UNIT-I

Embedded System
Embedded system T dedicated computer &Fes § o % e fafdse

task (FR) A I & v BB AT 3T BT &1 THh vFass {eed
HIFcdY JAT §TSAI & Th combination (FATST) BIAT .

ST & 3TF AT ¥ UdT o971 T &, embedded T 31 § foF st A
mm%@@g@%.ﬁgﬂqm?ﬁ%m%ﬁ?embedded
system Ueh &P gEaIN faeeH § oA software ST §31T g,

UFdss TO¥ecH THh independent system & HehdT & IT T Ig Th agd CE
system T f&&aT &I TohdTT &.

Ueh TFass [AEECH microcontroller AT microprocessor 9 3TaTRA {EeH grar
g 3R =0 fRar AV task (@) & F & AT design HIT FATAT

g. 38T8Y0T & fAT:- T fire alarm system Ueh Tesss fB¥ca § ST shdol
smoke (%‘E\F) FI 8 sense I TehdT &.

T embedded system & dlel components &1d &:-

1. Hardwar:- w33 QT cH & gr5daR ASHIGeaR I IeRa gar g1 IJ§
orér A9 g@dr &, s &% (Central Processing Unit) & dig #TH &l &1 sTA
gaqe Uar 3r3cye Devices, AR, Waw scarfe afFAfad ga §1

2. Software Application:- AffedIX Thed TFa38 fA¥cH & T 3gH FEar
g, 39 Firmware Y &gl STar g1 TFdss TrHeddqX Toellheld & Non-Pc Devices
# e @@ Function &1 Perform &3 & T Write fFar srar &1

3. RTOS:- RTOS &r Full Form & (Real Time Operating System) ag w#33s
feen &1 v Ageaqol Rwwr B, fows &1 vrass f@wew Working f dw-t@
T §1 TE FIEIIX IAT THCIIT Uoelihelel & arg Interface & &1HF &Iar ¢
RTOS & waR & Aafear feea §, S e & High Priority & 3@ e
Execution &3ar g1 Ig oo NART Fioe 1 ergfda ar Efficiently #ae &ar
g, 3R 3@® g@rr Multiple Tasks & Concurrently I fFam a1 dshar gl



https://ehindistudy.com/2019/07/26/block-diagram-of-8085-microprocessor-in-hindi/

Characteristics of Embedded System - TFa33 f&¥eH

1 faeryare

1:- Single-functioned (Fa& TH &) - Jg [{EcH FHIR W THh & AV
T FAT § 3R 3T FF F IR-GR HAT ¢ | IGO0 & faw:- Tk pager
gHAT IS FI TRE HT FHLM.

2:- Reactive 3ilX Real time- g TN TFess fAEed o @ed &
environment & changes (S¢elTa) glad I AR react S{T g0 3R frar
#fr &8 & 9T real time # results 3 compute AT AT

3GTeXUT & foIT & car cruise controller ® ofd §; I§ oHNdR speed
3R break sensor &7 IR FAT § 3R react (wfafsharn) &ar g1 3@
AT IFAT F HRX TR-IR acceleration AT de-acceleration &I compute
AT AIRTI 39X compute I H ST & SITdr & ol car & control %el gF
FehelT ©.

3:- Microprocessors based (ATSHRINAET 9 ITUTRA) - T ASHIAGT AT
HATSshiehele} U TR el ATfgu|

4:- Memory - 385 Teh HART glel AIRT, Fifeh SHAT AFCaIX ITHAAR
W ROM # embed T&dT &1 38 &ege # fdl 8T secondary memory &
SR gl el &l

5:- Connected (J34T) - 3TH 3aI9e 3R 33y f3A1H & FaAde Hlal &
foIT connected peripheral =T ATRTI

6:- EEAIAT-ATFeaY FAECH - FcdIT HT 39T J&F features 3R
flexibility & T fRaT SITAT § TUT 88ATX &7 39INT performance 3iR
security & forw foRam ST gl

7:- ofh 9T g & FA A SIS user interface (Ul) &1 8IaT &1 Teh QU @
T automatic aIfRET ANT 3197 3T & HH FAT § I 3T set HY f&aT
ST &, 3R T AT g & 91 IS AT &g g S L

8:- STGIR embedded system B¢ 3THR & g &, hH power & ATT HIH
R Fhd § AR Sgd 7EN AL @A &
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9:- U938 THECH I users & EdRT change AT upgrade gl fRAT ST Hehcl B
sgfoT A reliable 31X stable gl TfRT. 3T ¥ a1 Fdr Ffeas & o9
AT deh 1A Fd o AieC| FEh & users &1 Hig HRboT =7 .

advantage of embedded TFs38 ATcH & wrac

. 39 T ¥ customize AT ST ThdT &.

. ¥E Sgd & HH power HI consume FIAT g.

. HHT HI (cost) T &1 A gl g.

. HHT performance Sg & 3<ST gidT §.

. & systems Igd &1 ST stable dT reliable & g.

. TFs3 fATCH size # 98 &1 OIC gId ¢, FATAT Soe el o1 of ST 3R

os fordT ST ThaT g

. ¥ g & fast 81 g

. & product Fr quality T 9§ =T 8.

TFISS [AEcH & oJhdr

1. U &R Se¢ configure Fel & 9 Scoll gl off Hhdl g 3R Se¢ users
da ¥ upgrade IT change sT&l HT Tehdl.

2. So¢ maintain T Sgd gl HR Il & 3 3T systems I files
backup ofeT #T ST 8T &.

3. & systems & T troubleshooting Sge difficult §. Tsh system & g&x
system # data &l TeAHT AT T HidT F g.

4. Gfeh T shdel Teh AW & & T design 6T S § ST geTenr

structure of embedded system — T3838 &¥cH FHI T

A R’ 7 sgar 9 8F structure Gar [T §:-

O U1 N W DN =

o

g o Al { o Pincesac & ol 18



Sensor (¥X):- I§ physical quantity & FATIAT § 31 3 electrical signal 7
dcol ¢dl . 39 electrical signal @I observer & E@RT 3T electrical T S1&:-
A2D Converter & SaRT read f&aT SATAT §. TH sensor ATUT AT quantity T
memory H TR FIT .

A-D Converter:- T analog to digital converter 83 & SaRT #Sil I=Y
analog signal @ digital signal & sgel &dT .

Processor & ASICs:- FIEIR, output I FATTT & folT data I AT FAT ¢
a7 38 memory # TR HLT &.

D-A Converter:- T& digital to analog converter f3fSieer 3er &1 TaTATT 3eT
# aRafda & Bl

Actuator:- T& Actuator St § a8 D-A FeIdcX ganT fgu 7w 33eqe &I
actual (AREATdeh) 3T3YC A eIl FHIAT gl

applications of embedded system- &35 & 379N
ST JAET AT @d real life SRTET 9 TR SATCAT &:-

Consumer electronics — ¢ellfaaie, f8fSicer $eRT, computer printers, fafsar
A AT, dAT PS4 3¢ H SAdT use fhaT SITaT &,

Household appliance & - ¥fFeReX; atfier AL, ASHIAT 3NasT, TR
HEIRME 3Tie .

Medical Equipment # - scanners 3i8:- MRI, CT Thet & foIT; ECG AMNA-
FIAT 3R G &1 USdhed I IR o forw IgaoT]

ARAEET A- ST Sl YU, Tel-dlieh sfehar faTed, Faia 3K
HAARST YUTTell, TIR-HaRER & a3 #er 31fe & g gaeT fovar Srar
5.

industry & - 378l oliged, hisded & ToIT, 3T FolFed & [olv 37 BTea
FT use AT AT Bl

Aerospace #:- navigation, GPS 31Tf¢; #.

communication #:- routers, satellite & STl T3 BIT &.
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Operating System in Embedded system:

TFess ATRTET BTed T AV yR 1 AT [Eea (0S) § oF
fore 0f fearsy, St Fogex el & & v vsh fafdse s #te & fou
f3eiss fhar 91T § | Teh UFNISS 0S T HET &I 38 FIS &l Iellell § Sl
f3aTgd @I YT HH FA H HFATT <l &1 TS 0 3aSH & gEAW
%I 0S H Tl @ WFCAW & AU o FoIsT arerr gl

Ush TFISS U IFAR Udh THdss 8FcH & Hay &1 Har gl T
UFass fAEeH T Fgex § St Ush AT 7 GAAT Hdr 81 Ig 99
FflAT SR b SR 7 Fegex e, ¢fvs arse, Bfoee &, wéiew, gars
STeret foraor, fashl & g (M3nww) ffiee, 3fotea $a, shdea aifaerers
eea, fowe 3R TaAC AR 3nfe 7 v AW Fer Far gl

eSS ATeH aredl 30N & sedd ¥ A getae 3% 97 (1oT)
S g1 UFISs fAECH [oT 3Vl & e Al Hareled i 8, o foh
HAAT Y o ol sicdeh T 3T TATATART HaAT|

U TFasSS 3UH Ueh THdss f3aisH &l U &3 [@TcH & Hay 39T S
A H GeTH §oI1aT g1 I§ T fAfAse 7 o & AT veass R{eed &
g & ATY AR T gl 361807 & foIv, teh fove & Ush Uadss
R{eew & Ihar & 99 5 ASHNAT AT ASHIacIoR, Sl Ig THST ST &
fr I T @ g a1 W &1 39 BTed W I ardl TFdss ATFcdd]
TFISS T B

Types of embedded OS TFa38 OS & Y&K:

Multitasking operating system : Teh HeclelThdl TH Uh TATT &g
HIH X Fehcl gl Tg IAAET Al & A & fov Siia A5gfolar
3T FIAT &1 3SIEI0T & folv, TH bl 0T s FHrAT & &g
iy waTeer & faenfaa war gl

Real-time operating system: Tk JIeI-cl8A OS oI gfafsharelie g &
fow fmser fovam 9mm B I8 $aiqe Wit g\l WX AT Al § 3N



v fafdse @Ay d@ar & oy gfaferar sxar g1 3fe gfafear a#
fafése gag 3afr & aex 3nar g, o RweA fawa & a@&ar g1 dga-
ersA OS FHl-wslT YT Al Asgfeler &1 3TANRT & §, S HE @l
WAfASAr & g

Single loop control system: 88 YR & Tress OS The oW T
90T I@ar §1 3SR & U TAE W H AGAA fHIA0T FEAT| TH
TATE YATEET B H d9AT & AT § 3R IE Jg 399! gaRkT
fAuia @ar @ #1f0s & arar &, & a1 §g & &ar gl

Characteristics of Real Time Operating System: & J{Te-
esA AR fAFeA (RTOS) #FogeX # 3uder {6l S arell Th
faAv-3eceT arem AT Reea § Taa e off &3 & = & v
AT dar fRuRa ©ar §1 I8 STeaR 30 gonfeatl & e gar &
S 0T o IROMAT T 39T FAr Ifhar F halfead A G877
ST AT e & fow fodm STar 1 Sie 8l shegex & agY Hls b gl
g, dl gear # fPREh & fav 3uder U oW ad o d6 @ #Aee 4
HTIET HT FHDT T & Sl 1 FEX @RI ol 31 faeter reRfear
{EecH & sece fr W F1H AT §1 U Scite IIod gl O¥, 3TRfear
BTcH sexce & Far & AT v AfAse ufsrar ar gfkamst & s de
& AT AT g

g 9fhaT U RE § Had & o9 dF & g8 fFsuea & e 3=a
UrIfHSAT dlell ST 3c9eed o gl SAfeIU, SIauml (§eXee) & &g
AfARAT HT Th T&d Yeledshd Gl AMT| STATH JTATHBAT aTel
ST I UhAT Y& el AT AT & Sl @ifge, safd
TIATASAT dTf SeIC Al Teh B H I@T ST deC o a6 & GHTeT
Staar| X 3RfET fFen # gexee Adse Agaaql gl




qacr-ersA RIS BeecA AAV-3geT ara ITRfeer freq =
fafoa aa § Fife IRIR® TRET Rfrea tar v yarea w@r
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UNIT- I

Microcontroller

Microcontrollers may be called computers on-chip. A combination of a controller, internal ROM,
RAM, parallel and serial ports is a Microcontroller. Microcontrollers are dedicated devices embedded
within an application. Ex:- as an engine controller in automobiles, as an exposure and focus controller
in cameras. On-chip peripheral is selected depending on the specifics of the target application.

