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MICROPROCESSORS AND 

MICROCONTROLLER



PIN DIAGRAM OF 8086
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ARCHITECTURE
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BUS INTERFACE UNIT (BIU)
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Segment
Registers

8086’s 1-megabyte memory is divided into segments of up to 64K bytes each.

The 8086 can directly address four segments (256 K bytes within the 1 M
byte of memory) at a particular time.
Programs obtain access to code and data in the segments by changing the
segment register content to point to the desired segments.



80C51 BLOCK DIAGRAM
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80C51 MEMORY
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8051 MEMORY
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The data width is 8 bits
Registers are 8 bits
Addresses are 8 bits

i.e. addresses for only 256 bytes!
PC is 16 bits (up to 64K program memory)
DPTR is 16 bits (for external data - up to 64K)

C types
char - 8 bits <-- use this if at all possible!
short - 16 bits
int - 16 bits
long - 32 bits
float - 32 bits

C standard signed/unsigned



ACCESSING EXTERNAL MEMORY
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PROGRAM MEMORY
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Program and Data memory are separate
Can be internal and/or external

20K internal flash for the Atmel controller
Read-only

Instructions
Constant data

char code table[5] = 

{‘1’,‘2’,‘3’,‘4’,‘5’} ;

Compiler uses instructions for moving “immediate” data



INTERNAL DATA MEMORY
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.

Internal data memory contains all the processor state
Lower 128 bytes: registers, general data
Upper 128 bytes: 

indirectly addressed: 128 bytes, used for the stack (small!)
directly addressed: 128 bytes for “special” functions



Register banks, bit addressable data, general data
you can address any register!
let the C compiler deal with details (for now)

LOWER 128 BYTES
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UPPER 128 BYTES: SFR AREA
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SPECIAL FUNCTION RESGISTERS
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PORTS
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Port 0 - external memory access
low address byte/data

Port 2 - external memory access
high address byte

Port 1 - general purpose I/O
pins 0, 1 for timer/counter 2

Port 3 - Special features
0 - RxD: serial input
1 - TxD: serial output
2 - INT0: external interrupt
3 - INT1: external interrupt
4 - T0: timer/counter 0 external input
5 - T1: timer/counter 1 external input
6 - WR: external data memory write strobe
7 - RD: external data memory read strobe



PORTS

.
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Port 0 - true bi-directional
Port 1-3 - have internal pullups that will source current
Output pins:

Just write 0/1 to the bit/byte
Input pins:

Output latch must have a 1 (reset state)
Turns off the pulldown
pullup must be pulled down by external driver

Just read the bit/byte



PROGRAM STATUS WORD
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TIMERS
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Base 8051 has 2 timers
we have 3 in the Atmel 89C55

Timer mode
Increments every machine cycle (12 clock cycles)

Counter mode
Increments when T0/T1 go from 1 - 0 (external signal)

Access timer value directly
Timer can cause an interrupt
Timer 1 can be used to provide programmable baud rate for serial 

communications 
Timer/Counter operation

Mode control register (TMOD)
Control register (TCON)



MODE CONTROL REGISTER (TMOD)
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Modes 0-3
GATE - allows external pin to enable timer (e.g. external pulse)

0: INT pin not used
1: counter enabled by INT pin (port 3.2, 3.3)

C/T - indicates timer 



INTERRUPTS

20

Allow parallel tasking
Interrupt routine runs in “background”

Allow fast, low-overhead interaction with environment
Don’t have to poll
Immediate reaction

An automatic function call
Easy to program

8051 Interrupts
Serial port - wake up when data arrives/data has left
Timer 0 overflow
Timer 1 overflow
External interrupt 0
External interrupt 1



INTERRUPT PRIORITIES
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Two levels of priority
Set an interrupt priority using the interrupt priority register
A high-priority interrupt can interrupt an low-priority interrupt routine
In no other case is an interrupt allowed
An interrupt routine can always disable interrupts explicitly

But you don’t want to do this
Priority chain within priority levels

Choose a winner if two interrupts happen simultaneously
Order shown on previous page



