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Editorial

- Prof. K.Y. Rajput
E-mail: rajputky9@rediffmail.com

On behalf of editorial board, keeping in spirit of the 
earlier volumes, it gives me an immense pleasure 
to present this volume of the Journal of Electronics 
under Exponent Group of Journals. Through this 
journal, our aim is to enhance new knowledge 
and technology amongst the youth, common man, 
academic and research community, professionals 
and industry practitioner. We are also focusing to 
introduce  in each  volume of this journal as a basic 
platform for various subjects in the electronics areas 
in order to realize new theories and developments 
for common man communities; thus bridging the 
gap between common man and technology, later 
research theories and industrial developments are 
also incorporated. Electronics Journal provides a 
platform for common man, researchers, industrialist 
and students to submit on-going research activities 
and developments in these areas.  
 
In continuation with the theme of journal, we are 
publishing the papers which are not necessarily 
based on original research, but the subject of the 
papers are selected to match up with the objective 
of the journal, i.e. to enhance social awareness of 
latest technology in the field of Electronics and Tele-
communication.
 
In this Issueof Electronics Journal we are presenting 
five papers.
 
First paper in this volume titled INTRODUCTION 
TO SIGNAL PROCESSING IN BIOSIGNAL 
ANALYSIS explains a method to carry out analysis  
of Bio signals such as signals obtained from ECG 

Electrocardiogram of Heart.
 
Our second paper titled 8051 Microcontroller basics 
and Architecture presents functional block of the 
internal operation of an 8051  microcomputer and 
the internal components of the chip . It also explains 
each of the functional block in detail.
 
Third paper titled   8051 Microcontroller Addressing 
Modes  is continuation of last paper and explains 
programming aspects of 8051 by means of 
explaining Addressing modes .
 
Our fourth paper of this volume is titled Design 
of Directional Coupler to Match Antenna and 
Transmitter explains how to design directional 
coupler that is required for matching between 
antenna and Transmitter by means of Simulator. It 
also presents the actual antenna designed and its 
analysis as a result.
 
Our final paper titled ARM  PROCESSOR 
ARCHITECTURE-Evolution and Applications is 
first paper on a very popular microcontroller used 
in Robotics . It presents architecture, evolution 
and Applications of ARM processor. It also deals 
with the pin diagram and signals of a typical ARM 
processor.

We hope all the papers/articles presented in this 
volume will be useful to the readers in the field of 
Electronics and also to a common person.
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Introduction to Signal Processing in 
Biosignal Analysis 

- Vijay Rathod
E-mail: vicky7574@gmail.com

1. INTRODUCTION
 
An electrocardiogram (ECG) is a graphical record of 
bioelectrical signal generated by the human body 
during cardiac cycle (Goldschlager, 1989). ECG 
graphically gives useful information that relates to 
the heart functioning (Dubis, 1976) by means of a 
base line and waves representing the heart voltage 
changes during a period of time, usually a short 
period (Cuesta, 2001). Putting leads on specific part 
of the human body, it is possible to get changes of the 
bioelectrical heart signal (Goldschlager, 1989) where 
one of the most basic forms of organizing them is 
known as Einthoven lead system which is shown in 
Figure 1 (Vidal & Pavesi, 2004; Vidal et al., 2008). 

1.1  Four Stages of Bio signal Processing 

Fig. 1. The four stages of biosignal processing         

1.2  Types of Signals
 

 Fig. 2Types of biological signals
 

Fig 3. Impulse series

 
2. Introduction to digital signal processing

Fig 4. Digital signal Processing blocks
 
• Digital Signal Processors (DSP) process digital 

signals 
• An alternative method to process analog world 
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signals 
• Once the signal is in digital form, the DSP can 

easily process it 
• After the DSP has processed the signal, the output 

signal must be converted back to analog so that 
we can sense it. 

• Advantages of digital signal processing 
• Programmability—one hardware does many 

tasks 
• Flexibility and upgradeability—develop a new 

code

Repeatability — A CD player always plays the same 
music quality 

• Advantages of analog signal processing 
• low cost in some applications—attenuators, 

amplifiers 
• wide bandwidth (GHz) 
• Infinite resolution (no quantization error) and 

low signal levels

3. DSP systems 
 
• DSP chip 
• Arithmetic Logic Unit (ALU) 
• TMS320C6X 
• Memory 
• Converters 
• Analog-to-Digital 
• Digital-to-Analog 
• Communication Ports 
• Serial 
• Parallel 
 

Fig. 5 DSP Systems

 
4. Where ro start signal processing
 
Before we actually start looking at signal processing, 
we need to familiarise ourselves with some basic 
terminology
• As will be seen presently, sinusoidal
waveforms are very important in signal
processing so firstly a primer on these
waveforms. 

What is a Sine Wave ?
 
• A sine wave has three basic parameter that define 

its behaviour 
• Amplitude (A) (the “height” of the oscillation 
• Frequency (f) 
• The signal “repeats” itself exactly over and over. 
• Its frequency is the “number” of complete 

oscillations/cycles 
• completed in a single second. Measured in Hertz 

(s-1) 
• Directly related to the Period (T) of the waveform 

which is the time it takes to complete one full 
oscillation 

• Frequency=1/Period (f=1/T) 
• An alternate measure termed angular frequency 

(ω) measured in radians per second is sometimes 
used (ω=2πf) 

• But in some application areas, e.g. financial time 
series, talking about frequencies in units of Hz is 
nonsensical 

• Consider time series of closing prices of a 
exchange index (1 “sample”per day!) 

• Phase (φ) 
• The relevance of this quantity is often 

misunderstood
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Fig. 6 Sine wave parameteres
 
5. DSP Applications.
 
• Speech synthesis and speech recognition 
• Audio CD players 
• Audio compression (MP3, AC3) 
• Image compression (JPEG, JPEG 2000) 
• Optical character recognition 
• Video CDs (MPEG 1) 
• DVD, digital cable, and HDTV (MPEG 2) 
• Wireless video (MPEG 4/H.263)
 
6. Analog and Digital Signals
 

 
 

Fig. 7 DSP advanates & limitations
 
7. Impact of DSP on Modern living
 

Fig. 8 DSP Impact

 

 
Fig.9 DSP features
 
8. Features of  DSP on Modern  DSP processors have 

features designed to support high-performance, 
repetitive, numerically intensive tasks.