As we know that the Microcontrollers are powerful digital processors, the degree of control and
programmability in which they provide significantly enhances the effectiveness of the application.

Types of Microcontroller
(1) 8051 (2) PIC (3) AVR (4) ARM
8051 Microcontroller

Intel designed the first microcontroller and this is known as the 8051 microcontrollers. This
microcontroller was introduced in the late 1970 and in 1981 it was developed by Intel.

8051 microcontroller is an 8-bit microcontroller. 8051 microcontroller has the ability to read, write and
process 8-bit data. It is widely used in embedded systems, consumer electronics, robotics, etc. The
peripherals of this microcontroller are integrated into a single chip, and the overall system cost is very low.

The size of the product is small as compared to the microcontroller-based system thus very handy. All
features are available in 40 pin IC of the 8051 microcontrollers.

Applications of 8051 microcontrollers:

(1) Home appliances like Microwave Oven, Washing machines, etc.
(2) Light sensing and controlling devices like audio systems.

(3) Temperature sensing and control devices.

(4) Fire detection and safety devices such as home security systems.
(5) Other devices like calculator, ATM machine, etc.

PIC Microcontroller

PIC stands for Programmable Interface Controllers. It was developed by a Microchip average. It is
fast and simple to implement program when we compare with other microcontrollers like
8051. The ease of programming and simple to interfacing with other peripherals PIC become
successful microcontroller.

These are electronic circuits that can be programmed to carry out a vast range of tasks. It consists of
memory structure, input/output ports, timers, A/D Converter, Oscillators, CCP module. PIC
Microcontrollers are relatively cheap. PIC devices are familiar with both industrial developers and
hobbyists due to their low cost, wide availability, large user base, extensive collection of application
notes, serial programming, free development tools, and reprogrammable flash memory capability.



(1

Features of PIC Microcontroller

(2) Flash memory

(3
(4

Watchdog Timer
Sleep mode

(5) EEPROM memory

Applications of PIC Microcontroller: -
(1) Mobile Phones
(2) Computer control systems
(3) Alarm systems
(4) Embedded systems

AVR Microcontroller

AVR microcontroller was developed in the year of 1996 by Atmel Corporation. The structural design
of AVR was developed by the Alf-Egil Bogen and Vegard Wollan. It is commonly accepted that AVR
stands for Alf and Vegard’s RISC microcontroller, which is also known as Advanced Virtual RISC.
The AT90S8515 was the initial microcontroller which was based on the AVR architecture, though the
first microcontroller to hit the commercial market was AT90S1200 in the year 1997.

This microcontroller is the advanced version of a microcontroller. It contains a chip CPU, ROM, RAM,
input/output unit, interrupts controller, etc. This microcontroller is used for high-speed signal processing
operation which is connected inside an embedded system.

AVR Microcontrollers are Available in three categories: -

)

2)

3)

TinyAVR:- Less memory, small size, appropriate just for simpler applications

MegaAVR:- These are the mainly popular ones having a good quantity of memory (up to 256
KB), higher number of inbuilt peripherals and appropriate for modest to complex
applications.

XmegaAVR:- Used in commercial for complex applications, which need large program
memory and high speed.

Features of AVR Microcontroller

32x8 general working function registers.

32k bytes of in-system self-programmable flash program memory.
2k bytes of internal SRAM.

1024bytes of EEPROM.

Available in 40 pin DIP, 44lead QTFP, 44-pad QFN/MLF.

32 programmable I/O lines.

8 channel, 10bit ADC.

Harvard architecture.

UART, I2C, SPI protocol support



Applications of AVR Microcontroller: -

(1)  AVR microcontroller is mainly used in an embedded system for the operation of high-speed
signal processing.

(2) These microcontrollers are used in touch screens, home automation, medical devices,
defence, automobiles, etc.

(3) This microcontroller can be used in many types of projects like data acquisition, motion
control, For signal sensing, interface GPS, GSM, motors, displays on LCD, unmanned aerial
vehicles development, etc.

ARM Processor

Advanced RISC Machine (ARM) this microcontroller was introduced by Acron Computer
Organization. It is manufactured by Apple, Qualcomm, Motorola, etc. The Processor of the ARM
microcontroller belongs to the family of CPUs which are based on Reduced Instruction Set Computer
(RISC) and also ARM Microprocessor. An ARM makes at 32-bit and 64-bit RISC multi-core
processors. The speed of the ARM microcontroller is 1 clock cycle per machine cycle and the power
consumption is low. The popular microcontroller of ARM includes ARM Cortex-M0 to ARM Cortex-
M7, etc.

Features of ARM Microcontroller:-

1) It must have the ability to control different types of software.

2) It is compatible with the sleep mode of operation.

3) Flash, EEPROM, SDRAM memory is used in ARM microcontroller.

4) ARM consists of an Arithmetic logic unit, booth multiplier, barrel shifter, control unit,

register file.

5) It consists of a three-stage pipeline.
Three-stage pipeline
S1 Fetch: - The instruction is fetched from memory and placed in the instruction pipeline.
S2. Decode:- The instruction is decoded and the datapath control signals are prepared for the next cycle. In
this stage, the instruction owns the decode logic but not the datapath.
S3. Execute:- The instruction owns the datapath; the register bank is read, an operand shifted, the ALU
register generated and written back into a destination register.

Applications Of ARM Microcontroller: -

1) ARM microcontroller is used in space and aerospace.

2) Used in medical devices such as MRI Machines, ultrasound machines.

3) Used in accelerators, nuclear reactors, and X-ray machines.

4) ARM processors are widely used in customer electronic devices such as smart phones, tablets,
multimedia players and other mobile devices



Main Difference between features of AVR, ARM, 8051 and PIC

Microcontrollers: -
S.No. Features AVR ARM 8051 PIC
1 Manufacturer Atmel Apple, NXP, Atmel, Silicon | Microchip
Nvidia, Labs, Dallas, Cyprus, Average
Qualcomm, | Infineon, etc.
Samsung
2 Bus Width 8/32-bit 32-bit 8-bit for standard core | 8/16/32-bit
mostly also
available in
64-bit
3 Speed 1 1 clock/ 12 Clock/instruction | 4
clock/ instructi | instruction cycle Clock/instructio
on cycle cycle n cycle
4 Memory Modified Modified Harvard architecture Von Neumann
Architecture Harvard Harvard architecture
architecture architecture
5 Memory Flash, SRAM, | Flash, ROM, SRAM, FLAS | SRAM, FLASH
EEPROM SDRAM, H
EEPROM
6 Instruction Set | RISC RISC CISC Some feature
Architecture(ISA) of RISC
7 Community Very Good Vast Vast Very Good
8 Power Low Low Average Low
Consumption
9 Families Tiny, Atmega, | ARMv4,5,6, | 8051 variants PIC16,PIC17,
Xmega, special | 7 and series PIC18, PIC24,
purpose AVR PIC32
10 Popular Atmega8, 16, LPC2148, AT89C51, P8Iv51, PIC18fXXS,
Microcontrollers | 32, Arduino ARM etc. PIC16f88X,
Community Cortex-M0 PIC32MXX
to ARM
Cortex-M7,
etc

AVR Microcontroller Architecture

The architecture of AVR microcontrollers is based on the advanced RISC & it includes 32 x 8-bit
general-purpose registers. In a single CLK cycle, this microcontroller can get inputs from two registers
to connect them to ALU for the requested operation & move back the result to an arbitrary register.

Here, the ALU performs arithmetic & logical operations on the inputs from the register.

AVR can execute single cycle execution which means this microcontroller can perform 1 million

instructions for each second if the frequency of the cycle is 1MHz. If the operating frequency of the

controller is higher, then its processing speed will be higher. So the power consumption needs to
optimize with processing speed & thus need to choose the operating frequency accordingly.

The architecture of the AVR microcontroller includes different building blocks and each block is
explained in the AVR microcontroller block diagram shown below.




Flash Memory SRAM EEPROM Timers/
16 KB 1KB 512 B Counters J USART J ™ ADC J
J - = -
AVR
CPU
7 ¢ ¢ / / ¢ y ;
MCU Control Input ! Output Ports Watchdog Interrupt
And Timing Interface Timer SP ISP Unit
S — ’ — — - - W - ’ — -
Internal calibrated T T T T
Oscillator PORTA PORTE PORTC PORTD
Oscillator
| Crystal .
s | AVR Architecture
k
I/0O Ports

AVR microcontroller includes four 8-bit input-output ports like PORT-A, PORT-B, PORT-C & PORT-D.
Internal Calibrated Oscillator

AVR microcontroller includes an internal oscillator used for driving its CLK. This microcontroller is set
to work at a 1 MHz internal calibrated oscillator. So the maximum internal oscillator frequency is 8
MHz

ADC Interface

This microcontroller includes an 8-channel ADC with a 10-bits resolution. The main function of this
ADC is to read the analog input.

Timers/Counters

The microcontroller includes two 8-bit & one 16-bit timer/counter. The main function of timers in this
controller is to generate precision actions like time delays created in between two operations.

Watchdog Timer

In this microcontroller, the watchdog timer is present with an internal oscillator. The main function of
this is to monitor and reset the controller continuously if the code gets trapped while executing in a
defined time interval.

Interrupts

This microcontroller includes 21 interrupts where 16 interrupts are internal and the remaining
interrupts are external. Here internal interrupts support different peripherals like ADC, USART,
Timers, etc.

USART

The term USART stands for “Universal Synchronous and Asynchronous Receiver’ & interface of
the transmitter is obtainable to interface with an external device that is capable of communicating
serially.



General Purpose Registers

This microcontroller has 32 general-purpose registers where these registers are connected with the
ALU of the CPU directly.