CONTROLLING INTERRUPTS: ENABLES AND PRIORITY
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EXTERNAL INTERRUPTS
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Can interrupt using the INT0 or INT1 pins (port 3: pin 2,3) 
Interrupt on level or falling edge of signal (TCON specifies which)
Pin is sampled once every 12 clock cycles

for interrupt on edge, signal must be high 12 cycles, low 12 
cycles

Response time takes at least 3 instuctions cycles
1 to sample
2 for call to interrupt routine
more if a long instruction is in progress (up to 6 more)



Unit-II
INSTRUCTION SET AND 

PROGRAMMING OF 8051



ADDRESSING MODE
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The CPU can access data in various ways, which are called 
addressing modes

Immediate
Register
Direct
Register indirect
Indexed

The last three modes actually access memory



IMMEDIATE ADDRESSING MODE
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The source operand is a constant
The immediate data must be preceded by the pound sign, “#”
Can load information into any registers, including 16-bit 
DPTR register



REGISTER ADDRESSING MODE
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Use registers to hold the data to be manipulated



DIRECT ADDRESSING MODE
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It is most often used the direct addressing mode to access RAM locations 30 – 7FH 
The entire 128 bytes of RAM can be accessed



SFR REGISTERS AND THEIR ADDRESSES
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The SFR (Special Function Register) can be accessed by their names or by their 
addresses

The SFR registers have addresses between 80H and FFH
Not all the address space of 80 to FF is used by SFR
The unused locations 80H to FFH are reserved and must not be used by 
the 8051 programmer



SFR REGISTERS AND THEIR ADDRESSES
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SFR REGISTERS AND THEIR ADDRESSES
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STACK AND DIRECT ADDRESSING MODE
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Only direct addressing mode is allowed for pushing or popping the stack PUSH 
A is invalid Pushing the accumulator onto the stack must be coded as PUSH 
0E0H



REGISTER INDIRECT ADDRESSING MODE
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A register is used as a pointer to the data Only register R0 and R1 are used for this 
purpose R2 – R7 cannot be used to hold the address of an operand located in RAM 
When R0 and R1 hold the addresses of RAM locations, they must be preceded by 
the “@” sign



INDEXED ADDRESSING MODE AND ON-CHIP ROM 
ACCESS
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Indexed addressing mode is widely used in accessing data elements of look-up table 
entries located in the program ROM The instruction used for this purpose is

MOVC A,@A+DPTR

Use instruction MOVC, “C” means codeThe contents of A are added to the 16-bit 
register DPTR to form the 16-bit address of the needed data



I/O PORT BIT ADDRESSES
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While all of the SFR registers are byte-addressable, some are also bit-addressable

The P0 – P3 are bit addressable  We can access either the entire 8 bits or any 
single bit of I/O ports P0, P1, P2, and P3 without altering the rest

When accessing a port in a single-bit manner, we use the syntax SETB X.Y
X is the port number P0, P1, P2, or P3
Y is the desired bit number from 0 to 7 for data bits D0 to D7
ex. SETB P1.5 sets bit 5 of port 1 high



REGISTERS BIT-ADDRESSABILITY

36

Only registers ACC (A), B, PSW, IP, IE, SCON, and TCON are bit-addressable While all 
I/O ports are bit-addressable

In PSW register, two bits are set aside for the selection of the register banks Upon 
RESET, bank 0 is selected

We can select any other banks using the bit-addressability of the PSW



Unit-III
8051 MICROCONTROLLER DESIGN



•

8051 INTERFACING TO EXTERNAL MEMORY
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Memory Capacity
The number of bits that a semiconductor memory chip can store Called chip capacity.
While the memory capacity of a memory IC chip is always given bits, the memory   

capacity of a computer system is given in bytes.
16M memory chip – 16 megabits
A computer comes with 16M memory – 16 megabytes

Memory Organization
Memory chips are organized into a number of locations within the IC.Each location 
can hold 1 bit, 4 bits, 8 bits, or even 16 bits.

