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Abstract 

This project was implemented by usmg Complex Programmable Logic 

Device (CPLD) technology as controller and Verilog Hardware Description 

Language (V erilog HDL) to control different applications in conference room model 

contains switches, sensors, door, curtain Heating Ventilation Air Conditioning 

(HV AC) system and fire alarm 

The goal was achieved and we were controlling of different applications on 

model of conference room 
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Chapter 1 

INTRODUCTION 

1.1 General Idea 

1.2 Project Objectives 

1.3 Literature Review 

1.4 Project Scheduling 

1.5 Project Cost 

1.6 Road Map 
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CHAPTER ONE 

Introduction 

1.1 General Idea 

Complex Programmable Logic Device (CPLD) is One of the new techniques 

nowadays can use to controlling various system and application and this 

programmable device programmed by many different Hardware Description 

Language (HDL) such as Verilog HDL or VHDL. 

Our project aim to design and implement a model of conference room based on 

Complex Programmable Logic Device CPLD as a controller and programming it by 

using Verilog Hardware Description Language (Verilog HDL). 

The project implemented model for conference room , this model contains CPLD 

as controller, sensors and switches as input, doors, lighting, curtains, security system, 

Heating Ventilation and Air Conditioning (HV AC) system and microphones as 

output. 

1.2 Project Objectives 

• Study using CPLD technology as a controller. 

• Design and implementation a control board using CPLD and Verilog HDL to 

control a conference room (model). 

• Actual control of different application as operung doors, open Curtains, 

controll ofHV AC and fire alarm well be implemented (model). 
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1.3 Literature Review 

There are many projects found using CPLD and FPGA as controller. 

1.3.1 Control Traffic Light Using CPLD & HDL Technology 

This project implemented of a Traffic Light system. The system is built to 

control traffic lights at 4 way cross roads with pedestrian passage ways and warning 

signals for both vehicles and pedestrians. 

The project will be implemented with Complex Programmable Logic Device 

(CPLD) -Altera EPM 7064 SLC 44-10- using Verilog Hardware Description 
Language (Verilog HDL).[l] 

1.3.2 Embedded FPGA Security Devices in Remote Metering System 

Embedded FPGA Security Devices in Remote Metering System; this project uses 

ways for security by using some encryption algorithms such as DES (Data 

Encryption Stander), RSA (Rivest, Shamir, and Adleman), Hashing algorithms, also 

design procedures using FPGA/CPLD and related mobile agent security solutions 

and protocols.[2] 
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1.4 Project Scheduling 

The project activities here depend on each other, so the task durations and 

dependencies are the following:- 

Table (1.1): The tasks duration for first semester 

No. Activities (Tasks) Tasks name Duration(week) 

Collecting information and 
Tl Four week 1 

theoretical issues 

2 Project requirements analysis T2 Five week 

3 
Study the Verilog HDL and CPLD 

T3 Six week 
Technology. 

4 Design block diagram T4 Four week 

5 Project implementation. TS Six week 

6 Project testing T6 Seven week 

7 Project Documentation T7 Twenty week 

8 Final project Thirty two week 

m .. lrtlllZ 1rtltS Wta \flD weal WtllC1 'ftltl wm '\ftdlU Wfllkll Wfllk12 Weuekl? ekl4 Yeekl5 

Tl .......-,,/..,.,,.,....... .... :=:i 
T2 \ """78 

T3 bf!OD ~ 

T4 e .-,. 

T7 I I I I - ®p > 

Figure (1.1): Project activity &time plane (1) 
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Figure (1.2): Project activity &time plane (2) 

1.5 Project Cost 

The cost of designing and implementing the project can be divided into three parts: 

1.5.1 The Hardware Components 

The table below shows the components and their cost. 

Table (1.2): Hardware components and its cost 

No. Component Quantity Total Cost 

1 Resistors 60 4$ 

2 Capacitors 10 4$ 

3 LEDs 50 5$ 

4 CPLD and its socket 1 40$ 

5 Switches 15 10$ 

6 Wires. cables and plugs Set 10$ 

7 Complete Model 1 50$ 

8 DC motor 2 40$ 

9 Relay 2 5$ 

10 Three sensors (photo ,fire , LM35) 3 45$ 

Total 210$ 
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1.5.2 Software programs 

Table (1.3): Software Components and its cost 

No. Software Program Cost 

1 Veriloger HDL programmer $300 

2 Quartus II programmer $500 

3 Windows XP version $500 

4 Orcad Family Release 9.2 $400 

5 SmartDraw 6 $300 

Total $2000 

1.5.3 Human cost 

The team of the project consists of two students, work in 30 week, 4 hour a 

day and the work's hour costs I 0$. So, the human cost equal ( 4 * 30 2 ,;, 5 10 = 
$12000). 