Memory

The memory of this microcontroller includes three different sections
Flash EEPROM

This type of memory is helpful in storing the program dumped by the user into the AVR
microcontroller. This program can be simply removed electrically like a single unit. This memory is
non-volatile which means if the power is gone then the program will not erase. This microcontroller
includes 16KB of in-system programmable Flash EEPROM.

Byte Addressable EEPROM

Byte addressable EEPROM is a non-volatile memory that is mainly used for data storage. This
microcontroller includes EEPROM- 512 bytes, so this memory can be simply helpful in storing the lock
code if we are designing an electronic door lock application.

SRAM

SRAM stands for Static Random Access Memory which is the volatile memory of the AVR
microcontroller so the data will be lost once power is deactivated. This microcontroller includes 1KB —
of internal SRAM. A small part of SRAM is reserved for general purpose registers which are used by
the CPU & also some other peripheral subsystems.

ISP

These microcontrollers include In-System Programmable Flash Memory or ISP that can be simply
programmed without detaching the chip from the circuit; this allows for reprogramming of the
microcontroller when it is within the application circuit.

SPI

The term SPI stands for Serial Peripheral Interface, which is mainly used for serial communication
between two different devices on a common CLK source. The SPI data transmission speed is high as
compared to USART.

Wi

TWI is a Two-Wire Interface that can be used to connect a network for devices, so several devices
can be simply connected above this interface to form this network so that the transmission of data can
be done simultaneously by devices with their own unique address.

DAC

The DAC or Digital to Analog Converter in the microcontroller is used to perform the reverse action of
ADC. This converter is simply used whenever there is a requirement of changing a signal from digital
to analog.



AVR Microcontroller PinOut/PinDiagram

The AVR Atmega 32 microcontroller pin configuration is shown below. This microcontroller includes
four ports port-A, port-B, port-C, and port-D. Port-A mainly includes pins from PA7to PAO, port-B
includes PB7 to PBO, port-C includes from PC7 to PCO and port-D includes from PD7 to PDO.

N
(XCK/TO) PBO ] 1 40 [J PAO (ADCO)
(T1) PB1 ] 2 39 [J PA1 (ADC1)
INT2/AINO) PB2 ] 3 38 [0 PA2 (ADC2)
(OCO/AIN1) PB3 ] 4 37 O PA3 (ADC3)
(SS) PB4 ] 5 36 [0 PA4 (ADCA4)
(MOSI) PB5 [] 6 35 [ PA5 (ADCS5)
(MISO) PB6 [] 7 34 [ PA6 (ADCS)
(SCK) PB7 ] 8 33 |1 PA7 (ADCT)
RESET [] 9 32 [1 AREF
Vee O 40 31 B GND
GND ] 11 30 [0 AvcC
XTAL2 ] 42 29 [0 PC7 (TOSC2)
XTAL1 ] 13 28 [O PC6 (TOSC1)
(RXD) PDO ] 14 27 O PC5 (TDI)
(TXD) PD1 ] 15 26 [ PC4 (TDO)
(INTO) PD2 ] 16 25 [ PC3 (TMS)
(INT1) PD3 ] 17 24 O PC2 (TCK)
(OC1B) PD4 ] 18 23 [0 PC1 (SDA)
(OC1A) PD5 ] 19 22 [0 PCO (SCL)
(ICP1) PD6 ] 20 21 [O PD7 (OC2)

What is an AVR Atmega8 Microcontroller?

In 1996, AVR Microcontroller was produced by the “Atmel Corporation”. The
Microcontroller includes the Harvard architecture that works rapidly with the RISC. The
features of this Microcontroller include different features compared with other like sleep
modes-6, inbuilt ADC (analog to digital converter), internal oscillator and serial data
communication, performs the instructions in a single execution cycle. These Microcontrollers
were very fast and they utilize low power to work in different power saving modes. There are
different configurations of AVR microcontrollers are available to perform various operations
like 8-bit, 16-bit, and 32-bit. AVR microcontrollers are available in three different
categories such as TinyAVR, MegaAVR, and XmegaAVR

1. The Tiny AVR microcontroller is very small in size and used in many simple
applications

2. Mega AVR microcontroller is very famous due to a large number of integrated
components, good memory, and used in modern to multiple applications

3. The Xmega AVR microcontroller is applied in difficult applications, which require
high speed and huge program memory.



Atmega8 Microcontroller Pin Description

The main feature of Atmega8 Microcontroller is that all the pins of the
Microcontroller support two signals except 5-pins. The Atmega8 microcontroller
consists of 28 pins where pins 9,10,14,15,16,17,18,19 are used for port B, Pins
23,24,25,26,27,28 and 1 are used for port C and pins 2,3,4,5,6,11,12 are used for

port D.
ATmega8
L
(RESET)PCB O 1 28 [J PC6 (ADCS/SCL)
(AXD) PDOC] 2 27 [0 PC4 (ADC4/SDA)
(TXD)PO1 3 26 [0 PC3 (ADC3)
(INTO)} PD2] 4 25 O PC2 (ADC2)
(INT{)PO3[]S 24 PCH (ADCH)
(XCK/TO)PD4 0 6 23 [J PCO (ADCO)
vec7 22 D GND
GhNDO8 21 0 AREF
(XTAL1/TOSC1) PES ] 9 20 D AVCC
(XTAL2TOSC2) PB7 ] 10 19 [ PBS (SCK)
(TiyPOS [ 11 18 [J PB4 {MISO)
(AINO) PD6 [ 12 17 [0 PB3 (MOSKOC2)
(AIN{) PO7 ] 13 16 O PB2 (SS/CC1B)
(Ice1) PBROO 14 15 D PB1 {OC1A)

Pin -1 is the RST (Reset) pin and applying a low-level signal for a time longer than the
minimum pulse length will produce a RESET.

Pin-2 and pin-3 are used in USART for serial communication.

Pin-4 and pin-5 are used as an external interrupt. One of them will activate when an
interrupt flag bit of the status register is set and the other will activate as long as the
intrude condition succeeds.

Pin-9 & pin-10 are used as a timer counters oscillators as well as an external oscillator
where the crystal is associated directly with the two pins. Pin-10 is used for low-
frequency crystal oscillator or crystal oscillator. If the internal adjusted RC oscillator is
used as the CLK source & the asynchronous timer is allowed, these pins can be
utilized as a timer oscillator pin.

Pin-19 is used as a Master CLK o/p, slave CLK i/p for the SPI-channel.

Pin-18 is used as Master CLK i/p, slave CLK o/p.

Pin-17 is used as Master data o/p, slave data i/p for the SPI-channel. It is used as an
i/p when empowered by a slave & is bidirectional when allowed by the master. This
pin can also be utilized as an o/p compare with match o/p, which helps as an external
o/p for the timer/counter.

Pin-16 is used as a slave choice i/p. It can also be used as a timer or counteri
comparatively by arranging the PB2-pin as an o/p.

Pin-15 can be used as an external o/p of the timer or counter compare match A.
Pin-23 to Pins28 have used for ADC (digital value of analog input) channels. Pin-27
can also be used as a serial interface CLK & pin-28 can be used as a serial interface
data

Pin-12 and pin-13 are used as an Analog Comparator i/ps.

Pin-6 and pin-11 are used as timer/counter sources.



Atmega8 AVR Microcontroller Architecture

The Atmega AVR Microcontroller architecture includes the following blocks.

& - . [%T:"’_'_,

REEET -
VoG & & & 4 & & & & L '—'
T T XTALZ
E R R R R
x
PORTC DANVERS/EUFFERS PORTE DRIVERSELFFERS
3,._-,[ PORTE DOOITAL INTERFACE PORTE CHMTAL INTERFACE
A ] ] .
‘l = ')
o e | | o ™
- — ]
g F J
TIMERS -
PROGRAM = STACK il R EOUNTERS M OSCILLATOR
1 | |
* +
PROGHAM INTERMAL
4 FLasH _1 M e OSCILLATOR
| |
] |
BISTRUCTION — WATCHDOG —
il bsrscetorm sl OSCALATOR
| REGISTERS l,
4
BISTRLCTION MCU CTPL
DECODER =  sTvmG
CONTROL INTERsPT
LINES = uer
s
AVR CPU n::[lfﬂ'ur:n il fe—s EEFROM
= o b
T e

PO - POT

Memory: It has 1Kbyte Internal SRAM, 8 Kb of Flash program memory and 512 Bytes of
EEPROM.

I/0 Ports: It has three ports, namely port-B, port-C, and port-D and 23 1/O line can be
attained from these ports.



Interrupts: The two Exterior Interrupt sources are located at port D. Nineteen dissimilar
interrupts vectors supporting nineteen events produced by interior peripherals.

Timer/Counter: There are 3-Internal Timers are accessible, 8 bit-2, 16 bit-1, presenting
numerous operating modes & supporting internal/external clocking.

Serial Peripheral Interface (SPI): ATmega8 microcontroller holds three integrated
communication devices. One of them is an SPIl, 4-pins are allocated to the
Microcontroller to implement this system of communication.

USART: USART is one of the most powerful communication solutions.
Microcontroller ATmega8 supports both synchronous & asynchronous data transmission
schemes. It has three pins allocated for that. In many communication projects, the
USART module is widely used for communication with PC-Microcontroller.

Two-Wire Interface (TWI): TWI is another communication device that is present in the
ATmega8 microcontroller. It permits designers to set up a communication b/n two
devices using two wires along with a mutual GND connection, As the o/p of the TWI is
made using open collector o/ps, therefore external pull-up resistors are compulsory to
make the circuit.

Analog Comparator: This module is incorporated in the integrated circuit that offers a
contrast facility between two voltages linked to the two inputs of the comparator through
External pins associated with the Microcontroller.

ADC: Inbuilt ADC (analog to digital converter) can alter an analog i/p signal into digital
data of the 10-bit resolution. For a maximum of the low-end application, this much
resolution is sufficient.

Atmega8 Microcontroller Applications

The Atmega8 microcontroller is used to build various electrical and electronic projects. Some
of the AVR atmega8 Microcontroller projects are listed below.