A memory chip contain 2x location, where x is the number of address 
pins
Each location contains y bits, where y is the number of data pins on 
the chip
The entire chip will contain 2x × y bits



Basic Latch
PROBLEMS ON MEMORY
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Gated SR Latch
PROBLEMS ON MEMORY
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Gated D Latch
EPROM (Erasable Programmable ROM)
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Flip-Flop
SRAM (Static RAM)
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DRAM (Dynamic RAM)

43



SR Flip-flop
PROBLEMS ON MEMORY
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SR Flip flop Excitation table and Timing diagram:
MEMORY SPACE DECODING
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The CPU provides the address of the data It is the job of the decoding circuitry to locate 
the selected memory block Memory chips have one or more pins called CS (chip select) 
Must be activated for the memory’s contents to be accessed Sometimes the chip select 
is also referred to as chip enable (CE).

In connecting a memory chip to the CPU, note the following points

•The data bus of the CPU is connected directly to the data pins of the memory chip
•Control signals RD (read) and WR (memory write) from the CPU are connected to 
the OE (output enable) and WE (write enable) pins of the memory chip
In the case of the address buses:

•The lower bits of the address from the CPU go directly to the memory chip 
address pins
•The upper ones are used to activate the CS pin of the memory chip



D Flip flop
MEMORY SPACE DECODING
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T Flip-flop Using NOR gate:
USING 74LS138 3-8 DECODER
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This is one of the most widely used address decoders The 3 inputs A, B, and C 
generate 8 active-low outputs Y0 – Y7 Each Y output is connected to CS of a  
memory chip

Allowing control of 8 memory blocks by a single 74LS138
A, B, and C select which output is activate
There are three additional inputs, G2A, G2B, and G1
G2A and G2B are both active low, and G1 is active high

This is one of the most widely used address decoders
•The 3 inputs A, B, and C generate 8 active-low outputs Y0 – Y7
•Each Y output is connected to CS of a  memory chip
•Allowing control of 8 memory blocks by a single 74LS138
•A, B, and C select which output is activated
•There are three additional inputs, G2A, G2B, and G1
•G2A and G2B are both active low, and G1 is active high



Jk Flipflop:
USING 74LS138 3-8 DECODER
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JK Flip-flop Excitation Table and Timing Diagram:
PROBLEM
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Conversion of Flip-flops:
ON-CHIP AND OFF-CHIP CODE ROM
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In an 8751 (89C51) system we could use on-chip ROM for boot code and an 
external ROM will contain the user’s program

We still have EA = Vcc,
Upon reset 8051 executes the on-chip program first
When it reaches the end of the on-chip ROM, it switches to external 
ROM for rest of program



JK to SR Flipflop:
ON-CHIP AND OFF-CHIP CODE ROM
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Characteristic Equations of Flip-flops:
SINGLE EXTERNAL ROM FOR CODE AND DATA
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Counters:
SINGLE EXTERNAL ROM FOR CODE AND DATA
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Asynchronous Counter:
SINGLE EXTERNAL ROM FOR CODE AND DATA
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Asynchronous Up-Down Counter:
PROBLEMS
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Synchronous Counter:

150

PROBLEMS



Unit-IV
INTRODUCTION TO 

DIGITAL SIGNAL 

PROCESSING AND 

FAST FOURIER 
TRANSFORMS



DATACONVERTERS:SIGNAL PROCESSING

•Humans are the most advanced signal processors
•speech and pattern recognition, speech synthesis,…

•We encounter many types of signals in various applications
•Electrical signals: voltage, current, magnetic and electric fields,…
•Mechanical signals: velocity, force, displacement,…
•Acoustic signals: sound, vibration,…
•Other signals: pressure, temperature,…

•Most real-world signals are analog
•They are continuous in time and amplitude
•Convert to voltage or currents using sensors and transducers 

•Analog circuits process these signals using
•Resistors, Capacitors, Inductors, Amplifiers,…

•Analog signal processing examples
•Audio processing in FM radios
•Video processing in traditional TV sets