1.5.4 Total cost 

The total cost contains the hardware equipments and software programs, the 

total cost reach about approximately ($14200). 

1.6 Road Map 

Report consists of seven chapters; the following is a brief description of the 

topics that are covered in each chapter. 

Chapter 2: Theoretical Background 

This chapter talks in more details about the basic project theoretical 

background. 
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Chapter 3: Conceptual Design 

This chapter details the design concepts, introduces project objectives, shows 

the general block diagram of the system and explains how system works. 

Chapter 4: Hardware System Design 

This chapter presents a formal procedure for designing, discusses design 

options and justifies those that will be used in this project. 

Chapter 5: Software System Design 

This chapter handles the software related to the intended system, depicts 

flowcharts about system operations. 

Chapter Six: System Implementation and Testing 

This chapter includes the implementation phase with the testing of this phase. 

General hardware and software component tested are shown in this chapter. 

Chapter Seven: Conclusion and Future Work 

This chapter provides the conclusions that will be concluded after working 

the system, and suggestion for future work. 
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Chapter 2 

THEORETICAL 

BACKGROUND 

2.1 Introduction 
2.2 Theoretical Background of the project 

2.3 Hardware and software Components. 
2.4 Project Integrity 
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The design of combinational circuits with PLA and PAL are presented in the next 

two sections. [3] 

2.2.2 Sequential programmable devices 

Digital systems are designed using flip-flops and gates. Since the combinational 

PLD consists of only gates, it is necessary to include external flip-flops when they 

are used in the design. Sequential programmable devices include both gates and 

flip-flops. In this way, the device can be programmed to perform a variety of 

sequential-circuit functions. There are several types of sequential programmable 

devices available commercially and each device has vendor-specific variant within 

each type. The internal logic of these devices is too complex to be shown here. 
Therefore, we will describe three major types without going into their detailed 

construction: 
1. Sequential (or simple) programmable logic device (SPLD) 

2. Complex programmable logic device (CPLD) 

3. Field programmable gate array (FPGA) 

10 



CHAPTER TWO 

Theoretical Background 

2.1 Introduction 

This chapter focuses on theoretical subjects related to the main idea of the 

project, and information about the components used in the project. 

2.2 Theoretical Background of the project 

2.2.1 Combinational PLDs. 

The PROM is combinational programmable logic device (PLD). A 

combinational PLD is an integrated circuit with programmable gates divided into 
an AND array and an OR array to provide an AND-OR sum of product 

implementation. There are three major types of combinational PLDs and they differ 

in the placement of the programmable connections in the AND-OR array. Figure 
2.2 shows the configuration of the three PLDs. The programmable read-only 
memory (PROM) has a fixed AND array constructed as a decoder and 
programmable OR array. The programmable OR gates implement the Boolean 

functions in sum of minterms. The programmable array logic (PAL) has a 
programmable AND array and a fixed OR array. The AND gates are programmed 
to provide the product terms for the Boolean functions, which are logically 

summed in each OR gate. The most flexible PLD is the programmable logic array 

(PLA), where both the AND and OR arrays can be programmed. The product terms 
in the AND array may be shared by any OR gate to provide the required sum of 

products implementation. The names PAL and PLA emerged from different 
vendors during the development of programmable logic devices. The 

implementation of combinational circuits with PROM was demonstrated before. 

9 
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Figure (2.1): Basic configurations of three PLDs 

2.2.3 SPLD 

The sequential PLD is sometimes referred to as a simple PLD to 

differentiate it from the complex PLD. SPLD includes flip-flops within the 

integrated circuit chip in addition to the AND-OR array. The result is a sequential 

circuit as shown in Figure 2.2. A PAL or PLA is modified by including a number 

of flip-flops connected to form a register. The circuit outputs can be taken from 

the OR gates or from the outputs of the flip-flops. Additional programmable 

connections are available to include the flip-flop outputs in the product terms 

formed with the AND array. The flip-flops may be of the Dor the JK type. 

