-bit byte of data.

N : Sets number of display lines.
F . Sets character font.
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N F No of Character Duty Factor Remarks
Display Font
Lines
0 0 1 5 x 7 dots 1/8
0 1 1 5 x 10 dots 1/11
1 * 2 5 x 7 dots 1/16 Cannot display 2 lines with
5 x 10 dot character font

(vii) Set CG RAM Address

R 2 ATV )= A ————— DBO

Code [ O 0 0 1 A A A A A A
* (Dont Care)

Sets the CG RAM address as a binary number "AAAAAA" in the address counter. Data
pertaining to the CG RAM is written to or read from the host system after this command is
executed.

(viii) Set DD RAM Address

R YV o) = A ———— DBO

Code | O 0 1 A A A A A A A

* (Dont Care)

Sets the DD RAM address as a binary number "AAAAAAA" in the address counter. Data

pertaining to the DD RAM is written or read from the host system after this command is
executed.

When N=0 (1-line display), the value of "AAAAAAA" is"00" through "4F" (Hex). When N=1
(2-line display), the value of "AAAAAAA" is"00" through "27" (Hex) for the first line, and
"40"through "67" (Hex) for the second line.

(ix) Read Busy Flag and Address

R )= A ————— DBO

Code [ O 1 BF A A A A A A A
* (Dont Care)

Reads the Busy Flag (BF), which indicates that the system is internally operating on an
instruction received previously. When BF=1, it indicatesthat internal operationisgoing onand
the next instruction is not accepted until BF returnsto "0". Check the BF status before the next
write operation.
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At the same time, this value of the address counter is expressed in a binary number
"AAAAAAA". The address counter is used for both CG and DD RAM address, and its value
is determined by the previous instruction. Address contents are the same as Items (7) and (8).

(xX) Write Data to CG or DD RAM

Code |1 0 D D D D D D D D
High Order Bits Low Order Bits

Writes binary 8 bit data"DDDDDDDD" to the CG or the DD RAM. Whether the CG or the DD
RAM isto be written is determined by the previouscommand. (CG RAM address setting
or DD RAM address setting). After writing, the address is automatically incremented or
decremented by one according to entry mode. Display shift also follows the entry mode.

(xi) Read Datafrom CG or DD RAM

Code |1 1 D D D D D D D D
High Order Bits Low Order Bits

Reads binary 8-bit data"DDDDDDDD" from the CG or the DD RAM. Whether the CG RAM
or the DD RAM isto beread isdetermined by the previousinstruction. PRIOR TO INPUTTING
READINSTRUCTIONS, EITHERTHECG RAM ADDRESSSET INSTRUCTION ORTHE
DD RAM ADDRESS SET INSTRUCTION MUST BE EXECUTED.

After reading data, the addressis automatically incremented or decremented by one according to
the entry mode. However, display shift is not performed regardless of entry mode setting.

CHARACTER GENERATOR ROM(CG ROM):

The character generator ROM generates character patterns of 5x7 dots or 5x10 dots from
8-bit character codes. It can generate 160 5x7 dot character patterns and 32 5x10 dot
character patterns. APPENDIX E shows the correspondence between character codes and
character patterns.
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USER PROGRAMMABLE CHARACTER GENERATOR RAM (CG RAM):

The character generator RAM isthe RAM to whichtheuser can write programmable character
patterns. If the display uses 5x7 dots, 8 character patterns can be written; if it uses 5x10 dots, 4
may be programmed. Write the character codes listed in the left edges of APPENDIX E to
display character patterns stored in CG RAM.

APPENDIX E shows relation between CG RAM addresses and data and display patterns.
As shown in APPENDIX E, areathat is not used for display can be used as general dataRAM.

BUSY FLAG:

When data or commands are written to the Display Module it requires a certain period to place
the data in the correct location or to execute the desired command. The time required to
completethisprocessand prepare for anew character or command isthe appropriate Execution
Time. The Character Load Execution Time determines the maximum speed in which
characterscan beinput (the Character Loading Rate). No datashould be sent to the module until
it has processed a previously entered character. To obtain the maximum character loading

rate, the Busy Flag (DataBit 7) should be read to determine when the module isready to accept
the next character.

Character loading can also be accomplished while ignoring the status of the Busy Flag at adlight
lossin loading rate. Inthis method, characters may be entered at arate determined by the user
to be less than the Display Module's Character Loading Rate.

PROGRAMMING SEQUENCE:

Fromthe above discussion it should beclear that the sequence involved in displaying characters
in the LCD module requires proper loading of the following commands.

i) Function Set

ii) Clear Display

i) Entry Mode Set

iv) Cursor or Display Shift
v) Set DD RAM Address

vi) Write Datato DD RAM
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3.6.5 CIRCUIT IMPLEMENTATION:

Do - D7
DO - D7 @
FILP FLOP
74174 1 RS LeP
DISP a MODULE
™ (U9) 2 DIOW
DEN
Figure F3.28

DEN is the Enable pulse to LCD which selects for address FFO4H. Read/Write (DIOW) and
register select (RS) control lines of LCD are provided by the Flipflop (Ug) whose addressis
FFO8H.

3.6.6 EXAMPLE 6- DISPLAY A STRING IN LCD:
OBJECTIVE:

To initialize LCD and to display the string " VI MICROSY STEMS " in the first row of the
display.

THEORY:

The LCD module must be sent data to set the desired functions, before sending the characters
for displaying. Before reading or writing datacommand from/to themodulethe BUSY flag must
be read to determine when the module is ready to accept the next character/command.

PROGRAM:

5000 ORG 5000H

FF 04 DEN EQU OFFO4H
0004 DENL EQU 04H

FF 08 LATCH EQU OFFO8H

00 08 LATCHL EQU 08H

00 FF IOHIGH EQU OFFH

5000 START:

5000 1250 39 CALL BSYCHK
5003 90 FF 04 MOV DPTR,#DEN
5006 7438 MOV A, #38H
5008 FO MOVX @DPTR,A  :Function set
5009 1250 39 CALL BSYCHK
500C 7401 MOV A #01
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500E
500F
5012
5014
5015
5018
501A
501B
501E
5020
5021
5024
5026
5026
5029
502B
502E
502F
5030
5033
5034
5035
5037
5039
5039
503B
503D
5040
5042
5043
5043
5046
5047
5049
504B
S04E
5050
5051
5052
5056
505A
505E
5062

FO MOV X
1250 39 CALL
74 06 MOV
FO MOV X
1250 39 CALL
74 OF MOV
FO MOV X
1250 39 CALL
74 80 MOV
FO MOV X
90 50 52 MOV
7A OF MOV
MORE:
1250 39 CALL
7401 MOV
75 A0 FF MOV
F2 MOV X
EO MOV X
75 A0 FF MOV
F3 MOV X
A3 INC
DA EF DINZ
80 FE HLT: SIMP
BSYCHK:
79 04 MOV
78 08 MOV
75 A0 FF MOV
74 02 MOV
F2 MOV X
BSY:
75 A0 FF MOV
E3 MOV X
54 80 ANL
70 F8 INZ
75 A0 FF MOV
74 00 MOV
F2 MOV X
22 RET
5649204D LOOKUP:
49 43 52 4F
535953 54
45 4D 53 20
END

@DPTR,A
BSYCHK
A #06
@DPTR,A
BSYCHK
A #OFH
@DPTR,A
BSYCHK
A #80H
@DPTR,A  ;Set DDRAM address
DPTR,#LOOKUP
R2,#0FH

;Clear display

;Entry mode set

;Display control

BSYCHK
A#O1
P2,# OHIGH

@RO,A
A,@DPTR
P2,# OHIGH
@R1,A
DPTR
R2,MORE
HLT

‘RS=1,R/W=0

‘Write datato DDRAM

R1,#DENL
RO#LATCHL
P2,# OHIGH
A #02
@RO,A

;RS =0,R/W=1

P2,# OHIGH

A,@R1 ;Check busy flag
A #80H

BSY

P2,# OHIGH
A #00

@RO,A

;RS = 0,R/W=0

DB VI MICROSYSTEMS'
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VERIFICATION:

Enter the program and the lookup table. Executethe program and see that the message " VI
MICROSY STEMS " is displayed.

3.6.7 EXERCISES:

i) Display a rolling message "You and | arefriends’ using display shift option.
if) Blink the message "Hello".
iii) Display the symbol " ".(Hint: Use character generator RAM).

3.7 IBM PC-AT KEYBOARD INTERFACE:

The IBM PC-AT Keyboard Interface is centered around a 5-pin DIN connector used for
connecting the84-keysIBM PC Keyboard or 101-keys|BM PC AT/XT keyboard. Thekeyboard
isoperated in AT mode.

3.7.1 KEYBOARD CONTROLLER:

The keyboard controller is a single-chip microcomputer (Intel 8042) that is programmed to
support the IBM Personal Computer AT Keyboard serial interface. The keyboard controller
receives serial data from the keyboard, checks the parity of the data, trandates scan codes, and
presents the data to the system as a byte of datain its output buffer. The status register contains
bits that indicate if an error was detected while receiving the data. Data may be sent to the
keyboard by writing to the keyboard controller'sinput buffer. The byte of datawill be sent to the
keyboard serially with an odd parity bit automatically inserted. The keyboard is required to
acknowledge all data transmissions. No transmission should be sent to the keyboard until
acknowledgment is received for the previous byte sent.

Receiving Data from the Keyboard

The keyboard sends data in a serial format using an 11-bit frame. The first bit isa start bit, and
is followed by eight data bits, an odd parity bit, and a stop bit. Data sent is synchronized by a
clock supplied by the keyboard. At the end of transmission, the keyboard controller disablesthe
interface until the system accepts the byte. If the byte of data is received with a parity error, a
Resend command is automatically sent to the keyboard. If the keyboard controller is unable to
receive the data correctly, a hex FF is placed in its output buffer, and the parity error. The
keyboard controller will also time a byte of data from the keyboard. If akeyboard transmission
does not end within two milliseconds, a hex FF is placed in the keyboard controller's output
buffer, and the receive time-out bit in the status register isset. No retries will be attempted on
areceive time-out error.
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Scan Code Trandation

Scan codes, which are received from the keyboard, are converted by the keyboard controller
before they are put into the controller's output buffer. The keys, keyboard scan code and system
scan code are given in Appendix.

Sending Data to the Keyboard

Data is sent to the keyboard in the same serial format used to receive data from the keyboard.
A parity bit is automatically inserted by the keyboard controller. If the keyboard does not start
clocking the data out of the keyboard controller within 15 milliseconds or complete that clocking
within 2 milliseconds, a hex FE is placed in the keyboard controller's output buffer, and the
transmit  time-out and parity error bits are set in the status register. The keyboard controller
is programmed to set atime limit for the keyboard to respond. If 25 milliseconds are exceeded,
the keyboard controller places a hex FE in its output buffer and sets the transmit and receive
time-out error bitsin the status register. No retries will be made by the keyboard controller for
any transmission error.

Keyboard Controller System Interface
The keyboard controller communicates with the Microprocessor through a status register, an

output buffer, and an input buffer. The following figure is a block diagram of the keyboard
interface.

PROCESSOR
le——— RAM ON Tl SYSTLM BOARI
AL S - o T . )
BECIS TR ‘\ le——— MANTITACTURING MODT,
L l—— DISPIAY IYPE
|
N e KIYBOARD INTTIBITTD
BUFKER
OUTPUT o [ SYSTRM RESRT
DATA BUR BUTTTR U o\ aRo
- I OUTPUT BUFFER e
5 —— —INPUT BUTTER MR
128 BY'TH T F—— KEYBOARD CLOGH—
RAM F—— KFEYBOARD DAY >
2K BY 8
ROV TO
T
Figure 3-28A
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Status Register

The status register is an 8-bit read-only register at address hex FF1C. It has information about
the state of the keyboard controller (8042) and interface. It may be read at any time.

Status-Register Bit Definition

Bit 0 Output
Buffer Full -

Bit1 Input
Buffer Full

Bit 2 System Flag -

Bit3 Command/Data

Bit 4 Inhibit Switch

Bit 5 Transmit
Time-Out -

A 0 indicates that the keyboard controller's output buffer has
no data. A 1 indicatesthat the controller has placed datainto its
output buffer but the system has not yet read the data. When the
CPU reads the output buffer (address hex FF18), this bit will
returnto aO.

A Oindicates that thekeyboard controller'sinput buffer (address
hex FF18 or FF1C) isempty. A 1 indicates that data has been
written into the buffer but the controller has not read the data.
When the controller readsthe input buffer, thisbit will returnto O.

Thisbhit may be setto Oor 1 by writing to the system'sflag bit in
the keyboard controller's command byte. It is set to O after a
power on rest.

Thekeyboard controller's input buffer may be addressed as either
address hex FF18 or FF1C. Address hex FF18 is defined as the
data port, and address hex FF1C is defined as the command port.
Writing to address hex FF1C setsthis bit to 1; writing to address
hex FF18 sets this bit to 0. The controller uses this bit to
determine if the byte in its input buffer should be interpreted as a
command byte or a data byte.

This bit is updated whenever data is placed in the keyboard
controller's output buffer. It reflects the state of the
keyboard-inhibit switch. A O indicates the keyboard is inhibited.

A lindicatethat atransmission started by the keyboard controller
was not properly completed. If the transmit byte was not clocked
out within the specified time limit, this will be the only error. If
the transmit byte was clocked out but aresponse was not received
within the programmed time limit, the transmit time-out and
receive time-out error bits are set On. If the transmit byte was
clocked out but the response was received with a parity error, the
transmit time-out and parity error bits are set On.
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Bit 6 Receve
Time-Out - A lindicatesthat a transmission was started by the keyboard but
did not finish within the programmed receive time-out delay.

Bit 7 Parity Error - AQOindicates the last byte of datareceived from the keyboard had
odd parity. A 1 indicates the last byte had even parity. The
keyboard should send with odd parity.

Output Buffer

Theoutput buffer isan 8-bit read-only register at addresshex FF18. Thekeyboard controller uses
the output buffer to send scan codes received from the keyboard, and data bytes requested by
commandsto the CPU. The output buffer should be read only when the output buffer full bit in
the status register is 1.

| nput Buffer

Theinput buffer isan 8-bit write-only register at address FF18 or FF1C. Writing to address hex
FF18 sets a flag, that indicates a data write; writing to address hex FF1C sets a flag, indicating
acommand write. Datawritten to address hex FF18 is sent to the keyboard, unlessthe keyboard
controller isexpecting adata byte following acontroller command. Datashould bewrittento the
controller's input buffer only if the input buffer full bit in the status register isequal to 0. The
following are valid keyboard controller commands.

Commands (Address hex FF1C)
20 Read Keyboard Controller's Command Byte

The controller sends its current command byte to its output buffer.
60 Write Keyboard Controller's Command Byte

The next byte of datawritten to address hex FF18 is placed in the controller's command byte.
Bit definitions of the command byte are as follows:

Bit 7 Reserved - Should be written to a 0.

Bit 6 IBM Personad Computer Compatibility Mode - Writing a 1 to this bit causesthe
controller to convert the scan codesreceived fromthe keyboard to those used by the IBM
Personal Computer. Thisincludes converting atwo-byte break sequenceto the one-byte
IBM Personal Computer formeat.

Bit5 [BM Personal Computer Mode - Writing a1 to thishit programsthe keyboard to support
the IBM Personal Computer keyboard interface. In this mode the controller does not
check parity or convert scan codes.
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Bit 4 Disable Keyboard - Writing a 1 to this bit disables the keyboard interface by driving the
“clock' linelow. Datais not sent or received.

Bit 3 Inhibit Override - Writing a 1 to this bit disables the keyboard inhibit function.

Bit 2 System Flag - The vaue written to this bit is placed in the system flag bit of the
controller's status register.

Bit 1 Reserved - Should be written to a 0.

Bit 0 Enable Output - Buffer - Full Interrupt - Writing a 1 to this bit causes the controller to
generate an interrupt when it places data into its output buffer.

AA

Self-Test - This commands the controller to performinternal diagnostic tests.
A hex 55 is placed in the output buffer if no errors are detected.

AB InterfaceTest - Thiscommandsthe controller to test the keyboard clock and data
lines. Thetest result is placed in the output buffer as follows:

00 No error detected.

01 The “keyboard clock' line is stuck low.

02 The "keyboard clock'’ line is stuck high.

03 The “keyboard datd line is stuck low.

04 The keyboard data line is stuck high.

AC Diagnostic Dump

AD Disable

Keyboard Feature -

AE Enable Keyboard
Interface -

CO Read Input Port

Sends 16 bytes of the controller's RAM, the current state of
the input port, the current state of the output port, and the
controller's program statusword to the system. All itemsare sent
in scan-code formeat.

This command sets bit 4 of the controller's command byte. This
disablesthe keyboard interface by driving the clock linelow. Data
will not be sent or received.

This command clears bit 4 of the command byte, which releases
the keyboard interface.

This commandsthe controller to read itsinput port and place the
datainitsoutput buffer. Thiscommand should be used only if the
output buffer is empty.
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DO Read Output Port This command causes the controller to read its output port
and place the datain its output buffer. This command should

be issued only if the output buffer is empty.

D1 WriteOutput Port The next byte of data written to address hex FF18 is placed in

the controller's output port.

This command causes the controller to read its TO and T1
inputs. This data is placed in the output buffer. Data bit O
represents TO, and data bit 1 represents T1.

EO Read Test Inputs

FO-FF Pulse Output Port

Bits 0 through 3 of the controller's output port may be
pulsed low for approximately 6 microseconds. BitsO through
3 of this command indicate which bits are to be pulsed. A 0O
indicates that the bit should be pulsed, and a 1 indicates the bit
should not be modified.

/O Ports

Thekeyboard controller hastwo 8-bit I/O ports and two test inputs. One of the portsisassigned
for input and the other for output. The controller uses the test inputs to read the state of the
keyboard's “clock' line and the keyboard's "data line.

KEYBOARD INTERFACE:

The keyboard uses a bidirectional serial interface to carry signals between the keyboard and
system unit.

Sequencing Key Code Scanning

The keyboard is able to detect all keys that are pressed, and their scan codes will be sent to the
interfacein correct sequence, regardlessof the number of keysheld down. Keystrokesarestored
only when the keyboard is not serviced by the system.

Keyboard Buffer

The keyboard has a 16-character first-in-first-out (FIFO) buffer where data is stored until the
interface is ready to receiveit.

A buffer-overrun condition will occur if more than sixteen codes are placed in the buffer before
thefirst keyed datais sent. The seventeenth code will be replaced with the overrun code, hex 0O.
The 17th position is reserved for overrun codes). If more keys are pressed before the system
allows akeyboard output, the datawill be lost. When the keyboard is allowed to send data, the
charactersin the buffer will be sent asin normal operation, and new data entered will be detected
and sent.
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Keys

All keys are classified as make/break, which means when a key is pressed, the keyboard sends a
make code for that key to the keyboard controller. When the key is released, its break code is
sent (the break code for a key is its make code preceded by hex FO).

All keysare typematic. When akey is pressed and held down, the keyboard continuesto send the
make codefor that key until thekey isreleased. Therate at which the make codeis sent isknown
as the typematic rate. When two or more keys are held down, only the last key pressed repeats
a the typematic rate. Typematic operation stops when the last key pressed is released even if
other keys are till held down. When a key is pressed and held down while the interface is
inhibited, only thefirst make codeisstored inthe buffer. Thispreventsbuffer overflow asaresult
of typematic action.

3.7.2 FUNCTIONS PERFORMED AT POWER-ON TIME
Power-On Reset

The keyboard logic generates a POR when power is applied to keyboard. The POR lasts a
minimum of 300 milliseconds and maximum of 9 seconds.

Basic Assurance Test

Immediately following the POR, the keyboard executes a basic assurance test (BAT). Thistest
consists of achecksum of all read-only memory (ROM), and a stuck-bit and addressing test of all
random-access memory (RAM) in the keyboard's microprocessor. The mode indicators - three
light emitting diodes (LEDs) onthe upper right-hand corner of the keyboard - are turned on then
off, and must be observed to ensure they are operational.

Execution of the BAT will take from 600 to 900 milliseconds. (Thisisin addition to the time
reguired for the POR).

The BAT can also be started by a Reset command.

After the BAT, and when the interface is enabled ("clock” and "data" lines are set high), the
keyboard sends acompletion codeto theinterface - either hex AA for satisfactory completion or
hex FC (or any other code) for afailure. If the system issues a Resend command, the keyboard
sendsthe BAT completion code again. Otherwise, the keyboard sets the keys to typematic and
make/break.

Commands from the system
The commands described below may be sent to the keyboard at any time. The keyboard will

respond within 20 milliseconds.
Note: Thefollowing commandsarethose sent by thesystem. They haveadifferent meaning whenissued
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by the keyboard.
Reset (Hex FF)

The system issues a Reset command to start a program reset and a keyboard internal self-test.
The keyboard acknowledges the command with an "acknowledge" signal (ACK) and ensuresthe
system acceptsthe"ACK" before executing the command. The system signals acceptance of the
"ACK" by raising the clock and data for a minimum of 500 microseconds. The keyboard is
disabled fromthetimeit receivesthe Reset command until the"ACK" isaccepted or until another
command overridesthe previous one. Following acceptance of the "ACK", the keyboard begins
the reset operation, which is similar to a power-on reset. The keyboard clears the output buffer
and sets up default values for typematic and delay rates.

Resend (Hex FE)

The system can send this command when it detects an error in any transmission from the
keyboard. It can be sent only after keyboard transmission and before the system enables the
interface to alow the next keyboard output. Upon receipt of Resend, the keyboard sends the

previous output again unless the previous output was Resend. In this case, the keyboard will
resend the last byte before the Resend command.

No-operation (NOP) (Hex FD through F7)
Thesecommands arereserved and are effectively no-operation or NOP. The systemdoesnot use

these codes. If sent, the keyboard will acknowledge the command and continue in its prior
scanning state. No other operation will occur.

Set Default (Hex F6)

The Set Default command resets al conditions to the power-on default state. The keyboard
responds with "ACK", clears its output buffer, set default conditions, and continues scanning
(only if the keyboard was previously enabled).

Default Disable (Hex F5)

This command is similar to Set Default, except the keyboard stops scanning and awaits further
instructions.

Enable (Hex F4)

Upon receipt of thiscommand, the keyboard respondswith "ACK", clearsits output buffer, and
starts scanning.
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Set Typematic Rate/Delay (Hex F3)

The systemissuesthiscommand, followed by aparameter, to changethetypematic rateand delay.
The typematic rate and delay parameters are determined by the value of the byte following the
command. Bits6 and 5 serve asthe delay parameter and bits4,3,2,1, and 0 (the least-significant
bit) are the rate parameter. Bit 7, the most-significant bit, isalways 0. The delay isequal to 1
plus the binary value of bits 6 and 5 multiplied by 250 milliseconds £20%. The period (interval
from one typematic output to the next) is determined by the following equation.

Period = (8 + A) X (2°) X 0.00417 seconds, where A = binary value of bits, 2,1, and 0 and B =
binary value of bits 4 and 3.

The typematic rate (make code per second) is 1/period. The period is determined by the first
equation above. The following table results.