CONVERTERSLIMITATIONS OF ANALOG SIGNAL 
PROCESSING

 Accuracy limitations due to 
 Component tolerances
 Undesired nonlinearities

 Limited repeatability due to
 Tolerances
 Changes in environmental conditions

 Temperature
 Vibration

 Sensitivity to electrical noise
 Limited dynamic range for voltage and currents
 Inflexibility to changes 
 Difficulty of implementing certain operations

 Nonlinear operations
 Time-varying operations

 Difficulty of storing information



DIGITAL SIGNAL PROCESSING

Represent signals by a sequence of numbers
Sampling or analog-to-digital conversions

Perform processing on these numbers with a digital processor
Digital signal processing

Reconstruct analog signal from processed numbers
Reconstruction or digital-to-analog conversion



A/D CONVERTER



A/D CONVERTER



QUANTIZATION NOISE



IC 1408 DAC & Inverted R-2R DACD/A CONVERSION



D/A CONVERSION



RECONSTRUCTION



INVERTED R-2R DAC:RECONSTRUCTION



INVERTED R-2R DAC: SIGNALS

Continuous-time signals are functions of a real argument
x(t) where t can take any real value
x(t) may be 0 for a given range of values of t

Discrete-time signals are functions of an argument that takes 
values from a discrete set

x[n] where n  {...-3,-2,-1,0,1,2,3...}
Integer index n instead of time t for discrete-time systems

x may be an array of values (multi channel signal) 
Values for x may be real or complex



DAC CLASSIFICATIONS AND SPECIFICATIONS:DISCRETE-TIME SIGNALS AND SYSTEMS

•Continuous-time signals are defined over a continuum of times and thus are 
represented by a continuous independent variable.
•Discrete-time signals are defined at discrete times and thus the independent 
variable has discrete values.
•Analog signals are those for which both time and amplitude are continuous. 
Digital signals are those for which both time and amplitude are discrete.



PERIODIC (UNIFORM) SAMPLING

Sampling is a continuous to discrete-time conversion

Most common sampling is periodic

T is the sampling period in second
fs = 1/T is the sampling frequency in Hz
Sampling frequency in radian-per-second s=2fs rad/sec
Use [.] for discrete-time and (.) for continuous time signals
This is the ideal case not the practical but close enough

In practice it is implement with an analog-to-digital converters
We get digital signals that are quantized in amplitude and time

     nnTxnx c



IMPULSE FUNCTION

•The impulse function, also known as Dirac’s delta function, is used to represented 
quantities that are highly localized in space.  Examples include point optical sources 
and electrical charges.

•The impulse function, also known as Dirac’s delta function, is used to represented 
quantities that are highly localized in space.  Examples include point optical 
sources and electrical charges.
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UNIT STEP SEQUENCE

u[n] = 1, n  0
= 0,  n < 0.

n
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Conversely, the impulse sequence can be 
expressed as the first backward difference of 
the unit step sequence:
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.

EXPONENTIAL SEQUENCE

0 n

…

…

x[n] = A a n

If we want an exponential sequence that is zero for n < 0, we can write this as:



SYSTEMS

T{}
x[n] y[n]

A discrete-time system is a transformation that maps an input sequence x[n] into an 
output sequence y[n].

SYSTEM CHARACTERISTICS

1. Linear vs. non-linear

2. Causal vs. non-causal

3. Time invariant 



LINEARITY

A linear system is one that obeys the principle of superposition,

  ][][][][ 22112211 nyanyanxanxaT 

where the output of a linear combination of inputs is the same linear combination 
applied to the individual outputs. This result means that a complicated system can 
be decomposed into a linear combination of elementary functions whose 
transformation is known, and then taking the same linear combination of the results. 
Linearity also implies that the behavior of the system is independent of the 
magnitude of the input. 



CAUSALITY

A system is causal if, for every choice of n0, the output sequence at the index n = n0

depends only on the input sequence values for n  0.

All physical time-based systems are causal because they are unable to look into the 
future and anticipate a signal value that will occur later.

A system is causal it’s output is a function of only the current and previous samples

]1n[x]n[x]n[y 

]n[x]1n[x]n[y 

Backward Difference

Forward Difference



STABILITY

A system is stable in the bounded-input, bounded-output (BIBO) sense if and only it 
every bounded input produces a bounded output sequence.