• Mostly designed with the same few basic 
operations in mind 

• They share the same set of basic characteristics 
• These characteristics fall into three categories: 
• specialized high speed arithmetic 
• data transfer to and from the real world 
• multiple access memory architecture 
 
• Features that accelerate performance in DSP 

applications include: 
• Single-cycle multiply-accumulate (MAC) 

capability;  
• high-performance DSPs often have two multipliers 

that enable two multiply-accumulate operations 
per instruction cycle; 

• some DSP have four or more multipliers 
• Specialized addressing modes, for example,  
• pre- and post-modification of address pointers, 

circular addressing, and  bit-reversed addressing   
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• Most DSPs provide various configurations of on-
chip memory and peripherals tailored for DSP 
applications.  

• DSPs generally feature multiple-access memory 
architectures that enable DSPs to complete 
several accesses to memory in a single instruction 
cycle 

• Specialized execution control.  
• Usually, DSP processors provide a loop instruction 

that allows tight loops to be repeated without 
spending any instruction cycles  

• for updating and testing the loop counter or  
• for jumping back to the top of the loop 
• DSP processors are known for their irregular 

instruction sets, which generally allow several 
operations to be encoded in a single instruction. 

• For example, a processor that uses 32-bit 
instructions may encode 

• two additions, 
• two multiplications, and
• four 16-bit data moves into a single instruction. 
• In general, DSP processor instruction sets allow 

a data move to be performed in parallel with an 
arithmetic operation.  

• GPPs/MCUs, in contrast, usually specify a single 
operation per instruction  

• It is worth noting that the difference between 
DSPs and GPPs/MCUs is fading:  

• many GPPs/MCUs now include DSP features, 
and DSPs are increasingly adding microcontroller 
features.  

• The analysis of electrical signals is a fundamental 
problem for many engineers and scientists. Even 
if the immediate problem is not electrical, the 
basic parameters of interest are often changed 
into electrical signals by means of transducers. 
Common transducers include accelerometers 

and load cells in mechanical work, EEG electrodes 
and blood pressure probes in biology and 
medicine, and pH and conductivity probes in 
chemistry. The rewards for transforming physical 
parameters to electrical signals are great, as 
many instruments are available for the analysis 
of electrical signals in the time, frequency and 
modal domains. The powerful measurement and 
analysis capabilities of these instruments can 
lead to rapid understanding of the system under 
study. This note is a primer for those who are 
unfamiliar with the advantages of analysis in the 
frequency and modal domains and with the class 
of analyzers we call Dynamic Signal Analyzers

 
9. Conclusion
 
The DSP processor and digital signal processing  can 
be very effectively used for analysis of biomedical 
signal like ECG EEG PPG. This articles emphasis the 
knowledge of signal processing and biomedical signal  
in a comprehensive manner. Next article in this series 
will brief you ECG processing.
 
10. References
 
1. http://cp.literature.agilent.com 
2. Tsap workshop. 
3. Analysis of Heart Rate Variability J. L. A. Carvalho1, 

A. F. Rocha1, L. F. Junqueira Jr2, J. Souza Neto1, 
I. Santos3, F. A. O. Nascimento Department of 
Electrical Engineering, Universidade de Brasília, 
Brazil. 

4. STANDARD HANDBOOK OF BIOMEDICAL 
ENGINEERING AND DESIGN. 

5. http://unhas.ac.id
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8051 Microcontroller Basics And 
Architecture 

- Prof. K.Y. Rajput 
- Prof. Amit Hatekar 

 E-mail: rajputky9@rediffmail.com  
a_hatekar@yahoo.com

Abstract :   
 
Microprocessor were designed to meet the 
requirement of processing of data  for specific 
application of microcomputer. For control applications 
a microprocessors are required to interface external 
peripherals leading to a complex and bulky circuits 
and also further adding to cost.  Microcontroller 
on the other hand are specifically designed for 
control applications such as controlling speed of AC 
or DC motors, large display boards, temperature 
controllers and so on.  Microcontroller include the 
necessary peripheral interface in a single chip. This 
results in simple circuits and saving on cost and 
therefore they are suitable for low cost applications. 
The typical single chip microcontroller include, input 
out ports, timers, Analog to Digital(A to D) and Digital 
to Analog (D to A) convertors etc. which are needed 
for control applications. This paper is first paper in 
the series of microcontrollers and shall deal with 
internal architecture followed by Instruction set 
and applications based on the information that is 
available online. 
 
1. INTRODUCTION 
 
As stated above we will be discussing internal 
architecture of microcontroller 8051. Figure 1.1 
shows a functional block of the internal operation of 
an 8051  microcomputer. The internal components of 
the chip are shown within the broken line box. 

 

Fig. 1.1 Functional block of the internal operation of 
an 8051  microcomputer
 
Here a part of the external code memory can be 
located within the chip but we will ignore this feature 
just now. Further variants of the chip  allow more 
memory devices and I/O devices to be accommodate 
within the single. Figure 1.2 shows the external code 
memory and data memory connected to the 8051  
chip. It shows how we can build a simple universal 
system using 8051 chip with external memory chips. 
 

Fig. 1.2 A simple 8051 based system.
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2. Architecture of 8051

The basic 8051 chip includes a number of peripheral 
I/O devices including two Timer/Counters, 8-bit I/O 
ports, and a UART. The inclusion of such devices 
on the  8051 chip is shown in figure 2.1. These I/O 
devices will be described later.
 

Fig. 2.2 Advanced version of 8051 to include Timer/
Counters, 8-bit I/O ports, and a UART.