Inputs 
AND - OR array 

. 
cPALorPLAi Out 

r-----1 Flip-flops -, 

puts 

Figure (2.2): SPLD [4] 
i. '. I 
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The first programmable device developed to support sequential circuit 

implementation is the field-programmable logic sequencer (FPLS). A typical 

FPLS is organized around a PLA with several outputs driving flip-flops. The flip­ 

flops are flexible in that they can be programmed to operate as either JK or D 

type. The FPLS did not succeed commercially because it has too many 

programmable connections. The configuration mostly used for SPLD is the 
combinational PAL together with D flip-flops. A PAL that includes flip-flops is 

referred to as a registered PAL to signify that the device contains flip-flops in 

addition to the AND-OR array. Each section of an SPLD is called a macro cell. A 

macro celi is a circuit that contains a sum-of-products combinational logic 

function and an optional flip-flop. 

2.2.4 PLA 

A Programmable Logic Array (PLA) as shown on figure 2.3 is a relatively 

small programmable logic devices (PLDs ); that contains two levels of logic, an 

AND-plane and an OR-plane, where both levels are programmable (note: 

although PLA structures are sometimes embedded into full-custom chips, we refer 

here only to those PLAs that are provided as separate integrated circuits and are 

user-programmable). 

12 
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Figure (2.3): PLA 

2.2.5 PAL 

A Programmable Array Logic (PAL) is a relatively small (PLDs) that has 

a programmable AND-plane followed by a fixed OR-plane.[5] 
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te -;i, 
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--,,. on - 
12 

F1 

I1 

12 

13 

14 

1 2 3 4 5 6 7 8 9 10 

Figure (2.4): PAL 
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2.2.6 EPROM Programmable switch for CPLD 

An EEPROM or EPROM transistor is used as a programmable switch for 

CPLDs by placing the transistor between two wires in a way that facilitates 

implementation of wired-AND functions. This is illustrated in Figure 2.5, which 

shows EPROM transistors as they might be connected in an AND-plane of a 

CPLD. An input to the AND-plane can drive a product wire to logic level O 
through an EPROM transistor, if that input is part of the corresponding product 

term. 

For inputs that are not involved for a product term, the appropriate 

EPROM transistors are programmed to be permanently turned off A diagram for 

an EEPROM based device would look similar. [6] 

input wire input ',Ntre 

product wire 

.4 
I 

l I 
EPROf•,•1 

A 
I 

/ 
=FRON 

Figure (2.5): EPROM Switch 
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2.3 Components 

There are two kinds of components hardware component and software 

component. 

2.3.1 Hardware Components 

In This section will mentions and explains the hardware that are used in this 

project. 

2.3.1.1 Complex Programmable Logic Devices (CPLD) 

CPLDs (Complex Programmable Logic Devices) are chips that can be 

programmed to realize a simple logic function, and in the case of modern CPLDs 

they can be configured for a wide variety of applications. These single devices are 

capable of replacing many discrete packages, and can even be used to create new 

designs that would have been extremely difficult to realize using discrete parts. 

Most complex programmable logic devices contain macrocells with a 

sum-of-product combinatorial logic function and an optional flip-flop. Depending 

on the CPLD, the combinatorial logic function supports from four to sixteen 

product terms with wide fan-in. Complex programmable logic devices also vary 

in terms of logic gates and shift registers 

Two views ofCPLD architecture as shown in Figure (2.6) 

1- A CPLD is basically a huge interconnect array between SPLDs 

2- A SPLD block is basically Programmable Array Logic (PAL) or 

Programmable Logic Arrays (PLA) and Macrocells. PAL and PLA are the 

predecessors of CPLD. 

15 
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Figure (2.6): CPLD architecture[7] 
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Figure (2.7) Basic Macrocell Logic 

Features of CPLD 

AL 
or 
FL 

A CPLD is greatly praised for its nonvolatile characteristics : 

• Reprogrammable - Change your design instantly for no cost as many 

times as you like, build reconfigurable systems, fix ASIC bugs, 
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upgrade system functions anytime from anywhere; Saves time, lowers 

cost, simplifies design. 