1. AVR Microcontroller based LED Matrix Interfacing

2. UART communication between Arduino Uno and ATmega8

3. Interfacing of Optocoupler with ATmega8 Microcontroller

4. AVR Microcontroller based Fire Alarm System

5. Measurement of Light Intensity using AVR Microcontroller and LDR

6. AVR Microcontroller based 100mA Ammeter

7. ATmega8 Microcontroller based Anti-Theft Alarm System

8. AVR Microcontroller based Interfacing of Joystick

9. AVR Microcontroller based Interfacing of Flex Sensor

10. Stepper Motor Control using AVR Microcontroller
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Arduino ISP:
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How to connect the Arduino ISP?
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void setup() {
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}
void loop() { AVR ISP
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Arduino Bootloader:
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Uploading a sketch:
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Programming fuse bits on ATmega microcontrollers:
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IR el T Al ST 81 3aeor & T, 39 ast 1 3rgfa I Fhd g, drasreT
TEFR & FNfAT X Fohd § 3R 9gd | 50 @0 F& 30qerd IR &A1& &
HTERIRAT § FiTeh ST FIT I Il clich § AC e H HASHIhgloN 3 HIH 81
el 8, 3R 58 S T agd ARl & Fhll o



Arduino Programming:

HITSIT ThisT I &l Solldh H SIcT IT ¢ VT Fl TIRRAA (AIRY) sclieh ATl
ST g, STdieh o &I execution (SUGsT) Selleh HISAT ST g1 36 < fe@mar arr
&

&9 sketch_apr26a | Arduino 1,812 — O X

File Edit Sketch Tools Help

sketch_apr2éa

void setup() | ~
Preparatlan Jf put your setup code here, to run once:
block
1
vold loop() {
Execution ff put your main code here, to run repeatedly:
block }
W

V3T 3 U solleh H FCHCH AT UC Foll dhed & YT Heldel gl frel faRy
Miolge & foIT FHIfST T3 & 3MUR G g7 s TeeHe o Johd gl

void setup ()
{

Coding statement 1;
Coding statement 2;

Coding statement n;



void loop ()
{

Coding statement 1;
Coding statement 2;

Coding statement n;

}

setup (): SHA UFHFIE fHU STl dTel IS T YRIAS HET gIaT &l 3T
T # O Als, assdl, aRueaew 3nfe & sfARTass far Srar 81 39 Faa
T IR G ATAIS el & Gk 3R Arduino §18 &I JAT AT 96X 3T FA &
arg fasarfed famar srar 2

T HEIHT () Tedsh Thdl o MY O BT &1 S & W Tolell Y& Il &,
setup BRIl & hell sihe & 3G T HIS TFHIFIC BIdl &, I TG shdel Teh IR
& TFHEge gIdr Bl

loop() : od HeRle & ol sihe & 3ead & FECHCH & O] §) TFdIFIC
fohar S1aT § | aRUSew & deg & ATUR W loop Bl & FeeHH &l Rie
forar Sirar & |

Time in Arduino:

Arduino WINfAT &F THT # v AASHs F AT ST § |

STel, 1 s = 1000 fAcdss

gH fAedes & AR §AY I ARG H dhd gl

30T & o, 5-8hs Fr & & forg, wefdia e arerr &7 5000 fHAeass gem|
Decision making Techniques:

2R Afher Teerca Wame & fger 3R gdg a7 o § | 30¢ SR TeHeH & &
A ot S ST § R 9 gforaer varadee & Ay dt @ Afdse aa § e qeaina
e (true) AT I (false) Ffodsr AT & fow fFar ST & |

fsfere AfRer Tecdcw famafaf@a ¢ -

If statement



If ... else statement
If ...else-if statement
Nested if statement

Switch statement

if statement:

It #is 7 Rufa & § o S9ftd s wadege faar Siar 81 if weese Rufa
Fr JTT AT § 3R O T TeeHe AT TECHT FT Teh Ac Asurfed iar gl

Condition

f condition f condition
s false
- A 4
Conditional
Statement
v

fGU T Folraré A Tg TOse § T ARG ST HE & Al TeTHT scllh TFdIFIe
g 3R I ITeId § o T§ ok TFHIFIC G BT |
If TecHe &1 Reaa :

if ( condition)

{

// include statements
// if the condition is true
// then performs the function or task specified inside the curly braces

}

if else statement: if else FCCHET # if HSRAT HEN Bl W if selleh THAIFIC BT &
TG HERMT I g7 | else Sellh TFAIFIE 8l & |



Tl S @ I g

Condition

Statements
inside If

Statements
inside else

If else T&eaH:
if (condition)

{

// statements

}

else

{

//statements

}

else () PUT H 3T if HYUT T ATTHT g Tohdl & Sh PRUT §H Teh gl WA H
%S Statement I Hhcl &



True

Condition 1 ——» Statement1 ———»

Falsel
True

Condition 2 ——» Statement2 ——»

Falsel

Condition 3 L Statement 3 ———>

| »  Else body ——™

Statement just
below if

eI TecHe e T TTHTH I Th-Ush dich [ASdIfed fohdl STTIM| 3§ Tl
FUA AT ST 8, dl T&§ H13 H 3T T if 3 else FUAT H BN M 3 HI3
& HaTd sclleh &l I fhar e |

Looping Techniques
forLoop:@%WﬁW*WWWWﬁWW%W
TR-aR fasarfea famar Sirar 81 oW & fv Shide S3ed & 3uder o Rdifeers
I §¢a AT gl & forw foham Srar g

BN FCTHT I IUART HAAR W AT AT dled HRI AT AT & falw AT
WO & FAreted H S/ & FHg W FH X & v Fam Srar g

for loop T&¢FH :




for (initialization; condition; increment)

{
\\ statements

}
initialization: 3 ANUsS & IRfaOT & & F g Far mr g1

condition: Tcdsh fasaread WX RFufad &1 qdietor foear arar g1 afe Rufa @@ g, ar
I U 1T SR Y fAsuried Sem| o et FATT §idr & 519 hsie ol 8l
STl gl

increment: STH Sshidc AT AR &, 30 F i+ +,i--,i+ 1,311 38 & IR
a9 e JeIT ST & Sid deh [oh HaIRleT Ield o & I |

3GERUT & foIv :
1. for(i=0;i<5;i++)
3RNFT FHYeT T P U IR fASAET M| i T AT 07 4 Tk gHMM|
2. for(i=0;i<=5;i++)
3T HYUA T B B dR fASHfGd @M i T AT 0F 5 gram|
while loop : while T FIRFA T & ST HIScH & 3] HIS F ARG FAT
ST T@dT § 519 a& f Afése Rufa aroa s@r & sar
qdieToT 1 REAT @l dgerel AT Akl & TAT FATC ST T while T 3T a6
o6l fo¥ehelall| Arduino # while T & HHT 3UAT H HEL TUTT, Hicsred
(TR & SAYC HY Hfdslc &), IRTTT Sshrde e fAe &
While loop e :

while (condition)

{

// code or set of statements

}
HSIAET: TG Feldel TFAYRAST I [AIESS AT §, ST HSIAT & FEl AT el Blol

ferefior &ear Bl
While loop warare :




A4

Initialization

False

True

Condition within
while loop

\ 4

End of loop

Do-while loop:
Do-while [T &I HIAYUT, while o[T & HATT g1 do-while & &Y HT HSIAT HeA

¥ $H Teh IR UFslidge glaf| CAT SHTAT § Fifch BT & ool o & 3 H
Eufa & gdieror fhar Srar gl

Do-while syntax:
do

{

// code or set of statements
} while (condition);

HSIAET: TG eIl TFAURAST I [AIESS AT §, ST HSIAT & TGl AT el Blol
forefor & g

Flowchart of do-while loop



Code inside
do while loop

True

False

End of loop

Concept of Input and Output port of embedded development

board:
Arduino §18 W fUeT &I SoIYC AT H1BEYe & & H HilehIR AT ST Thell & T§

€Tl TWAT HgcaquT ¢ o U Arduino TaTerer O, Sfoicer e & @A &

FIleHIR 3R 39T fFw ST Tha £
Pins Configured as INPUT:

Arduinoﬁﬁ%ﬁ@@ﬁﬂ*@ﬁmﬂmmﬁsﬂﬁvﬁm

376 oTYc & ®I H IUANT FX I & ol 37¢ pinMode() & TTY AYC & T H

Tose ¥ § G d el ST 3ETSdT JAaf &l 39 dig F PIewIR [T T O
I ITT-faareT (high impedence) 3T & FHgl 1T &l

geTqe O & ATHA 100 FIMA & HGell IR & R FfAAY gl F FROT
geiqe et Aufeler Hithe WX Sgd e AN FA ¢ |

SHHRI A § fh sA9c WA &I Th T & g T A TaT A H 9gd A
I oAl gl g HAfAed T HET I A1) el AT Teh Uelss! hl BICISAS &
¥ H Yoo o At & fow e & 3uael saar g

Pins Configured as OUTPUT:



pinMode() & AT OUTPUT & & H HiehmIR U 0 T FI sweA-gfaerer saear
H FgT ITdT &1 SHPT AdAd ¢ [ I 3177 Ffchel T TATTT AFT & e YT HT
Thd g1 TeHIT BT 3T 3uaoi/Afhe &l 40 mA (Feliteed) s @Ia f R
FhRIcHS fdeTd JaTg Jeld X Tehd § AT ek I RE APRIcHS FEC Tl
Tohd § | T§ Uh Tolsal I 3oodd &9 F UAT el & [olT AT g AT &l
Tl & T waied e §, ofehad Rot, Tierstissd a1 Aled & dallel & folw gaed
T e &

3m3cye O & 3= RT 390N &l Tellod wm,fﬁ«‘rrﬁalscgc gifoiEe hr

Tl UgHT Hehdll § AT #SC T Hehell &, TN HYOT TEAIN AT &l Jehdllel Tgen
gohdT g1 38T, STP GRUNATIRY AlSHisetor H "dead" T & Thar & dfereT
Ay frew 373 off waed &I & T FA &1 37 FROT F, 470031 1kI/Teq &
ATEYH ¥ OUTPUT [0 T 3T 3URIUN T helde aelT Teh 3T [GOR §, I

de & fhdr 99y tfiteahee & forw e & 3f¥eds #ie Fr 3maTedr o &l
pinMode() Function:

pinMode() HheRleT sl 3T U fafIse e @l g9e AT 3M3eYe & &I A
HI-hIN Fel o T foham SIar &1 INPUT_PULLUP HIS & &Y TR Jel-39
iRl T F&TH FT HHT g1 S8 TR, INPUT AIS 3TcReh Jof-377 i

TISC & Y H&TH AT ¢
pinMode function &T syntax:
pinMode (pin, mode)

3181, pin : A $r T S9ar A3 39 JC HEAT aB8d ¢ |

mode: A HATHd O e & 3R AIS & INPUT AT OUTPUT & &I H AT X
ahd ¢l

3G T



int button = 5 ; // button connected to pin 5
int LED = 6; // LED connected to pin 6

void setup () {
pinMode(button , INPUT_PULLUP);
// set the digital pin as input with pull-up resistor
pinMode(button , OUTPUT); // set the digital pin as output

void setup () {
If (digitalRead(button ) == LOW) // if button pressed {
digitalWrite(LED,HIGH); // turn on led
delay(500); // delay for 500 ms
digitalWrite(LED,LOW); // turn off led
delay(500); // delay for 500 ms

digitalWrite() Function:

DigitalWrite () BeleT &I 39T B35 U W 3=wa a1 Feet A forgar & forw
forar Srar €1 afe ™ @1 pinMode() & AT T OUTPUT & F9 H SifehIR fhaT
T &, ST diceol 818 & falv 5V (AT 3.3vas W 3.3V) 3k Low s faw ov
(A33) WX e fhar Srwenm | I ™ FI INPUT & F9 & FiflewIR fhar Iram g, ar
digitalWrite() 319 el 9 AR JA31T &I FaAder (HIGH) IT FSATI(LOW)
M| SeTeTol Yol UAEE &l SaAdel el & fAT pinMode() ST INPUT_PULLUP
W AT I AT HRAAT Y A