2.1  MEMORY AND REGISTER ORGANISATION 

The 8051 has a separate memory space for code 
(programs) and data.  Further memory types are 
classified as On-chip memory and external memory 
as shown in figure 2.3. In an actual implementation 
the external memory may be contained within the 
microcomputer chip. However, we will use the 
definitions of internal and external memory to be 
consistent with 8051 instructions which operate 
on memory. The separation of the code and data 
memory in the 8051 architecture is a little unusual. 
The separated memory architecture is referred to 
as Harvard architecture whereas Von Neumann 
architecture defines a system where code and data 
can share common Memory. 

 

 
Fig. 2.3 Code, data, internal and external memory 
concept.

2.2  External Code Memory 
 
Code memory is used to store executable program 
code . The code memory size is  limited to 64KBytes 
(in a standard 8051). The code memory is read-
only in normal operation and is programmed under 
special conditions e.g. it is a PROM or a Flash  RAM 
type of memory. 
 
2.3 External RAM Data Memory  

This is read-write memory and is used for storing 
data.  A standard 8051 supports up to 64KBytes of 
external RAM data memory. 
 
2.4 Internal Memory 
 
The  on-chip memory  consists of 256 memory bytes 
organized as follows: 
 
First 128 bytes:  00h to 1Fh  Register Banks 
20h to 2Fh  Bit Addressable RAM.  
30 to 7Fh  General Purpose RAM. 
Next 128 bytes:  80h to FFh  Special Function Registers.
The first 128 bytes of internal memory is organized as 
shown in figure 1.5, and is   called as Internal RAM, or 
IRAM. Fig. 1.5 shows Internal memory of 8051.
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Fig 2.4 Internal memory of 8051

2.4.1  Register Banks: 00h to 1Fh  

The 8051 has  8 general-purpose registers R0 through 
R7 (R0, R1, R2, R3, R4, R5, R6, and R7). These registers 
are used in instructions such as: 
ADD A, R2  ; adds the value contained in R2 to the 
accumulator .
 
Note since R2 happens to be memory location 02h in 
the Internal RAM the following  instruction has the 
same effect as the above instruction. 
 
ADD A, 02h
 
Now, things get more complicated when we see 
that there are four banks of these general-purpose 
registers defined within the Internal RAM. For the 
moment we will  consider register bank 0 only. 
Register banks 1 to 3 can be ignored when writing 
introductory level assembly language programs.

2.4.2  Bit Addressable RAM: 20h to 2Fh 
 
The 8051 supports a special feature which allows 
access to bit variables. This is  where individual  
memory bits in Internal RAM can be set or cleared. In 
all there are  128 bits numbered 00h to 7Fh. Being bit 
variables any one variable can have a value 0  or 1. A 
bit variable can be set with a command such as SETB 
and cleared with a command such as CLR. Example 
instructions are:
SETB 25h ; sets the bit 25h (becomes 1) 

CLR 25h ; clears bit 25h (becomes 0) 
Note that bit 25h is actually bit b5 of Internal RAM 
location 24h. 
 
The Bit Addressable area of the RAM is just 16 bytes 
of Internal RAM located  between 20h and 2Fh. So if 
a program writes a byte to location 20h, for example, 
it  writes 8 bit variables, bits 00h to 07h at once. 
 
Note that bit addressing can also be performed on 
some of the SFR registers. 
 
2.4.3  General Purpose RAM: 30h to 7Fh   

These 80 bytes of Internal RAM memory are available 
for general-purpose data  storage. Access to this area 
of memory is fast compared to access to the main 
memory and special instructions with single byte 
operands are used. However, these 80 bytes are used 
by the system stack and in practice little space is left 
for general storage. The general purpose RAM can be 
accessed using direct or indirect addressing modes. 
 
Examples of direct addressing: 
 
MOV A, 6Ah  ; reads contents of address 6Ah to 
accumulator 
 
Examples for indirect addressing (use registers R0 or 
R1): 
 
MOV R1, #6Ah  ; move immediate 6Ah to R1 
MOV A, @R1  ; move indirect: R1 contains address of 
Internal RAM which 
contains data that is moved to A. 
 
These two instructions have the same effect as the 
direct instruction above.

2.3.5  SFR Registers  

The SFR registers are located within the Internal 
Memory in the address range 80h to FFh, as shown 
in figure 2.5. Not all locations within this range are 
defined. Each SFR has a very specific function. Each 
SFR has an address (within the range 80h to FFh)and a 
name which reflects the purpose of the SFR. Although 
128 byes of the SFR address space is defined only 21 
SFR registers are defined in the standard 8051. 
Undefined SFR addresses should not be accessed as 
this might lead to some unpredictable results. Note 
some of the SFR registers are bit addressable. SFRs 



11The Exponent Group of Journals For Electronics, Volume 4, Number 4, Sep 2016 - Nov 2016

are accessed just like normal Internal RAM locations.
 

Fig. 2.5 SFR of 8051.

Few specific SFR registers are used to  explain the SFR 
concept. Other specific SFR will be explained later. 

2.3.5.1 Port Registers SFR  

The standard 8051 has four 8 bit I/O ports: P0, P1, P2 
and P3.
Port 0 is a physical 8 bit I/O port on the 8051. Read 
(input) and write  (output) access to this port is done 
in software by accessing the SFR P0 register and is 
located at address 80h. SFR P0 is also bit addressable. 
Each bit corresponds to a  physical I/O pin on the 
8051.
 
Example to  access port 0: 
 
SETB  P0.7  ; sets the MSB bit of Port 0 
CLR  P0.7  ; clears the MSB bit of Port 0 
The operand P0.7 uses the dot operator and refers 
to bit 7 of SFR P0. The same bit could be addressed 
by accessing bit location 87h. Thus the following two 
instructions have the same meaning: 
CLR  P0.7
CLR  87h
 
2.3.5.2 PSW Program Status Word  

PSW, the Program Status Word is at address D0h and 

is a bit-addressable register. 
The status bits are listed in table 1.1
 

 
 
Carry flag. C  

This is a conventional carry, or borrow, flag used in 
arithmetic operations. The carry flag is also used as 
the ‘Boolean accumulator’ for Boolean instruction 
operating at the bit level. This flag is sometimes 
referenced as the CY flag. 
 