Bit Rate Bit Rate
00000 30.0 10000 7.5
00001 26.7 10001 6.7
00010 24.0 10010 6.0
00011 21.8 10011 5.5
00100 20.0 10100 5.0
00101 18.5 10101 4.6
0011017.1 101104.3
00111 16.0 10111 4.0
01000 15.0 11000 3.7
01001 13.3 11001 3.3
01010 12.0 11010 3.0
01011 10.9 11011 2.7
01100 10.0 11100 2.5

01101 9.2 11101 2.3

01110 8.6 111102.1

01111 8.0 11111 2.0

Typematic Rate

The keyboard responds to the Set Typematic Rate Delay command with an "ACK", stops
scanning, and waits for the rate parameter. The keyboard responds to the rate parameter with
another "ACK", setsthe rate and delay, and continues scanning (if the keyboard was previously
enabled). If acommand isreceived instead of the rate parameter, the set-typematic-rate function
ends with no change to the existing rate, and the new command is processed. However, the
keyboard will not resume scanning unless instructed to do so by an Enable command.

The default rate for the system keyboard is as follows:
The typematic rate = 10 characters per second +20% and the delay = 500 ms +20%.
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No-operation (NOP) (Hex F2 through EF)

These commands are reserved and are effectively no-operation (NOP). The system does not use
these codes. If sent, the keyboard acknowledgesthe command and continuesinits prior scanning
state. No other operation will occur.

Echo (Hex EE)

Echo isadiagnostic aide. When the keyboard receivesthiscommand, it issuesahex EE response
and continues scanning if the keyboard was previously enabled.

Set/Reset Mode I ndicators (Hex ED)

Three mode indicators on the keyboard are accessible to the system. The keyboard activates or
deactivates these indicators when it receives a valid command from the system. They can be
activated or deactivated in any combination.

It is up to the using system to remember the previous state of an indicator. Thisisin case its
setting does not change when a command sequence is issued to change the state of another
indicator. The system remembers the previous state of an indicator so that its setting does not
change when a command sequence isissued to change the state of another indicator.

The command has the following format:

Command Options

A Set/Reset Mode Indicators command consists of two bytes. Thefirst isthe command byte and
has the following bits setup:

11101101 - hex ED

The second byte is an option byte. It hasalist of the indicatorsto be acted upon. The format of
the option byte is as follows:

Bit 7 Reserved

Bit6 Reserved

Bit5 Reserved

Bit4 Reserved

Bit3 Reserved

Bit2 CapsLock indicator
Bit1 Numeric Lock indicator
Bit 0 Scroll Lock indicator
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Note:

Bit 7 is the most-significant bit; bit O is the least-significant. The keyboard will respond to the
Set/Reset Mode Indicators command with an "ACK", discontinue scanning, and wait for the
option byte. The keyboard will respond to the option byte with an ACK, set the indicators, and
continue scanning if the keyboard was previously enabled. 1f another command is received in
place of the option byte, execution of the function of the Set/Reset Mode Indicators command
is stopped with no change to the indicator states, and the new command is processed. Then
scanning is resumed.

Command Codes to the System

The command codes described here are those sent by the keyboard. The codes have a different
meaning when issued by the system.

Resend (Hex FE)

The keyboard issues a Resend command following receipt of an invalid input, or any input with
incorrect parity. If the system sends nothing to the keyboard, no response is required.

ACK (Hex FA)

The keyboard issues an "ACK" response to any valid input other than an Echo or Resend
command. If the keyboard isinterrupted while sending "ACK", it will discard "ACK" and accept
and respond to the new command.

Overrun (Hex 00)

An overrun character is placed in position 17 of the keyboard buffer, overlaying the last code if
the buffer becomesfull. The codeis sent to the system as an overrun when it reaches the top of
the buffer.

Diagnostic Failure (Hex FD)

The keyboard periodically teststhe sense amplifier and sendsadiagnostic failure code if it detects
any problems. If afailureoccursduring BAT, the keyboard stops scanning and waitsfor asystem
command or power-down to restart. If afailure isreported after scanning is enabled, scanning
continues.

Break Code Prefix (Hex FO)

This code is sent as the first byte of a 2-byte sequence to indicate the release of a key.
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BAT completion Code (Hex AA)

HARDWARE EXAMPLES

Following satisfactory completion of the BAT, the keyboard sendshex AA. Hex FC (or any other
code) means the keyboard microprocessor check failed.

ECHO Response (Hex EE)

Thisis sent in response to an Echo command from the system.

Clock and Data Signals

The keyboard and system communicate over the "clock™ and "data’ lines. The source of each of
these lines is an open-collector device on the keyboard that allows either the keyboard or the
systemto forcealineto anegative level. When no communication is occurring, both the"clock™

and "data" lines are at a positive level.

Data transmissions to and from the keyboard consist of 11-hit data streams that are sent serially
over the seria dataline. The following figure shows the structure of the data stream.

Bit Function
1st Bit 0 Start Bit
2nd Bit DataBit O (Least Significant)
3rd Bit DataBit 1
4thBit DataBit 2
5hBit DataBit 3
6hBit DataBit 4
7hBit DataBit 5
8hBit DataBit 6
9Bit DataBit 7 (Most Significant)
10Bit Parity Bit (Odd Parity)
11th Bit Stop Bit.

Transmission Data Stream

The parity bit is either 1 or 0, and the eight data bits, plus the parity bit, always have an odd
number. When the system sends data to the keyboard, it forcesthe "data’ lineto a negative level
and allows the "clock™ line to go to a positive level.

Whenthekeyboard sendsdatato, or receivesdatafromthe system, it generatesthe " clock” signal
to timethe data. The system can prevent the keyboard from sending data by forcing the "clock™
line to a negative level; the "data’ line may go high or low during this time.

During the BAT, the keyboard allows the "clock™ and "data’ lines to go to a positive level.
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Keyboard Data Output

When the keyboard is ready to send data, it first checks for a keyboard-inhibit or system
request-to-send status on the "clock™ and "data" lines. If the "clock™ lineislow (inhibit status),
data is stored in the keyboard buffer. If the "clock" line is high and "data' is low
(request-to-send), datais stored in the keyboard buffer, and the keyboard receives system data.

If "clock™ and "data" are both high, the keyboard sends the O start bit, 8 data bits, the parity bit
and the stop bit. Datawill be valid before the falling edge and beyond the rising edge of "clock".
During transmission, the keyboard checks the "clock™ line for a positive level at least every 60
milliseconds. If the system lowersthe "clock” line from a positive level after the keyboard starts
sending data, a condition known as line contention occurs, and the keyboard stops sending data.
If line contention occurs before the rising edge of the tenth clock (parity bit), the keyboard buffer
returnsthe"data" and "clock” linesto a positive level. If contention does not occur by the tenth
clock, the keyboard completes the transmission.

Following atransmission, the system can inhibit the keyboard until the system processesthe input
or until it requests that a response be sent.

Keyboard Data | nput

When the system isready to send data to the keyboard, it first checks if the keyboard is sending
data. If the keyboard is sending but has not reached the tenth clock, the system can override the
keyboard output by forcing the "clock” line to a negative level. If the keyboard transmission is
beyond the tenth clock, the system must receive the transmission. If the keyboard isnot sending,
or if the system elects to override the keyboard"s output, the system forces the "clock” lineto a
negative level for more than 60 microsecondswhile preparing to send. When the systemisready
to send the start bit ("data" line will be low), it allows the "clock” line to go to a positive level.

The keyboard checks the state of the "clock™ line at intervals of no lessthan 60 milliseconds. |If
a reguest-to-send is detected, the keyboard counts 11 bits. After the tenth bit, the keyboard
forcesthe"data’ line low and counts one more (the stop bit). Thisaction signalsthe system that
the keyboard hasreceived itsdata. Upon receipt of thissignal, the systemreturnsto aready state,
in which it can accept keyboard output, or goes to the inhibited state until it is ready.

Each system command or data transmission to the keyboard required a response from the
keyboard before the system can send its next output. The keyboard will respond within 20
milliseconds unless the system prevents keyboard output. If the keyboard response isinvalid or
has a parity error, the system sends the command or dataagain. A Resend command should not
be sent in this case.

The configuration of 5-pin DIN Connector provided in the IBM PC keyboard is givenin
Figure F3.29. KV cc and Gnd are usually connected to systemVcc and Gnd. The RST pinisnot
connected to any of the system signals.
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1 - KCLK - CLOCK

2 - DATA - DATA

3 -RST-RESET ( NC IN MOST OF THE
4 - GND - GROUND

1 -VCC - +5V SUPPLY

Fig F3.29 IBM PC Keyboard Connector Configuration

The following table lists the addresses of keyboard controller's buffers.

IC No Function Read / Write Addressin hex
U, Status Register Read Only FF1C
U, Output Buffer Read Only FF18
U, Input Buffer (Data) Write Only FF18
U, Input Buffer (Command) Write Only FF1C

3.7.3 PROGRAMMING DESCRIPTION:

When akey is pressed in the IBM PC keyboard, if enabled, it sends the scan code of the key
pressed serialy in synchronization with the clock signal. The keyboard controller receives the
data and store it in its output buffer and set the output buffer full bit in the status register. The
scan code can be read from the controller's output buffer after checking the output buffer full bit
in the status register.

3.7.4 PROGRAMMING SEQUENCE:
To read a key from the keyboard, do the following

i) Check whether the output buffer is full, by reading the status register bit "0".
i) 1f the output buffer full bit is"high" then read the scan code from the output register.
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3.75 EXAMPLE -7 READ AKEY FROM THE KEYBOARD:

OBJECTIVE: To read the scan code of the key pressed in the keyboard and store it at

location 5100H.
PROGRAM:
5000 ORG 5000H
FF1C KEYSTAT EQU OFF1CH
FF18 OUTBUF EQU OFF18H
5000 START:
5000 125016 CALL KEYRDY
5003 90 FF 18 MOV DPTR,#OUTBUF
5006 EO MOVX A, @DPTR
5007 F5FO MOV B,A
5009 5480 ANL A #80H
500B B4 00F2 CINE A #HOO,START :SKIP BREAK CODE
500E E5FO0 MOV A,B
5010 905100 MOV DPTR,#5100H
5013 FO MOVX @DPTRA
5014 0114 STOP: JMP STOP
5016 KEYRDY:
5016 90 FF 1C MOV DPTR#KEY STAT
5019 WAIT:
5019 EO MOVX A, @DPTR
501A 5401 ANL A #01
501C B4 01FA CINE A #HOL,WAIT
501F 22 RET
5020 END

VERIFICATION:

After entering the program given above and executing it, pressany key inthekeyboard. Verify
that the corresponding scan code of the key which you have pressed, isstored at location 5050
using substitute command. Refer Appendix F for the scan code.

3.7.6 EXERCISES:

i) Write a program to input keys from the keyboard and display the corresponding
charactersinthe LCD
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3.8 DISCUSSION ON-CHIP PORTS OF 8051:

3.81 COMPONENT:

As already explained in " Chapter 1", the 8051 has One full Duplex Serial Port, Two 16-bit
Timer/Countersand 32-bit Bidirectional and individually addressable I/O lines, onchip. Theuser
can accessthese On-chip portshby using an optionally available 40-pin FRC I DC header with their
own expansion cards. (This connector is available only in 8051 Piggy back board with
Micropower-i)

3.8.2 COMPONENT DESCRIPTION:

8051 has four 8-bit Parallel ports. All four ports are bidirectional. Each consists of alatch, an
output driver and an input buffer. All port pinsareterminated at a40-pin IDC header optionally
available on the Piggy back board (in Micropower-i only).

3.8.3 PROGRAMMING THE PARALLEL I/0O PORTS:

Thoughthereare 321/0 linesavailablein 8051, only 8 1/0 lines (Port 1) are exclusively available
for theuser. Thisisbecause, the output drivers of Ports 0 and 2 and input buffers of Port O are
used in accesses to external memory. Also, al the Port 3 pins are multi functional. They also
serve various special functions, as already explained in Chapter-1 of this manual.

3.84 WRITING TO PARALLEL PORT:

To write any datato Port 1, Port 1 register (P1) should be loaded with that data to be output.
As al the 8 1/O lines are bit addressable, they can be programmed either low or high
independently.

3.85 EXAMPLE 8- WRITING DATA TO PARALLEL PORT:

OBJECTIVE:
To write a sample program to output an 8-bit data, to Port 1 (P1).

THEORY:
8051 has four parallel ports. But, only Port 1 isuser-free as Port 2 outputs the high byte of the

external memory address and Port O outputs the low byte of the external memory address,
time-multiplexed with the byte being written or read and Port 3 pins have alternate functions.

PROGRAM:
4100 7445 MQV A #45
4102 F590 MOV P1A

4104 80FE HLT: SIMP  HLT
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VERIFICATION:

After entering the above program, execute it. Using a Multimeter or an Oscilloscope, check
whether correct dataisavailable at Port 1 (P1.0- P1.7) of 8051. (i.e. Pinno. 1- LSB of P1 & 8
- MSB of P1).

3.8.6 READING THE PARALLEL PORT:

The Parallel port of 8051 can also be used as an input port. To read a pin of any port of 8051,
that pin should be made high.

3.8.7 EXAMPLE 9- READING DATA FROM PARALLEL PORT:
OBJECTIVE:
To write a sample program to read data from the Parallel Port P1 of 8051.

THEORY:  Toread apin of aport on the 8051 requires that alogic 1 first be written to that
pin. Hence FF should be written to Port 1 to read al the 8-hits.

PROGRAM:

4100 7590 FF MOV P1,#FF

4103 E590 MOV APl

4105 904500 MOV DPTR,#4500
4108 FO MOVX  @DPTR,A

4109 80 FE HLT: SIMP HLT
VERIFICATION:

To check this program, first of all, the Port 1 should be given an input which can be done by
connecting the 26-pin IDC header of any of the 8255 with the on-board 40-pin IDC header
througha26to 40 flat core cablein the case of Micropower-i only. Now, output any desired data
through the port of 8255 that is connected to Port 1 of 8051, using the OUTput command
availableinthekeypad. Enter the above program and executeit. Check whether the location 4500
has the data written to the 8255.

3.9 DESCRIPTION OF ON-CHIP TIMER/COUNTERS:
3.91 COMPONENT:

The 8051 hastwo 16-bit Timer/counter registers. Timer O and Timer 1. They can be configured
to operate either as Timer or Counter.

Vi Microsystems Pvt. Ltd.., [3-62]



MICRO-51 EB USER MANUAL HARDWARE EXAMPLES
3.9.2 COMPONENT DESCRIPTION:

In the Timer function, the register isincremented every machine cycle. Thus, one can think of it
ascounting machine cycles. Sinceamachinecycle consistsof 12 oscillator periods, the count rate
is 1/12 of the oscillator frequency.

In the Counter function, the register is incremented in response to a 1-to-0 transition at its
corresponding external input pin, TO and T1. In this function, the externa input is sampled
during S5P2 of every machine cycle. When the samples show ahighin one cycleand alow inthe
next cycle, the count isincremented. The new count value appears in the register during S3P1
of the following the one in which the transition was detected. In addition to the "Timer" or
"Counter" selection, Timer 0 and Timer 1 have four operating modes from which to select.

M1 MO Operating Mode

0 0 8 - Bit Timer / Counter "Thx" with "TIx" as 5 - bit prescalar

0 1 16-bit Timer / Counter "Thx" and TIX" are Cascaded : there is no
prescalar.

1 0 8-bit Auto reload timer / Counter Thx holds a value which isto be
reloaded into TIx each time it overflows.

1 1 (Timer O) TLOis an 8-bit Timer / Counter controlled by the standard
timer O control bits. THO is an 8-bit timer only controlled by timer 1
control bits.

1 1 (Timer 1) Timer / Counter 1 stopped.

NOTE:

Refer to " CHAPTER 1" for the complete details of the On-chip features of 8051.

3.9.3 PROGRAMMING DESCRIPTION:

For Programming description, refer to Chapter 4 on " APPLICATION EXAMPLES".

3.10 DESCRIPTION OF ON-CHIP SERIAL PORT:

3.10.1 COMPONENT:

The Serial Port is full duplex, meaning it can transmit and receive simultaneously. It is also
receive-bufferedi.e. it can commence the reception of a second byte before aprevioudy received

byte has been read from the receive register. (However, if thefirst byte still hasn't been read by
the time reception of the second byte is completed, one of the bytes will be lost).
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3.10.2 COMPONENT DESCRIPTION:

The Serial Port receive and transmit registers can both be accessed at Special Function Register
SBUF. Writing to SBUF loads the transmit register and reading SBUF accesses a physically
separate receive register. The Serial Port can operate in 4 modes as already explained in
"CHAPTER 1".

3.10.3 GENERATING BAUD RATES USING TIMERS:

SERIAL PORT IN MODE 0:

Mode 0 has a fixed baud rate which is /12 of the Oscillator frequency (12MHz). To run the
seria port in this mode, none of the Timer/Counters need to be set up. Only the SCON register
needs to be defined.

Baud Rate = Osc. Freg.
)))))g))))
1

MODE 1.
Mode 1 has a variable baud rate. The baud rate can be generated by Timer 1.
USING TIMER/COUNTER 1 TO GENERATE BAUD RATES:
For this purpose, Timer 1 isused in Mode 2 (Auto-Reload).
K x Oscillator frequency
Baud Rate = 1))1))31331)))3)))))))))
32x12x[256 - (TH1)]

If SMOD
If SMOD

0,thenK =1
1, then K =2 (SMOD isin PCON register)

Most of the time, the user knows the baud rate and needs to know the reload value for TH1.
Therefore, the equation to calculate TH1 can be written as:

TH1 = 256 - K x Osc. Freg.

D))
384 x baud rate

TH1 must be an integer value. Rounding off TH1 to the nearest integer may not produce the
desired baud rate. In this case, the user may have to choose another crystal frequency.

Since the PCON register isnot bit addressable, one way to set the bit islogical ORing the PCON
register. (i.e. ORL PCON,#80H). The address of PCON is 87.
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MODE 2:

The baud rate is fixed in thismode and is 1/32 or 1/64 of the oscillator frequency depending on
the value of the SMOD hit in the PCON register.

In this mode, none of the Timers are used and the clock comes from the internal phase 2 clock.

SMOD

1, Baud Rate = 1/32 of the Osc. Freq.

SMOD = 0, Baud Rate = 1/64 of the Osc. Freg.
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CHAPTER - 4
APPLICATION EXAMPLES

OBJECTIVES:
1. To enable you to understand multiple peripheral interfacing.

ii. To write a program using more than a single I/O device, to familiarise with the concept of
system design.

4.1 INTRODUCTION:

The following are some sample experiments that uses more than one peripheral to achieve a
specific task. With these experiments, you can learn a lot about interfacing two different
peripherals which will help to enhance your knowledge in the field of programming based on the
hardware.

4.2  EXAMPLE 1 - DIFFERENTIATE RAM AND EPROM:

In Micropower-i with 8051 Piggy Back Board, the addresses from E000 to FFFF are EPROM
locations (without auto-switching), while 4100 to SFFF are User RAM locations. In Micro-51,
0000 to 1FFF are EPROM locations and 4100 to SFFF are user RAM locations. In Micro-51
EB, 0000 to 3FFF are EPROM locations and 4100 to SFFF are user RAM locations. Now, let
us see, what is the difference between EPROM and RAM?

An EPROM is an Erasable Programmable Read Only Memory. It cannot be written into,
using SUB, MOVe, or FILL commands of the kit. To write into the EPROM, a separate
EPROM programmer must be used.

A RAM is a Random Access Memory which can be either written into or read from. But the
data written into can be retained only if the power is retained. If the power is turned-off, then the
data in the RAM will be lost. But the EPROM can retain the data even when the power is
turned-off.

Let us examine these two memory types.

1) Using FILL command, fill locations from 4200 to 420F with the data byte 45.

ii) Examine the following memory locations using SUB command and write down the contents
next to each address. Use the first column of "DATA" here.
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ADDRESS DATA DATA ADDRESS DATA DATA

E000
E001
E002
E003
E004
E005
E006
E007
E008
E009
EOOA
EO0OB
E00C
EOOD
EOOE
EOOF

iii)

1v)

v)

vi)

vii)

4200
4201
4202
4203
4204
4205
4206
4207
4208
4209
420A
420B
420C
420D
420E
420F

If you are working in Micro-51 or in Micro-51 EB, then use locations 0000 to 000F,
instead of E000 to EOOF.

Now,turn the power to the trainer off. Wait for around 10 to 15 seconds and then turn-on
the trainer now.

Examine the memory locations as stated in Step (ii) and write the data read in the second
column provided. By comparing these two sets of data, it will be clear that the data at

4200 to 420F has changed but the data at EO0O to EOOF (or at 0000 to 000F) remains the
same.

Therefore, the addresses from 4200 is RAM while E000 (0000 in the case of Micro-51
and Micro-51 EB) is EPROM. The contents of RAM are lost as the power is turned-off.
When power is given again, a random data appears.

Enter a new data at EO00 (0000 for Micro-51 and Micro-51 EB). What happens? "Err."
is displayed, which indicates that EO00 (0000) cannot be written into.

EXERCISES:

1) Write a program that distinguishes between a RAM address or an EPROM address of
Micropower-i. The address is specified by the user. Store data at a location, as the result to
distinguish whether the specified address is RAM or EPROM. (00 to indicate RAM and FF
to indicate EPROM)
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4.3  EXAMPLE 4 - INTERFACING 8255 AND 8279:

OBJECTIVE:

To configure 8255-1 having all ports as output and 8255-2 to have ports as input depending
upon the user input. Then, read the key and output it to 8255-1. Then, input it using 8255-2 at
the desired port and display the data.

THEORY:

1) First of all, connect a 26-pin flat core cable between the two 26-pin IDC headers of
8255-1 and 8255-2.

i) Read a key from the keyboard.
1) Ifkey = 0, then 8255-2 Port A alone is input.

v) Ifkey = 1, then 8255-2 Port B alone is input.

V) Ifkey = 2,then 8255-2 Port C alone is input.

vi) 8255-1 has all its ports as output.

vil)  Now, again read a key from 0 to F.

viil)  Output it to 8255-1.

1X) Read this data from 8255-2 through the port which was selected as input port.