Ifg 3T pinMode() & OUTPUT T AT =Tal ad o, AR Ueh Tclssl &l 39 T &
FAFe AT & ar digitalWrite(HIGH) PTel Sd THI, ToTsdl #g @S & Fahal &
pinMode() T TISC & & Fe fohu o, digitalWrite() & MTclReh Jof-370 FicRIel
I FoAdel fohar glam, S Teh &9 faega-difAd gfariel (e fafafder Waeer) &

e FT T B

digitalWrite() werersT &1 fReaq :
void loop() {
digitalWrite (pin ,value);

}




pin : e &1 H&AT fSEEHT AlS 31T VT AT T8 @ |
value: HIGH Iar LOW

ETIRLUN
int LED = 6; // LED connected to pin 6

void setup () {
pinMode(LED, OUTPUT); // set the digital pin as output

void setup () {
digitalWrite(LED,HIGH); // turn on led
delay(500); // delay for 508 ms
digitalWrite(LED,LOW); // turn off led
delay(500); // delay for 508 ms

analogRead( ) function:

Arduino, digitalRead() B2l o HIEIH H, Tg IdT o9 Tehdl & [oh FAT 38h
foell Teh [T WX dledsl SRIRIT 97 81 Teh /3% TR (ST fohdl aeq T
TR 1 T Sfemdr §) 3R T TaAtaler O [SEel Ao PR dgeldr Jgdl
g, & O 3R BldT & |39 YR & TATANRT AT P Ggd & [oIlT §H Teh 3TelaT
YhR & T I aThdr g g

Arduino 91 & fFAo-gI¥ #RET H, 39 "TATAET 3" & &9 H Rfcga o O
fe@rs &1l ¥ /AT N 7 Fad Ig a0 & & 39 W S alecsT ¥ I1_AT §,
dfcsh 38H1 Hed o JdTd &1 analogRead() Harelel & 3U1T &ieh, gA fohdll U
e o @] dlees Y gg Fhd &l

g Bl 0 3R 1023 & &= & §&ar dierar g, 5 0 3K 5 dlee & = alecs
&1 gfafaflica aXdar g1 38 & fav, afg O deX 0 W 2.5 VT diccsT ofemman
ST &, @ AnalogRead(0) 512 e 2T &1

analogRead( ) function T f&¢aq :
analogRead(pin);




pin: TATAIIT FoAYe T T HEAT (SIETeR &15 W 0 & 5, el 3R ot W 0 &
7,731 WX 0 & 15)
3qeRUI:

int analogPin = 3;//potentiometer wiper (middle terminal)
// connected to analog pin 3
int val = 9; // variable to store the value read

void setup() {
Serial.begin(9600); // setup serial

}

void loop() {
val = analogRead(analogPin); // read the input pin
Serial.println(val); // debug value

Interface serial port with Embedded development Board:

Serial communication in Arduino:

Arduino &, "HIRTST HFGfAhuT" T 31T H@ell H ST HI el 3= Basq A
TATATTRA T &1 Arduino & §F Arduino s USB TeldT 3R TX/RX BT & Areasd
¥ YR TN $S 3T YOI & Y WRIT IR AT Hehdd &1 Arduino H
IRTe TaR 30 RVt & Aegd F Far S1ar § S 39 36827 & fav gafda g
RIS FAR 32T & TS d15¢ H 3 3a8H I FY W TAAART el
gAfREd #ar § |

Arduino Uno #, 3 fef; 07 0 3iR e 1 & UART (IfAader vffismiera Refiaw
arEHIEY) 3 USART (Ffadior [sierd tiiisisrd Rder giaHdfiey) & §9 # S=
S arel MRTel Fegfashere & fav g fhar am=m § AR 37¢ Tx/Rx O &
& H ot S ST §1 ¥ ™7 3.3 dtee AT 5 diee WX HIIfld 8l &, 39TelT 3o
RS232 €T U1 @ SIS T IHRIAT ¢ AT el § Fhifh g 12 dlee |
HeTfeld gIcT & ST Arduino §1S &l sJehdlel UgdT Hehdl &, 8 3Telrdl, HIRTer
FFI AT JUHST Tl N FERIAT  HYX & AeA ¥ 3 har 51 Feherr B




RIS FOR &1 H3eYe HRTST Alfde 9 WM ST Fehel &, T goT o 319813
A A ORI AlfAe" W Feleh X "Arduino IDE" & Tarig TR ST Fehell B
SN & H1Y RIS IR & AT, Arduino I USB el & HATLTH § HgeT A
FAFC I |

Arduino & faffieT [Woc-3a B § oifehed RIS TIR & forw g=d 31+
39T [ I aTe Bl [Feafaf@d &

Serial.begin(speed) : 30 HFAA FHT 3UAT AfASE a5 e¥ W 3T TAHATIRT Hlel
T AT S AT el & oI fhar Srar g

Arduino # f3Wlee 13 & 9600 Sdivw (fecw ufa ds) &1 g7 3T a5 &1 &l
3t ffése X F@a ¢, 5 T 4800, 14400, 38400, 28800, 3T |

setup function

void setup ()

{

Statement Serial.begin(14400); ~ feudrate
}
void |00p ( } E Loop function

Comment for readers, {
i T = (e // code that executes repeatedly

understanding }

Serial.read() : T& BerleT g dhoieres WA & Arduino & 37Tl aTel HIRTeT SeT
T YT g1 T int 3T YR HT YA fhAT ST §1 Tg 3T drel WRTT 3eT Hr
Jgell 3eT a5 dlerdl &1 HIRTSA 9 o IS 32T 3UclsY Aal gl W ITg -1 &Y
dilerdr gl

Serial.print(): I BT 3¢ & ASCIl 7 aRafdd &ar & St Aeqsal garT
AT & UgT ST Fohdl & AR 30 RIS Alfeiey R B Har gl

Example 1:

1. Serial.print(15.452732)
Output: 1545



I et o1 R9Ter hidel & §9 H d18¢ AT &l Arduino #, Serial.print( ) T
3UATT e drel Tedg 3R FFed SF § 39 & 99 a9 &l

Example 2:

1. Serial.print("Hello Arduino")

Output: "Hello Arduino”

Serial.printin( ): I8 HaRT OC () & AT HH HIAT 6, olfche] b 3TelTdl, Tg Th

S MSeT SIS ¢ |
Serial.flush(): T§ HeRIT T3NSI HINTST ST o FARYT T QA FHIAT AT

AT ¢ |
JCGeIUT:

void setup ()

{
Serial.begin (4800);

}

void loop ()

{
Serial.print(" Hello");

delay(1000);
Serial.printIn("Arduino”);
delay ( 1500);
}
g4 Arduino & USB ol & HARIH & FYX & Y ANIT TR & AT

Serial.begin() werRleT T 39T &hdl, 3R 3eT & 4800 S8 X W TAATIRT HLet
&1 arfa iR &der e g WRTer Affdet W "Hello" THee 1 fiic et & faT
Serial.print("Hello") HeFelel T 3UANT hidl, Y 1.5 AFzT &1 3o & o delay()
HFAT T 3YAT il | Serial.println("Arduino”) WA “Arduino” print el &
ST Teh AT olSel SIS, STe loop Werelel STe 37aTell §R TFHIFIE §I9M ol “Hello
Arduino” & 8« H print g4I |



Make a basic circuit of embedded development board:

Blinking an LED:
I Arduino HT 3TJFT Ieh TAS I8 T T ToFe gl Telssl (s UiAfear

SIIS) Ueh Solaciioleh 3UHIUT &, S 370el fiAetell ¥ e I[oal T Tl Scaford
T §1 TelSST o1 YA affieet 3quian & fohar Siem 81 s8ehr 39T fAaidies

Soldcleleh YU H ON/OFF Hohcdeh o &I & 8 fohar arar g1

sg gRATSAT H, 89 Arduino S8 W LED &1 Bfoieer ReT & 3| volssr e
HIROT G2l & & & HH e 5 HAfése 3afer & faw =re 3R & fhar o
TehlT &

Torssl & feeifdher & 39Aler fhT et arel e AT gheey ¢

1.
2.
3.

4,
5

TxArduino UNO board.
1 x Breadboard

2 X Jump wires
1 x LED

1 x Resistor of 220 Ohm

gH 470 3H g & Fdr o AT & 9faQes T 3IANT & dhd &l gH
HUAT Hiche MARTAATSN & HTUR T TIAANLH & g Hedl o1 i 3uger
FT ohd gl MHAIR W, AT TSI Bas Hie O 3% A8 gl Afgu|

ava 5V Vin
— RsT Power  pq3
Arduino P"

D10

D9
D8
2200
D7

D6
D5

— a0
—] A1 D4
Analog —] A2 D3

Input — A3 D2

— A5
DO

|
%

Z LEDA

GND




Tfhe S TI5C ¥ & UNOSE & RI3M3e 1 gfch &1 I8 91 F 8 Tesdy
3R iRy @1 o gefid wear B

LED fesifeher & forw grame
void setup ()

{
pinMode ( 8, OUTPUT); // to set the OUTPUT mode of pin number 8.

}
void loop ()

{
digitalWrite (8, HIGH);
delay(1000); // 1 second = 1 x 1000 milliseconds
digitalWrite (8, LOW);
delay(500); // 0.5 second = 0.5 x 1000 milliseconds

Explain interfacing DC Motor with programming
ST Al A FIH I Al AT AT &, [GH R & A 361901 dah &

Aot 3TN 81T 81 30T H FR, Folfdeeh dlgell T SolfFeash fdsl, fare
afe enfaer 81

S Al 7 Ui egd graehia uRor oY 3R g1 sad 31 § o Al
o U Yehid & GaRT 3cioed ool W AR & g1 I§ faega 3ar & ifFh
ot & gRafda Tar &1 39 A A SRAFC Fie T FAod fhAT ST FehdT ¢

SIS, giforeeX 3R AT &1 39ART FF Arduino 915 F AT DC AT T A
FAFUT:
FAFAT & fIT HEaTS FulcH :

o Arduino UNO R3 board

o Breadboard

o A Resistor of 2.2K Ohm
o Transistor (NPN)

o Diode

o DC Motor



o Jump wires

| |
3V3 5V Vin ?S
—{rsT Power  pq3 = Diode
—] ARer D12
Arduino P
D10 Transistor
b9 E
D8 p—
D7 }—
D6 |—
—s0 s |
—] A1 D4 |—
—] A2 D3 —
— A3 o2 |—
—1 A4 01—
— A5 oo
Gl'\:lD

int PinOFmotor = 10;

// PIN 10 of the Arduino is initialized to the variable
// the pin must be a PWM pin
void setup()

{

pinMode(PinOFmotor, OUTPUT);
}

void loop()

{

digitalWrite(PinOFmotor, HIGH);
delay(1000);
digitalWrite(PinOFmotor, LOW);
delay(1000);



oAl FAMIT A & =0T A FeleeH &

1. Arduino®s & 10 (PWM) e et & foT I@TR & T SR FT Faolde R
2. IAET & g@¥ B A gifoeey & ALY T @ FaAge |

3. TifoeT & Tah Y & ffael 1 Arduino® GND s & 31X gl ¥ &
cfier FI sRIE & Feide H|

4.31A18 & d3 BRAT AT 1 Arduino 15 & 5V AT & Fade Hi

5. 31T Al & T Y dlel cfdaiol &l 3MAIE & &8 KA cfiedd d Hhade Hll
6. 3T AT & gAY R & A & 35 & gaX &y a S|