Auxiliary carry flag. AC  

This is a conventional auxiliary carry (half carry) for 
use in BCD arithmetic. 
 
Flag 0. F0:  
This is a general-purpose flag for user programming. 
Register bank select 0 and register bank select 1. RS0 
and RS1. 
These bits define the active register bank (bank 0 is 
the default register bank). 
 
Overflow flag. OV  

This is a conventional overflow bit for signed 
arithmetic to determine if the result of a 
signed arithmetic operation is out of range.
 
Even Parity flag. P 
 
The parity flag is the accumulator parity flag, set to 
a value, 1 or 0, such that the  number of ‘1’ bits in 
the accumulator plus the parity bit add up to an even 
number. 

 
2.3.5.3 Stack Pointer 
 
The Stack Pointer, SP, is an 8-bit SFR register at address 
81h. The small address field  (8 bits) and the limited 
space available in the Internal RAM confines the 
stack size and this is sometimes a limitation for 8051 
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programmes. The SP holds the address  of the data 
byte currently on the top of the stack. The SP pointer 
in initialized to a defined address. A new data item 
is ‘pushed’ on to the stack using a PUSH instruction 
which will cause the data item to be written to 
address SP + 1. Typical instructions, which cause 
modification to the stack are: PUSH, POP, LCALL, RET, 
RETI etc.. The SP SFR, on start-up, is initialized to 07h 
so this means the stack will start at 08h and expand 
upwards in Internal RAM. If register banks 1 to 3 are 
to be used the SP SFR should be initialized to start 
higher up in Internal RAM. The following instruction 
is often used to initialize the stack: 
 
MOV SP, #2Fh 
 
2.3.5.4  Data Pointer  

The Data Pointer, DPTR, is a special 16-bit register 
used to address the external code  or external data 
memory. Since the SFR registers are just 8-bits wide 
the DPTR is stored in two SFR registers, where DPL 
(82h) holds the low byte of the DPTR and DPH (83h) 
holds the high byte of the DPTR. For example, if you 
want  to write the value 46h to external data memory 
location 2500h, you might use the following 
instructions: 
 
MOV  A, #46h   ; Move immediate 8 bit data 46h to A 
(accumulator) 
MOV  DPTR, #2504h  ; Move immediate 16 bit address 
value 2504h to A. 
; Now DPL holds 04h and DPH holds25h. 
MOVX @DPTR, A  ; Move the value in A to external 
RAM location 2500h. 
Uses indirect addressing.
Note the MOVX(Move X) instruction is used to access 
external memory. 
 
2.3.5.5  Accumulator  

This is the conventional accumulator that one expects 
to find in any computer, which is used to the hold 
result of various arithmetic and logic operations. 
Since the 8051 microcontroller is just an 8-bit device, 
the accumulator is, as expected, an 8bit register. 
 
The accumulator, referred to as ACC or A, is usually 
accessed explicitly using  instructions such as: 
INC A ; Increment the accumulator. 
 
However, the accumulator is defined as an SFR register 

at address E0h. So the following two instructions 
have the same effect: 
 
MOV A, #52h  ; Move immediate the value 52h to the 
accumulator 
MOV E0h, #52h  ; Move immediate the value 52h 
to Internal RAM location E0h, which is, in fact, the 
accumulator SFR register. 
Usually the first method, MOV A, #52h, is used as this 
is the most conventional (and happens to use less 
space, 2 bytes as oppose to 3 bytes!) 
 
2.3.5.6  B Register  

The B register is an SFR register at addresses F0h 
which is bit-addressable. The B register is used in 
two instructions only: i.e. MUL (multiply) and DIV 
(divide). The B register can also be used as a general-
purpose register. 
 
2.3.5.7  Program Counter  

The PC (Program Counter) is a 2 byte (16 bit) register 
which always contains the memory address of the 
next instruction to be executed. When the 8051 
is reset the PC is always initialized to 0000h. If a 2 
byte instruction is executed the PC is incremented 
by 2 and if a 3 byte instruction is executed the PC is 
incremented by three so as to correctly point to the 
next instruction to be executed. A jump instruction 
(e.g. LJMP)  has the effect of causing the program 
to branch to a newly specified location, so the jump 
instruction causes the PC contents to change to the 
new address value. Jump  instructions cause the 
program to flow in a non-sequential fashion.
 
2.3.6  SFR Registers for the Internal Timer  

The set up and operation of the on-chip hardware 
timers will be described later, but  the associated 
registers are briefly described here: 
 
TCON, the Timer Control register is an SFR at address 
88h, which is bit-addressable. 
TCON is used to configure and monitor the 8051 
timers. The TCON SFR also  contains some interrupt 
control bits, described later. 
TMOD, the Timer Mode register is an SFR at address 
89h and is used to define the  operational modes for 
the timers, as will be described later. 
TL0 (Timer 0 Low) and TH0 (Timer 0 High) are two 
SFR registers addressed at 8Ah and 8Bh respectively. 
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The two registers are associated with Timer 0. 
TL1 (Timer 1 Low) and TH1 (Timer 1 High) are two 
SFR registers addressed at 8Ch and 8Dh respectively. 
These two registers are associated with Timer 1. 
 
2.3.6.1  Power Control Register  

PCON (Power Control) register is an SFR at address 
87h. It contains various control bits including a 
control bit, which allows the 8051 to go to ‘sleep’ so 
as to save power when not in immediate use. 
 
2.3.6.2  Serial Port Registers  

Programming of the on-chip serial communications 
port will be described later in the text. The associated 
SFR registers, SBUF and SCON, are briefly introduced 
here, as follows: 
 
The SCON (Serial Control) is an SFR register located 
at addresses 98h, and it is bit addressable. SCON 
configures the behavior of the on-chip serial port, 
setting up parameters such as the baud rate of the 
serial port, activating send and/or receive data, and 
setting up some specific control flags. 

The SBUF (Serial Buffer) is an SFR register located at 
address 99h. SBUF is just a single byte deep buffer 
used for sending and receiving data via the on-chip 
serial port .
 