X) Display the data read from 8255-2 with the message of the Port from which data was
read.
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FLOW CHART:

INTERFACING 8255

AND 8279

@ { START )

PORTS A.B
OF 82565-1

& C
OUTPYT

READ A KEY

[S

NO

IS

NO

IS

KEY = 2

NO

o

PORT C OF

DISPLAY ERROT

>
<

YES

KEY 0 2

PORT A OF 8255-2

YES

KEY [y

PORT B OF

READ DATA

NO

OUT DATA TO ALI
PORTS OF 8255

YES

READ FROM INPUT
PORT OF 8255—1

DISPLAY DATA
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PROGRAM:
4100 90 XX XX MOV
4103 7480 MOV
4105 FO MOVX
STARTI:
4106 1241 5F LCALL
4109 1241 DD LCALL
410C 1241 ED LCALL
410F 90 XX XX MOV
4112 B40013 CINE
P2AIN:
4115 7490 MOV
4117 FO MOVX
4118 1241 5F LCALL
411B 1241 E6 LCALL
411E 90 XX XX MOV
4121 7488 MOV
4123 FO MOVX
4124 78 00 MOV
4126 8063 SIMP
NXT:
4128 B401 13 CINE
P2BIN:
412B 74 82 MOV
412D FO MOVX
412E 1241 5F LCALL
4131 1241 E6 LCALL
4134 7438 MOV
4136 90 XX XX MOV
4139 FO MOVX
413A 7801 MOV
413C 804D SIMP
NXTI:
413E B40213 CINE
P2CIN:
4141 7489 MOV
4143 FO MOVX

DPTR#CNT 1
A#80H
@DPTR,A

DISPORT
DELAY
;Get key to decide which port
;0f 8255-2 is input port.
RDKBD
DPTR#CNT 2
A#ONXT
;Port A input

A#90H
@DPTR,A

DISPORT
STA_INT

DPTR,#DSP_DAT

A#88H
@DPTR,A

RO#0

SAME

A#1NXTI1

;Port B input

3

AH#82H
@DPTR,A
DISPORT
STA_INT

AH#38H
DPTR,#DSP_DAT
@DPTR,A

RO,#1

SAME

A#2,ERR
;Port C input

AH#89H
@DPTR,A

Vi Microsystems Dvt. Ltd.,
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4144 1241 5F LCALL DISPORT
4147 1241 E6 LCALL STA INT
414A 74 6C MOV A#6CH
414C 90 XX XX MOV DPTR,#DSP_DAT
414F FO MOVX  @DPTR,A
4150 7802 MOV RO,#2
4152 8037 SIMP SAME
;This routine gives Error
;message for invalid input keys.
ERR:
4154 904204 MOV DPTR,#ERRMSG
4157 124162 LCALL DISPORTI1
415A 1241 83 LCALL DLY3
415D 80 A7 SIMP START]1
;Display Routine
DISPORT:
415F 9041 FC MOV DPTR,#PORTMSG
DISPORT1:
4162 CO0 82 PUSH DPL
4164 CO0 83 PUSH DPH
4166 90 XX XX MOV DPTR,#DSP_CNT
4169 74 96 MOV A #96H
416B FO MOVX @DPTR,A
416C DO 83 POP DPH
416E DO 82 POP DPL
4170 7908 MOV RI1,#8
DISPAG:
4172 EO MOVX A, @DPTR
4173 CO0 82 PUSH DPL
4175 CO083 PUSH DPH
4177 90 XX XX MOV DPTR#DSP_DAT
417A FO MOVX  @DPTR,A
417B DO 83 POP DPH
417D DO 82 POP DPL
417F A3 INC DPTR
4180 DI FO DINZ R1,DISPAG
4182 22 RET
;Delay routine
DLY3:
4183 7C07 MOV R4 #7
4185 1241 DD DLY2: LCALL DELAY
4188 DCFB DINZ R4,DLY2
418A 22 RET
SAME:
418B 124183 LCALL DLY3
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418E 9042 0C MOV DPTR#BYTEMSG
4191 124162 LCALL DISPORTI
;Get Data from the Keyboard
4194 1241 ED LCALL RDKBD
4197 1241D2 LCALL  NXT
419A C4 SWAP A
419B FA MOV R2,A
419C 1241 ED LCALL RDKBD
419F 1241 D2 LCALL  NXT
41A2 2A ADD A,R2
;Output the data to all ports of 8255-1.
41A3 90 XX XX MOV DPTR#APORT 1
41A6 FO MOVX  @DPTR,A
41A7 A3 INC DPTR
41A8 FO MOVX  @DPTR,A
41A9 A3 INC DPTR
41AA FO MOVX  @DPTR,A
;Check which port has beenselected as
input port and input data from that
port.
41AB E4 CLR A
41AC B8 00 16 CINE RO,#0,NXT3
41AF 90 XX XX MOV DPTR#APORT 2
SAMEIL:
41B2 EO MOVX A, @DPTR
;Display the data read from the input port.
41B3 F582 MOV DPL,A
41B5 7902 MOV R1,#2
41B7 7402 MOV AH2
41B9 1200 20 LCALL 20H
;Read keyboard & check for
;'NEXT' key
41BC 1241 ED LCALL RDKBD
41BF B4 1492 CINE A#14H,ERR
41C2 024106 LIMP STARTI1
;Keycode 10 for next key in
;:Micro-51 and Micro-51 EB
NXT3:
41C5 B8 0105 CINE RO #1,NXT4
41C8 90 XX XX MOV DPTR,#BPORT 2
41CB 80 ES5 SIMP SAMEI1
NXT4:
41CD 90 XX XX MOV DPTR#CPORT 2
41D0 80 EO SIMP SAMEI1
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_NXT:

41D2 C3 CLR C

41D3 9410 SUBB A#10H

41D5 5003 INC ERR1

41D7 2410 ADD A#10H

41D9 22 RET
ERRI:

41DA 0241 54 LIMP ERR ;Delay Routine
DELAY:

41DD 7F FF MOV R7,#0FFH
DLY1:

41DF 7E FF MOV R6,#0FFH

41E1 DEFE  DLY: DINZ R6,DLY

41E3 DF FA DINZ R7,DLY1

41E5 22 RET
STA_INT:

41E6 90 XX XX MOV DPTR,#DSP_CNT

41E9 7494 MOV A#94H

41EB FO MOVX  @DPTR,A

41EC 22 RET

;Routine to Read the
;Key pressed.

RDKBD:

41ED 90 XX XX MOV DPTR#DSP_CNT
CHK:

41F0 EO MOVX A, @DPTR

41F1 5407 ANL A#7

41F3 60 FB 1z CHK

41F5 74 40 MOV A #40H

41F7 FO MOVX  @DPTR,A

41F8 1582 DEC DPL

41FA EO MOVX A, @DPTR

41FB 22 RET
PORTMSG:

41FC C80C F9 78 0C8H,0CH,0F9H,78H

4200 9F B9 FF FF 9FH,0B9H,0FFH,0FFH
ERRMSG:

4204 FF FF 68 F9 OFFH,0FFH,68H,0F9H

4208 F9 F7 FF FF OF9H,0F7H,0FFH,0FFH

BYTEMSG:
420C 9F B9 38 1A 9FH,0B9H,38H,1AH
4210 78 68 FF FF 78H,68H,0FFH,0FFH
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VERIFICATION:

Enter the program and execute it. Select the Input Port for 8255-2 by selecting either 0 or 1 or
2 for Ports A or B or C. Now, enter data and see that the data is displayed. To go back to the
start, press "NEXT" key. Error message 'E' will be displayed when an invalid key is pressed.

44  ACCESSING ON-CHIP TIMER-COUNTERS:
4.4.1 EXAMPLE 6 - DIGITAL CLOCK USING TIMER 1 IN MODE 1:
OBJECTIVE:

To write a sample program to implement a Digital clock using the On-chip Timer/Counter 1 in
Mode 1.

THEORY:

To implement the digital clock, for every 1 sec delay, interrupt should be generated. On chip
timer 1 has been utilised to generate 1 sec Delay. TH1 and TL1 are loaded with 37H and FFH
respectively and a loop of 12H times (No. of interrupts to be generated) is continued so as to get
1 sec Delay i.e. we arrive at counts 449982D before overflow is reached and an interrupt is
generated. This procedure is utilised in our program to generate the desired delay. First of all, to
use Timer 1 in Mode 1, following initialisations should be done.

Enable Timer 1 Interrupt.

Select Timer / counter 1 as Timer.

Select the Mode of operation.

Set Timer 1 on Load no. of interrupts to be counted for 1 sec Delay.

PROGRAM:

4100 75 A8 88 MOV IE,#88H

4103 758910 MOV TMOD,#10H

4106 758D 37 MOV THI1,#37H

4109 75 8B FF MOV TL1,#FFH

410C 755012 MOV S0H#12H

410F 758840 MOV TCON,#40H
;SECS, MINS, HRS LOADED
;FROM 4700H, ARE MOVED TO
; INTERNAL MEM. LOCATION 51H,
;52H AND 53H RESPECTIVELY

4112 904700 MOV DPTR,#DATA

4115 7A 03 MOV R2#03H

4117 7851 MOV RO#51H

4119 EO Loopl: MOVX A,@DPTR
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411A F6 MOV @RO,A

411B A3 INC DPTR

411C 08 INC RO

411D DA FA DINZ R2,LOOP1

411F 12413C Loop2: LCALL LOOPS5 ;waits for 1 sec Delay.
4122 1000 FA Loop3: JBC 00,LOOP2

4125 80 FB SIMP LOOP3

; INTERRUPT SERVICE ROUTINE.

This routine decrements the Int. RAM 50H, and checks for 00. Ifnot zero, again loads the TH1
& TL1. Then starts the timer and returns. If Zero, Sets the bit in address 0 and then loads TH1
& TL1 and starts the timer and returns.

4127 1550 DEC 050H

4129 ES550 MOV A,050H
412B 7005 INZ LOOP4
412D D200 SETB 00

412F 755012 MOV 50,#12H
4132 758D 37 Loop4: MOV THI1,#37H
4135 75 8B FF MOV TL1,#FFH
4138 758840 MOV TCON,#40H
413B 32 RETI

This part of the program increments SECS, checks for 60. If not, goes to display. If yes, resets
SECS and increments MINS, and checks for 60. If not, goes to display. If yes, Resets MINS
and increments HRS, then checks for 13. If not, goes to display. Ifyes, sets HRS to 01 and goes
to display.

413C 7A 02  Loop5: MOV R2#02H

413E 78 51 MOV RO#51H

4140 E6 Loop6: MOV A,@RO

4141 2401 ADD A#01

4143 D4 DA A

4144 F6 MOV @RO,A

4145 B4 60 OE CINE A #60H Display
4148 76 00 MOV @RO0,#00

414A 08 INC RO

414B DAF3 DINZ R2,LOOP6
414D 06 INC @RO

414E C3 CLR C

414F E6 MOV A,@RO

4150 D4 DA A

4151 B4 1302 CINE A#13H, Display
4154 76 01 MOV @RO,#01

4156 COEO  Display: PUSH A
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4158 CO0 08 PUSH RO

415A CO00A PUSH R2

415C 7402 MOV A#02
415E 7901 MOV R1,#01
4160 75 F0 00 MOV B,#00
4163 7853 MOV RO,#53H
4165 8683 MOV DPH,@RO
4167 18 DEC RO

4168 86 82 MOV DPL,@RO
416A 120020 LCALL 0020H
416D 78 51 MOV RO #51H
416F 74 02 MOV A#02
4171 7902 MOV R1,#02
4173 75 F0 04 MOV B,#04
4176 86 82 MOV DPL,@RO
4178 120020 LCALL 0020H
417B DO 0A POP R2

417D DO 08 POP RO

417F DO EO POP A

4181 22 RET
VERIFICATION:

Enter the above program from 4100. Before executing this Program, first enter the I.S.R
(Interrupt Service Routine) jump address from 4018 (403B for Micro-51 EB) onwards as 02, 41
and 27 at locations 4018, 4019 and 401 A (For Micro-51 EB 403B, 403C and 403D) locations
respectively. Then, enter the starting time from 4700 in the 12 hours format in the order Seconds,
Minutes and Hours respectively. Now, execute the program. You can see the Digital clock
displayed on the 7-segment display in 12 hour format.

4.5 ACCESSING ON-CHIP SERIAL PORT:
4.5.1 EXAMPLE 7 - TRANSMIT FROM 8051 & RECEIVE USING 8251:
OBJECTIVE:

To transmit a byte using the On-chip Serial Port in Mode 2 and receiving the same using the
on-board 8251.

THEORY:

As the Baud clock to the serial port should be 1/32 (375 KHz) or 1/64 (187.5 KHz) of the
Oscillator frequency (12MHz) in Mode 2, baud clock to 8251 should also be the same. Channel
0 of 8253 is used to generate the baud clock to 8251. Here, serial transmission is done at the
baud clock rate of 1/32 of the Oscillator frequency. Hence, Channel 0 of 8253 is initialised in
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Mode 3 to generate 375 KHz clock.

(Therefore, SMOD i.e. Bit 7of PCON (POWER CONTROL REISTER)) should be set to 1. This
can be done by ORing PCON with 80).

PROGRAM:

4100 90 XX XX MOV DPTR,#TMR_CNT

4103 7416 MOV A#16H

4105 FO MOVX  @DPTR,A

4106 90 XX XX MOV DPTR,#TMR_CHO
4109 74 04 MOV A#4

410B FO MOVX  @DPTR,A

410C 90 XX XX MOV DPTR#SER _CNT
410F E4 CLR A

4110 FO MOVX  @DPTR,A

4111 FO MOVX  @DPTR,A

4112 FO MOVX  @DPTR,A

4113 7440 MOV A #40H

4115 FO MOVX  @DPTR,A

4116 744D MOV A #4DH

4118 FO MOVX  @DPTR,A

4119 7437 MOV A#3TH

411B FO MOVX  @DPTR,A

411C 7598 80 MOV SCON,#80H
411F 43 87 80 ORL PCON,#80H

4122 7599 54 MOV SBUF,#54H
CHK:

4125 3099 FD JINB SCON.1,CHK
4128 90 XX XX MOV DPTR#SER_CNT

CHKI:
412B EO MOVX A, @DPTR
412C 5402 ANL A#2
412E 60 FB IZ CHK1
4130 1582 DEC DPL
4132 EO MOVX A, @DPTR
4133 9042 50 MOV DPTR,#STOR
4136 FO MOVX  @DPTR,A

4137 80FE HLT: SIMP HLT
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VERIFICATION:
First of all, connect the TXD (Transmit Data) i.e Pin no. 11 of 8051 to RXD (Receive Data) i.e
Pin no. 3 of 8251. Short RTS* and CTS* signals of 8251. Enter the above Program from 4100.
Now, execute the above program. Check at 4250 whether it has the data 54.
4.5.2 EXAMPLE 8- TRANSMIT USING 8251 & RECEIVE USING 8051:

(For Micro-51 and Micropower-i only)
OBJECTIVE:
To write a sample program to receive a byte from 8251 and store it at location 4250.
THEORY:
Here, the data is transmitted serially from 8251 at the clock rate of 157 KHz. So, using Channel

0 0f 8253, the baud clock to 8251 is generated. The serially transmitted data is received using the
onchip serial port of 8051 through RXD.

PROGRAM:

4100 90 XX XX MOV DPTR,#TMR_CNT
4103 7416 MOV A#16H

4105 FO MOVX  @DPTR,A

4106 90 XX XX MOV DPTR,#TMR_CHO
4109 74 08 MOV A#E

410B FO MOVX  @DPTR,A

410C 90 XX XX MOV DPTR#SER CNT
410F E4 CLR A

4110 FO MOVX  @DPTR,A

4111 FO MOVX  @DPTR,A

4112 FO MOVX  @DPTR,A

4113 7440 MOV A#40H

4115 FO MOVX  @DPTR,A

4116 744D MOV A#4DH

4118 FO MOVX  @DPTR,A

4119 7437 MOV A#3TH

411B FO MOVX  @DPTR,A

411C 90 XX XX MOV DPTR#SER CNT

CHK2:
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411F EO MOVX A, @DPTR

4120 54 04 ANL A #4

4122 60 FB 1Z CHK2

4124 1582 DEC DPL

4126 74 46 MOV A #46H

4128 FO MOVX  @DPTR,A

4129 759890 MOV SCON,#90H

412C 4387 7F ORL PCON,#7FH
CHK3:

412F 3098 FD JINB SCON.0,CHK3

4132 C2098 CLR SCON.O

4134 E599 MOV A,SBUF

4136 9042 50 MOV DPTR,#STOR

4139 FO MOVX  @DPTR,A

413A 80 FE HLT: SJMP HLT
VERIFICATION:
First of all, connect the RXD i.e Pin no. 10 of 8051 to TXD i.e Pin no. 19 of 8251. Short RTS*
and CTS* signals of 8251. Enter the above Program from 4100. Now, execute the above
program. Check at 4250 whether it has the data 46.

(For Micro-51 EB)
OBJECTIVE:

To transmit and receive a byte using on-chip Serial Port in mode 1 and Store the received byte
at location 4500.

PROGRAM:
4100 758920 MOV TMOD,#20H
4103 758D FD MOV TH1,#FDH
4106 75 8B 00 MOV TL1,#00
4109 75 8840 MOV TCON,#40H
410C 7598 58 MOV SCON,#58H
410F 7599 54 MOV SBUF,#54H
REPEAT:
4112 3098 FD JNB SCON.0 REPEAT
4115 C298 CLR SCON.0
4117 ES599 MOV A,SBUF
4119 904500 MOV DPTR, #4500
411C FO MOVX  @DPTR,A
HLT:
411D 80 FE SIMP HLT
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VERIFICATION:

Connect a loop back connector to the Serial Port Connector. Enter the above program from 4100
and execute it. Check at location 4500 using substitute command. Ifthe contents of this location
is 54, then the Serial Port is OK. Else check the loop back connector and verify RTS*, CTS*,
TXD and RXD using an oscilloscope.

4.6.

1.

EXERCISES:

Write a program to input data from a peripheral device as a parallel stream and print it using
the Printer interface provided in the trainer kit.

Write a program to print the data received serially, using the Printer interface available in
the trainer.

Transfer a program using the serial interface to the trainer and store the same in an EPROM
using the EPROM programmer provided in Micro-51.

Write a Program to Display a 24-hour format Digital Clock using Timer / Counter 1 in
Mode 2 i.e. Auto Reload facility.

Give an external input to TO (pin no. 14) of 8051 by connecting a de-bounced switch to it.
Throwing switch low each time will represent an event. The number of these events can be
stored in TLO of TCO. Read TLO and display its contents.

Write a program to transmit a byte using 8051 in Mode 1 at the baud rate of 2400 and receive
it using the on-board 8251.

Write a program to transmit a block of data using onboard 8251 and receive it using 8051 at
the baud rate of 1200 in Mode 3 and store it from location 4200 onwards.
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CHAPTER - 5
SYSTEM ORIENTED FUNCTIONS

OBJECTIVES:
1. To equip you with usage of built in systems calls.
5.1 INTRODUCTION

You have come along way with 8031/8051.Y ou have worked out all the software and hardware
examples as well as the exercises. Hence now you definitely or a very good programmer, you
need to learn the facilities which are provided by the system namely system calls. Use of system
calls shall shorten your code for any program and transform it into small and efficient as was said
in chapter - 2.

5.2 SYSTEM CALLS

Having worked out all the software, hardware examples and exercises in the previous chapters,
you have now come a long way with the 8051. To further enhance your proficiency as a system
programmer, it is imperative that you learn the facilities provided by the system as user callable
routines. Use of these system calls shall shorten your code for any problem and make your
program small and efficient.

The list of calls available with the Micropower-i (8051) is given in the manual CAT
#MP1-51-001 and is available with Micro-51 and Micro-51 EB kit too and are given in the
Technical reference manual for Micro-51, CAT #M51-001, and Micro-51 EB Technical
Reference Manual. Let us employ these routines like resetting the trainer and so on. The entry
point for these subroutines is 8020/E020 for Micropower-i depending on the EPROM address
and 0020 for Micro-51 and Micro-51 EB.

5.2.1 EXAMPLE-I:

OBJECTIVE:

To reset the kit using a system call.

THEORY:

Initialise A to 00 and then branch to the subroutine at E020 (use 0020 for Micro-51 and
Micro-51 EB).
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PROGRAM:

4100 E4 CLR A

4101 12 LCALL EO020

4102 EO

4103 20

4104 80 HLT: SJMP HLT

4105 FE

VERIFICATION:

Enter the above program and execute it. The trainer gets reset.
5.2.2 EXAMPLE-2:

OBJECTIVE:

To read a 2 byte address from the keyboard.

THEORY:

To read a key from the keyboard, initialise A to 03 and if we are to read 4 keys, R1 is to be set

to 00. The keys are input and the input keys are displayed in the address field and the key code
is available in the DPTR register.

PROGRAM:

4100 7403 MOV AH#3
4102 7900 MOV R1,#0
4104 12 EO020 LCALL EO020

4107 80 FE STOP: SIMP STOP
VERIFICATION:
The above program when executed waits for you to enter the keys. Only hex keys are input and

displayed. The program has to be suitably modified to display error when any other key has been
input, other than a hex key.
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EXERCISES:
1) Flash the message "dISPLAY" using Function Calls 02 and 0B.

i1) Display the following, using Function Call Routines.

a).
b)
v - - 8 0 A d
¢)
5 F
d)
H E L P

ii1) Display the message "Err." using the Function call 04.
iv) Generate a tone of 1KHz to the speaker using the Function call routines.

v) Using Function Call 0A, write a routine to read from Channel 0 of ADC (in Micropower-i)
and display the digital data using Function Call 02.

vi) Serially input data from another system and print them on a Parallel printer using Function
calls 07 and 09.
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CHAPTER -6
INTERRUPTS

OBJECTIVES
1. To familiarise the On-chip interrupts of 8031/8051.
6.1 INTRODUCTION:

8051 has 5 interrupt sources: 2 external interrupts, 2 timer interrupts and one serial port interrupt
The External interrupts INTO0* and INT1* can each be either level-activated or
transition-activated, depending on bits ITO and IT1 in Register TCON (Please refer to the Chapter
1 for the complete details of various registers mentioned here). The flags that actually generate
these interrupts are bits IEQ and IE1 in TCON. When an external interrupt is generated, the flag
that generated it is cleared by the hardware, when the service routine is vectored to, only if the
interrupt was transition-activated. If the interrupt was level-activated, then, the external
requesting source is what controls the request flag, rather than the on-chip hardware.

The Timer 0 and Timer 1 Interrupts are generated by TFO and TF1, which are set by a rollover
in their respective timer/counter registers. When a timer interrupt is generated, the flag that
generated it is cleared by the on-chip hardware when the service routine is vectored to.

The Serial Port Interrupt is generated by the logical OR of RI and TI. Neither of these flags is
cleared by hardware when the service routine is vectored to. In fact, the service routine will
normally have to determine whether it was RI or TI that generated the interrupt and the bit will
have to be cleared in software.

All the bits that generate interrupts can be set or cleared by software, with the same result as
though it had been set or cleared by hardware. That is, interrupts can be generated or pending
interrupts can be cancelled by the software.

Each of these interrupt sources can be individually enabled or disabled by setting or clearing a
bit in the Special Function Register IE. Note that IE also contains a global disable bit, EA, which
disables all interrupts at once.

IE: INTERRUPT ENABLE REGISTER - BIT ADDRESSABLE:

If the bit is 0, the corresponding interrupt is disabled. If the bit is 1, the corresponding interrupt
is enabled.
D7 D6 D5 D4 D3 D2 D1 DO

EA - ET2 ES ET1 EX1 ETO EX0
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EA IE.7 - Disables all interrupts. If EA = 0, no interrupt will be acknowledged. If EA =1,
each interrupt source is individually enabled or disabled by setting or clearing its
enable bit.

- IE.6 - Notimplemented, reserved for future use.

ET2 IE.5 - Enable or disable the Timer 2 overflow interrupt.

ES IE4 - Enable or Disable the Serial Port interrupt.

ET1 IE.3 - Enable or Disable the Timer 1 overflow interrupt.

EX1 IE.2 - Enable or Disable the External Interrupt 1.

ETO IE.1 - Enable or Disable the Timer 0 overflow interrupt.

EXO0 IE.0 - Enable or Disable the External Interrupt 0.

6.2  PRIORITY LEVEL STRUCTURE:

Each interrupt source can also be individually programmed to one of the two priority levels by
setting or clearing a bit in the Special Function Register IP. A low priority interrupt can itself be
interrupted by a high priority interrupt, but not by another low-priority interrupt. A high priority
interrupt can't be interrupted by another interrupt source.

If two requests of different priority levels are received simultaneously, the request of higher
priority level will be serviced first. If requests of the same priority level are received
simultaneously, an internal polling sequence determines which request has to be serviced. Thus,
within each priority level, there is a second priority structure determined by the polling sequence,
as follows:

No. SOURCE PRIORITY WITHIN LEVEL
1 IE0 (HIGHEST)
2 TFO
3 IE1
4 TF1
5 RI+TI (LOWEST)

Note that the "priority within level" structure is only used to resolve simultaneous requests of
the same priority level.
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IP: INTERRUPT PRIORITY REGISTER. BIT ADDRESSABLE:

If the bit is 0, the corresponding interrupt has a lower priority and if the bit is 1, the
corresponding interrupt has a higher priority.