1% A ®I5 IS FIET & GO

1. Arduino IDE @Tei|

2.Tools -> Board -> Arduino UNO & S8 & YR T I Y |
3. Tools -> Port -> COM & 9Ic &I Il |
4. THT P FAdRIT NG H TS Y




UNIT- IV

VLSI Technology — Introduction and history
VLSI full form - VERY LARGE-SCALE INTEGRATION (VLSI) 8T g orae f@dr &

AT "9gcl 93 AT T TRl 0T (VLSI)" BT 8

VLSI Teh g bl Integrated Circuit (IC)@FIT %%R‘Tﬁ FHTT X transistors of¥T &l %I
3T & TR TTeT gl computer H ST TTAIEE SEAATA &I &, 3T transistor

Fr HEIT HTHT A BT AT TR go8 T computer AT ool HIH AT HIAT AT
TSdeT 37T & §HT &T computer v YTdl %I SITET transistor 3 gl & processor
SIIcl operations shH HAY H X g AR SEehT golg o cbb«’-l(\d{ $r performance
9¢ Sl gl

Tsh VLSIH BRI transistors & Teh single silicon semiconductor chipff T SITdr %I
VLSI 1970 T cHh & Fofal Y& gU ¥ 3R 37T & THT 8 VLS| I FEAATSA Hrhr
e ferar et B

VLSI technology & a1 8 Teh 3R eFaraien 3ms o 5 ULSI &gl e g,
fSrEeT Q@ AT Ultra Large Scale Integration & 3{R 38 transistors 1 H&T VLS|
& Hehldl BT AT BT 81 VLS| ST & dlY generation H 3T ¢

VLS| &I Heg & e & processor, RAM, ROM S Chips §o¥I S &1 folds
SITET Bie AR SMET transistors Hls[g g7 3ceil SATGT Sefehl power 31T
calculations @Y & speed FITET g3

HATSHIYITET Teh VLSI 3YEHIUT T 38T &.

faeel o el # Electronics industry # S§d doil & Growth @ 31 f#ell & fSrae
AT HROT il F §él technologies 3R fTeH & g@RT AR 1 =i applications &

oI 81 Market # VLSI 3111 9@ 8T high-performance computing, controls, EIER,
image and video processing, and consumer electronics # Sgd doil & 96 G@
E=rc

VLST T QB3 & Yg ol SATGIcR i ICs deh FfAT | Teh Electronic circuit & Teh
CPU, ROM, RAM 3R 3= glue logic nfde gia 2.

3TTST  SFT9H3T 45 Tl Ugel TIT & UTT ST aTet Transistor T HEAT ST 3TAdH &1
& 10,000 & A Y.

VLSI & gaRT 319 3o ICs f3mgaRi I T chip # SIS ¥hd g.

VLSI & 3m9shT Low bit-rate video 3R High-resolution, cellular communication,


https://www.jagranjosh.com/general-knowledge/what-is-transistor-and-how-it-works-in-hindi-1521715042-2

Processing power 3R portability T gfatr e §. sifasa # VLSI # 3R ded dae
a AT TRATE |

VLS| &1 sfag

Transistor T @IsT 1920 & &2reh H §S. SHehT Tisl A Tgel g HIIT THT 3T TellaT]
ATEd T S current T Y 37GEAT dTel Diode H deololT Iled A fhT 38 Triode &
e olelT ITgd U| 3AehT A &1H Transistor o .

39 Radar detectors & ®9 & f&fereie 31t FH@Ie e & 39ter & AT 3ik
e # gur far

38 Second World War & §T¢ il & UgdTe 3 Aherdr [&e.

1947 & Bell labs & 9go Transistor & 3MfaseR foRam 31 @12 &Y, Electronics & &
derg#H TgEl A solid-state devices H Sgef 1.

1950 & &2% o &3 Electrical engineers 51 Circuit & 39TPR #fasg &t AT Fr
HHTAAT3T T ST Afehat d1g F SIA-S1 Circuit 3T SATerdr 6T, FATAT YeT glem & &
Ty,

S e FROT 1960 & &2 & IRH H small-scale integration (SSI) 31X 1960 & g2
% medium-scale integration (MSI) &' @’Isrg‘é'

VLSI &7 f@&HTT MOS Transistor T S9T8 olet & forw fonam arar ar. ggehr fAToT 1959 &
Mohamed M. Atalla 3R Dawon Kahng garT Bell labs # forar arar &,

Mohamed M. Atalla & 1960 H H ggell aI¥ MOS integrated circuit chip &T idea
AT 1961 & Dawon Kahng c@RT 8t 8 9T e e & fohaT,

34 integrated circuits & fort Useful ST, 9gef Semiconductor chips # ar
Transistor g1d 4. &1 # S & 3[AR 318 Transistor SIS 31T,




Advantages of VLSI:

1. Ifhe & THR T T HAT o |

2. 3YHIOT T YHTAT SATIT T e hIAT & |

3. Tfthe & TR A A Ferar &

4. 3THAT el T Jolell A o AT T ITaRTHT Bl &
5

6

. 379 faea@aar
. TUEThd BIC &1 IX Fheoll AT o |

VLSI &T 3931
3ST & TFHT H VLSI Oeq T caheh 9 § SolliadRer o [affiet emamsit
39T fRaT ST § S

Voice and Data Communication networks
Digital Signal Processing
. Computers
Commercial Electronics
. Automobiles
Medicine and many more.

N N

CMOS Fabrication Process:

Teh STHTAT AT, ST $HegeX el famel 3R & gld & b 3¢ TAMAT i & fav
T § Teh hAX Pl ST9Tg T 3TaTSdT glar ATl oifched 39T I 5d [Aafad ¢
foh §F 37¢ AN & oAlcgs & &9 H & of S Tohd &1 I§ FEICS Alhe
HROT FHT g 91| §E1AIes Afehe H, 987 T&AT # Afeha 3R AT dea 3
SEHAFA o 1Y Teh BIc [Afelhld aW W AhAd &d & | 39 g & dfhe
& 3cdlee & TIT 39aATs S arell gfAardy ufshansit & vfaiFaae M, Aress
SFIRET ST, 3TTFATSS gefe, 3R 3MerdTss serehrell, deet §alled & fow
HICITIARITHT I 3TANT HLAT eMAS gl

dW & IR & "geahl H ey, gifaee, s[is, Huffex nfe anfder €. 1cs
T & foT ged Jfed deg gifoieer g1 giforeer [Affie yR & gla § o
CMOS, BJT, FET| §H 3TaRIhclI3il & TR W IC I &[] $I Sl alell gifoiee]

cTehelleh T YR Toldl &
A fISTell HTeAT HTERTAT & TAT TS &l o] &lel & folT CMOS Aehsileh
HT 3YANET fRAT AT &1 AT §H doT Tfche &I 3MaThdl & o BJT &1 39ITeT
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e IC I TSeeT o] fht Sd §1 ICH §9 H CMOS Tfoeel & f#Tor diet
3TCTIT-37c19T ddent | fRaT ST HeheT B

1. N-Well - f-2[37 HeHee W TA-CBT fSwIere fohdm STer &

2. P-Well - Ui-2[3U HeH¢e W W28y fSwyelel foham Sirarm &

3. Twin Well - NMOS 3R PMOS gIfoi¥eX Teh Hedce & dolld Ueh Tciaaddl

WY 9 W Th {1 JAR aRl a0 W fIhfad gld &l

UoT-del/dI-del Tehefleh 1 3TANT A §C AT T Fog AeaAsivd higeer
fshaT gaTg e JiAATEr higehers TROM T AT dich TSI fhar ST gl

Making of CMOS using N well

Step 1. 9gel §H TAATOT & fAU MR & &7 H U FedeC FoAd ¢l ToA-del & fav,
T d-ersy Rl Tedee & ad«T har ST ¢

€Elprocus.com

Step 2. JTTFETEAYUT:- UeT-Soh Y T IRIGTUTT T TeAlcHh TER Si02 HT 3UTNT Teh

T & & A AT S § S wewee & HuOT & fWors aw F Fo fpwdr &

&I &HIAT g1 Si02 & JHTRieuT 9 garT [AuiRa foram Srar g, rad gsaee
Y I UG dlel JierdTeTel AR gTSgielet & AT Sre7er 10000c IR JHTerefienor
FET H 3NN T ST

- EEgras el —
...... = oxidalion
!L- f@':;mﬂ-:.h.:&. R

D - - b I
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Step 3. PIERTATE & TGall:- 3T TAX T TeIlcHT IR (Selective etching ) T
Al & & fAT, 5i02 W @ wraferdiamdr ufsar & eher fRar srar g1 56
IfhdT #H, IBT T T Tl UIIH &1 Ueh THATA fhed & a1y afdd fFar sirar g1
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Step 4. FTEHIT:- Tg TRUT B rNIATHr gfhar Hr ATaRar &1 39 woT &,
RS &1 YT FXeh GelUel HT Sl Yol TArT STl g1 37 TRl
3YANT HIRERTAEE & I A & & H HAT SATm §1 Fe@ge AT 39 gdr o
& HUHh H T AT g, ed A & 39PR &E & & Alslg wleRfaEe

GIeNASS 81 ST &
UV rays
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Step 5. 3TUFHUIGS BIERTHEC Pl §lAT:- AP I gel AT AT § 3R
HERFATET & FATFIUISS 81T &l CBFARISABT o T T 3UATT Hlch
BT TaRfad e e fer Sirar &
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Step 6. Etching:Wﬁ@WW*Uﬁﬁ*WﬁgﬁﬂTmﬁﬁ
31 &1 @ 3HTFETSS I &eT &dT & Sf8l ¥ 3T & $helrr giar gl
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Step 7. €07 WIERTAFT R & geem: viler gfkar & v, Si02 & 9 R S
BERTATE WRd arT WEd g & genfad 8 g &1 wleRfe a7 #1319
Teh JEF Ao (AT H2S04) ¥ geT f&ar Sirar B
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Step 8. UeT-del I AT TA-T3Y IRERAT HT 3R & & ALIH 4 d-ersy
getee H ol Jar § 3R 30 YR Ta-dd HT AT 8T B
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Step 9. Si02 I gl Si02 FHI W 379 gE3IFalReh URAS I 3UTNT Hich gl of
ST B
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Step 10. Glell &Il T STHTE: CMOS TITATEX & I & Ield TXWUT T IHaiod
TR Sc & S Ffehe T FHAT TgaT Fhell & AT 7 Aehed & AT "Fa-
WA e gfthar wr wafAsar & Al § S8 e 3RI90T &1 39397 e
I 3R 39 & AT § gger AT &aF Fod g