2.3.6.3  Interrupt Registers  

Interrupts will be discussed in more detail later. The 
associated SFR registers are: 
 
IE (Interrupt Enable) is an SFR register at addresses 
A8h and is used to enable and disable specific 
interrupts. The MSB bit (bit 7) is used to disable all 
interrupts. IP (Interrupt Priority) is an SFR register at 
addresses B8h and it is bit addressable. The IP register 
specifies the relative priority (high or low priority) of 
each interrupt. 
On the 8051, an interrupt may either be of low (0) 
priority or high (1) priority. 

3. Conclusion:  
 
As promised in abstract this paper presented the 
detailed architecture of 8051. We shall continue 
addressing modes and instruction set in next paper.

4. Reference: 
 
1. The 8051 Microcontroller and Embedded. 

Systems. Using Assembly and C. Second Edition. 
Muhammad Ali Mazidi. Janice Gillispie Mazidi. 
Rolin D. McKinlay. 

2. The 8051 Microcontroller  By Kenneth Ayala. 
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8051 Microcontroller Addressing 
Modes  

- Prof. K.Y. Rajput 
- Prof. Amit Hatekar 

 E-mail: rajputky9@rediffmail.com  
a_hatekar@yahoo.com

Abstract:   

Microprocessors were designed to meet the 
requirement of processing of data  for specific 
application of microcomputer. For control 
applications a microprocessors are required to 
interface external peripherals leading to a complex 
and bulky circuits and also further adding to cost.  
Microcontroller on the other hand are specifically 
designed for control applications such as controlling 
speed of AC or DC motors, large display boards, 
temperature controllers and so on.  Microcontroller 
include the necessary peripheral interface in a single 
chip. This results in simple circuits and saving on 
cost and therefore they are suitable for low cost 
applications. The typical single chip microcontroller 
include, input out ports, timers, Analog to Digital(A 
to D) and Digital to Analog (D to A) convertors etc. 
which are needed for control applications. This paper 
is second paper in the series of microcontrollers and 
shall deal with addressing modes  followed by paper 
on instruction set and papers on applications based 
on the information that is available online. 

1. Introduction
 
Addressing modes in any processor or controller 
deals with way in which data or code can be read 
or written to or from external memory or within 
a processor or controller. There are two kinds of 
systems developed, one a general purpose system 
which can be used to write and test any program or a 
test program for particular application. Another kind 
of system is a dedicated one for particular control 
application. A program for such system is called as 
monitor program.
    
2. ADDRESSING MODES 
 
There are a number of addressing modes available to 

the 8051 instruction set, as follows: 
 
Immediate Addressing  Register Addressing   Direct 
Addressing 
Indirect Addressing   Relative Addressing   Absolute 
addressing 
Long Addressing   Indexed Addressing .

2.1  Immediate Addressing 
 
Immediate addressing simply means that the operand 
(which immediately follows the  instruction op. 
code) is the data value to be used. For example the 
instruction: 
MOV A, #99d 

 
Moves the value 99 into the accumulator (note this 
is 99 decimal since we used 99d). The # symbol tells 
the assembler that the immediate addressing mode is 
to be used. 

2.2  Register Addressing 
 
One of the eight general-registers, R0 to R7, can be 
specified as the instruction operand. The assembly 
language documentation refers to a register 
generically as Rn. 
 
An example instruction using register addressing is :
ADD A, R5  ; Adds register R5 to A (accumulator) 
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Here the contents of R5 is added to the accumulator. 
One advantage of register addressing is that the 
instructions tend to be short, single byte instructions. 
 
2.3  Direct Addressing  

Direct addressing means that the data value is 
obtained directly from the memory location specified 
in the operand. For example consider the instruction: 
MOV A, 47h 

 
The instruction reads the data from Internal RAM 
address 47h and stores this in the accumulator. 
Direct addressing can be used to access Internal 
RAM , including the SFR registers. 
 
2.4 Indirect Addressing 
 
Indirect addressing provides a powerful addressing 
capability, which needs to be appreciated. An 
example instruction, which uses indirect addressing, 
is as follows: 
MOV A, @R0 

  
Note: @ symbol indicated that the indirect 
addressing mode is used. R0 contains a value, for 
example 54h, which is to be used as the address 
of the internal RAM location, which contains the 
operand data. Indirect addressing refers to Internal 
RAM  only and cannot be used to refer to SFR 
registers. 
Note: only R0 or R1 can be used as register data 
pointers for indirect addressing when using MOV 

instructions. 
 
The 8052 (as opposed to the 8051) has an additional 
128 bytes of internal RAM. 
 
These 128 bytes of RAM can be accessed only using 
indirect addressing. 
 
2.5  Relative Addressing 
 
This is a special addressing mode used with certain 
jump instructions. The relative  address, often 
referred to as an offset, is an 8-bit signed number, 
which is automatically added to the PC to make 
the address of the next instruction. The 8-bit signed 
offset value gives an address range of + 127 to –128 
locations. Consider the  following example: 
SJMP LABEL_X
  

 
An advantage of relative addressing is that the 
program code is easy to relocate in memory in that 
the addressing is relative to the position in memory. 
 
2.6  Absolute addressing 
 
Absolute addressing within the 8051 is used only by 
the AJMP (Absolute Jump) and  ACALL (Absolute 
Call) instructions, which will be discussed later.
 
2.7  Long Addressing  

The long addressing mode within the 8051 is used 
with the instructions LJMP and LCALL. The address 
specifies a full 16 bit destination address so that a 
jump or a call can be made to a location within a 
64KByte code memory space 216= 64K). 
An example instruction is: 
LJMP 5000h  ; full 16 bit address is specified in 
operand
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2.8  Indexed Addressing  

With indexed addressing a separate register, either 
the program counter, PC, or the  data pointer DTPR, 
is used as a base address and the accumulator is used 
as an offset  address. The effective address is formed 
by adding the value from the base address to the 
value from the offset address. Indexed addressing 
in the 8051 is used with the JMP or MOVC 
instructions. Look up tables are easy to implemented 
with the help of  index addressing. 
 