D7 D7 D7 D7 D7 D7 D7 D7
- - PT2 PS PT1 PX1 PTO PX0
IP.7, IP.6 - Notimplemented, reserved for future use.
PT2 IP.5 - Defines the Timer 2 interrupt priority.
PS IP.4 - Defines the Serial Port interrupt priority.
PT1 IP.3 - Defines the Timer 1 interrupt priority.
PX1 IP.2 - Defines External Interrupt 1 priority.
PTO IP.1 - Defines the Timer O interrupt priority.
PX0 [IP.0 - Defines External Interrupt O priority.

6.3 HOW INTERRUPTS ARE HANDLED:

The interrupt flags are sampled at S5P2 of every machine cycle (In 8051, a machine cycle
consists of a sequence of 6 states, numbered S1 through S6. Each state time lasts for two
oscillator periods. Each state is divided into a Phase 1 half and a Phase 2 half). The samples are
polled during the following machine cycle. If one of the flags was in a set condition at S5P2 of
the preceding cycle, the polling cycle will find it and the interrupt system will generate a
LCALL to the appropriate service routine, provided this hardware-generated LCALL is not
blocked by any of the following conditions:

1. An interrupt of equal or higher priority level is already in progress.

2. The current (polling) cycle is not the final cycle in the execution of the instruction in
progress.

3. The instruction in progress is RETI or any access to the IE or IP registers.

Any of these three conditions will block the generation of the LCALL to the Interrupt Service
Routine. Condition 2 ensures that the instruction in progress will be completed before vectoring
to any service routine. Condition 3 ensures that if the instruction in progress is RETI or any
access to IE or IP, then at least one more instruction will be executed before any interrupt is
vectored to.
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The polling cycle is repeated with each machine cycle and the values polled are the values that
were present at S5P2 of the previous machine cycle. Note that if an interrupt flag is active but
not being responded too for one of the above conditions, if the flag is not still active when the
blocking condition is removed, the denied interrupt will not be serviced. In other words, the fact
that the interrupt flag was once active but not serviced is not remembered. Every polling cycle
is new.

Note that if an interrupt of higher priority level goes active prior to S5P2 of the machine cycle

labelled C3 in the Figure F6.1, then, in accordance with the above rules, it will be vectored to
during C5 and C6, without any instruction of the lower priority routine having been executed.

INTERRUPT RESPONSE TIMING DIAGRAM

E
LI,\ITERRIIP%J—LO,\IG CALL $®—LINTERRIIP -

ARE INTERRUPT ROUTINE
POLLED VECTOR ADDRESS

A INTERRUPT GOLES ACTIVE .
B — INTERRUPT LATCHED .

Figure F6.1

Thus, the processor acknowledges an interrupt request by executing a hardware-generated
LCALL to the appropriate servicing routine. In some cases, it also clears the flag that generated
the interrupt and in other cases it does not. It never clears the Serial Port or Timer 2 flags. This
has to be done in the user's software. It clears an external interrupt flag (IEO or IE1) only if it was
transition-activated. The hardware-generated LCALL pushes the contents of the Program Counter
onto the stack (but it does not save the PSW) and reloads the PC with an address that depends
on the source of the interrupt being vectored to. The vector address of all the interrupt sources
available in 8051 are as listed below.
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SOURCE VECTOR VECTOR ADDRESS in VECTOR ADDRESS in
ADDRESS | the user RAM (For Micro- the user RAM (Micro-

51 and Micropower-i) 51EB)

IEO £s0003 Not available to user Not available to user

TFO 000B 4015 Not available to user

IE1 0013 4018 4038

TF1 001B 401B 403B

RI+TI 0023 401E 403E

Execution proceeds from that location until the RETT instruction informs the processor that this
interrupt routine is no longer in progress, then pops the top two bytes from the stack and reloads
the Program Counter. Execution of the interrupted program continues from where it left off.

Note that a simple RET instruction would also have returned execution to the interrupted
program, but it would have left the interrupt control system thinking that an interrupt was still
in progress.

The interrupt function 'INT' available on the keypad of the trainer is provided using the external
interrupt 0 of 8051. Hence, this interrupt is not available for the user.

6.4 EXTERNAL INTERRUPTS:

The external sources can be programmed to be level-activated or transition-activated by setting
or clearing bit IT1 or ITO in Register TCON. If ITx = 0, external interrupt x is triggered by a
detected low at the INTx* pin. If ITx = 1, external interrupt x is edge-triggered. In this mode, if
successive samples of the INTx* pin show a high in one cycle and a low in the new cycle,
interrupt request flag IEx in TCON is set. Flag bit IEx then requests the interrupt.

Since the external interrupt pins are sampled once each machine cycle, an input high or low
should hold for atleast 12 oscillator periods to ensure sampling. If the external interrupt is
transition-activated, the external source has to hold the request pin high for at least one cycle and
then hold it low for atleast one cycle to ensure that the transition is seen so that interrupt request
flag IEx will be set. IEx will be automatically cleared by the CPU when the service routine is
called.

If the external interrupt is level-activated, the external source has to hold the request active until
the requested interrupt is actually generated. Then, it has to deactivate the request before the
interrupt service routine is completed or else another interrupt will be generated.
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6.5 RESPONSE TIME:

The INTO* and INT1 levels are inverted and latched into IEQ and IE1 at S5P2 of every machine
cycle. The values are not actually polled by the circuitry until the next machine cycle. If a request
is active and conditions are right for it to be acknowledged, a hardware subroutine call to the
requested service routine will be the next instruction to be executed. The call itself takes two
cycles. Thus, a minimum of three complete machine cycles elapse between the activation of an
external interrupt request and the beginning of execution of the first instruction of the service
routine.

A longer response time would result if the request is blocked by one of the 3 previously listed
conditions. If an interrupt of equal or higher priority level is already in progress, the additional
wait time obviously depends on the nature of the other interrupt's service routine. If the
instruction in progress is not in its final cycle, the additional wait time cannot be more than 3
cycles, since the longest instructions (MUL and DIV) are only 4 cycles long and if the instruction
in progress is RETI or an access to IE or IP, the additional wait time cannot be more than 5
cycles (a maximum of one more cycle to complete the instruction in progress, plus 4 cycles to
complete the next instruction if the instruction is MUL and DIV).

Thus, in a single-interrupt system, the response time is always more than 3 cycles and less than
9 cycles.
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CHAPTER -7
SERIAL DATA COMMUNICATION

OBJECTIVE

1. To familiarise the serial data communication of 8031/ 8051.

7.1  INTRODUCTION

It becomes a very tedious task to find out the opcodes and enter them into the trainer in the form
of hex codes, when the program size becomes large. It then becomes a necessity to use a PC
based assembler while developing large programs, for effective time utilisation. Now, the
opcodes can be transferred from the PC to the trainer. We provide a Data Communication

Package for such a transfer from the PC/trainer to the trainer/PC, which transfers data in a serial
fashion.

In this chapter, we will be dealing with the usage of this Communication Package called
DATACOM, with Micropower-i, Micro-51 and Micro-51 EB trainer kits.

Note that the messages given in boldface, in the succeeding paragraphs denote the messages that
will be displayed on the host while working with DATACOM.

7.2  DATACOM - BASIC FEATURES:

This DATACOM is a Menu-oriented user friendly Serial Communication Package. You can
either download to a trainer or upload to a host. Selection of COM1 or COM2, baud rates from
110 to 9600, parity bits and stop bits are user determined.

When your host is ready with the DOS prompt, type in,

A>DATACOM <CR>

Now the MAIN MENU is displayed as:
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DATA TRANSFER SOFTWARE
Release 2.01 (c¢) Vi Microsystems Pvt. Ltd., 1990

MAIN MENU——

F1 Setup

F2 Transmit data
F3 Receive data
ESC Exit to Dos

Port: COM1 Baud:9600 Parity : None Stop:01 Data: 08

As seen, the Function keys F1, F2 and F3 are used for the three main operations. The three
functions can also be selected using either Cursor keys or pressing the first letter of the function,
for example "S" takes you to "Setup", "T" to "Transmit" and so on.

7.2.1 END OF FILE (EOF):

The DATACOM can transmit any type of data. To denote the End Of File to the receiving

The software written for serial communication in Micropower-i, Micro-51 and Micro-51 EB
trainer kits supports this EOF requirement of DATACOM.

The above mentioned are the features available in the DATACOM package. And now to the part
which explains communication with Micropower-i, Micro-51 and Micro-51 EB trainers.

7.3  SETUP HOST SERIAL PORT:

Select the "Setup" option in the MAIN MENU using either "S" or "F1" or using Cursor keys.
The SETUP MENU now appears on the screen as:
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DATA TRANSFER SOFTWARE
Release 2.01 (¢) Vi Microsystems Pvt. Ltd., 1990

SETUP MENU

Serial Port .. COMI
Baud Rate

Parity

Stop Bit

Data Bit

Press Space Bar To Change And < CR > TO Select
Port : COM1 Baud:9600 Parity : None Stop:01 Data: 08

From the MENU, you have got options to change the,

Serial Port — —— COM1, COM2

Baud rates  — 110, 150, 300, 600, 1200, 2400, 4800, 9600
Parity — Even, Odd, None

Stop bits — 1,2

Data bits — 7,8

Now use the SPACEBAR to select the protocols and confirm your selection using <CR>. After
selection of all the protocols, the current serial port setting is displayed as a Status in the MENU.
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DATA TRANSFER SOFTWARE
Release 2.01 (¢) Vi Microsystems Pvt. Ltd., 1990

SETUP MENU ———
Serial Port .. COMI1
Baud Rate .. 9600
Parity .. NONE
Stop Bit . 01
Data Bit ... 08

Serial Port Configured
Press any key to continue ..

Port: COM1 Baud: 9600 Parity: None Stop:01 Data: 08

Now, the host system's serial port has been configured as per your selection and is ready for serial
transmission.

NOTE:

1) Be sure that the other system that is sending/ receiving data is also configured with the
same protocols. Else, proper transmission of data will not occur.

1) Default settings of DATACOM are COM1 Serial Port, 9600 Baud Rate, No Parity, 1
Stop Bit and 8 Data bits.

7.4 TRANSMIT DATA TO TRAINER:

Ensuring yourself that both the host and the trainer are initialised with the same protocols,
connect the Serial cable from the host to the trainer. For an IBM PC/XT, the cable is a 25-pin
D female to a 9-pin D female, the 9-pin D female side going to the trainer. For an IBM PC/AT,
it is a 9/25-pin D female to a 9-pin D female. Distinguish between the trainer side female
connector and the host side connector.

In the Micropower-i, Micro-51 and Micro-51 EB trainer kits, the default Serial Port settings are
9600 baud, 8 data bits, no parity and 1 stop bit.

Select the "Transmit data" option in the MAIN MENU of DATACOM. Enter the file name, that
is to be transmitted. Assuming a file name of "SA.BIN", the display is as:
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DATA TRANSFER SOFTWARE
Release 2.01 (c) Vi Microsystems Pvt. Ltd., 1990

TRANSMIT MENU

File Name -> SA.BIN <CR >

Display the count ( Y/N) ?

Port : COM1 Baud: 9600 Parity : None Stop:01 Data: 08

Only if the file specified is found in the default drive and directory setting, will the option for
displaying the count be displayed. Else, the user response whether to try again or not is
confirmed as,

Cannot open the File SA.BIN Wish to try again (Y/N) ?

If the file is present, the display is as in above menu. Now, press "Y" or "N" depending upon
whether you want the system to display the number of bytes that is being transferred or not. After
confirmation of the display of the count, the system is ready for transmission as,

Press any key to continue...

Now, setup the trainer in the receive mode. Have a quick reference at the Technical Reference
manual to set the trainer in the receive mode using the SYNTAX SER, IN, address and NEXT.

Now , if the trainer is ready to receive data, press any key in the host to start transmission.
During transmission, the message displayed is,

Press ESC to abort

Transmission in progress...
The count is displayed according to user setup to display or not. Without the display of the
count, the transmission is fast. You can abort serial transmission halfway by using ESC key.
After successful transmission of data, the display will be as given below:
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DATA TRANSFER SOFTWARE
Release 2.01 (¢) Vi Microsystems Pvt. Ltd., 1990

TRANSMIT MENU

File Name -> SA.BIN

<nnn> Kbytes <nnn> bytes
Transferred

Transmission Over
Press any key to continue ...

Port : COM1 Baud:9600 Parity : None Stop:01 Data: 08

Now, if the trainer's serial port is proper, then it will display command prompt, indicating
successful reception of data.

In case, if the communication is not proper, then the display will be as follows:

Time out Error
Press any key to continue...

Try once again now. Check for mismatches in the protocols of the two systems. Even now if
the communication is not proper, then contact our Customer-Support Division for further
clarification.

7.5  RECEIVE DATA FROM TRAINER:

Ensure that the protocols of the two systems are identical. If not, initialise properly before
transmission of data from the trainer.

Selection of "R" or "F2" or the cursor keys takes you to the RECEIVE MENU of DATACOM.
Now enter the file name under which the incoming serial data from the trainer will be stored.
Assuming the file name to be "TEMP", the display is as:
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DATA TRANSFER SOFTWARE
Release 2.01 (¢) Vi Microsystems Pvt. Ltd., 1990

—— RECEIVE MENU

File Name -> TEMP

Press any key to continue ...
Port : COM1 Baud: 9600 Parity : None Stop:01 Data: 08

Now the host is ready for reception. Now use the SYNTAX SER, OUT, Start address, NEXT,
End address in the trainer to make it ready for serial transmission.

Put the host in the receive mode by pressing any key. Instantaneously, press the NEXT key in
the trainer.

Notice one practical problem now. The HOST cannot be put in the receive mode for long. It
checks for data only around 50 times and displays Error if it doesn't find any data at its serial
port. So, do not put the host in the receive mode for long time. Send data from the trainer as
soon as the host has come to the receive mode. Hence additional care must be taken during
uploading. If a mismatch occurs between the two systems, or if the trainer does not send data
within that specified 50 checks, the display is as:

Time out Error, Task aborted

Press any key to continue...
When it is receiving data, the display is as,

Receiving to file TEMP

After successful reception, the DATACOM displays as,
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DATA TRANSFER SOFTWARE
Release 2.01 (c¢) Vi Microsystems Pvt. Ltd., 1990

—— RECEIVE MENU

File Name -> TEMP

<nnnnn> Bytes Received

Receive Process Over
Press any key to continue ...

Port : COM1 Baud: 9600 Parity : None Stop:01 Data: 08

This ends the DATACOM's Serial Transmission and Reception of data. Quit DATACOM by
using either "ESC" or "E" or using Cursor keys.
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PROGRAMMER'S GUIDE AND INSTRUCTION SET

Mamaory Organization

Praxgram Kemaory

The BOCE1 has saparale address spaces for programand data
rmermary. The Program memory can be up to 64k byles long. The
lower 4k can reside on-chip. Figure 1 shows a map of the BOCE
ProJrEm memary.

The 80CE1 can address up ko B4k byles of data memary to the chip.
Tha MOV instruction i used o access the external data memory.

The 80CE1 has 128 bytes of on-chip RAM, plus a number of Special
Function Registers {SFRs). The kower 128 bytes of RAM can be
aocessad sither by direct sddrassing (MOV data addr) or by indiract
addressing (MOW @RI). Figure 2 shows the Data Memory
organization.

Direct and Indirect Address Area

The 128 bytes of RAM which zan be accessad by both direct and

indirect addressing can be divided inbo thres segments as lisked

belw and shown i Figurs 3.

1. Register Banks 0-3: Locations 0 through 1FH (32 bytes). The
device after reset defaults 1o register bank 0. To use the olher
register banks, the ussr must s2lect them in software. Each

register bank contains sight 1-byte registers 0 through 7. Resst
initializes the stack pointer bo kcation 0TH, and itis incrementad
onca to start from location 08H, which is the first register (R) of
the second register bank. Thus, in order bo use more than one
register bank, the SP should b= initialzed to a dfferent location
of the RAM whara it is not used for data shorage (i.e., the higher
part oif the RAM).

. Bit Addres=able Area: 16 bytes have bean assigned for this

segment, 20H-2FH. Eachone of the 128 bits of this ssgment can
be directly addressad (0-TFH). The kits can be referred foin two
ways, both of which are acceplable by most assemblers. Cne
way is 1o refer to their sddrass (i.e., G-TFH). The ather way is
with referance to bytes 20H to 2FH. Thus, kits C-T 2an also be
refermed to & bits 20.0-20.7, and bits &FH are the same as
21.0:21.7, and 50 on. Each of the 16 bytes in this segrment can

also be sddressed a5 a byls.

. Seratch Pad Area: 30H through TRH are available to the user as

data RAM. However, if the stack pointer has been iniialized to
this area, enough bytes should be |eft aside to prevent 5P data
destruction.

Figure 2 shows the diffarant segrments of the on-chip RAM.

FFFF FFFF
1‘
ED
EYTES
EXTERNAL
> i A BvTEs
EXTERNAL
1000
AN
OFFF
4k BYTES A
MTERNAL
000 000
SLHEET
Figura 1. BOCS1 Program Mermary
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OFFF
HTERMAL
FF 3
BYTES
SFRs EXTERNAL
ORECT ADCAESSING
[=7TK
BO
} AN ———
TF
DRIECT AMD INDRECT
ADOREESHE
I y 000l
SL05aE
Figure 2. 80C51 Data Memaory
|<— BEYTES —,..I
b TF
m 7T
=] BF
&0 BT
ta 5F  SCRATCH
FaO
t0 57 BFREA
48 4F
40 a7
| F
0 ar
ES kS 2F BT
ADOREESAELE
@ | o 2T SEGMENT
18 1 1F
1 2 17 REGETER
EAHKE
od 1 oF
o 0 o7
SLI05ED

Figure 3. 128 Bytes of RAN Direct and Indirect Addressablea
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Table 1.  BOCS1 Special Function Registers

symeoL |  DESCRIPTION AEIZlI IEREE;s rfst ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTIO Ese. RESET VALUE

acc | Aecurmulator EOH ET E& E5 E4 EI E2  El ED 00H

B B register FCH FF F6 FS& F4 F2 F2 F1 FO 00H

CDFTR Data pointer (2 by-

tes)
OPH Diata pointar high A3H QaH
OPL Data pointar low B82H 00H

AF  ME AD  AC  AE AA A0 M3

E* Interrupt anabls ABH Ea | - | - Jes |enm | ea | em| ew | cooooooe
BF BE BD BC BE BA B9 BB

P Intrrupt priority BEH - | -] - Jpes [pPm ] et | pro | po | seoo0000E
i 86 85 84 &3 82 B1 B

Po* Pert 0 BOH aD7 | aDe | aDs | ap4 | Aapa | apz | apt | apo FFH
o7 96 95 04 @ 02 g1 oo

P1* Pert 1 0H -l -1 -1 -01-1=-Jreex] 12 FFH
AT OAE AS AL AT A M oM

=3 Port 2 ACH 215 | a1 | oara Jarz L an [ Ao | A | as FFH
T Bs BS B4 B3I B2 BI B

=5 Port 3 BOH RO [mr | 11 | 10 [mmr [mm | 70 | R FFH

PCON! | Power control 87H smoD | - - - |k Jaro ] o | oL | mwecesl
OF D5 D5 D4 DI D@ D1 D0

PSW* | Program status word DOH e Jac | Fo |IRst [Rao ] ov ] - | P aoH

SBUF Serial data buffer 2aH oo B
oF S R

SCON' | Serial controller aH smo | sm1 | smz [ Ren | tBa [ RBA | TI | R 00H

sP Stack pinter 81H o7H
oF BE BD 8C 8B & B0 BB

TCON® | Timercontral 83H TF1 | tR1 TR0 JTRO ] Er | omi | e | o

THI Timer high 0 BCH 00H

TH1 Timer high 1 EDH 0oH

TLO Timer kow 0 BAH 0oH

L1 Timer low 1 EBH 00H

TMOD | Timer mode 80H GATE | o | w1 | wo Jate] cm | w1 | wmo 0H

HOTES:

* Bit addrassshls

1. Bits GF1, GFO, PD, and IDL of the PCOMN register are not implementesd on the NKMOS BOE1BI31.
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BEYTES
Fg FF
e F1
Ed EF
ED | acc ET
i oF
| e o7
o8 CF
i cT
N EF
| m BT
Lt IE AF
M| AT
% | scown | EELF UF
w | M ot
B | toon | mmco | o | o | e | s BF
| P | = | oRL| CPH PCOM | BT
l‘
BT ADCAEESABLE
SLO0ED
Figure 4. SFR Memory Map
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Those SFAs that have their bits assigned for vanowes functiens ane listed in this section, A briet description of each bit =
pravided for guick reference, For mors detailed information reler 1o the Archilscture Chaplsr of thes book

PSW: PROGRAM STATUS WORD. BIT ADDRESSABLE.

[ v | ac | Fo | st [ mso Jov | - | P |
cY PEW.7 Carry Flag
A FSW.E Auxitary Carry Flag.
FQ PEW.5 Flag 0 availabls to the user for gansral purpose.
RS51 FEW.a Ragister Bank selactor bit 1 (SEE MOTE 1).
RS0 P5W.3 Register Bank selactar bit 0 (SEE MOTE 1).
oy FEW.2 Carlow Flag,
- FSW.1 Usable as a gensal purpose flag.
P FawW.0 Parity flag, Sat'clearad by hardware each instruction cycle to ndicate an odd'even number of 1" bus in
lha accumulador,
HOTE:
1. Tha value presantad by RS0 and R51 selecls the cormasponding ragestar bank
RS RS0 REGISTER BANK ADDRESS

D n D OR-0H

D 1 1 OEH-0FH

1 1} 2 10H-17H

1 1 & 1BH-1FH

PCON: POWER CONTROL REGISTER. NOT BIT ADDRESSABLE.
[smoo] - | - | - | & Jaro | PD | iDL |

SMOD Double baud rats ba. i Timer 1 is used 1o generate bawd rate and SMOD = 1, the baud rate is doubled when the Serial
Pedt is usad i modes 1, 2, or 3,

- Mot implemented, reserved for future use.”
- Mol imglemanied resarded for Tubene use,”

- Mot implemented reserved for future use.*

GF1 Genpral purpoda lag bil

GFO General purpoae flag bi.

PD Fowar Down B3, Satling his B0 activates Powsr Down oparation in the BDCET, [Available only in CMOS. )
0L Idle mode bit. Setting this bit activates idle Mode coeration in the 80C51. {Available onby in CMOE.)

114 e writtan 10 PO and 10U al the same tima, PO akes precadencg

User saftwane shauld ral wrile 15t resarved bits. Thase bils may be isaed in fulue 2051 poducts o invake new fealumns

Vi Microsystems Dvt. Ltd., [A-5]
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INTERRUPTS:

To use any of the inlamupts in the BDCS1 Family, the following three slaps must ba takan

1. Sat the EA (enable all) bit in the IE register to 1.

2. Sel the corresponding individual interrupt enable bit in the |E register to 1,

3. Begin the interrupt service routine at the comesponding Vector Address of that interrupt. See Table below.

INTERAUPT SOURCE WECTOR ADDRESS
IED 0003H
TFO 0O0EH
IE1 0013H
TF1 001BH
HI&TI 0023H

Im addition, for extemal interrupts, ping INTO and INT1 (P3.2 and P3.3) must be sat 1o 1, and depending on whether the
interrupt is to ba keval or ransifion activated, bits 1TO or 1T1 in the TCON registar may nead 1o be sat to 1

ITw = 0 level activated
ITE = 1 fransilion activalad

IE: INTERRUPT ENABLE REGISTER. BIT ADDRESSABLE.
I b Bil 15 0, e cormaspond 1t intarrupt s disabled, 1 the Bl s 1, tha m-r@snundmg il is anablad

b ea | - | - ] es | enn |exi | ero] exo|

Ea IE.7 Disables all interrups. If EA = 0, no imermnupt will be acknowledged. I EA = 1, each intsrrupt sournce s
indivichually engbled of disabled by salling o chaaring 15 anabla bit

— IE& Not implemented, reserved for fubure use.*

— IE.5 Ned implarmentad, resandsed for ubung use,”

ES IE.4 Enable or disable the serial port intermupt.