• Simple and easy to use - Designing with CPLDs is simple and easy, 

fits easily into existing design flow; Saves time, lowers cost, simplifies 

design. The physically small size of a CPLD is due to the high density 

of the gates inside which make up the function block inside the device 

• Low cost - Reprogram to fix system bugs, low unit cost, replace TTL 

and ASSPs to reduce board components and improve reliability; 

lowers design cost, lowers system cost, lowers maintenance cost. 

• Nonvolatile - Programming kept on power down, CPLD functions 

available instantly on system power up, almost impossible to steal 

stored design; Improves security, simplifies design. 

• Speed: CPLDs offer a single-chip solution with fast pin-to-pin delays, 

even for wide input functions. Use CPLDs for small designs, where 

"instant-on", fast and wide decoding, ultra-low idle power 

consumption, and design security are important ( e.g., in battery- 

operated equipment). 

• Security: In CPLD once programmed, the design can be locked and 

thus made secure. Since the configuration bit stream must be reloaded 

every time power is re-applied. 

• Power: The high static (idle) power consumption prohibits use of 

CPLD in battery-operated equipment. its low power consumption. You 

can remove the power but when you return it, the program will still be 

there.[8] 

Applications of CPLDs 

Because they offer high speeds and a range of capacities, CPLDs are 

useful for a very wide assortment of applications, from implementing random 

glue logic to prototyping small gate arrays. One of the most common uses in 

industry at this time, and a strong reason for the large growth of the CPLD 

17 
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market, is the conversion of designs that consist of multiple SPLDs into a smaller 

number of CPLDs. 

2.3.1.2 DC Motor 

A DC motor works by converting electric power into mechanical work. This is 

accomplished by forcing current through a coil and producing a magnetic field that 

spins the motor. The simplest DC motor is a single coil apparatus, used here to 

discuss the DC motor theory. 

A typical DC motor consists of two parts: 

1. An outside stationary stator having coils supplied with DC current to 

produce a rotating magnetic field. 
2. An inside rotor attached to the output shaft that is given a torque by the 

constant field and sequential changing of polarity of magnetic field.[9] 

Figure (2.8): DC Motor 

2.3.1.3 Fire Detector 

A fire alarm system is an active fire protection system that detects fire or 

the effects of fire, and as a result provides one or more of the following: notifies 

18 
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the occupants, notifies persons in the surrounding area, summons the fire service, 

and controls all the fire alarm components in a building. Fire alarm systems can 

include alarm initiating devices, alarm notification appliances, control units, fire 

safety control devices, annunciates, power supplies, and wiring.[10] 

Figure (2.9): Fire Detector 

2.3.1.4 Temperature Sensor 

Semiconductor temperature sensors are produced in the form of ICs. Their 

fundamental design results from the fact that semiconductor diodes have 

temperature-sensitive voltage vs. current characteristics. 

The use of IC temperature sensors is limited to applications where the 

temperature is within a=55° to 150°C range. The measurement range of IC 

temperature sensors may be small compared to that of thermocouples and RTDs, 

but they have several advantages: they are small, accurate, and inexpensive, and 

are easy to interface with other devices such as amplifiers, regulators, DSPs, and 

microcontrollers. 
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The LM35 series are precision integrated-circuit temperature sensors, whose 

output voltage is linearly proportional to the Celsius (Centigrade) temperature. The 

LM3 5 thus has an advantage over linear temperature sensors calibrated in° Kelvin, as 

the user is not required to subtract a large constant voltage from its output to obtain 

convenient Centigrade scaling. The LM35 does not require any external calibration 

or trimming to provide typical accuracies of ±14C at room temperature and ±3/4 °C 

over a full-55 to + l 50°C temperature range. Low cost is assured by trimming and 

calibration at the wafer level. The LM3 5' s low output impedance, linear output, and 

precise inherent calibration make interfacing to readout or control circuitry especially 

easy. It can be used with single power supplies, or with plus and minus supplies. As 

it draws only 60 µA from its supply, it has very low self-heating, less than 0.1 °C in 

still air. The LM35 is rated to operate over a -55° to +150°C temperature range, 

while the LM35C is rated for a -40° to +110°C range (-10° with improved 

accuracy). The LM35 series is available packaged in hermetic TO-46 transistor 

packages, while the LM35C, LM35CA, and LM35D are also available in the plastic 

TO-92 transistor package. The LM3 5D is also available in an 8-lead surface mount 

small outline package and a plastic TO-220 package.[11] 