Consider the example instruction: 
MOVC A, @A+DPTR 
 
MOVC is a move instruction, which moves data 
from the external code memory space. The address 
operand in this example is formed by adding the 
content of the  DPTR register to the accumulator 
value. Here the DPTR value is referred to as the 
Base address and the accumulator value us referred 
to as the index address. An  example program using 
the indexed addressing mode will be shown later.

3. ASSEMBLY LANGUAGE PROGRAMMING 
 
3.1  Number Representation for Different Bases 
 
The following is an example showing the decimal 
number 46 represented in different number bases: 
46d   ; 46 decimal 2Eh   ; 2Ehis 46 decimal 
represented as a hex number 56o   ; 56ois 46 decimal 
represented as an octal number 101110b  ; 101110bis 
46 decimal represented as a binary number. 
Note a number digit must be used in the first 
character of a hexadecimal number.
 
For example the hexadecimal number A5h is 
illegally represented and should be represented as 
0A5h. 
 
3.2  The Arithmetic Operators 
 
The arithmetic operators are: 
+  add
-  subtract 
*  multiply
/  divide
MOD  modulo (result is the remainder following 
division) 
The Logical Operators 

The logical operators are:
AND  Logical AND 
OR  Logical OR 
XOR  Logical XOR (exclusive OR) 
NOT  Logical NOT 
3.3 The Relational Operators 
The result of a relational operation is either true 
(represented by minus 1), or false 
(represented by zero). The relational operators are: 
Equal to    EQ  =
Not equal to    NE  <>
Greater than    GT  >
Greater than or equal to  GE  >= 
Less than    LT  <
Less than or equal to   LE  <= 
(note ‘EQ’ symbol and ‘= ‘ symbol have the same 
meaning) 
Operator Precedence 
Like a high level language, assembly level programs 
define operator precedence. 
Operators with same precedence are evaluated left to 
right. Note, brackets ( ) means to evaluate this first. 
HIGH indicates the high-byte and LOW indicates 
the low-byte. 

3.4  Some Assembler Directives  

The assembler directives are special instruction to 
the assembler program to define 
some specific operations but these directives are not 
part of the executable program. 
Some of the most frequently assembler directives are 
listed as follows:  
 
ORG  Originate, defines the starting address for the 
program in program (code) memory 
EQU  EQUate, assigns a numeric value to a symbol 
identifier so as to make the program more readable. 
DB  Define a Byte, puts a byte (8-bit number) 
number constant at this memory location 
DW  Define a Word, puts a word (16-bit number) 
number constant at this memory location
DBIT  Define a Bit, defines a bit constant, which is 
stored in the bit addressable section if the Internal 
RAM. 
END  This is the last statement in the source file to 
advise the assembler to stop the assembly process. 

4. Conclusion:   

As promised in abstract this paper presented the 
detailed addressing modes  of 8051. We shall 
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continue over instruction set in next paper.

5. Reference:  
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Design of Directional Coupler to 
Match Antenna & Transmitter  

- Salil Tembe
E-mail: salil2106@gmail.com

Abstract:
 
A primary task of an antenna analyzer is determining 
how good of a match an antenna has with the 
transmitter. One of the ways of determining that is 
by looking at the reflected power from the antenna 
port. In simple words, an unmatched impedance 
of the transmitter and the antenna leads to some 
energy being reflected back towards the transmitter. 
One such device capable of giving us this kind of 
information is the dual directional coupler.
 
We will be looking at a simple dual directional 
coupler for the VHF band amateur radio frequencies. 
Although the same can also find its use in the UHF 
band frequencies, its response changes and that 
needs to be taken into account.
 
Nevertheless, we will look at how easy it is to build 
a dual directional coupler which will allow us to look 
at the transmit as well as reflected power. Thus, 
enabling us to calculate the reflection coefficient and 
the VSWR for the antenna.
 
1. Introduction: 

The directional coupler we are brewing follows 
the concept of couple transmission lines. Any 
transmission line has its magnetic and electric field 
around it whenever a signal passes through. The 
electromagnetic field around the transmission 
line induces a current in the surrounding metallic 
objects. The magnitude of the current depends on 
the frequency of the signal passing through. A higher 
frequency signal is bound to induce more current 
in surrounding objects than a low-frequency signal. 
Faraday’s law explains this phenomenon very well, 
but we are not going to go there. Another factor 
determining the magnitude of the induced signal is 
the distance at which another object lies from the 

main transmission line. The magnitude of induced 
signal is directly proportional to the distance from 
the main transmission line.
 
2. Simulations 

By placing another transmission line in the vicinity 
of the main line, we get what is known a coupled 
transmission line. A simulation of this effect will help 
us understand the phenomena better than anything 
else. I will be using Advanced Design System to do 
the simulation.
 

Fig. 2.1 Schematic of the dual directional coupler in 
ADS
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Fig. 2.2 Layout of the Directional coupler
 
Now it is time to look at some more operational basics 
of the directional coupler in order to understand the 
simulation results.
 

 
Fig 2.3 Dual directional coupler
 
As you see in the image above, the dual directional 
coupler has 4 ports. Port J1 and J2 connect to the 
main line whereas, port J3 gives a small percentage 
of energy flowing from port 1 to port 2. Similarly, 
port 4 gives a small percentage of energy flowing 
from port 2 towards port 1. 

3. Understanding a little math 

Coming back to our design, I have designed the port 
3 and port 4 to provide -20dB of the forward and 
reflected power. To understand in terms of Watts, 
follow the example below.
 
Assume that we are transmitting 1W of power from 
Port 1 to Port 2. Also assume that the antenna 
connected to port 2 has a perfect matched. In this 
case, we will be able to see only 1% of the transmitted 
power on port 3. On the other hand, we should see 
0W power on port 4 since there is no reflection 
because of the perfect impedance match.