ET1 IE.3 Enabla or disabla the Timar 1 ovarflow inlamag

EX1 IE.2 Enable or disable External Intemupt 1.

ETD IE.A Enabla or disabla tha Timar O ovarflow inlamag

EX0 IE.Q Enable or disable Extermal Intermupt 0.

Uses salbware shauld nal wrile 15 & resened bits. These bils meay be wsed in uloe BICE] products o invoke new fealures.

19597 Sapt 18 43
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ASSIGNING HIGHER PRIORITY TO ONE OR MORE INTERRUPTS:
I erdiar 1 assign higher paority b an intereg! the cemesponding bil in the 1P registar must be sal o1
Remember that while an int=rrupt service is in progress, it cannot be interrupted by a lower or same kel intemupt.

PRIORITY WITHIN LEVEL:
Pricrity within kel is only 1o resohve simultaneous regquests of the Same prionty lewel,
From high 1o bow, imterrupt sources are Bsted below:

[154]
TF

IET

TF1
RlarTI

IP: INTERRUPT PRICRITY REGISTER. BIT ADDRESSABLE.
It the bit is 0, the corresponding intarrupt has a kower priority and if the B3 s 1 the corresponding intarrupt has a higher priority.

I -1 -1 - [ ps | Pt | Pxs |pro] pxol
- IRy Med implarmantad, resarded for Iubung use,”

- IP& Mot implemented, resered for future use.”

- IS Mot implamentad, resansed for Tuteng use.”

P5 P4 Dwefines the Sanal Port interrupt priority level_

PT1 IP3 Crafires th Tirmar 1 interrupt priority kel

¥ IR2 Diefines Extemnal Interrupt 1 priority kevel_

PTD IPA Credines e Tirmar O inbarrupl |'|ri|]ri[5l vl

PXd IR Drefines the Extemal Interrupt O priority lesvel.

Llger soltwans ahauld mol wrile 12 50 resansad bt Thase bils mey ba wed n uluma BOCST producis 1o invoks new faaiunes,

19597 Sapt 18 44
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TCON: TIMERCOUNTER CONTROL REGISTER. BIT ADDRESSABLE.

[ 7Fe | At [ F0 | TR0 | uEr | mt | Eo | mo |

TF1 TCOM.T Timer 1 ovarflow Rag. Sl by hardware when the TimsnCownter 1 overfiows, Clsarsd by hardware as
processor veclors to the interrupt senvice routine.

THA TCON. S Tirmsar 1 run cantrol bil, Salfcheaned by Soltwane ta turm Timan Gowntar 1 ORODFF,

TFQ TCOM.5 Timer 0 overdlow fiag. Set by hardware when the Timen/Cownter O overfiows. Cleared by hardware as
procassor veclors 1o the sandee rouling

TR TCOM.A Timer O run control bit. Setcleared by software to turn Timer Counter 0 ORAOFF,

IEf TCON.3 Extarnal Interrupl 1 adge flag, Sal by hardwara whan Extarmal Interrupl edge s detectad, Claarad by
hardware when interrupt is processed.

I TCOM.2 Intarrupt 1 type conmtrol b, Setfcleaned by soltware 1o spacily talling adgelow laval tiggered Exlanmal
Intarrupt.

IEQ TCDM. 1 External Interrupt 0 edge flag, Set by hardware whan External Interrupt edge detfected. Cleared by
hardware whan inerrupt is processed

ITD TCOM.O Interrupt 0 type contral bit, Set'cleared by sofiware to specity faling edgedow level triggered External
Intarrupt.

TMOD: TIMER/COUNTER MODE CONTROL REGISTER. NOT BIT ADDRESSABLE.

|GATE|L.".'T| Mi | MDlGATElD-‘T| r.n1|r.+n |
[ A -
— —
Timar 1 Timar o
GATE When THx {in TCOM) is sat and GATE = 1, TIME ARG OUNTE Fix will rum only while INTx pin |s hégh (hardware control),
Whan GATE = 0, TIMER/COUNTER: will run anly whils TRx = 1 (softwars control).
T Timer or Counter salector. Cleared for Timer operation (input from mtemal system clock), Set for Counter oparation
tirgat Tredn Ty inpul pin
It Mode salector bit, [NOTE 1]
(L8] Moda salactor bit, (NOTE 1]
MNOTE 1:
M1 Mo Operating Moda
o a 4] 13-bit Terner (B8 compatblka)
i} 1 1 16 -bif Temen' Caurler
1 a £ 8-bit Auto-Raload TimanTounkar
i 1 3 | Tirear O TLD i an 8- Timan Countar conirelled by ths standar Timear ©
aaiiial beks, THD & and-oil Timear and &2 controllad By Timar 1 comial bes,
1 1 3 [Timar 1) TimarCountar 1 stopped,
1947 Sapd 18 a5
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TIMER SET-UP
Tables 2 ihrough & give some values for TMOD which can be used to sat up Timar O In diferent modeas.

It1s @=sumed that only ane timer 15 belng used at a tme. 1T It 15 desired o run Timars ©and 1 simultansously, In any mode, ha
valug In TMGD for Timer 0 must b2 ORad with the valua shown for Timer 1 (Tatles 5 and 6).

Forexample, IT It 15 dasirad to run Timer & In mode 1 GAT E (extemal contral), and Timer 1 In mods 2 COUNTER, then the value
that must be Icaded Into TMOD Is 89H (09H from Table 2 ORed with G0H from Tabla 5.

foredver, It 15 assumeadthat the usar, at his point, 15 not ready 10 wm the tmers onand wil do hat at a diferznt point In he
program by setting bit TRX (In TCON) to 1.

TIMER/COUNTER
Table 2. Az a Timar:
TMOD
MGDE TIMER 0 INTERHAL EXTERMAL
FUNCTION CONTROL CONTREOL
{NOTE 1) {NOTE 2)
o 13-bit Timer 0 (8H
1 18-bit Timer O1H {9H
Bkt Auto-Rekad (2H 0AH
3 T B-bit Timers 2H 1BH
Table 3.  As a Counter:
TMGD
KCDE COUNTER @ INTERMAL EXTERMAL
FUNCTICN CONTROL CONTREOL
[HOTE 1) {NOTE 2)
0 13-bit Timer (4H =H
1 1&-bit Timar (EH noH
2 Bkt Auto-Rekad 0eH NEH
El Cine B-it Countar OrH IFH

HOTES:
1. The fimer is tuned CWEIFF by setting/dearing bit TRO in the softwars.
2. TheTmeris turmed OWOFF by the 1-to-0 transition on TTO (P3.2) whan TRO =1 {hardwara conirel ).

Vi Microsystems Dvt. Litd., [A-9]
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TIMER/COUNTER 1
Tabled.  As a Timer:
TMOD
MODE TIMER 1 INTERNAL EETERMAL
FUNCTION CONTROL CONTRIOL
(NOTE 1) (NOTE 2)
o 13-bit Timer g ATH
1 16-bit Timer 1H S0H
2 Bt Auto-Rekoad 20H AlH
3 Does not run AH EOH
Table 5.  As a Counter:
TMOD
MOCE COUNTER A1 INTERNAL EXTERMAL
FUNCTION CONTROL CONTROL
(NOTE 1) (NOTE 2
a 13-bit Timer 47H COH
1 16-bit Timer ECH OoH
2 Bt A uto-Rlakoad ECH ECH
3 Mt availablz - -
NOTES:
1. Thetimer is tumed CNIFF by setting/dearing bit TR1 in the software.
2. The Timeristumned CHWOFF by the 1-to-0 transition on TTTT (P2.2) whan TR1 =1 {hardwars conind).
Vi Microsystems Dvt. Litd., [A-10]



MICRO-51 EB LCD TECHNICAL REFERENCE APPENDIX

Philips Semiconductars

80C51 family programmer's guide

80C51 Family and instruction set

SCOMN: SERIAL PORT CONTROL REGISTER. BIT ADDRESSABLE.

[ smo | smi [ smz | men | TB8 [ REa | 71 | A1 |

Sk SCOMN.7 Sarial Port mods specifier. (MOTE 1)
Shat BO0OM.E Serial Port mode apecifier. (MOTE 1)
Sh2 SCOMNE Enables the multiprocssssr communication feature inmodes 2 & 3. Inmode 2or 3, if SM2 is sat 1o 1 then

A1 will not be activated if the received Sth data bit (ABA] is 0. In mode 1, if SM2 = 1 then Rl will not be
activated it & valid stog bit was nol receivad. Inmoda , SM2 should ba 0, [See Table 6

REM BCOM.A SetClearsd by softwars to Enable/Disable reception.
TER S00N3 The QIR bit thal will be transmitlad in modes 2 & 3. SaUClaanad by solbware
REB SCON2 In modes 2 & 3, is the 9th data bit that was recened. Inmade 1, if SM2 = 0, RBA is the stop bit that was
recaivad, In mode O, RBA is nol used,
Tl BCOMNA Transmit imterrupt flag. Se1 by hardware at the end of the th bit time in mods &, or at the beginning of the
siop ket in the other modes, Must be clearad by sottware.
Rl BCOM.O Receive interrupt flag. Set by hardware at the end of the &th bit time in mode 0, or halfway through the
ahop ket time nthe other modes (except see SM2). Must be cleared by software,
MOTE 1:
SMa 5M1 Moda Dascription Baud Rate
1] 0 0 Shift Riagistar Foec /12
a 1 1 B-Lit UART Wariakde
1 0 2 t5-bit LART Fex: 464 or F e 132
1 1 3 kit UART Variabha
SERIAL PORT SET-UP:
Table 6.
MODE SC0ON SM2 VARIATION
r11 ég:’ Single Procassor
2 a0k Ermiranment
[SM2 = 0}
a DDk 4
? ;ll:l'T'_ Mulbiprocossor
Erwiranmesl
2 BEIH [SMZ = 1)
3 FOH s

GEMERATING BAUD RATES
Serial Port in Mode 0:

fods O has a fiwed baud rate which is 112 of the oscflator frsquancy. To run the ssqal port in this mods none of the
TirmerCounters nead 1o be set up, Only the SCON register needs to be defined,

Qs Freq

Baud Rabs __ 13

Serial Portin Mode 1:

Mode 1 has a variable baud rate. The baud rate s genarated by Timer 1.

19597 Sapt 18 aa
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USING TIMER/COUNTER 1 TO GENERATE BAUD RATES:

Fa this purpose, Timer 1 i usad in moda 2 (Auto-Felead), Astar 1o Timer Satup section «f this ehaptar
Baud Rate e e
S T BE_1@ _[256 _ (THT]]

HEMOD =0, thean K =1
I SMCD =1, then K = 2 [SMOD is i the PCOM registsr).

ot of the fime the user knows the baud rate and needs 1o know the reload value for THE,

- Ko D8 Frag
Tt 26— 384 baud rate

TH1 mius! ba an intégar walua, Bounding off THT 10 the nearest imagar may fol produce e dasired bawd rate, 0 this case, the
uzar may have to chooss another crystal frequency.

Since the FCOMN ragister is not bit addressable, one way 1o set the bit |s legical ORIng the PCON reglster {Le., OAL
PCON #80H). The address of PCOMN is BYH.

SERIAL PORT IN MODE 2:

Thie b riale 15 fixad in this maode and is 1032 or 184 ol e escillator iraquancy, depending an the value o the SMOD Bl in
tha PCOM registar

Im this mode none of the Timers are wsed and the clock comes from the intemal phase 2 dock,
SMOD = 1, Baud Rata = 1032 Ose Freg,

SMOD = 0, Baud Rate = 1/64 Osc Freqg,

Tor sal the SMOD bik QAL PCON #80H. The address of PCON is B7H.

SERIAL PORT IN MODE 3:
The baud rate in mode 3 s variable and sals up axaclly the same as in moda 1,

Vi Microsystems Dvt. Ltd., [A-12]
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80C51 FAMILY INSTRUCTION SET

Table 7. BOCS51 Instruction Set Summary

Intarupl Hesponsa Time: Rebar 1o Hardwarne Dascriphon Chapler.
Insiructions that Alect Flag Seltings!!
Instruotion Flag Instruction Flag
oo AC GV AG
A0Dn X X ® CLR G ]
ADDG X X X CPLG X
SLBS i X ® AL bl ¥
ML 0 X AML G it X
Diw o X QRL G bit %
BT X QRL C it X
RRC X MO G b X
RLC X ME X
SETRC 1
Mikgta that operations on SFA byle address 208 or bil addrasses 208-215 i.e,, the PSW or bits in tha PSW) will also affect flag setlings
Notes on inatruction et and addressing modes;
Hn ”Bglﬁlt'll' F7-F0 of the curmany salectad HEQI‘B'.EI Bank
direct 8-hil infernal dala locaion’s sddress. This could be an Internal Dala AAM lecalion (3-127) or a SFR [ie., 10 part,
cantral register, slatus regisles, s, (128-256)).
@RI A-hit imernal dala RAM location [(-265) addmssed indreaily thraugh regisior A1 or AD
adata A-nit constand included inthe instruction
#data 16 1E-bal conslant includad n the irsinuchon
addr 16 1E-bat deslinalion address, Used by LOALL ard LIMP. A bramch can be anywheare wilhin the S4k-byle Program
Memnary address space.
wddr 11 11-bil destination address. Used by ACALL and AJMP. The branch will be wilhin lbe same 2k-byle page of
pragram memary as the lirsl byle of the lolowing instruction.
rel Signed (Paa’s complement) 8-bil ollsel byle. Used by SJMP and all conditioral jumps. Range is —128 (o +127
bryles relative Lo lirst byle of the lelowing instruction.
bt Oirect Acdressed bit in Internal Data R&M or Special Funclion Aegisies
MNEMCNIC DESCRIPTION BYTE -
ARITHMETIC OPERATIONS
ADD A Rn Add register o Accumulalor 1 12
ADD A direct Agdd direct byta o Accumulagar 2 12
ADD & aRi Add ndirect RAM o Accumulatar ] 17
ADD A pdala Agdd rnmediate dala o Accumulalon 2 12
ADDC A.Rn Agdd register 1o Accumalatar wath camy 1 12
00D & diract add diract byta o Accumulater with carry 2 12
ADDG AR Add mdirect RAM o Accumulaion will carmy 1 12
ADDC A gdata Add mmediata data 1o Aqp with carry ] 12
5UB8 A Fn Subtract Hegistar from Aqp wilh borrow 1 12
SUES A diract Subtract direct byle Irom S wilh boros 2 12
SUES A, DRI Subtrac indirsct BAM Tram A=z wilh boros 1 12
SLBSR A ddata Sabiract immadiatle dala from Anc with borrosw 2 12
IMC A Incrament Assumilalor 1 12
IMC Rn Inuremenl regisler 1 12
Al mnemenics copynghted 25 Intel Caporation 1980
19497 Sapt 18 40
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Table 7. BOCS1 Instruclion Set Summary {Continuad)

MNEMONIC DESCRIPTION BYTE DEEELHLISLOH
ARITHMETIC OPERATIONS [Contrisad)
MG chrel Incrament dirscl byle 2 12
IMC & Hi Incramenl indirac] HAM 1 12
DEG A Diecramant Accumulalar 1 12
DEC Hn Decramsant Ragstar 1 12
DEC direct Decrerment direct byle 2 12
DEC @A Dipcromant indirect Fak 1 12
1M OPTR Incramant Clata Poirdar 1 2
MUL AR Wludtiphy & and B 1 48
i 1=} Divide Aby B i 48
[EE] A Digcarmad Adjust Accumulasor 1 13
LOQICAL DPERATIONS
AR & Fn AN Aegishor io Accumulalor 1 12
ANL A diract AN dirag! byle 1o Accumulator 2 12
AML A AMD irdirect FAKM 1o Accumulator 1 12
AML A ddala AND immadsale dala o Accurnuialon 2 12
AR direct, & AN Acoumulaton o dinect byl 2 12
AML chrect, Adata AN immadate dala 1 dirsct byla 3 24
OHAL i Rn O register o Aocurnuialon 1 12
Al & dirnct R dirert byte 1o Accumaulatar 2 12
DAL A aRi iR irdiract BARM 1o Accumilatar 1 12
OHL A ddala OH immediale dala b Accurmulalor 2 12
Al et A CR Acoumulalor i direct byln 2 12
OAL dhrescd, Adata OR immadiale dala 1o diract byte ] 24
EHL A, Fn Exchugive-0F reqister to Accumulator 1 12
XAl & dirnct Exciusien-0A dimol byle io Sccumulator 2 12
AL aaRi Exchusive-DF indinact Rakd 1o Accemulalor 1 12
EHL A diclata Exchugive-08 immsediate data o Accumulglos 2 12
AL direct, A Exchusive-0H Accumulaios to direcl byle 2 12
¥AL direct, Adaga Exchusien-OH immedale dsta o direct bylo a 24
GLH A Clear Accumulalor 1 12
CPL i, Cornplement Accurmrmulatar 1 12
Rl A RAcdata Accumulador left 1 12
RLEG A Roaata Accumulator lefl thrawgh the camy 1 12
RR A Retate Accurmulater ight 1 12
RRG a, RActata Accumulater right thraegh the camy 1 12
SYAP & Swap nibhkas withan tha Accumlalor 1 12
DATA TRAMSFER
MOV ] Wrea registnr o Accumulator 1 12
LY A diract Mo diret byt e Accumudaton 2 12
MW AR Mo indinas! FLAM to Sccumulatos 1 12
Al rnamonios copynghbed © Inlel Corposalicn 1980
1997 Sapt 18 M
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Table 7. BOCS1 Instruclion Set Summary {Continuad)
MHEMONIC DESCRIPTION BYTE DE'EELHLI;LGH
DATA TRANSFER (Conlinued)
MO A #clata Mowsa immmadiate data b Actumulaten 2 12
by R IWlove Aocumulaion 1o regester 1 12
7 FAndiract Iowa dvect byt i regisler 2 24
WO MK, Adata Ilosa immediale data b regster 2 12
KON direct, A Meve Aocumulaton o direct byte 2 12
MW direct, An Mpwa regisier b direct byie ] 24
[ ohrecd, drecd Mowa drecd byt 5 dinac) 3 24
MW direct, @Hi Mo indirec] AAM o direcl byle 2 24
WOV irect, Adaga pven immodiate data to dimal byie a 24
AW 2AiAa Mo ccumulator bo indirest AARM 1 13
MY @ i, et Mo drect byt fo inditact FAM 2 24
MO # Ai Adata Flevea immediate daga ta indirect Aab 2 13
LY DPFTA, #datal16 Load Diata Poirter with a 16-bat constant 3 24
MOV A GA-DPTH Mo Code byte relativa to OFTH bo Axe 1 24
KOVC @A PO Mo Code byle relative b PG o Apc 1 24
WM & G R Mewa exiornal RAM (8-bit addr) o Ag- 1 24
MWK A GOFTH Moa external FAM (16-bil &ddr) to Ao 1 24
MOVK A S RLA Muse A Lo axteameal FAR (8-5il addr) 1 24
WHIVH #0OPTA,A Wowm Ao o cxciermal RAM (16 bit addr) 1 24
PUSH drec] Push diract byta onta stack o o4
PP direct Pap direct byte [nom stack 2 24
XCH A Fn Exchangs regisies with Accumaulakar 1 12
HGH Adiract Exchangs direr! byle with Accumulator 2 12
XCH A Ri Exchanga indiract FAM wilh Accumulaton 1 12
XCHD &A@ R Exchange low-ceder digit indinest RAM with Aoz 1 12
BOCLEAN VARIABLE MANIFULATION
CGLA c Clear carry 1 12
CLA bt Clear direct bil 2 12
SETH [ Zal carry 1 12
SETH Lat Sal direct bi 2 12
CPL C Cornplement cary 1 12
P bt Complamen! direct bit ] 1#
AML ket AMD diract bit to camy 2 24
AML il AND complernent al dirscl bil 1o camy 2 24
Al ket R direct bit ko camy 2 4
OAL it O complement of diract bit ko camy 2 24
[y G, bt Mo dress? bill 1o carry 2 12
MOV =" '™ Mown camy ta dima! ke 2 24
JG ral Jump if canny = sal 2 24
JHG el Jumg il canry nod geq 2 24
Al mnemonios copynghbed © Inlel Corporalion 1880
1997 Sapt 18 He
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Table 7. BOCS1 Instruction Set Summary (Continuad)
MNEMONIC DESCRIPTION BYTE D$§E|.H|.ISL¢FI

BOOLEAN VARIABLE MAMNIFULATION [Conbnusad)

JB el Jumg iF direst bil 18 el a3 24
JHB ral durmg il dires bil is nal sal 3 24
JBG bt ral dumg if dires! bif is set and chaar bit 3 24
PROGRAM BRANCHING

ACALL achd 11 Absoiule subroutine call 2 24
LCALL w16 Long subroutine cal a et |
RET Rssurn from subraging 1 24
RETI Return fram inlamugl 1 24
AP achdr 1 Absoiule pmg 2 24
LJP a6 Larg jump a 24
SJIMP el Sheet jumg (ralatee addn) 2 24
JWIP @A DFTAR Jump indirec! relative o the DPTR 1 |
JZ ral Jump if Accumudalon is zarg 2 24
JHE ral Jump i Accumulalon g noet 2ero 2 24
CIHE A diract rel Cormpare direcl byle 10 Az ard jumg il fct equal 3 24
CUNE A gdata,rel Compare immediale 1o Aqc and jump il not eguad a |
CIME HH, Adata, red Compare immediabe 1o ragatar and jump il not 3 24

equal
ZINE EHI wdata el Compare immediate o mdvect and jumg iF not 3 24
aqual
[RAF Hral Decramand ragatar and umg iF noet 2ero 2 24
CLIME dhresc], rel Dlecresmeand direct byte and jumg il nol zeo a 24
WO Mo aparation 1 12
Al mnamenics copyighbad © Intel Corporatien 1980
1997 Sapt 18 ]
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INSTRUCTION DEFINITIONS

ACALL addrii
Funclion:  aAbsolule Ca

Description:  ACALL unconditionally cals a subroutine located at the indicated address. The instruction incremsnts
the PC twice 1o obtain the address of the following instruction, then pushes the 16-bit result onio the
stack [low-order byte first) and increments the Stack Pointer twice. The destination addrees i oblained
by successivaly concatenating the five high-order bds of the incrementad PC, opeoda bits 7-5, and the
second byte of the instruction. The subrouting called must therefore start within the same 2% block of the
pragrarm mamdary a5 tha first byle ol the insiuction leBowing ACALL, Ne llags are afectad

Example: Iniially SP equals 07H. The labsl *SUBRTHN is al program memory location 0345 H. After sxecuting the
instruction,
ACALL  SUERTH

at location 0123H, 5P will contain 03H, intsmal RAM locations 08H and 09H will contain 25H and 01H,
respectively, and the PC will contain 03454,

Bytes: 2
Cycles: 2
Encoding: |210a8 281 [0 0 © 1 | [a7 a6 aSa4 [a3 a2 atap

Operation:  ACALL
[PC) « [PC}+ 2
[SP) & (SF) +1
ISP & (PCr.q)
(SP) — (SP] « 1
(5P (PCy5.g)
[P0l «— paoe address
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ADDC A <src-bytes
Function:  Add with Carry

Description:  ADDC simulansously adds the byls vanabls indicalsd, the carry flag and the Accumulator contents,
leawing the result in the Accumulator. The carry and auxiliary-carry flags are set, respectively, if there s a
carny-cut from bit 7 or bit 3, and cleared ctherwise. When adding unsigned integers, the carry flag
Indicates an overflow occurmed,

Ch is sat if thers is a carry-out of bit & but not oul of bit 7, or a carry-out of bit 7 bat not out of bit &;
otherwise OV is cleared. When adding signed integers, OV indicalss a nagative number produced as the
sum of iwo positive operands, or a positive sum Trom two negative operands.