Features LM35 

• Calibrated directly in° Celsius (Centigrade) 

• Linear+ 10.0 mV/°C scale factor 

• 0.5°C accuracy guarantee able (at +25°C) 

• Rated for full -55° to +150°C range 

• Suitable for remote applications 

• Low cost due to wafer-level trimming 

• Operates from 4 to 3 0 volts 

• Less than 60 µA current drain 
• Low self-heating, 0.08C in still air 
• Nonlinearity only ±14°C typical 
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• Low impedance output, 0.1 W for 1 mA load 

LM.S DUTFJT 
rN + 1l t mW? FtZ 

- - 
Figure (2.10): Temperature Sensor LM35 

2.3.1.5 Photo Resistor 

A photoresistor or Light Dependent Resistor or CdS Cell is a resistor whose 

resistance decreases with increasing incident lightest. It can also be referred to as a 

photoconductor. 

A photoresistor is made of a high resistance semiconductor. If light falling on 

the device is of high enough frequency, photons absorbed by the semiconductor give 

bound electrons enough energy to jump into the conduction band. The resulting free 

electron (and its hole partner) conduct electricity, thereby lowering resistance. [12] 

Figm·e (2.11): Photoresistor 
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2.3.1. 7 Switch 

A switch is a mechanical device used to connect and disconnect a circuit at 

will. Switches cover a wide range of types, from subminiature up to industrial plant 

switching megawatts of power on high voltage distribution lines. 

In applications where multiple switching options are required (e.g., a 

telephone service), mechanical switches have long been replaced by electronic 

switching devices which can be automated and intelligently controlled. 

The prototypical model is perhaps a mechanical device (for example a 

railroad switch) which can be disconnected from one course and connected to 

another. 

The switch is referred to as a "gate" when abstracted to mathematical form. In 

the philosophy of logic, operational arguments are represented as logic gates. The 

use of electronic gates to function as a system of logical gates is the fundamental 

basis for the computer-i.e. a computer is a system of electronic switches which 

function as logical gates. 

+ 5V 

SW1 

100 

Figure (2.12): Switch 
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2.3.2 Software component 

In this section we describe the software component that can be used in project 

2.3.2.1 Hardware Description Language (HDL) software 

HDL stands for Hardware Description Language used to describe digital 

systems in textual form, it is a programming language oriented to the structure and 

behavior of digital systems and is used to represent digital system in a form that can 

be read by humans and computers. There are two applications ofHDL processing: 

• Logic Simulation. 

• Logic Synthesis. 

2.3.2.1.1 Logic Simulation 

The representation of the structure and behavior of digital system using the 

computer, the simulator interrupts the HDL description and produce readable output 

(i.e. timing diagram). This process help the designers in predicting how digital 

systems will behave before it is fabricated. This process allows designer to detect 

errors in design without physically create it. 

The stimulus that tests the design is called Test Bench which is written in 

HDL to simulate a digital system: 

• Writing the HDL description. 

• Verifying the simulation using Test Bench. 

2.3.2.1.2 Logic Synthesis 

Driving a list of components and its interconnection (net list) from a module 

described in HDL, it is used to fabricate an integrated circuits (IC's) or printed circuit 
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board, same as conventional high level languages, the difference it produces a 

database with instruction to fabricate the physical piece of digital system. 

Ccorr ert ica l hnguge 
comp ilatin Object code 

Logical$the sis 

comp ilati 

Figure (2.13): Compilation 

There are two main standards HDL that are supported by IEEE (Institute of 

Electrical and Electronic Engineer): VHDL which was developed by Department of 

Defense and used for defense constructors but now are used commercially and in 

research universities, and Verilog HDL to discuss below.[13] 

2.3.2.2 Verilog HDL Programming 

It was introduced by Cadence Data System (late 1990), Verilog HDL is easier 

than VHDL and it is like C Programming language.[14] 

Verilog HDL description 

We will describe a circuit with AND and inverter gates shown in Figure 2.15 

module and_gate(A,B,y); 
input A,B; 

output y, 

//Defining input ports 
//Defining output port 
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wire x; 
not Gl(x,A); 

and G2(y,x, B); 

end module 

//Defining internal connection 

G1 

LL .% 
B - 1' 

Figure (2.14): Description of simple circuit with AND & inverter 

Identifiers or variables may begin with alphabetic or underscore characters, 

and may contain (0-9, $, _). 
Verilog has four logic values: - 0, 1, z or Z (high impedance), x or X (unknown). 