In case of a small mismatch in antenna impedance, 
there will be some power coming in the reverse 
direction. That is due to the reflections occurring 
at the interface of mismatch. We can see 1% of 
whatever power coming in the reverse direction. 
Power will reflect backwards in cases for example, 
say we have a 75 Ohms antenna connected to our 50 
Ohm directional coupler. This mismatch will result in 
a return loss of -13.9 dB (equivalent to 4%). In other 
words, 4% of the transmitted power will return back. 
Now, the port 4 will show 1% of the reflected power.
 
Again, keeping the above assumptions, we will see 
40mW at the port 4. 

4. The simulation results 
 

Fig. 4.1 ADS simulation results for dual directional 
coupler
 
You will need some understanding of the S-parameters 
in order to interpret the results shown above by 
yourself. Nonetheless, let us simply understand what 
it means for us. 
 
The marker M1placed on the trace S31 tells us the 
percentage of forward power coupled into the port 
3. Similarly, the M2 marker gives us information 
about the power in the port 4 even when there is 
no reflection happening. We need to understand 
that the results will never be perfect. We see -39dB 
(1%) power leaked into the port 4 even when there is 
absolutely no reflection happening at port 2.
 
On the other hand, we can see -23dB (20%) of 
forward power being coupled to port 3. The coupled 
power increases greatly at higher frequencies. I am 
not bothered by that because I am more interested 
in the 144 MHz to 146 MHz band than anything else.
 
5. The Real results
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After fabricating the dual directional coupler on a 
PCB, actual dual directional coupler is obtained as 
shown in fig. 5.1.
  

Fig. 5.1 Fabricated dual directional coupler.  
 
Terminating resistors yet to be soldered.
Now we hook it up to a couple of instruments for 
analysing the response on this little thing. I will 
be using SignalHound Tracking generator and a 
Spectrum analyser to analyse the response of the 
main transmission line. This is done in order to 
determine how much insertion loss it offers across 
the band.
  

 
Fig. 5.2 Dual directional coupler S21 measurement
 
6. Conclusion :  

The S21 measurement shown above gives us a clear 
picture of how much insertion loss it  has across the 
100kHz to 6GHz bandwidth. Looking closer we can see 
the loss becomes pretty bad at higher frequencies. 
It appears that this little coupler can work all the 
way up to 3GHz at least. A -6dB loss at the higher 
end of the spectrum is not really acceptable. Since, 
the instruments used here  are not that accurate 
for measurements in that range, we should simply 
ignore the higher frequencies.
  

Fig. 5.3 Homemade dual directional coupler, coupled 
port response
 
The port 3 of the dual directional coupler should give 
us a coupling of -23dB according to the simulations 
we did earlier. Looking at the image above, it appears 
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that we are getting -21dB coupling. This is really as close as we can get to the simulations. All in all the results 
are good enough and satisfactory. The port 4 on the other hand gives an astounding -43dB isolation. That 
again is as close as you can get to the simulated results.
Given the fact that port 2 and port 4 will have an identical response, there is  no need to upload the results 
for those here.
 
Finally, it can said  that this little home made dual directional coupler will find use in a couple of larger home 
brew projects. 
 
References: 
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ARM Processor Architecture 
Evolution And Applications  

- Amit Hatekar 
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Abstract
 
As of 2014, ARM is the most widely used 32- bit 
instruction set architecture in terms of quantity 
produced. Many of the electronics gadgets around 
the world became a part of our daily life and we 
have become completely dependent on them for 
performing most of our work. Due to its variety of 
the features, many of these gadgets are fitted with 
embedded processors that not only occupy less space 
but also ensure that users get smooth experience 
whilst using the device. 
Keywords— ARM architecture, RISC processor, CPSR 
register, modes of operation, ARM versions, CISC 
architecture etc .

1. INTRODUCTION  

Advanced RISC machine (ARM) is the first reduced 
instruction set computer RISC (Reduced Instruction 
Set Computer) processor for commercial use, which 
is currently being developed by ARM holdings. In 
1983, in England, Acorn Computer Ltd officially 
launched an Acorn RISC Management Project 
after being inspired to design its own processor by 
BerKeley RISC, one of the high impact projects under 
ARPA’s (Advanced Research Projects Agency, now 
converted to DARPA) VLSI projects, dealing with RISC 
based microprocessor design led by David Patterson 
who coined the term RISC. The ARM processor is 
based on the RISC architecture, where RISC stand for 
Reduced Instruction Set Computer. ARM processor 
finds applications in digital TVs, set-top boxes, smart 
phones, mobile, laptops etc. Nowadays, there are 
several embedded architectures in use such as 
ARM architecture developed by ARM Ltd, Atmel’s 
ARV architecture, TI’s MSP430 architecture and 
many more. However the extensively used and 
most popular embedded architecture among many 
companies is the ARM Ltd’s ARM architecture. As the 

name suggests it does not mean that the processors 
with less than 100 instructions are qualified to RISC 
category, but instead they should have the highly 
optimized instruction set. ARM in the beginning was 
known as Acorn RISC Machine with VLSI Technology 
Inc. as its silicon partner, ARM came up with ARM1, 
the first ARM silicon on April 20, 1985. Now ARM 
became the acronym for Advanced RISC Machine. 
RISC features can be implemented in CISC processor 
but would require much more hardware. A typical 
RISC architecture consists of a large uniform register 
file, load and store architecture, simple addressing 
mode and uniform fixed length instruction field. 
Due to these characteristics we achieve high 
performance, low code size, low power consumption 
and low silicon area. Organization of the paper is like 
this. Paragraph1.1 gives the brief introduction of the 
paper. It also focuses on the evolution of the ARM 
processor. Features of ARM processor are described 
in Paragraph II. Also explains instruction set of ARM 
processors. Paragraph III extracts architecture of 
ARM processor. It gives operating modes of ARM 
processor. Paragraph IV talks about application 
while Paragraph V gives Pin diagram and signals of 
a typical ARM processor. Finally, conclusion is drawn 
on the entire paper and mentioned under this head 
followed by the acknowledgment and references.