Four source operand addressing modes are allowed: register, direct, register-indinact, or immeadiate,
Example: The Accurmnulator holds 003H (110000118) and registar O holds 08AH (101010108) with the carry flag sst

The instruction,

ADDC  ARD

will leave 8EH [01101110B) in the Accumulator with AC cleared and both the Carry flag and OV set to 1.

ADDC  ARn
Bytes: 1
Cycles: 1

Encoding: |¢ 0 11 |1 r ° 1

Operation:  ADDC
[A) = (A] = (G = (A

ADDC A direct

Bytes: 2
Cycles: 1
Encoding: ||::- o1 1 0 1 01 | |d|ra:‘:addre55

Operation:  ADDC
() = (] & (] + [diract)

ADDC A @RI
Bytes: 1
Cyclaz: 1

Emcoding: |2 0 1 1 |10 1 1

Operation:  ADDC
[A] « (A) = [C] = (Rl

ADDC A édata
Bytes: 2
Cycles: 1

Encoding: | 0 11 [0 1 00 | [immedatsdata

Operation:  ADDC
(A) & (4] +(C) + adata
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ADD A, <src-bytes

Functlon:
Diascription:

Example:

ADD ARN
Bytas:
Cyclas:

Encoding:
Crparation:

ADD A direct
Bytas:
Cycles:

Encading:
Crparation:

ADD A @RI
Bytas:
cyclas:

Encoding:
Crparation:

ADD  A#data
Bytas:
Cyclas:

Encoding:
Crparation:

Add

ADD adds the byte varable Indlcated to the Accumulator, lzaving the result Inthe Accumulator. The camy
and auxlllang-carry Nags are sat, respachvely, Ifthers 1S a carmy-out from bit 7 or bit 3, and clearsd
atherwlse. Whean adding unsigned Integers, the carry flag Indlcatas an overflow occumed.

OV I8 set T thera |s a camy-out of ot & but not out of DIE T, ora camy-out of Bt 7 but not bit &; othersiss OV
Is cleanad. Whan adding signed Integars, OV Indicatas a negative number produced as tha sum of two
prsltive oparands, or a positive sUm rom two negative oparands.

Four source operand addressing modes are allowed: register, direct, reglstar-indirect, or Immediats.
The Ascumulator nolds 0C3H (11000011 E) and register O holds 0AAH (10101 010B). The Instruction,
ADD  AROD

will lesve B0OH (011011 01B) In the Accumulator with the AC Tlag cleared and both the Camy ag and oW
satto.

1
1

o o 10 ]1 r 1

ADD

(A — [A) +(Rn)

2

1

f[o o 10 Jo 1 01 | [drectadres
ADD

[A) +— [A) + (dinech)

1
1

fo 0o 10 Jo 1 11

ADD
(A — (A + (R

2
1

l[o o 10 ]o 1 00 | [mmeiatzcata

ADD
(&) +— (A) + folata
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AJMP  adarid

Functien:
Dascription:

Example:

Bytas:
Cyclas:

Encading:
Crparatlon:

Absaluts Jump

AJMP transfers program axecutlon to the Indicated address, which i formed at run-timea D'_I,f EEI'IEE[E’I'IE‘IHI'Q
tha high-order five bits of the PC (afer Incremening the PC twice), opoode bits 7-5, and the second tyte
of the Instruction. The dastination must tharafore be within the same 2k block of program memaory as tha
first byt of the Instruction fallowing AJMP.

Thelabel "JMPADR" IS at program memaory location 0123H. The Ingmiction,
AP UMPADR

Is at location 0245H and will [0ad the PC with 0123H.

2

2

amwagag o |0 0 01 a7 af as a4 | a2 a2 a1al

AJWP
(P (PCY+2
{PCyq.) + page address

ANL  <dest-byte= <src-byte>

Function:
Dascription:

Example:

LoglcakAND for byle vanabks

ANL performs the bitwise logical-AMD operation belween the varlables Indicated and stores the rasulis In
the destination varlable. Mo flags are affected.

The two operands allow sk addressing mode comblnations. When the destination 15 the Accumulator, the
S0Urce can wsa reglstar, direct, reglster-indirect, or Immedlate addressing; when the destinalion 1s a direct
address, the sounce can bethe Accumulator or Immedlate data.

Nobe: When this Instructlon 13 used to modify an output part, the valus used as the orginal port data wil
be read from the output data latch, medthe Input pins.

It the Accumulator holds OC3H (11000011B) and reglster & hokds 55H (010101018} then the Instruction,
AML  ARD
will le=ve 41H (01000001 B) Intha Accumulatar.

Wnan the destination|s a directly addressed byle, this Instruction will clear combinations of bits In any
RAM |zzatlon or hardwars reglster. The mask byte determining the patkem of blts 1o be clearsd wold
alther be a constant contalnad In the Instructlon or a value computed In the Accumulator at run-time. The
Instructon,

ANL P11 #011100118
will clearbits 7, 3, and 2 of autput port 1.
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ANL  A.Rn
Bytes: 1
Cycles: 1

Encoding: g 1 01 1 rrr

Oparation:  ANL
[A] &= (&) & (By)

ANL  Adirect
Bytes: 2
Cycles: 1

o

Enceding: o 1 01 a | |d|re:’.addrc—35

Operation:  AMNL
(AT = (] A (clirget)

AML A, @Ri
Bytes: 1
Cycles: 1

Encoding: | 1 01 J0 1 11
Oparation:  AMNL

(A1 = (A~ R
ANL A ¥data
Byles: 2
Cycles: 1
Enceding: |2 7 01 01 00 | |nnmgdia|¢ua|a

Oparation:  ANL
[A) «— (A] » #dala

ANL  direct A
Bytes: 2
Cyclas: 1
Enceding: |2 7 01 0 010 | |{ji|&$'.add|¢$$
Operation:  AMNL
[A) s—{diract) ~ [A)
ANL  direct ¥data
Bytes: 3
Cycles: 2
Encoding: |© 1 01 |0 0 1 1 | [diectagess | |immadiate data
Operation:  AMNL
{diracl] «(diract]) » #data
19497 Sapt 18 48
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ANL C.<arc-bit=

Function:  Logical-AND tor bit vanables
Description:  [f the Boolean valus of the sourcs bit is a kogical O then clear tha camy flag: otherwise lkeave the carry flag
in its current state. A slash (7} preceding the operand in the assembly language indicates that the logical
complement of the addreseed bit is used as the source value, buf the sowrce bif itseif is not affectad. Mo
ather flage are atfected,
Cnly dirsct addrassing is allowsd for the source opgrand,
Example:  Set the carmy fizg if, and onby f, P10 =1, ACC.T =1, and OV = O:
(Lol P10 LOAD CARBRY WITH INPUT PIN STATE
AML CACC.TAND CARRY WITH ACCUM. BIT 7
AML CAON G AND WITH INVERSE OF OVERFLOW FLAG
ANL T, bit
Bytes: 2
Cycles: 2
Encoding: |1 0 00 o 0 1 0 | [ bitaddress
Operation:  AMNL
[C) & {C) ~ (bit)
ANL  C.hit
Bytes: 2
Cycles: 2
Encoding: |1 0 11 |:| a0 o0 | | bit address
Operation:  ANL
(S} [T~ |(bit)
19497 Sapt 18 98
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CJNE  <dast-byta= <src-bytes rel
Function: Compara and Jump IT Ko EqQual

Dascriptlion:  GJWE compares the magniiudes of the irst two operands, and branches I thelr values are not equal. The
pranch destination Is computed by adding the signed relative-displacement In the 1as Instruction Dyle o
he PC, atter Incrementing the PC 1o the start of the next Instruction. Thea carry Nag 1s sat Fthe unsigned
Integar value of <dest-byta= 15 1ess than the unsigned Integer value of <sro-oyle>; othersse, the camy 1S
clearad. Melther operand 1s afaclad.

Thefirst two oparands allosy four addressing maode combmnatons: the Accumulator may be compared with
any directly addressed byte or Immediate data, and any Indinect RAM 10Saton or working registar can oo
companed with an Immediate constant.

Example: TheAccumulator contalns 34H. Register ¥ contalns SGH. The Mrst Instruction In the sequence,

CJNE R7 #50H NOT_EQ
; g R¥ = 60H.
WOT_EQ JC REQ_LOW IF RT = &0H.
: ¢ R¥ = B0H.

sats the camy flag and branches to the instruction at label NOT_EQ. By testing the camy flag, this
Instruction detamines whether BT IS greater or 1ess than S0H.

ITthe data being presanted 10 Port 1 1S also 24H, then the Instruction,
WAIT. CJHNE A P1WAIT
clears tha camy ag and continuas with the nast Instruction In sequance, sinca the Accumulator does
aqual the data read from P1. {If soma other value was being Input on P1, tha program will loop at this
point untll the P1 data changes to 34H.)
CJNE A directrel
Bytes: 3
Cycles: 2

Encoamg: |1 0 11 Jo 1 01 | [drectaddress | [retacuress |

Cparatien:  (PC)«— (PC) +3
IF (&) == foivect)
THEM
{PZ) +— (PC) + refalive offset
IF (&) = (direct)
THEN.
[C) 1
ELSE
(C) 10
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CJNE A udatarel

Bytes: 3
Cycles: 2
Encoding: 1 0 11 0 1 040 | ||ml'nEI::IIEIre EIEIra.| |ra|. addrass
Operation: (PG} [PC) + 3
IF [A) < = dafa
THEN
(PC) < (PC) + relalive offsat
IF [h) = claka
THEMN
Gy 1
ELSE
(C) =10
CJNE Rn#data,rel
Bytes: 3
Cycles: 2
Encoding: |1 a 11 i r rr | ||n'|me::|iabe datal |rel. addrass

Operation:  (PC) « [PC)+3
IF {RAp] == dala
THEM
(PG (PG + makalive offsal
IF {Ap) « data

THEM
G 1
ELSE
C)+D
CJNE  &Ri#data,rel
Bytes: 3
Cycles: 2
Encoding: 10 11 0 1 1 | ||mme::|iat-:—|:|aba| |rel. addreas

Operation:  (PC) « (PC) +3
IF (A} = = dara
THEM
(P +— (PC) + relatve offset
IF [[A)) = data
THEMN
(C)+—1
ELSE
(C)+D
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CPL A
Function:  Complemeant Accumulator
Description:  Each bif of the Ascumulator is logically complemented [one's complamsnt). Bits which previously
contained a one are changed to a zero and vice-versa. Mo flags are affected.
Example: The Accumulator containg SCH (010111008). The nstruction,
GPL A
will lzave the Accumulator set to 0A3H (101000118).
Bytes: 1
Cycles: 1
Encoding: | 11 0100
Operation: CPL _
(&) +— | (A)
CPL  bit
Function:  Complement bit
Descriplion: T bil variable spacilied is complarmanted, A it which had bean a one i changad 1o e and
vica-versa, No olhar lags are affacted. CPL can operats an the carry or any dirsctly addressabla bil
Note: When this instruction is used to modify 2n autput pin, the value used a3 the original data will be read
from the output data latch, mof the input pin.
Example: Port 1 has previously been written with S0H [01011101B). The instruction ssgquence,
GPL PaA
CPL Fi1.2
will lgava thie por sat to 5BH (D1011011E),
CPL ©
Bytes: 1
Cycles: 1
Encading: [t o 11 ]o o1
Operation: CPL
e 1
CPL it
Bytes: 2
Cycles: 1
Enceding: |1 o1 1 |:| o 10 | | bit address
Operation:  CPL
it} 1 [wit)
1997 Sapt 18 103
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CPL A
Functlon: l::l:ll'l'll:lh:.iI'I'IEII'IIZ Accumulator
Description:  Each bit of the Accumulator Is loglcally complemented (one's complement). BIts which previousty
contalned a one are changed toa zero and vice-versa. Mo flags are affectad.
Example:  The Accumulator contaling SSH (010111008). The Insrustion,
CPL A
will Izave the Accumulator sat to 0AZH (10100011 8).
Bytas: 1
cyclas: 1
Encoding: |1 111 I P 1070 I
DFIIE'H'IUDI'I: CPL
() | (&)
CPL bt
Function: Complemeant oit
Crescription: The blt varlable spacifled s complementad. A bit which Rad been a one 1s changed to zero and
vice-versa. Mo cdher ”ﬂg& are affected. CPL can DI:IEFET.EI on the carry ar arm' direc ij addressable bilt.
Niphe. When this Instruction s used to modify an output pin, the valus used as the orfginal data wil be read
fram the output data latch, metthe nput pin.
Example: Port1 has previously been writben with SOH (01011101E). The Instruction sequence,
CPL P14
CPL P12
will Iz the port set 1o 5BH (010110118).
CPL @
Bytes: 1
cycles: 1
Encading: |1 e I o011 I
Cperatlon:  CPL
iy 1ic
CPL bit
Bytas: 2
Cycles: 1
Encoang: |1 0 11 o o 1 0 ] | otasdress
DFIEH'IUDI'I: CPL
(bt «— 1 {oity
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DA A
Function:  Decimal-adjust Accumulator for Additicon
Description: D& A adjusts the sight-bit vakes in the Accumulator resuiting from the sarlier addition of two variable {sach
in packed-BCD format), producing two four-bit digits. Any ADD or ADDC instruction may have been used
to perform the addition.
I Acoumukator bils 3-0 are greatar than ning oo 01 0= 111), o il B AC llag S one, 5ix s added o
the Accumulator, producing the proper BCD digit in the low-ordar nibbls. This internal addition would 51
the carry flag if a carry-oul of the low-order four-bit field propagated throwgh all high-order bits, bul it would
not clear the carry flag otharwiss
It the carry flag s now sat, or i the four high-order bits now esceed nine (101 Ouo- 1110000, these
high-order bits are incremented by alx, producing the proper BCD dight In the high-order ribble, Again, this
wokd sel the carny ag il g wis & carmy-oul ol the high-odas bits, Bul souldn’t chear the carmy. The
crry Mg thas ndicatas il he sum of the ariginal two BOD varnables is greater than 100, alkwing mullipla
pracision decimal addition, OV is not aflachad
All of this oocurs during the one instruction cycle. Essentially, this instruction performsa the decimal
conversion by sdding 00H, 08H, 60H, or BEH to the Accumulator, depending on Inftal Accurnulator and
PSW conditams.
Noter DA A cannod simply convsrt a hexadesimal number in the Accuemulator o BCD notation, nor doss
DA A& apply to decimal subtraction
Example:  Tha Accumulator holds the valus 56H (01010110B) representing the packsed BCD digits of the decimal
number 5&. Register 3 contains the vales 67H (011001118} representing the packed BCD digits of the
decimal numier 67. The carry flag is set.. The instruction sequencs,
ADDC AR3
D, A
will first perform a standard two's-complament binary addition, resulting in the value 0BEH (101111108} in
e Accumulator. The camy and auxi®ary carry flags will be cleansd,
T Doacirmial Adjust ingtruction will then aler the Accumulator 1o the value 24H (001001008), indicating
the packsd BCD digits of the decimal number 24, the low-ordar twa digits of the decimal sum of 56, 67,
and the carry-in. The carry flag will bs =51 by the Decimal Adjust instruclion, indicating that a decimal
owerflow cocurred. The true sum 56, 67, and 1 is 124,
BCD vanabdes can be incrementad or decremented by adding 01H or 98H. If the Accurmulstor initaly
hialds 30 {regresanting he digits of 30 decimal), the the nstruction Sequance,
ADD A x0OH
B A
will I tha carry Sl and 28H in the Accumulalon, since 30 « 88 = 129, Tha low-ordar byta of tha sum
cin b intarpratad 1o mean 30 - 1 = 29,
Bytes: 1
Cycles: 1
Enceding: |1 ' 01 |0 1 00
Oparation: DA
=conisnts of Accumulator ars BCD
IF [[{Aq.) = 8] v [[AC) = 1]]
THEM{As0) +— [Aggl + 6
AMD
IF [l{Az.q) = 9] [IC) = 1]
THEMiA7.8) = {A7.q) + &
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DEC byte
Function:  Decrament

Description:  Tha variable indicated is decrementsd by 1. An original valug of 00H Wil undsrflow to OFFH. Mo lags ars
affected. Four operand addressing modes are allowed: accumulator, regester, direct, or register-indinsct.

Meode: Whan this instiruction is used to modily an outpul port, The value used as the [l ria ] cata will b
read frorm e oulpul data Reh, nod the inpul pin

Example: Fegister O containg 7FH (011111118). Intemnal BAM locations TEH and TFH contain 00H and 40H,
raspaciivaly. The nstruction saquance,

DEC  @R0
DEC RO
DEC  @RO0

will lzave regster 0 sel to TEH and internal RAM locatons TEH and TFH set to OFFH and 3FH,

DEC A
Bytes: 1
Cycles: 1

Encoding: [® ©® 0O 1 |0 1 @0
Operation: DEC

[A) — [A) =1
DEC  RAn
Bytes: 1
Cycles: 1

Encoding: [0 0 01 |1 r o
Operation: DEC

(Rh +— (Al — 1
DEC  direct
Bytes: 2
Cycles: 1
Encoding: |0 0 0 1 Jo 1 o 1 | [ directaddress

Operation: DEC
(direct) «— [diract) -1

DEC @R
Bytes: 1
Cycles: 1

Encoding: o 0 01 a 1 11

Operation: DEC
{{FU) « (iR - 1
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oV AB
Function:  Divide
Description: DIV AB divides the unsignsd eight-bit intsger in the Accumulator by the unsigned sighi-bit integar in

register B.
T Accumulator receivas tha integer part of the quotiant; register B receives the imager remaindsr, Tha
Gy amd OV rl.ags will b claarad
Excaprion: if B had originaly contained 00H, the valugs returned in the Accurmulator and B-register will be
undefined and the owverfliow flag will be set. The carry flag is cleared in any case.

Example:  Tha Accumulator containg 257 (0FBH or 1T11110118) and B conlaing 18 (12H or 000100108], The
instruction,
DIV AR
will laave 13 in the Accumuator (00H o 00001101 B) and the: value 17 (11H or 0000001 E) in B, since
261 = (13 x 18] + 17, Gamy and OV will both be clearsd.

Bytes: 1
Cycles: 4

Encading: |1 0 oo (61 00

Operation: DIV
[Alpsag o (AWE]
(Bl
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DJNZ  <bytes. <rel-addr=

Function:
Dascription:

Examnple:

DJNZ  Anrel
Bytes:
Cychos:
Encoding:
Operation:

DJUNZ  direct,rel

Bytes:
Cychos:

Encoding:
Operation:

1997 Sapt 18

Decrament and Jurmp i Mot Zera

DUMNE decrements thes location indicated by 1, and branches to the address indicated by the second
operand if the resulting wakee is not zero. An original value of 00H will underflow to OFFH. Mo flags are
affected. The branch destination would be computed by adding the signed relative-displacement valus in
the last instruction byte to the PO, after incrementing the PG 1o the first byte of the following instruction.

The location decremsnted may be a regester or direcily addresssd byls.

Moda: When this instruction is used to modify an output port, the value ussd as the orginal port data will
be read from the output data latch, nof the input pins

Imtermnal AAM locations 40H, 50H, and B0H contain the values D1H, TOH, and 15H, respactively, The
Instruction sequenca,

DuJME 40H LABEL 1
DUMNEZ S50H,LABEL 2
DUMNEZ G0H,LABEL_3

will cause & pump 1o the instruction al LABEL_2 with the values 00h, 8FH, and 15H in the thres Ra
locations, Tha first jurmp was nof aken bacausa the rasull was Zarm
Thiis instruction provides a simple was of executing & program loop a given number of times, or for adding
a maoderate time delay (from 2 fo 512 machine cycles) with & single instruction. The instruction ssguence,
MY R2.#8
TOGGLE: GPL P17
DUNZ R2.TOGGLE
will toggle P17 elght times, causing four cutput pulses to appear &t bit 7 of output Por 1, Each pulse will
last three machine cycles, two for DJNZ and one to alter the pin.