The input x[n] is bounded if there exists a fixed positive finite value Bx such that

 xBnx ][

Stability requires that for any possible input sequence there exist a fixed positive 
value By such that

 yBny ][



PASSIVE AND LOSSLESS SYSTEMS

A system is said to be passive if, for every finite energy input sequence x[n], the 
output sequence has at most the same energy
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If the above inequality is satisfied with an equal sign for every input signal, the 
system is said to be lossless.



EXAMPLES OF SYSTEMS

1. Ideal Delay System ][][ dnnxny 

2.    Moving Average System
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3.   Memoryless non-linear System 2][][ nxny 

4.  Accumulator System 
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5.   Compressor System ][][ Mnxny 

6.  Backward Difference System ]1[][][  nxnxny



Z-TRANSFORM DEFINITION

Counterpart of the Laplace transform for discrete-time signals
-Generalization of the Fourier Transform

-Fourier Transform does not exist for all signals

The z-transform of a sequence x[n] is defined as
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The inverse z-transform is given by
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RELATIONSHIP TO FOURIER TRANSFORM

The z-transform of a sequence x[n] is defined as
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The Fourier transform of a sequence x[n] is defined as
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For                          the z-transform reduces to the Fourier transform
jez 



MODULE-V
IIR AND FIR DIGITAL FILTERS



Memory Organization:
BASIC STRUCTURES FOR IIR SYSTEMS:

83

• Direct Forms

• Cascade Form

• Parallel Form

• Feedback in IIR Systems



•DIRECT FORMS

BASIC STRUCTURES FOR IIR SYSTEMS:

84
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Memory Access Methods

 .

BASIC STRUCTURES FOR IIR SYSTEMS:

85



Main Memory:BASIC STRUCTURES FOR IIR SYSTEMS:
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Direct Form II 
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DIRECT FORM II 
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Charge-coupled device:

BASIC STRUCTURES FOR IIR SYSTEMS:

89

•CASCADE FORM
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Programmable logic device:
BASIC STRUCTURES FOR IIR SYSTEMS 
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z-1

z-1

z-1

z-1

z-1

z-1

x[n] y[n]

y1[n]

y2[n]

y3[n]

w1[n]

w2[n]

w3[n]

a11

a21

b11

a12

a22

b02

b12

a13

a23

b03

b13

b01

C0

Parallel form structure for
sixth order system (M=N=6).



FPGA:
BASIC STRUCTURES FOR IIR SYSTEMS 

:

91



FPGA:
BASIC STRUCTURES FOR FIR SYSTEMS 

:

92

•Direct Form
It is also referred to as a tapped delay line structure or a 
transversal filter structure.
•Transposed Form
•Cascade Form

where MS is the largest integer contained in (M + 1)/2. If M is 
odd, one of coefficients b2k will be zero.
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FPGA:
BASIC STRUCTURES FOR FIR SYSTEMS 

:
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•Direct Form
It is also referred to as a tapped delay line structure or a 
transversal filter structure.
•Transposed Form
•Cascade Form

where MS is the largest integer contained in (M + 1)/2. If M is 
odd, one of coefficients b2k will be zero.
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FPGA:
BASIC STRUCTURES FOR FIR SYSTEMS 

:
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•Direct Form
It is also referred to as a tapped delay line structure or a 
transversal filter structure.
•Transposed Form
•Cascade Form

where MS is the largest integer contained in (M + 1)/2. If M is 
odd, one of coefficients b2k will be zero.
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FPGA:
BASIC STRUCTURES FOR FIR SYSTEMS 

:
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•Direct Form
It is also referred to as a tapped delay line structure or a 
transversal filter structure.
•Transposed Form
•Cascade Form

where MS is the largest integer contained in (M + 1)/2. If M is 
odd, one of coefficients b2k will be zero.
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FPGA:
DIRECT FORM (TAPPED DELAY LINE)

96



FPGA:
TRANSPOSED FORM OF FIR NETWORK
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FPGA:
CASCADE FORM OF A FIR SYSTEM
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