1.1 ARM architecture evolution 

The ARM architecture has evoked through many 
stages, the smart phones employ ARMv5 architecture 
and the later releases. Hardware Floating Point Unit is 
the major change brought in ARMv7 to provide more 
speed than the software based floating point. Even 
DSP instructions were added to the set to improve the 
ARM architecture for use in Digital Signal Processing 
and multimedia applications. In ARMv7 Thumb 2 
instructions also added to obtain the code density. 
The new ARMv8 has undergone a considerable 
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change by using 64-bit architecture. Therefore this 
ARM architecture with brilliant features is widely 
accepted by many organizations

2. FEATURES OF ARM ARCHITECTURE 

British Multinational Semiconductor and software 
design company, ARM Holding Inc, offers complete 
solutions that are essential for the manufacturing 
process, but company does not manufacture ICs 
moreover it provides software development tools 
under the brand Keil and Real view. It also provide ARM 
architecture licensing for the companies that want to 
manufacture ARM based CPU or „System On Chip‟ 
Product. The ARM architecture is a simple hardware 
design allowing things to left off the chip. It provides 
small die-shaped chip which helps in reducing cost. 
Its low cost simple pipeline construction adds the 
benefits to embedded application.

2.1 ARM Instruction set
 
ARM allows an instruction set called Thumb, which 
comprises 32-bit instructions to 16-bits, enabling 
programs to be coded much more density than 
standard RISC instruction set. Processors enabled 
to execute „Thumb‟ also allow 32-bit instructions 
to run on the same hence allowing 16-bit and 32-
bit instructions to mix together without affecting 
the performance maintaining powerful computing 
capabilities. The instruction set of in ARM processor 
are classified as ARM instruction set, Thumb 
instruction set and Jazelle mode. ARM mode is a 
standard 32-bit instruction set. a Thumb instruction 
set is a 16-bit compressed form that provides better 
performance than Complex Instruction Set Computer. 
Jazelle DBX allows some ARM processor to execute 
java byte codes.

Features of ARM Processor 
 
ARM is a 32-bit instruction set architecture. Today 
many embedded applications like smart phones, set-
top boxes, digital television, digital camera use ARM 
processors due to their cost effectiveness and low 
power consumption. ARM architecture is compatible 
with all four major OS i.e. Symbian OS, Palm OS, 
Windows and Android OS.

3. ARM ARCHITECTURE
 
An ARM  processor consists of 31 general purpose 

32-bit register. Sixteen registers namely R0-R15 are 
visible, which means they can be modified by the 
user whereas other registers help to speed up the 
execution process. Some registers play some special 
roles like R14 acts as a link register (LR), R15 acts as a 
Program Counter (PC) and R13 acts as a Stack Pointer. 

A.   ARM processor modes of operation 
 
There are seven modes of operations as shown in 
Fig. 1. These modes are categorized as user mode, 
prevailed mode and exception mode. User mode is a 
normal program execution mode in which the system 
resources are unavailable. If some exception occurs, 
then the mode is changed to the exception mode. In 
exception mode, all system resources are available.

Fig. 1. ARM processor modes of operations 

 
Fig. 2. ARM processor important registers

B.  Important registers in ARM
 
There are two important registers in ARM, namely 
Current Program Status Register (CPSR) and Saved 
Program Status Register (SPSR). CPSR is similar 
to PSWR register in 8051 micro-controller, which 
indicate some important flag bits like carry bits and 
zero flag. Whereas SPSR is used in execution modes. 
Whenever exception occurs the content of CPSR are 
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copied in SPSR.

4. APPLICATION DOMAINS OF ARM PROCESSOR 

There are following series of ARM Cortex processor 
Cortex A, Cortex R, Cortex M. The types and their 
applications are mentioned as below. 
A. ARM Cortex A-Application Processors
 The ARM Cortex-A is a group of 32-bit and 64-bit RISC 
ARM processor cores licensed by ARM Holdings. The 
cores are intended for application use, and consists 
of the 32-bit ARM Cortex-A5, ARM Cortex-A7, ARM 
Cortex-A8, ARM Cortex-A9, ARM Cortex-A12, ARM 
Cortex-A15, and ARM Cortex-A17 MPCore,[1] and 
the 64-bit ARM CortexA53, ARM Cortex-A57, and 
ARM Cortex-A72.
Applications include: 

1. Smartphones 
2. Netbooks 
3. eReaders 
4. Digital TV 
5. Home Gateways 
6. Servers and Networking

B.  ARM Cortex R-Real-time Embedded Processors
 
Cortex Real-time Embedded processors have 
been developed for deeply embedded real-time 
applications where the need for low power and good 
interrupt behaviour are balanced with exceptional 
performance and strong compatibility with existing 
platforms.

Applications include: 
 
1. Automotive braking systems  
2. Power train solutions 
3. Mass storage controller 
4. Networking & Printing
C.  ARM Cortex M-Embedded Processors  

Cortex-M series processors have been developed 
primarily for the microcontroller domain where 
the need for fast, highly deterministic, interrupt 
management is coupled with the desire for 
extremely low gate count and lowest possible power 
consumption.

Applications include: 
 
1. Microcontrollers  

2. Mixed signal devices  
3. Smart sensors 
4. Automotive body electronics and airbags

5. V ARM Signals and pin diagram

Fig. 5.1a shows signals of a typical ARM processor 
with their conventional directions indicating whether 
the signals are input or output signals.
Fig. 5.1b shows pin diagram of ARM Processor.
 

Fig 5.1a ARM Signals
 

Fig. 5.1b ARM Pin diagram
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6. CONCLUSION
 
ARM processor core is the engine within the system that fetches ARM (and possibly Thumb) instructions from 
the memory and execute them. ARM cores are very small typically occupying just a few square millimeters 
of the chip area. Modern VLSI technology allows a large number of additional system components to be 
incorporated on the same chip. The ARM7TDMI is the current low end ARM core and is widely used across a 
range of applications, most notably in many digital mobile telephones. ARM processors up to ARM7 employ 
a simple 3-stage pipeline with stages like fetch, decode and execute.
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