2

2

|1 1 01 1 F ¥ F | |ra|.addrsss
DMZ

(PC)+— (PCh+2
(A} + (Fp) =1
IF (Al =0 6f (An) < 0

THEM
{PC) +— (PC) + rel
3
2
[t 1 01 Jo 1 01 | | diectdata | | rel addess
DUNZ

(PC)+— (PCh+2
(direct) «— [(direct) - 1
IF [direct) = 3 or {direct) < 0
THEM
(PFC) — [PC) = rel

oy
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INC  <byte=
Funetion:  Imcrament
Description:  INC incremsanis the indicalsd variable by 1. An original value of OFFH will overflow to 00H. No flags as
affected. Three addressing modes are allowsd: register, dirsct, or register-indirect.
Poeta: Whan This insiruction is used to modily an outpul por, the valoe used as the onignal por data will
b red from e outpul data latch, porthe ingal ping
Exampla: Fegister O containg 7EH (011111108}, Internal RAM locations TEH and 7FH contain OFFH and 40H,
ragpeciivaly. Tha instruction sequance,
INC @R
INC RO
INC @R
will leave register 0 sal la TFH and intemal FAM locations TEH and TFH Ralding {respactivaly) 00H and
41H,
INC A
Bytes: 1
Cycles: 1
Encoding: |0 0 00 |0 1 00
Operation: NG
(A) — [A)+1
INC  Am
Bytes: 1
Cycles: 1
Encoding: |® © 00 |1 ¢ ¢ ¢
Operation:  [NC
[Rih +— (ARl +1
ING  diresct
Bytes: 2
Cycles: 1
Encoding: |0 0 00 |o 1 o1 | [ directaddess
Operation: NG
fdirect] e [diract) +1
INC @RI
Bytes: 1
Cycles: 1
Encoding: o 0 o0 o1 11
Opaeration:  |NC
[{F]) = R +1
1957 Sapt 18 1d
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INC DPTR
Funetion:  |ncrament Data Polntar
Description:  Incremant the 16-bit data pointer by 1. & 18-bil incrament (modula 278 is parformed; an ovedlow of the
lowe-order byts of the data pointer (DPL) from OFFH to 00H will incremsant the high-order byte (DPH). No
flzgs are atfectad.
Thils is the anly 16-bit register which can be incrameanted,
Example: Feglsters DPH and DPL contain 12H and OFEH, respactively, The instruciion sequence,
INC DPTR
INC: DPTR
INC DPTR
will change DPH and DPL to 13H and D1H,
Bytesz: 1
Cycles: 2
Encoding: |' © 10 JO 0 1 1
Operation:  INC
(DPTR) + (DFTR) + 1
JB  bitrel
Function:  Jump il Bil 5=
Description:  [fthe indicated bit is & one, jump to the address indicated; otherwise proceed with the mext instruction, The
branch destnation ls computed by adding the signed relative-displacement in the third instruction byte to
te PC, aftar merementing the PO to the first byte of the nest instruction, The b tasted is nof moatfied, No
Mg are aflactad
Example:  The data presant at input port 1is 110010108, The Accumulator holds 56 (1010110B). The instruclion
ESqUEnCE,
JBE F1.2, LABEL1
JB ACC.2 LABELZ
will causs program execution 1o branch bo the instruction at labsl LABELZ.
Bytes: 3
Cyclaz: 2
Enceding: ¢ 0 1 0 O 0 o0 | | bit addrass | | red, ackdrass
Operation:  JB
(PC)+— [PC1+3
IF [oif] = 1
THEN
(PC) — (PC) + rel
1997 Sapt 18 1
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JBC  bit,rel
Function:  Jump if Bit s set and Claar i
Description: 11 the indicated bil is a ens, branch 1o the address indicated; otherwise procasd with the naxt instructon.
The bit will nof be cleared i it iz alveady & zero. The branch destination is computed by adding the signed
relative-displacement in the third instructon byte o the PG, after incrementing the PC bo the first byts of
tre mact inatruction. Mo flags are affected,
Mota: When this instruction i wsed 1o tsst an oulput pin, the valus ussd as the original data will read frem
the output data latch, not the ingut pin.
Example: The Accumulator holds 58H [010101108]. The mstrustion sequence,
JBC ACC 3 LABEL1
JBC AGC.2 LABELZ
will zauss program execution to continue al the instruction idenlified by the LABELR, with the Accumutaior
mezdifiad te 52H (0101001 08).
Bytes: 23
Cycles: 2
Encoding: |® 0 01 |0 0 o0 | | bitadoess | | e acdress
Operation:  JBG
(PC)+— [PC)+ 3
IF [oit] =1
THEN
(bith +— O
(PC) — [PC) + el
JC el
Function:  Jump if Carry is 58
Description: |1 the camy flag (= set, branch to the address indicated; othenwize procesd with the next instruction. The
branch destmation is computed by adding the signed relative-displacement in the second instructon byte
be tha PC, alar incramanling the PO twice, No flags are alfected,
Example: The carny flag is cleared. The instruction ssquencs,
JO LABEL?
CPL [
JC LABELZ
will set the carry and cause program execution 1o continue 2t the instruction kKertified by the label
LABELZ.
Bytes: 2
Cycles: 2
Encoding: |© 1 00 |0 0 00 | [ relacdess
Operation:  JC
[PC) & [PC]+ 2
IF[C) =1
THEN
(P} +— (PG + rel
1957 Sapt 18 1o
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JMP  @A+DPTR
Function: Jump Indiract
Crescription: Add the elght-olt unsigned contents of the Accumulator with the skkleen-oit data pointer, and oad the
rasulting sum to the program counter. This will b= the addrass for sucsaquent Instruction fetches.
Sixteen-pit addition Is parformed (modulk 218): a camy-out from the low-order elght bits propagates
Ihrough the higher-order oits. Melther the Accumulator nor the Data Palrter 15 attered . No lags are
aflectad.
Example: An evan number from O 106 15 In the Accumulator. The following sequence of Instructions will branchto
one of four AJMP Insiructions In a Jum p table starting at JMP_TBL:
MOV DPTR ZJMP_TBL
IMP  @A+DPTR
JMP_TEL:  AJMP  LABELO
AMP  LABEL1
AMP  LABEL2
AMP  LABEL3
IT the Accumulator equals 04H when starting this seguence, execullon will jump to label LABELZ.
Remember that AJMP Is a two-byte Instruztion, S0 he Jump Instructions start at every other address.
Bytes: 1
cyclas: 2
Encoging: |2 1 11 |J@ 0 11 |
Crparation: JMP
(P}« (A) + (DPTR)
INE  bitrel
Functlion: Jump IT BIt Mot sat
Crescription: IT the Indicated DIt 15 a zero, branch to the Indicated address; athervise procesd with the next Instruction.
The branch desiination Is computed by adding the slgned relative-displacemsant In the third Instruction
byte to ine PG, atter Incrementing the PG ta the first byte of the next Instruction. The bif teste is not
modifed. Mo lags are affected.
Example:  The data present at input port 1 1s 110010108, The Accumulator holds SGH (0101011 08). The Instruction
Saquence,
JNB  P1.3LABEL1
JNB  ACC.3LABEL2
will causa program exacutlon to continue at the Instructlon at label LABELZ.
Bytes: 3
cycles: 2
Encoaing: 1@ 0 11 Jo o oo ]| | oragaress | | rel acoress
Crparation: JME
(FC) « (PC) +3
IF (pity= 0
THEN

(PC)— (PC) +ral
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JHC  rel
Function:  Jump it Carry Mot set
Description:  |f the carry flag is a zero, branch to the address indicated; otherwiss procsed with the naxt instruction. The
branch destination is computed by adding the signed relative-displacement in the second instruction byte
to the PG, after morementing the PC twice 0 point 1o the next istruction. The carry flag is not modifisd.
Example: The carry flag is sel. The instruction sequance,
JHC LABEL1
CPL [+
JNG LABELE
will clear the carry and cause program sxscution to conlinus at the instruction idsntifisd by the labs
LABELZ.
Bytes: 2
Cycles: 2
Encoding: |0 1 01 |0 0 o0 | | rel. address
Operation:  JNC
[PCha= [PC) + 2
IF(C)1=0
THEN
(P +— [PC) + el
JNZ  ral
Function:  Jump if Accumulator Not Zerg
Description:  If any bit of the Aceumulater |s a one, branch to the ndicated address; otherwise proceed with the next
ingtruction, The branch destination is computed by adding the signad ralative-displacsmant in the second
instructicn byle 1o the PC, alter ineremanting the PC wies, The Aceumulater is nol medilied, Mo flags are
affectad
Example: The Accumulator arginalfy holds 00H. The instruction sequence,
JNZ LABEL1
INC: A
JNZ LABELZ
will set the Accumulater to 01H and continue at labsl LABELS.
Bytes: 2
Cyclas: 2
Encoding: [0 1 11 [0 0 00 | [ roladdess
Operation:  JNZ
(PC) « [PC} +2
IFA =0
THEN {PC) &~ (PC) + rel
1957 Sapt 18 F]
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JZ el
Function: Jump IT Accumulator Zem
Dascriptlon: IT all bits of the Accumulator are zero, branch to the Indicatad address; otharwlse procasd with the naxt
Instruction. The branch destination s computed by adding the slgned relative-displacemsant In the sacond
Instruction byte to the PC, arter Incrementing tha PC twice. The Accumulator 1s not modiled. No flags ara
affectad.
Example: TheAccumulator arginalty holds 01H. The Instruction sequence,
iz LABEL1
DEC A
JI  LABELZ
will change the Accurnulator to 00H and cause pragram executlon to continue at the Instruction [dentimed
by tha label LABEL2.
Bytas: 2
Cycles: 2
Encoamng: 1@ 1 10 Jo o oo | | reladiess
Crparation: JZ
(PC) « (PC) +2
IFA=D
THEN (PC) « (PC) + rel
LCALL  addris
Functlon: Long Call
Crascription: LZALL calls a subroutine located at the Indicated address. The Instructlon adds three to the program
counter to generate the address of the next Instruction and then pushes the 16-b0lt result onto the stack
(low biyte rst), Increminting the Stack Peinter by two. The high-order and low-crder bytes of the PC are
than loaded, respactvaly, with the second and third bytes of the LCALL Instructlon. Program axecutlon
continues with tha Instruction at this address. The subroutine may therefore begin amywheanz In the Tull
G4k-byta program memory address space. Mo Tlags are alactad,
Example:  Initlally the Stack Pointer equalks O7H. The label “SUBRTNT Is assigned to program memary [ocstion
123 H. atter exacuting the Instructlon,
LCALL SUBRTH
at location 0123H, the Stack Polntar will contaln 08H, Internal RAM locations 08H and 0aH wil cortain
26H and O1H, and the PC will contain 1235H,
Bytes: 3
Cycles: 2
Encoamg: |2 0 0 1 Jo o 1 o | | aartsades | [ acar7-acoo |
Operation:  LGALL

[P} (PC) +3
[SF) «— (5P +1
(ISP}« (PCraq)
[SF) «— (3P) +1
(5P}« (PCyggl
I:PC:I A ﬂdﬂﬁﬁ.ﬂ
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LJMP  addrié

(Implementad In BTCTS and BFCT52 1or In-circult emulation only.)

Function:
Cascriptlon:

Examiple:

Bytas:
Cyclas:

Encaoding:
Crparation:

Long Jump

LJMP causes an unconditional branch to the Indicated address, by 1oading the high-ordar and low-order
bytes of tha PC (raspectively) with the second and third Insiruction bytes. The destination may therstore
b amywhara In the full 84k program memaory address space. Mo ags are amacted.

The label “JMPADR™ |15 assigned to the Instruction at program memory 1ocation 1234 H. The Instructlon,
LIMF  JMPADR
at location 0123H will 1ead the program counter with 1234H.

3

2

o0 o0 o o 10 | |asansams | | asar-acom |
LMP

(PC)+— addrigq

MOV <dest-byte» <src-byte>
Functlon:  Move byt variable
Description:  The byt varlable Indizated by the sscond operand Is copled Inta the location specified by the first
operand. Tha source byte |5 not afectad. Mo ather ragister or flag |5 affectad.
This I by far tha most flaxi ble operation. Fifttaan combinations of sourca and destination addrassing
modes are allowsd,
Examiple: Intarmal RAaM callon 30H holds 40H. The value of RamM locatlon 40H I1s 10H. The data present at Input
port 1 1S 110010108 (OCAH). Tha Instruction sequence,
MO RO,&30H RO =30H
MO ADRO A =40H
MO R1.A R1 = =40H
MO B. &R B==10H
MO {mR1.P1 RAN (40H) = = 0CAH
MO F2,P1 F2 s0CAH
leaves tha value 30H In register O, 40H In bath the Accumulator and register 1, 10H In reglster B, and
OCAH (11001010B) ooth In RAM location 40H and output on port 2.
MOV ARND
Bytes: 1
cycles: 1
Encoding: |11 10 p1 r ror
operatlon: MOV
(&)« (Rp)
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MOV Adirect

Eytas: 2
cycles: 1
Encoamg: |1 1 10 [o 1 0 1 | | drectadaress
Oparation: MOV
(&) «— (direct)
MOV AR
Bytas: 1
cycles: 1
Encoding: |1 1 10 Jo 1 11 I
Cparation: MOV
(&) — (R
MY AZdata
Bytas: 2
cycles: 1
Encoang: |0 1 11 Jo 1 00 | [immedate data
Cparation: MOV
(&) «— mdata
MY RnA
Bytas: 1
cycles: 1
Encoding: |11 11 |1 1 rr1
Cparation: MOV
(Rl +— (&)
MY Rn,direct
Bytas: 2
cycles: 2

_|
-
=

Encoding: |1 o1 |1 I Il:llrectau:lu:lrees

Crparatlon: Mo
(Rp) + (direct)

MOV Rn#data
Bytes: 2
cycles: 1

encoamg: |0 1 11 |1 o ror | [immegate data

Cparation: MOV
(Rnl < Sdata

MOV AACC B not a valld Instructon.
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MoV direct A

Bytes: 2
cyclas: 1
Encoaing: |1 1 1 1 |o 1 o1 | [arectaddress
DFIETEIUDI'I: [ L)
{diracty « (A)
MOV direct Rn
Bytes: 2
cycles: 2

Encoding: |1 0 0 0 |1 r r r | [arectaddress

Crparation: MO
[diract) < (Rp)

Mo direct direct

Bytes: 3
cycles: 2
Encoging: |1 0 00 [o 1 o1 | | aragr s | | aracor gest

C'DETEIUDI'IZ MO
{diracty « (diract)

MO direct, @RI

Bytes: 2
Cycles: 2
Encading: |1 0 0 0 o 1 11 | [arectaddress

Crperation: MO
fdiracty < (R

MoV direct #data

Bytes: 3
Cycles: 2
Encoaing: 1@ 1 1 1 Jo 1 o1 | | drectadaress| [immeciate data

Crperation: MO
fdiract) « #data

MoV @RLA
Bytos: 1
Cycles: 1

Encoamg: |11 11 fo 1 11 |

Crperation: Mo
[(R)) «— (A)
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MOV @RIdirect
Bytes: 2
cyclas: 2
Encoang: |1 0 10 fo 1 11 | [arectadaress
Cparation: Mo
{1} +— (diract)
MOV  @RI#data
Bytas: 2
Ccycles: 1
Encoging: 1@ 1 1 1 Jo 1 11 | |immeciate data
Crperation: Mo
{(R))) «— &data
MOV <dest-bit> <src-pit>
Functlon: Move bt data
Cascription: The Boolaan variabla Indicated by the second oparand 15 copled Into the location specified by the st
aparand. One of the operands mMUst be the carry lag; the ofher may be any direcly addressable bit. Mo
ather raglster or flag 1s afacted.
Example: Thecarmy flag 1s ariginally sat. The data present at Input Port 315 11000101B. The data previously writian
to output Port 1 1s 35H (00110101B). The Instruction saquence,
MOV P1.3C
MOV P33
MOV P12,
will lsave the carry clearsd and changa Port 1 to 30H (001110018},
MOV C,bit
Bytes: 2
cycles: 1
Encading: |1 0 10 Jo o 1 0 ] | otasdress
Cparation: Mo
(Ch « (plty
MOV  DItC
Bytas: 2
cyclas: 2
Encoang: |1 0 0 1 [o o 1 o | | btadoress
Crperation: Mo
(DIt «— (C)
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MV DPTR.#datata
Functlon: Load Data Pointer with & 16-bit constant

Description:  The Data Polnter IS loaded with the 16-bit constant indicated, The 16-bit constant Is loaded Into the
sacond and third bytas of the Instruction. The second byta (DPH) 1S the high-order byta, whils the third
tyle (DPL) holds the low-order byte, Mo Nags are affectad.

This Is tha only Instrucion which mowves 16 Dits of data at once.

Examiple: The Instruction,
MO DPTR #1234H
will Icad the valug 1234 H Into tha Data Polnter: DPH Wil hok 12H and DPL will hokd 34H.

Bytes: 3
Cycles: 2

Encoang: |1 0 0 1 Jo o o o ]| [ immea oatatss| | immea. data7-o

Crparation: MO
(DFTR) «— #datayg o)
OPH O COPL « &dataqs5 0 sdatar.g

MOVC  AfA+<base-regs
Function: Move Code byla

Dascription:  The MOWS Instructions oad the Accumulator with a code byte, or constant from program mamaory. Tha
address of the byte fetchad IS the sum of tha orlginal unsigned elght-bit Accumulator contents and the
contents of a sixtean-bit basa register, which may be elther the Cata Polnter or the PC. Inthe latter casa,
the PC Is Incremented to the address of the fallowing Instruction before belng added with the Accumuiator;
atherwlse the base reglster 1s not altered. Stkteen-bit addition 1S performed S0 a camy-out from the
low-ardar elght bits may propagate through higher-order bits. Mo flags are affected.

Example:  Awalug between 0 and 3 15 In the Accumulator. The Tollowing Instructions will translata the value In the
Accumulator to one of four values defined Dy the DB {daflne byte) directive:

REL_PC: INC A
MOVC A fDA+PC
RET
DB GEH
DB 7TH
DE BEH
DE 90H

ITthe subrouting Is called with the Accumulator equal to 01 H, It will rstum with 77H In the Accumulator.
The MG A before tha MCWC Instruction 1S needed to “get around” the RET Instructlon aoove the tabole. I
soveral bytes of coda separated the MOVE from the table, the cormesponding number would be addad to
the Accumulator Instead.
MOVC  AdaA+DPTR
Bytes: 1
Cyclas: 2

Encoding: [+ o o1 Jo o 11 ]

Crparation: MOWC
(&)« [(A) +(DPTRI)
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MOVE A, A+PC
Bytes: 1
cyclas: 2
Encoamg: |1 0 00 Jo o 11 |
oparation:  MOVG

(PCY e (PC)+1
() + ({A) + (PCI)

MOVE  <dest-byte= <src-pyte> (Mot Implemented In the BXCTS2 or BXCTS2)

Function: Move Extamnal

Dascription:  The MOVX Instructions transfer data between the Accumulator and a byte of extarmal data mamory, hence
the “x}" appendad to MOV, Thera are two types of Instructions, difering In whather thay provide an
algnt-oit or skteen-bit Indinect address to the external data RAM.

In the first typa, the contents of RO or R1 In the curant register bank provide an elght-bit address
multiplexad with data on PO, Elght bits are sutlclent for extemal 110 expansion decading or for a relatively
small RAM aray. For somewnat larger arays, port pins can be usad to output higher-order addrass bits.
Thesa pins would be controlled by an output Instruction preceding the MOWX,

In the sacond l'!.I'FIE- of MOWX Instnuclon, The Cata Pointar l;IElI'IElFﬂ[EE a slxteen-blt address. P2 ou [DIJ[& iy =]
high-order glght address bits (the contents of DPH) while PO multiplexes the (ow-order alght bits (DPL)
with data. The P2 5|:EIE|E| Functlon HBQ|5[EIF retains its FII'Q".I'|IZILI5 contants while the P2 EIIJ[FILI[ burfars ars
emlttlng tha contents of DPH. This form IS faster and mora efficlent when EEEE-55|I'IQ very |EI'QE|I data armays
{up to B4k bytes), since no addillonal Instructions are needad to set up the output ports.

It Is possible In some sltuations to mk the two MOVX types. A large RAaM array with Iks high-order address
linzs drivien by P2 can be addressad wvia the Data Polnbar, orwith coda to oufput high-order addrass bits to
P2 Tollowed by a MOV Instruchon using RO or R1.

Example:  An external 256 byte RAM using mulllplexed address/data lines Is connected to the 8051 Port 0. Port 3
provides control ines for the external RAM. Ports 1 and 2 are used for normal 110, Reglsters 0 and 1
contaln 12H and 34H. Locatlon 34H of the external RAM holds the value 56H. The Instruction sagquence,

MOVX A @R
MOVX  @R0A

coples the value 55H Into bath the Accumulator and extamal RAM location 12H.

MOVE  A@RI

Bytes: 1
Cyclas: 2
Encoamg: |1 1 10 o o 11 |
Cparation:  MOWX
(&)« (R

MOVE  A@DPTR
Bytes: 1
Cycles: 2

Encoding: |1 1 10 Jo 0 00

operation:  MOVX
(&)« ((DPTRY)
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MCE
Bytas:
Cycles:

mRILA

1
2

Encoding: [1 1 11 Jo o1

Cparatlon:  MOWVX
(IR «— (&)
MOVE  @OPTRA
Bytas: 1
cycles: 2
Encoang: |1 1 11 Jo o o0
Cparatlon:  MOWVX
(IDPTR)) «— (A
MUL AR
Function:  Mulbiply
Description:  WMUL AR multiplies tha unsignad alght-bit Infegers in the Accumulator and raglster B. The low-ordar byte
of the siktean-oit product 1s 1eft Inthe Accumulator, and the high-order byte InB. If the product |s graatar
than 255 (OFFH) the averow flag 1S sat atharwse Itis claared. The carny Nlag Is always cloaraid.
Example:  Originally the Accumulator holds the valug B0 (50H). Register B holds the value 180 (0ACH). The
Instruction,
MUL AB
will glve the product 12,800 (3200H), 50 B Is changed to 32H (001100108) and the Accumulator IS
cleared. Tha overflow flag |s set, carry 1S clearad.
Bytas: 1
Cycles: 4
Encoding: (1. 0 10 jo 1 01
Cperation:  MUL
(Alrn «— (A X (B)
(Blize
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MNP
Functlon:  No Operation
Description:  Execution continues at tha following Instruction. Gther than the PC, no registars or flags are afected,
Example: It Is dasirad to produce & low-going output pulse on bit 7 of Port 2 lasting axacly 5 cyclas. A simple
SETB/CLR sequance woukd genarate a one-cyela pulse, so four additional cycles must be Insartad. This
may be done (assuming are enabled) with the nstruction sequencs,
CLR P2.7
NOF
NOP
NOP
NOP
SETEB P27
Bytas: 1
cycles: 1
Encoding: |& 0 © 0 I o 0 00
Dperatlon:  NOP
PClé— (PC)+1
ORL  <dest-byta> <src-bytes
Functlon:  LoglcakoR for byts vanabkes
Description:  ORL performs the bitwlss loglcal-0 R operation between the Indizated varlables, storing the results In the
destination byta. Mo flags are afected,
The two operands allow sl addressing moda comblnatians. When the destination 1s the Accumulator, tha
soUrce can Use reglster, direct, reglstar-Indirect, or Immedlats addressing; whan the dastination Is a diract
address, the source can be the Accumulator of Immediate data.
Miots: WWhan this Instruction Is used to modity an output part, the value used as the original port data will
be read from the output data latch, motthe Input pins.
Example: ITthe Accumuiator holds DC3H (11000011 8) and RO halds 55H (01010101B) then the Instruction,
ORL A RD
wlll leave the Accumulator hokding the value 0DTH (11010111B).
When the destinatlon |s a directly addressed byte, the Instruction can set combinalions of bits In any FaM
location or hardwara reglster. The pattem of bits to b2 set s determined by a mask byts, which may ba
alther a constant data value In tha Instruction or a varlable computad 10 the Accurnulator at rur-time. The
Instruction,
ORL  P1,800110010B
will set bits 5, 4, and 1 of output Port 1.
CRL  ARN
Bytas: 1
cyclas: 1
Encoding: |9 1 © 0 I 1 rorr
operatlon:  ORL
(A) — (A (Rn)
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CRL  Adlrect
Byles: 2
cycles: 1
Encoamg: |2 1 00 fo 1 o1 | [arectaddress
Operation:  ORL
[A) «— (A) v (diract)
CRL  AJ@ERI
Bytas: 1
cycles: 1
Encodmmg: |© 1 0 0 JO 1 11| |
Operation;  ORL
(&) — (A v (Rl
CORL  A#data
Bytes: 2
cycles: 1
Encoding: f[o 1 o0 Jo 1 oo | [mmedatedatal
operation;  ORL
(A «— (&) v Bdata
CRL  directA
Bytes: 2
cycles: 1
Encoding: |® 1 00 jJo0 0 1@ I Il:llractal:ll:lre-ss
Cperatlon:  ORL
{direct) «— (direct) « (&)
CRL  direct#data
Bytes: 3
cycles: 2
Encoamg: |2 1 00 fo o 1 1 | | arectacggress| [immeciate gata
Cperation:  ORL
(diract) «— (dinect) « sdata
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CRL o =sro-bit=

Functlon:
Cascription:

Example:

ORL <, bt
Bytas:

Cyclas:

Encoding:
oparation:

RL bt
Bytes:

Cycles:

Encading:
Crparation:

LoglzakoR for bt varables

Setthe camy flag If the Boolean value 1 a logical 1; laave the carmy In ks cument state otherwlsa. A slash
(/") preceding the operand In the assembly Enguage Indicates that the logical complament of the
addrassad bt s used as the source valua, but the sourca bt tself 15 not affectad, Mo othar flags ara
affected.