.©Elprocus.com

Step 11.31C &F & 3&T: NMOS 3R PMOS gifeiFel & fIT 3 & 16 & folv
3aeTF & &FT I BIZHT Glel A Tolehlad & AY FE T geT f&ar Srar gl
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Step 12. 3TFHIOT UThaT: AW & FIW Teh FFHIHIOT G STAT gldT & S 3Ter
YHR AR GTqenioT Gishansit & fov o arel & &9 # & Xl g
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Step 13. AR 3R SHYSTA: HEhaT TThdT HT 3UTNT Fleh Uel-clgY IR[e Tl
& TR & U &7 9 & fv Bl daue §ae o g
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fSFateT Tfsham T 39T I §U NMOS & fetell & faor & faw diet n+ &1
faenfad e 71w g
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Step 14. 3TFATSS FI FTAT: HTFASS W P geT f&aT ST B
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Step 15. W-218U f3Wgatel: PMOS & EfHedl Sl & U UeA-c89 fSwrgele &
A N-e1eT SHGelel fmar ST &
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Step 16. e Pies HiFdrss WO U] & ffisel #I a0 & ggel AW & 3o
&At & AT Teh FIETcHS W dellel & [T Teh AE Blos 3erarss o S
¥ Stel et effierer Y 3maeTear & @ B

i B -
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Step 17. UTehYUT: SH TRUT I YA 4T ffTell & AT & fow forar Simar &
ST ST Feled R Aehdl &1 TegfATATa I ah & el g3 &




©Elprocus.com

Step 18. 3R €1 I e HTARFT U FT aH A ger fer i gl

Step 19. TffTell & AT ATARFT U1 HT gl & dIG Tofol dTed R &
SFAFA & foIT efFieTer g gl
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Step 20. efaTer A1 Afése AT NMOS 3R PMOS eifoeex & effaal &t &1
fe=m arar ¥ |
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Making of CMOS using P-well

qi-der gfshaT U el Ufehal & A g [ag 39 fh I8 ta-ars9 geace &l
39T fRAr Srer § 3R N-ersu Burgers far Sirar g1 wesl & fav ek |,
T ac NAT P IARRAT & ST |

Twin Tube Fabrication of CMOS

cfast-cga gfshar &1 3uer e His o OF 3R TA-C8T & 390N & o i
T X FFhar €1 Tiad-cge Aafyr &1 3T #xd CMOS & faAor 7 enfde
AfFeT TROT 39 UK &.
o U Fodhl 31T {haT I1AT U IT N-28Y Hedee Tl ST § 3K
TR TFaTer R &1 3uier fohar Srar g1 viudieads wWa /9 & o<-319
TATIT HT & AT gl
o AU IS AT AR FH ST TehlErdl & ATY 3T Yl arell [Aferenler
W F1$ S 2
o W 3R T I & T TEr F AT
o SIHRGST THATIHT & SRIT HGWOT & FI&T o AT gcferr 3iferarss HaATon|
o 3O IRIUT AT &7 3TART e AT AR 37 H AT foRar e g
o T HIH & oI AT Foflet & o Feldr &r Je &
o U] HUH FI Wiaat & fw ergentor fham Srar §

Stick Diagram:

¥ SIATH Ueh YohR &7 SIINH 8IdT & Toigehl 3UAET ifolEel Aol & 33T
T ASAT TAH & AT fHar Srar g1 ew SEmA & 3uaol 3R Shsaedl &
gfafaftica &t & o "Read" ar @it &1 39drer Rar Sar g

e srame R ANBE #1 FIEA @ &1 I I3M3C & TS AlS gl ald ol
Folk PIS & 3UANT & ATH G Wd H SAHARNT Sl & Tav Tk STATH 1
39T fhar 7T &




3ETEY0T & faIT NMOS f33mseT H|
* TA-SIgSTeT & fow ga
+ gie RAfolad & forT arer BT
+ O & forw e T
* JeIRIoT & forw drem or
* TYH &l & T Hrem BT
e Sgam# do & I
1. SI9 T & GohR T al a7 &l § ¥ TEeeh Teh gal ol UR AT T i
& o ¥g faegd dud & aefr § |
2. SIS 37eleT-3eld] Yeh T a5 AT &I § 3T e qaY &l UR &Ll § AT
9T Y § Al g fdegd Hueh et 8T g1 (IS FUS HT AT §
ar Tose &9 ¥ few@m)
3. SI§ Ueh diell SIFYelel 1 IR Xl § dl g MOSFET &1 gfafaf®ica el
gl Ifg |us fe@rr arar § ar I8 ciforee w1gr 8l
4. PMOS 39ehIUTl &1 Jol 31T 19T (ATl I@T & FW) AR NMOS 3Tl &l
CMOS T8SiTgeT el & JoT 13T 7eT (HIHTehet I@T & A1) H @M ST
EUY
5. p 3R n-TBT & YN & §d A Pl & o0, &l YhRI & o A
ARt 3@T &1 39T THAT ST B
6. PMOS 39auli 3R NMOS 39aeult & forw saren: n-well 3R p-well T9
Folet & faIT Vdd 3R Vss Yo 9X I AT &l 39T fhar Jrar g




CMOS INVERTER

substrate connection

Vdd v X

i — — Vout




NOR gate
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NOR gate in CMOS
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VLSI Design - VHDL Introduction

VHDL stands for very high-speed integrated circuit hardware description language. It is a
programming language used to model a digital system by dataflow, behavioral and structural
style of modeling. This language was first introduced in 1981 for the department of Defense
(DoD) under the VHSIC program.

Describing a Design

In VHDL an entity is used to describe a hardware module. An entity can be described using,

. Entity declaration

. Architecture

. Configuration

. Package declaration
. Package body

Let’'s see what are these?

Entity Declaration

It defines the names, input output signals and modes of a hardware module.

Syntax —

entity entity name is
Port declaration;
end entity_name;

An entity declaration should start with ‘entity’ and end with ‘end’ keywords. The direction will

be input, output or inout.

In Port can be read
Out Port can be written
Inout Port can be read and written

Buffer  Port can be read and written, it can have only one source.

https://www.tutorialspoint.com/vlisi_design/visi_design_vhdl_introduction.htm# 1/8
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Architecture —
Architecture can be described using structural, dataflow, behavioral or mixed style.

Syntax —

architecture architecture_name of entity_name
architecture declarative part;

begin
Statements;
end architecture_name;

Here, we should specify the entity name for which we are writing the architecture body. The
architecture statements should be inside the ‘begin’ and ‘énd’ keyword. Architecture declarative

part may contain variables, constants, or component declaration.

Data Flow Modeling

In this modeling style, the flow of data through the entity is expressed using concurrent
(parallel) signal. The concurrent statements in VHDL are WHEN and GENERATE.

Besides them, assignments using only operators (AND, NOT, +, *, sll, etc.) can also be used to

construct code.
Finally, a special kind of assignment, called BLOCK, can also be employed in this kind of code.
In concurrent code, the following can be used -

. Operators

. The WHEN statement (WHEN/ELSE or WITH/SELECT/WHEN);
. The GENERATE statement;

. The BLOCK statement

Behavioral Modeling

In this modeling style, the behavior of an entity as set of statements is executed sequentially in
the specified order. Only statements placed inside a PROCESS, FUNCTION, or PROCEDURE are

sequential.

PROCESSES, FUNCTIONS, and PROCEDURES are the only sections of code that are executed

sequentially.

However, as a whole, any of these blocks is still concurrent with any other statements placed

outside it.

One important aspect of behavior code is that it is not limited to sequential logic. Indeed, with it,

we can build sequential circuits as well as combinational circuits.
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The behavior statements are IF, WAIT, CASE, and LOOP. VARIABLES are also restricted and

they are supposed to be used in sequential code only. VARIABLE can never be global, so its
value cannot be passed out directly.

Structural Modeling

In this modeling, an entity is described as a set of interconnected components. A component
instantiation statement is a concurrent statement. Therefore, the order of these statements is
not important. The structural style of modeling describes only an interconnection of
components (viewed as black boxes), without implying any behavior of the components

themselves nor of the entity that they collectively represent.

In Structural modeling, architecture body is composed of two parts — the declarative part
(before the keyword begin) and the statement part (after the keyword begin).

Logic Operation — AND GATE

X Y z Symbol:
0 0 0 A— \

——Q
0 1 0 B— /
1 0 0
1 1 1

VHDL Code:
Library ieee;
use ieee.std logic_1164.all;

entity andl is
port(x,y:in bit ; z:out bit);
end andl;

architecture virat of andl is
begin

z<=X and y;
end virat;
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Waveforms
Ref [0.0ns |[=1#] Time: [104.4ns | Interval: [104.4ns |
0.0ns
Mame: _Walue 100.0ns 200 0ns 300.0n= 400 Ons
Li*r 01 I
X 0 |
oo 2 s — N

Logic Operation — OR Gate
X Y Z Sy!!!hﬂl

0 0 0 Aﬂ
Q

VHDL Code:
Library ieee;
use ieee.std logic_1164.all;

entity orl is
port(x,y:in bit ; z:out bit);

end orl;

architecture virat of orl is

begin
z<=X or y;
end virat;
Waveforms
Ref [200.0ns [[*I=] Time: [72.0ns | Interval: [-128.0ns |
ﬂzm Ons

Marmne; _Value] 100.0ns 200|0ns 300.0ns 400
- Y 1 | |
= X 0
a I 1 |
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Logic Operation — NOT Gate
X Y Symbol :

0 1

A Q

VHDL Code:

Library ieee;
use ieee.std_logic_1164.all;

entity notl is
port(x:in bit ; y:out bit);

end notl;

architecture virat of notl is

begin
y<=not Xx;
end virat;
Waveforms
Ref [300.0ns [[#l=] Time: [234.0ns | Interval: |66.0ns |
EBIIJ Ons
Mame: Value 1IIILEIn5 Iﬂlﬂns 300/0ns mjlﬂns

T ol 1
g L 0 I

1

Logic Operation — NAND Gate
X v , Symbol:
A
B

0 0 1
out
0 1 1
1 0 1
1 1 0
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VHDL Code:

Library ieee;
use ieee.std logic_1164.all;

entity nandl is
port(a,b:in bit ; c:out bit);

end nandil;

architecture virat of nandl is

begin
c<=a nand b;
end virat;
Waveforms
Ref II:I Ons |4-|¢| Time I‘I1E Bns | Interval: |11BEn5 |
0.0ns
Mame: Value 1ﬂﬁlﬂn5 ﬂlﬂﬂﬁ 'II:].JEIM dﬂﬂlﬂns
- o ] L
A 0 |

L]
|
= 1

Logic Operation — NOR Gate
X v . Symbol:

A
0 0 1 \(

VHDL Code:

Library ieee;
use ieee.std logic 1164.all;

entity norl is
port(a,b:in bit ; c:out bit);
end norl;

architecture virat of norl is
begin
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c<=a nor b;

end virat;
Waveforms
Ref [200.0ns =] Time [1755ns | Interval. |[-24 Sne
I:2‘.|Zl'_‘l.liln-5,
Mame 100.0ns 2000ns 300.0ns 400.0ns
L S I L
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c 0 | |

Logic Operation — XOR Gate

X Y v4
0 0 1 Symbol:

A
0 1 1 Y
! 0 1 B
1 1 0

VHDL Code:

Library ieee;
use ieee.std_logic_1164.all;

entity xorl is
port(a,b:in bit ; c:out bit);

end xoril;

architecture virat of xorl is

begin
c<=a xor b;
end virat;
Waveforms
Ref |E'En5 [#]#] Time |1136ns Interval |713 Gng
00ns
Narre Vake 100.0ns 200.0ns 300.0ns 400 0ns 500

ot T —T
- C 0 |
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Logic Operation — X-NOR Gate

VHDL Code:

X

0

Library ieee;

Y

0

z

use ieee.std_logic_1164.all;

entity xnorl is

port(a,b:in bit ; c:out bit);

end xnoril;

architecture virat of xnorl is

begin
c<=not(a xor b);
end virat;
Waveforms
Ref [0.0ns |[EIR] Time [214.40s | intervat [214.4ns
0.0ns

Name _Vahe T ‘Fl'.‘-l!].lﬂns EM.Iﬂns i‘)ﬂ.lﬂns m.lﬂm
-3 o 1 | L__
- b o | L__
e X 1 | |

https://www.tutorialspoint.com/vlisi_design/visi_design_vhdl_introduction.htm#

8/8



5/11/23, 8:09 PM

VHDL Programming Combinational Circuits

VHDL Programming Combinational Circuits

This chapter explains the VHDL programming for Combinational Circuits.