Setthe camy flag Ifand only TP1.0=1, ACC7 =1, 0r OW =0

ORL CP10_ LOADCARRY WITH INPUTPIN P10

ORL CACCT [OR CARRY WITH THE ACC.BIT7

ORL G/OV  OR CARRY WITH THE INVERSE OF OV.
o 1 11 |o o 10 | | otadaress

ORL

[C) «— {C) v (DI

2
2

1 0 10 |o o oo | | ohacarsss

CRL

(T Sy (B
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POP  dlrect
Function: Fop from stack
Cascriptlon: The contents of the Intermal RAM locallon addressed by the Stack Polnter 1s read, and the Stack Polnter s
decramentad by one. The value read IS then transtarmed to the direclly addressed byte Indicated. Mo lags
ane affectsd.
Example: The Stack Polnter orginally contalns the value 22H, and Intemal RAM locations 30H through 32H contaln
the values 20H, 23H, and 01H, respactively. The Instructlon sequence,
POP  DPH
POP  DPL
will Izanve the Stack Pointar equal to the value 30H and the Data Polnter st to 0123H. At this paint tha
Instruction,
POP  SP
wlll leave the Stack Polnter set to 20H. Note that Inthis speclal case the Stack Polnter was decramentad
to 2FH bafore being loaded with the valus poppad (20H).
Bytes: 2
Cycles: 2
encoamg: |1 1 0 1 |o o o o | [drectaddress
Crparation: PP
(diract) « {(SF)
(SP) + (SP) — 1
PUSH diract
Functlon: Push anto fack
Dascriptlon: The Stack Polnter Is Incremented by one. Tha contants of the Indicated varlable 15 then copled Itk tha
Internal RAM location addressad by the Stack Pointer. Stharsise no flags are affectad.
Example:  ©On entering an Intermupt routine the Stack Pointer contains 09H. Tha Data Palnter halds the value 0123H.
The Instruction saquenca,
PUSH DPL
PUSH DFH
will Isarve the Stack Pointer set to 0BH and store 23H and 01H In Intemial RAM kcations DAH and 0BH,
raspactivaly.
Bytes: 2
Ccycles: 2
Encoding: |1 1 00 o o o 0 | [arectaddress
Operation:  PUSH
(SP) + (SP) +1
{[SP}) +— (direct)
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RET

Function:
Crascription:

Raturn from subroutine

RET pops the nigh- and low-order bylas of he PC successivaly from the stack, decrameanting the Stack
Folnter by two. Program execution continues at the resulting addrass, genarally the Instructon
Immediataly Tollowing an ACALL or LCALL. Mo flags are afected.

Example:  The Stack Polnter anginally contains the valus 0BH. Intemal RAM locatians GAH and 0BH contain the
values 23H and 01H, respactively. The Instruction,
RET
will leave the Stack Pointer equal to the value 09H. Program execution wil continue at location 0123H.
Bytes: 1
Ccycles: 2
Encoding: oo 1o jo o010
Cperatlon:  RET
(PCq5-8) +— ((SP))
(SP) «— (SP) =1
(PCya) «— ((SP))
(SP) « (SP) -1
RETI
Functlon:  Return from Intermapt
Description:  RETI pops fhe high- and low-order bytes of the PG successlvaly from the stack, and restores the Intarrupt
loglcto accept addifional Interrupts at the same priority level as the one Just processed. The Stack Polnter
Is left decrementad by two. Mo ofher reglsters are affected; the PSW I1s not automatically restored to Its
pre-Intermupt status. Program execution continuas at the resuting address, which 1S generally the
Instruction Immediataly ater the paint at which the Intarrupt requast was detectad. If a lower- ar
same-laval Intarmupt has bean panding when the RETI Instruction |s executad , that ona Instruction will be
axecuted bafore the pending Interrupt |s processad.

Example:  The Stack Polnter orginally contains the valus 0BH. AnInterrupt was detactad during the Instructon
anding at location 0122H. Intemal RAM locations 0AH and OBH contaln tha valuas 23H and 01H,
raspacthvaly. The Instructian,

RETI
will lzave the Stack Pointer equal to 09H and retum program execution to location 0123H.
Bytes: 1
Cycles: 2
Encoding: |9 © 11 J0 0 10
Cperatlon:  RETI
(PC5-8) < ((SP))
(SP) «— (SP) =1
(FCra) «((SP)
(5P} +— (SP) — 1
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RL A

Functlon:
Dascriptlon:

Ratate Accumulator Laft

The elght bits Inthe Accumulator are rotated one ot to the left. BIYT |5 rotatad Into tha blt O posttion. Mo
flags are afactad.

Example:  The Accumulator holds the value 0C5H (110001048). The Instructian,
RL A
leavas the Accumulator halding the valus 88H (100010118} wiih ihe carry unaffected.
Bytas: 1
Cycles: 1
Encaoding: 0010 D011
Cparation: EL
A1) e (A, n=0-8
(AQ) 4 (AT)
RLC A
Functlon: Ratate Accumulator Left throughthe Carry ag

Dascriptlon:

Example:

Bytos:
Cyclos:

Encading:
Cparation:

The elght btz Inthe Accurmulator and the camy flag are togethar rotatad ona bitto the left. BIt 7 moves Into
the carry flag; the orlginal state of the cammy flag moves Into the bit O positlon. Mo ather 1ags are affected.

The Accumulator holds the value OCEH (1103001018 ), and the carmy |s zero. The Instruction,
RLC &

leavas the Accumulator holding the value 8AH (10001210B) with tha camy sat.

1

1

o011 [oo 11
RLC
Ap) & (Ag), n=0-8
[AD) +— (C)

(C) i (AT)
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RR A

Functlon:
Dascription:

Rotate Accumulator Rignt

The elght bits Inthe Accumulator ane ritated one Ctto the right. BIE 0 15 rofated Intothe bit 7 position. Mo
flags are affectad.

Example:  TheAocumulator nolds the value OC5H (110001018 ). The Instructon,
RR A
laaves the Accumulator nolding the value 0EZH (111000108) with the carmy unafacted.
Bytes: 1
cyclas: 1
Encoamg: |9 0 0.0 Jo o 11
operation;  RR
(An) — (Ape), N =0-5
(AT) < (AD)
RRC A
Function:  Rotate Accumulator Right through the Carry flag
Description;  The elght bits In the Accumulator and the camy flag are together rotated one bit to the right. BIt O moves
Inta the carmy flag; the onginal state of tha carry 1ag moves Into the bit 7 pasition. Mo ather flags are
affectad.
Example:  The Accumulator holds tha valug 0CSH (110001018), and the cary Is zara, Tha Instructian,
RRC A
laaves the Accumulator holding the value 62 (01100010B) withthe camy sel.
Bytes: 1
cycles: 1
Encading: I':' B o1 I b0t
operation;  RRC
(An) — (Ape), N =0-15
(AT) « (C)
(C) '+ (AD)
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SETE <blt>
Function: Set Blit
Cascriptlon: SETE sets the Indicated bit to one. SETE can operata on the carry flag or any directly addressable bit. Mo
ather flags are aMachkad.
Example:  Thecamy flag Is cleared. Output Port 1 has boen wiitian with tha valua 34H (00110100E). The
Instructions,
SETE ©
SETE F10
will Izava the carmy flag set to 1 and change the data output on Port 1 t0 35H (001101018},
SETE C
Bytas: 1
cyclas: 1
Encoding: |1 1 @ 1 Jo 0 11
Crparation: SETE
[C) 1
SETE DIt
Bytes: 2
cyclas: 1
Encoamg: |1 1 0 1 Jo o 1 0 | | bitadress
Crparation: SETE
(olt) «— 1
SIMF  ral
Function: Short Jump
Dascriptlon: Program control branches unconditlonally to the address Indizated. The branch destination k& computad
oy adding the signed displacemeant In the second Instruction byte o e PC, atar Incremanting the PC
twica. Tharafore, the range of destinations allowed 1S from 126 bybes precading this Instructlon to 127
bytas following .
Example: The label “RELADR” Is asslgned to an Instructon at program memaory locatlon 0123H. The Instructon,
SJMP  RELADR
will assemble Into location 0100H. Aftar the Instruction Is executad, tha PG will contain the value 0123H.
{Mofe: Under tha above condiions the Instruction following S.JMP will be at 102H. Thersfore, the
displacemant byte of the Instruction will b the relative offset (3123H-0102H) = 21H. Put anather way, an
SJMP with a displacemant of SFEH would ba a one-instruction Infinits 1oop
Bytes: 2
cyclas: 2
encoamg: |1 0 00 Jo o oo | | reladoess |
Dparation:  SJMP

{PC) « (PC) +2
{PC) e (PC) +ral
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SUBE A, =src-hyte=
Functlon:  Subtract with Dorroe

Dascriptlon:  SUBB subtracts the Indicatsd varlable and the carmy Tiag togsther from the Accumulator, leaving the rasult
In the Accumulator. SUBE sets the carmy (Dorrow) flag It a bomow 1s nesded for bt 7, and clears C
otharwlse. (If C was sat before executing a SUBE Instruction, this Indicates that a bormow was nesdead for
tha previous stap In a multiple preclision subtraction, so the camy 15 subtracted from the Accumulator along
with the source operand.) AC 15 set If @ bormow 1S needed for bit 3, and cleared otherwlse. OV Issat ifa
borrow 15 needad Into bit @, out not Into bt 7, or Into bit 7, but not it 6.

When sublracting slgnad Integers OV Indizates a negathve number produced when a negative value s
subtracted from a posltive value, or a positive result when a posithve number 1s subtractad from a negatlve
numoer.

The source operand allows four addressing modes: reglster, direct, reglster-Indirect, or Immediate.

Example:  TheAccumulator holds OCSH (11001001 B), register 2 nolds S4H (010101008), and the camy flag 1s set.
T he Instructlon,

SUBE ARZ
Wil leave tha value T4H (0111 0100B) Inthe Accumulator, with the camy flag and AC cleared but OV sel.

Natice that OZ9H minus 54H ks T5H Tha difference betaean this and the abowve result 1s due to the camy
{borrow) flag belng set before the operation. IT the state of the carry Is not known befora starting a single
ar multipla-pracision subtraction, 1t should be explicity cleared by a CLR C Instruction

SLUEE ARN
Bytas: 1
cyclas: 1

Encoding: |10 © 1 J1 r rr

Cparation:  SUBB
[A) +— (A)— (C)— (Rp)

SUBE Adirect
Bytes: 2
Cycles: 1

Encoding: [t o o1 Jo

Cparatlon:  SUBE
(8] [A) - (C) — (diract)

| [arect avoress |

o

SUBE A,@RI
Bytes: 1
cycles: 1

Encoding: 10 01 Jo 1 11

Cparation:  SUBB
(A) +— (A)— (C) - (Ry)

SLUEE A#Zdata
Bytas: 2
cyclas: 1

Encoamg: |7 0 01 Jo 1 oo | [ mmediate gata ]

Zparatlon: SUBE
(8]« (&) — (C) — (Edata)
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SWAP A
Functlon:  Swap niobles within the Accumulatar
Cescriptlon:  SWAP A Interchanges the low- and high-order niboles (four-oit elds) of the Accumulator (Dits 3-0 and bits
7-4), The operation can also be thought of as a four-bit rotate Instruchon. Mo flags are affected.
Example:  The Accumulator holds the valus 0C5H (11000101E),. The Instruction,
SWaP A
leavas the Accumulator holding the valua 5CH (010111 00B).
Bytes: 1
cycles: 1
Encoding: |1 1 040 I 0 1 00 I
oparation;  SWAP
(P p) 2 (Agy)
XCH A <bytes
Functlon:  Exchangs Accumulator with byte varlabla
Description:  XGH lcads the Accumulator with the contents of the Indicated varlable, at ihe same fime writing the
orginal Accumulator contents to the Indicated varlable. The sourceddestination operand can use registar,
diract, or reglster-ndirect addrassing.
Example: RO contalns the address 20H. The Accumulator holds the value 3FH (00111111B). Intemal RAmM [ocatlon
20H holds the value 75H (01110101B). The Instructon,
XCH AERRO
will lesve the RAM location 20H holding the values 3FH (00111111B) and TEH (011101018} In tha
Accumulatar,
X¥CH ARRN
Bytes: 1
cycles: 1
Encoding: |1 1 @6 fj1 r rr I
Cperatlon:  XCH
(&) = (Rn)
XCH  Adirect
Bytas: 2
cycles: 1
Encoaing: |1 1 0 0 fo 1 o 1 | [drectaddress
Cperatlon:  XCH
(&) £ [direct)
XCH AJTRI
Bytes: 1
cycles: 1
Encoding: |1 1 00 Jo 1 11 I
Cparation;  ¥CH
i) 2 (R
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XCHD AR
Function: Exchange Diglt

Dascription:  XCHD exchangaes tha low-order nibbla of the Accumulator (bits 3-0), generally rapresenting a
hexadacimal or BCGD digit, with that of the Intarmal RAM location Indinecly addressed by the speciflad
register. The high-ordar nibbles (bits 7-4) of each register are not affectad. Mo Tlags are affectad,

Example: RO contalns the address 20H. The Accumulator holds the value 36H (0011 01108). Intemal RAM location
20H holds the valueg 75H (011101018). The Instruchon,

XCHD AGDRO
will leave RaM bcation 20H holding the value YEH (311101108 and 25H (001101018 In the Accurmnulator.

Bytes: 1
cycles: 1
Encoding: 1.1 01 o1 o1

Cperation:  XCHD
(Aza) & ((Rlxg))

XRL =<dest-bytes <src-hytes
Function: Loglzal Exclusive-OR Tor Dyte varlaoles

Cascription: XRL parforms the bitwise Ioglcal Exclusive-OR operatlon betwaen the Indicated varlablas, storing the
resulls In the destination. No flags are affected.

The tewo operands allow skx addressing mode comblnations. When the destination s the Accumulator, the
Source can usa reglster, dinect, reglstar-indinect, or Immedlate addressing; when the destination 1s a direct
address, the sounce can be the Accumulator or Immedlate data.

{Mofe: When this Instruction |5 usad to modity an output port, the value usad as the onginal port data will
be read from the output data lateh, notthe Input pins.)

Example:  Ifthe Accumulator holds 0C2H (11000011B) and reglster O holds 0AAH (10101010B) then the Instructon,
¥RL ARD
will leave the Accumulator holding the value 89H (01101 001B).

When the destination 15 a direclly addressad Dyta, this Instructlon can complement comblnations of oits In
any RAM location or hardware reglster. The pattam of Dits to be complamented 1s then datermined by a
mask byte, elthar a constant contained In the Instruction o a varaole computad 1IN the Accumulator at
rur-time. The Instructlon,

XRL  P1mi0m0niBE

will complement Dits 5, 4, and O oT output Port 1.
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XRL  ARN
Bytes: 1
cyclas: 1

Encading: I'Z' 1 10 |1 r rr |

operatlon:  XRL
[A) «— [A) = (Rp)

¥RL A direct
Bytes: 2
cyclas: 1

Encoamg: (@ 1 1 0 Jo 1 0 1 | [drectaddress |

Cparatlon:  XRL
(&) «— [A) = (direct)

XRL AR
Bytos: 1
cycles: 1
Encoding: I':' 1 110 IE- 1 11 |
operatlon:  XRL
[A) = [A) = (Ry)
XRL Azdata
Bytes: 2
Cycles: 1

Encoamg: (@ 1 1 0 Jo 1 0 0 | [mmeaategatal

Cperatlon:  XRL
(&)« [A)=Zdata
¥RL directA
Bytes: 2
Cycles: 1

Encoamg: (@ 1 1 0 Jo o 1 0 | [arectasress |

Cparatlon: XRL
{direct) «— (dliract) = (A)
XRL direct #data
Bytes: 3
Cycles: 2

Encoamg: (@ 1 1 0 Jo o 1 1 | | arectacaress| |immeciate gata

DDE‘[HUDI'I: XRL
{diract) « (direct) = Sdata
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ASCII TABLE

Dec Hex Sym Dec Hex Sym Dec Hex Sym Dec Hex Sym Dec Hex Dec Hex Dec Hex Dec Hex
0 oo nu| 32 20 sp|es 40| @ |96 60| ' [128] 80| 160] o[ 192 cof22s Eo
1 01 SOHf 33 | 21 | .! 65 1 41 A |97 1 61 a |129| 81161 A1§ 193 C1§ 225 E1
2 02 |sTX§ 34|22 “y66|42| B |98 62| b J130| 82162 A2 194| C2§ 226 E?
3 1 03 ETX|{ 35 23 | # |67 43| C |99 ‘ 63| c |131| 83 163 | A3] 195| C3] 227 | E3
4 | 04 ;EQT 36 |24 | $ |68 44| D §100| 64 | d J132| 84 | 164 | A4 196 C4] 228 E4
5 | 05 ENQ| 37 | 25| % | 69 | 45| E |101 /65| e |133| 85]165| A5 197 | C5] 229| E5
6 | 06 ACK| 38 | 26 | & | 70 | 46 | F 102, 66 | f |134| 86166 A6| 198| C6] 230 | E6
7 07 |BEL} 39 | 27 ‘ 71 47 | G |103 | 67 | g |135| 87 167 | A7) 199 C7] 231! E7
8 | 08/BS|40 |28 (|72 |48 | H J104 68 | h |136| 88| 168 A8] 200 C8] 232| E8
9 | 09 HTYy 41 29 ) |73 49 I J105| 69 i 137 891169 | A9] 201 | C9} 233 | E9
10 | OA| LF | 42 | 2A ‘ * 174 4A | J J106| 6A | j |138| 8A]170| AAY 202| CA] 234 | EA
1M1 0B|vT]43 2B + |75 4B| K |107 | 6B | k |139| 8B 3171 | AB| 203 | CB| 235| EB
12 | 0C | FP| 44 2C | ° 76 |4C| L J108 | 6C | | |140| 8C|172| AC] 204 | CC} 236 | EC
13 OD|cr} 45 /2D | - } 77 | 4D| M 109 6D | m J141 8D | 173 | AD] 205| CD| 237 | ED
14 | OE | SO 46 | 2E | . 78 |4E| N |110| 6E | n | 142| 8E | 174 | AE] 206 | CE] 238 | EE
15 OF g1 |47 | 2F | / }79 | 4F | O |11 6F | o |143| 8F | 175| AF| 207 CF| 239 EF
16 | 10 pLE| 48 | 30 | 0 §80 | 50| P V112 70 p |144| 90 | 176 | BOJ 208 | DO 240 | FO
17 | 11 |pC1) 49 | 31 1181 51| Q113 71| q |145| 91177 B1| 209 D1] 241 F1
18 | 12 |\DCc2y 50 1 32 | 2 |82 | 52| R M4 | 72| r J146| 92178 | B2] 210| D2| 242| F2
19 | 13 |DC3] 51 | 33| 3 183 53| S |115| 73| s |147| 93179 | B3] 211| D3] 243| F3
20 14 |pc4) 52 |34 | 4 §84 |54 T J116 74  t |148| 94 §180| B4 212, D4 | 244 | F4
21 | 15 NAK] 53 |35 | 5 18 | 55| U 117 75| u |149| 95181 | B5] 213| D5] 245| F5
22 | 16'|SYN| 54 [ 36 | 6 | 86 | 56| V §118 76 v |150| 96 | 182 | B6| 214| D6 | 246 | F6
23 | 17 |ETB} 55 | 37 | 7 | 87 |57 W 119 77  w §151| 97 | 183 | B7| 215| D7 § 247 | F7
24 18 |CAN| 56 4 38 | 8 | 88 58 | X 120 78 | x | 152 98 | 184 | B8| 216| D8] 248 F8
25| 19 |EM] 57 |39 | 9 |89 59| Y |121| 79 vy |153| 991185| B9 217 | D9 249| F9
26 | 1A |suBf 58 | 3A | 90 | 5A | Z |122| 7A | z | 154 9A | 186 | BA| 218 | DA| 250 FA
27 1B |ESc| 59 | 3B | ; 91 /5B | [ 123, 7B | { | 155 9B | 187 | BB] 219| DB} 251 | FB
28 | 1C| FS| 60 |3C | < 92 |5C| \ f124|7C | | |156| 9Cc 188 | BC| 220 | DC| 252| FC
29| 1D  gs| 61 |3D| = 193 |5D| ] §125|7D| } §157| 9D | 189 | BD| 221 | DD} 253 | FD
30 | 1IE|RSy 62 |3E| > |94 |5E| ™ §126| 7E| ~ |158 9E | 190 | BE|} 222 | DE] 254 | FE
31 1F ys) 63 | 3F | ? § 95 | 5F | _ |127| 7F |DEL} 159 | 9F | 191 | BF| 223 | DF 255 FF
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NUL NULL

SOH START OF HEADING

SIX START OF TEXT

ETX END OF TEXT

EOT END OF TRANSMISSION
ELQ ENQUIRY

ACK ACKNOWLEDGE

BEL BELL

BS BACKSPACE

HT HORIZONTAL TABULATION
LF LINE FEED

VT VERTICAL TABULATION

FF FORM FEED

CR CARRAIGE RETURN

SO SHIFT OUT

SI SHIFT IN

DLE DATA LINK ESCAPE

DC DEVICE CONTROL

NAK NEGATIVE ACKNOWLEDGE
SYN SYNCHRONOUS IDLE

ETB END OF TRANSMISSION BLOCK
CAN CANCEL

EM END OF MEDIUM

SUB SUBSTITUTE

ESC ESCAPTE

FS FILE SEPERATOR

GS GROUP SEPERATOR

RS RECORD SEPERATOR

UsS UNIT SEPERATOR

SP SPACE (BLANK)

DEL DELETE
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HEXADECIMAL CONVERSION TABLE

5 4 3 2 1 0
HEX DEC HEX DEC HEX DEC HEX DEC HEX DEC HEX DEC
0 0 0 0 0 0 0 0 0 0 0 0
1 1,048,576 1 65,536 1 4,096 1 256 1 16 1 1
2 2,097,152 2 131,072 | 2 8,192 2 512 2 32 2 2
3 3,145,728 3 196,608 | 3 12,288 3 768 3 48 3 3
4 4,194,304 4 262,144 | 4 16,384 4 1024 4 64 4 4
5 5,242,880 5 327,680 | 5 20,480 5 1280 5 80 5 5
6 6,291,456 6 393,216 | 6 24,576 6 1536 6 96 6 6
7 7,340,032 7 458,752 | 7 28,672 7 1792 7 112 7 7
8 8,388,608 8 524,288 | 8 32,768 8 2048 8 128 8 8
9 9,437,184 9 589,824 | 9 36,864 9 2304 9 144 9 9
A 10,485,760 A 655,360 | A 40,960 A 2560 A 160 A 10
B 11,534,336 B 720,896 | B 45,056 B 2816 B 176 B 11
C 12,582,912 C 786,432 | C 49,152 C 3072 C 192 C 12
D 13,631,488 D 851,968 | D 53,248 D 3328 D 208 D 13
E 14,680,064 E 917,504 | E 57,344 E 3584 E 224 E 14
F 15,728,640 F 983,040 | F 61,440 F 3840 F 240 F 15
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A

00

01

01

01

01

01

01

02

02

02

02

03

03

03

04

05

05

0B

0C

R1

00

01

02

03

04

00

01

02

00

01

00

DPTR

Pointer

Counter

Pointer

FUNCTION

System Reset.

Blank / Prompt Display.
Blank Address Display.
Blank Date Display.

Prompt Address Display.
Prompt Date Display.
Clears the Entire Display.
Display Data using register.

Contents of address held by DPTR is displaced in
field whose row is given in register B.

Contents of DPTR is displayed in Address field.
Contents of "DPL" is displayed in Data field
Read Data from Keyboard and display it.

Read Address from Keyboard and display it in
address field.

Read Data from Keyboard and display it in data
field.

Display "Err."
Display data using Pointer
Display the contents of address held by DPTR

Delay is generated by decrementing contents of
DPTR till it becomes zero (A=0A).

Load DPH with the contents of address held by
DPTR and DPL with the contents of next location
(A=0B).
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