VHDL Code for a Half-Adder

VHDL Code:

Library ieee;

use ieee.std_logic_1164.all;

entity half_adder is

port(a,b:in bit; sum,carry:out bit);

end half_adder;

architecture data of half_adder is

begin
sum<= a xor b;
carry <= a and b;

end data;
Waveforms
Ref. |0.0ns | =1=] Time: |481.0ns | Interval: |49
0.0ns
Name: _Value: 100.0ns 200.0ns 3000ns 400.0ns 500
I L
E:B o | ] L] [
A 0 | L______
g SUM 0 | |
g CARY 0 | |

VHDL Code for a Full Adder

Library ieee;

use ieee.std logic 1164.all;

entity full adder is port(a,b,c:in bit; sum,carry:out bit);
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end full_adder;

architecture data of full adder is
begin
sum<= a xor b xor c;
carry <= ((a and b) or (b and c) or (a and c));

end data;
Waveforms
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VHDL Code for a Half-Subtractor
Library ieee;
use ieee.std_logic_1164.all;
entity half_sub is
port(a,c:in bit; d,b:out bit);
end half sub;
architecture data of half_sub is
begin
d<= a xor c;
b<= (a and (not c));
end data;
Waveforms
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VHDL Code for a Full Subtractor

Library ieee;
use ieee.std logic_1164.all;
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entity full sub is

port(a,b,c:in bit; sub,borrow:out bit);

end full sub;

architecture data of full_sub is

begin
sub<= a xor b xor c;

VHDL Programming Combinational Circuits

borrow <= ((b xor c¢) and (not a)) or (b and c);

end data;

Waveforms
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VHDL Code for a Multiplexer

Library ieee;

use ieee.std logic_1164.all;

entity mux is

port(S1,S0,D0,D1,D2,D3:in bit; Y:out bit);

end mux;

architecture data of mux is
begin

Y<= (not SO and not S1 and DO@) or

(S@ and not S1 and D1) or
(not S and S1 and D2) or

(S@ and S1 and D3);
end data;
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Waveforms
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VHDL Code for a Demultiplexer
Library ieee;
use ieee.std logic_1164.all;
entity demux is
port(S1,S0,D:in bit; YO,Y1,Y2,Y3:0ut bit);
end demux;
architecture data of demux is
begin
Yo<= ((Not SO) and (Not S1) and D);
Y1<= ((Not S@) and S1 and D);
Y2<= (S@ and (Not S1) and D);
Y3<= (SO and S1 and D);
end data;
Waveforms
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VHDL Code for a 8 x 3 Encoder

library ieee;
use ieee.std logic_1164.all;

entity enc is

port(ie,il1,i2,i3,i4,i5,i6,i7:in bit; 00,01,02: out bit);
end enc;
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architecture vcgandhi of enc is

begin

00<=i4 or i5 or i6 or i7;

0l1l<=i2 or i3 or i6 or i7;

02<=il or i3 or i5 or i7;

end vcgandhi;

Waveforms
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VHDL Code for a 3 x 8 Decoder

library ieee;

use ieee.std logic_1164.all;

entity dec is

port(i@,il,i2:in bit; 00,01,02,03,04,05,06,07: out bit);

end dec;

architecture vcgandhi of dec is

begin
00<=(not i0)
ol<=(not i0)
02<=(not i0)
o3<=(not i0)

and (not il) and (not i2);
and (not il) and i2;

and il and (not i2);

and il and i2;

04<=i0 and (not il) and (not i2);
05<=i0 and (not il) and i2;
06<=1i0 and il and (not i2);
07<=10 and il and i2;

end vcgandhi;
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Waveforms
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VHDL Code — 4 bit Parallel adder

library IEEE;
use IEEE.STD_LOGIC_1164.all;

entity pa is
port(a : in STD_LOGIC_VECTOR(3 downto 0);
b : in STD_LOGIC_VECTOR(3 downto 0);
ca : out STD_LOGIC;
sum : out STD_LOGIC_VECTOR(3 downto 9)
)

end pa;

architecture vcgandhi of pa is
Component fa is
port (a : in STD_LOGIC;
b : in STD_LOGIC;
c : in STD_LOGIC;
sum : out STD_LOGIC;
ca : out STD_LOGIC
)3
end component;
signal s : std_logic_vector (2 downto 0);
signal temp: std _logic;
begin
temp<="'0";
ue : fa port map (a(@),b(0),temp,sum(0),s(0));
ul : fa port map (a(1),b(1),s(0),sum(1),s(1));
u2 : fa port map (a(2),b(2),s(1),sum(2),s(2));
ue : fa port map (a(3),b(3),s(2),sum(3),ca);
end vcgandhi;
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Waveforms
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VHDL Code — 4 bit Parity Checker
library ieee;
use ieee.std logic 1164.all;
entity parity_checker is
port (a@,al,a2,a3 : in std_logic;
p : out std_logic);
end parity checker;
architecture vcgandhi of parity checker is
begin
p <= (((a@ xor al) xor a2) xor a3);
end vcgandhi;
Waveforms
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VHDL Code — 4 bit Parity Generator

library ieee;

use ieee.std logic 1164.all;

entity paritygen is

port (a@, al, a2, a3: in std_logic; p_odd, p_even: out std_logic);

end paritygen;

architecture vcgandhi of paritygen is

begin

process (a@, al, a2, a3)
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if (a@ ='0' and al ='0' and a2 ='0' and a3 =’09°)

then

odd out <= "0";

even_out <= "0";

else

p_odd <= (((a@ xor al) xor a2) xor a3);
p_even <= not(((a® xor al) xor a2) xor a3);
end vcgandhi

Waveforms
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VHDL Programming for Sequential Circuits

This chapter explains how to do VHDL programming for Sequential Circuits.

VHDL Code for an SR Latch

library ieee;
use ieee.std logic_1164.all;

entity srl is
port(r,s:in bit; qg,gbar:buffer bit);
end srl;

architecture virat of srl is
signal si,rl:bit;

begin
g<= s nand gbar;
gbar<= r nand q;

end virat;
Waveforms
S
R
Q
Q

VHDL Code for a D Latch

library ieee;
use ieee.std logic_1164.all;

entity D1 is
port(d:in bit; q,gbar:buffer bit);

end D1;
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architecture virat of D1 is
signal si,rl:bit;

begin
g<= d nand gbar;
gbar<= d nand q;

end virat;

Waveforms
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VHDL Code for an SR Flip Flop

library ieee;
use ieee.std_logic_1164.all;

entity srflip is
port(r,s,clk:in bit; qg,gbar:buffer bit);
end srflip;

architecture virat of srflip is
signal si,rl:bit;
begin
sl<=s nand clk;
ri<=r nand clk;
g<= sl nand gbar;
gbar<= rl nand q;
end virat;
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VHDL code for a JK Flip Flop

library IEEE;
use IEEE.STD LOGIC 1164.all;

entity jk is
port(
j : in STD_LOGIC;
k : in STD_LOGIC;
clk : in STD_LOGIC;
reset : in STD_LOGIC;
g : out STD_LOGIC;
gb : out STD_LOGIC
)
end jk;

architecture virat of jk is

begin
jkff : process (j,k,clk,reset) is
variable m : std_logic := '@';
begin
if (reset = '1') then
m:="'0";

elsif (rising_edge (clk)) then
if (j/ = k) then

m:=3;
elsif (j = '1" and k = '1") then
m : = not m;
end if;
end if;
q <= mj

gb <= not m;
end process jkff;
end virat;

Waveforms
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VHDL Code for a D Flip Flop

Library ieee;
use ieee.std logic 1164.all;

entity dflip is
port(d,clk:in bit; q,qgbar:buffer bit);
end dflip;

architecture virat of dflip is
signal di,d2:bit;
begin
dl<=d nand clk;
d2<=(not d) nand clk;
g<= d1 nand gbar;
gbar<= d2 nand q;
end virat;

Waveforms
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VHDL Code for a T Flip Flop

library IEEE;
use IEEE.STD LOGIC 1164.all;

entity Toggle flip_flop is
port(
t : in STD_LOGIC;
clk : in STD_LOGIC;
reset : in STD_LOGIC;
dout : out STD_LOGIC
)
end Toggle flip flop;

architecture virat of Toggle flip flop is
begin
tff : process (t,clk,reset) is
variable m : std_logic : = '0';
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begin
if (reset = '1') then
m:="'0";
elsif (rising_edge (clk)) then
if (t = '1") then
m : = not m;
end if;
end if;
dout < = m;
end process tff;

end virat;
Waveforms
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VHDL Code for a 4 - bit Up Counter

library IEEE;
use ieee.std logic_1164.all;
use ieee.std logic_unsigned.all;

entity counter is
port(Clock, CLR : in std logic;
Q : out std logic vector(3 downto ©0)
)

end counter;

architecture virat of counter is

signal tmp: std_logic_vector(3 downto 0);
begin

process (Clock, CLR)

begin
if (CLR = '"1") then
tmp < = "0000";
elsif (Clock'event and Clock = '1"') then
mp <= tmp + 1;
end if;
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end process;

Q <= tmp;
end virat;

Waveforms
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VHDL Code for a 4-bit Down Counter

library ieee;
use ieee.std logic_1164.all;
use ieee.std_logic_unsigned.all;

entity dcounter is
port(Clock, CLR : in std logic;
Q : out std logic_vector(3 downto 0));
end dcounter;

architecture virat of dcounter is
signal tmp: std_logic_vector(3 downto 0);

begin
process (Clock, CLR)
begin
if (CLR = '"1") then
tmp <= "1111";
elsif (Clock'event and Clock = '1"') then
tmp <= tmp - 1;
end if;
end process;
Q <= tmp;
end virat;
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