The general format for number is a Size, base, and value where: 

Size (optional) represents the number of bits in number, default is 32bit. 

Base (optional) represents the base of number, default base is integer 

Table 2.1 Numbers Format 

Binary B orb 0, l,X,x,Z,z 

Octal 0 or o 0- 7,X,x,Z,z 

Decimal Dor d 0-9 

Hexadecimal Horh 0-9,A-F,a-f,X,x,Z,z 

The keywords in Verilog are about 100 keywords that are used by Verilog 
HDL; each keyword must be in lowercase. Table 2.2 lists the keywords used in 

Verilog HDL language: 
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Table 2.2 Verilog HDL keywords (15] 

always endlnodule large reg 
and endpi:imitive macromodule release 
assign endspecify nand repeat tranif0 

attribute endtahle .negedge 
tranif1 

rnmos 
begin .endtask runos rprnoe tri 

buf event nor ,rtran trio 

bufif0 .:for not ·rtranif.0 trii 

utif1 force not if rtranif1 triand 

case forever n0if l scealared 
trior 

casex fork .or signed tr:ixeg 

case z function output swall 1.UlSignec 

ClllOS highz0 parameter specify 
vectorec 

deassign highz1 pmos 
wait 

spec:pararn wand 
default if posedge strength 
defpararn ifnone primitive strongO weak□
disable initial pull0 strong! weak! 

edge ·1nout .pulll supplyO 
while 

else input pulldown supplyl 
urire 

end. integer pullup table 
wor 

end.attribute join .task 
x nor 

r cos 
endcase me diur real time 

xor 

endfunction module realtime t"ran 

Operators 

Arithmetic Operators: +, -, *, /, % 

Bit-wise Operators: ~ (Inverting), & (ANDing), I (ORing), /\ (XOR) 
Logical Operators: ! (Is not true), && (m&&n mean are both true), 11, = =, ! = 

Relational Operators: >, <, >=, <= 

Logical shift Operators: << (shift left),>> (shift right) 
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• Gate-Level modeling: - using instantiation of primitive gates and user­ 

defined module. 

• Dataflow modeling:- Using continues assignment statements with 

keyword assign 

• Behavioral modeling :- Using procedural statements with the keyword 

always 

Gate-Level Modeling 

► Describes the circuit by specifying the gates & their interconnection. 

► Provide a textual description of a schematic diagram. 

► V erilog recognize 12 basic gates 

Boolean Expressions are specified in HDL with the keyword assign followed 

by the Boolean Expressions (BE). 

Verilog uses the following symbols for BE 

& for AND for OR 

~for NOT A for XOR 

The BE y= A.B +C' is described in Verilog HDL:­ 

assign y = (A&B) I ~C 

Dataflow modeling 

Gate-level modeling works well for small circuits: 

• Because number of gate is limited . 
• Well suited to designer with basic knowledge of digital logic design. 

In complex: design, # of gates is very large, and it is more effective to use higher modeling 

(dataflow). 
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Table 2.3 Verilog HDL operators 

Operator Type Symbol Operation Performed 
Adth.mctic + addition 

- subtraction 
» multiplication 
/ division 
8 modulus 

Logic - 
(bit-wise 

negation (compferncnt) 
&. AND 

o j OR 
reduction) ""' Exclusive-OR (XOR} 

Logical ! negation 
& S AND 

' ' OR 

Shift >> shift right 
<"<" shift left 

( , } concatenation 

Relational > greater than 
<E less than 

-- equality 
!= inequality 
>-=z greater than or equal 

<== Iess than or equal 

Other Operators: 

Table 2.4 Other Verilog HDL operators 

Operator Example Description 

?: X?y:z Ifx true select y if' x false select z 

{ } {m,n} Concatenate m to n 

HDL for combinational circuits 

A module is described in any one of the following modeling techniques: 
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Dataflow provides a powerful t · 1 · · way to implement a design (especially when # of 
gates very large). Verilog allows a circuit to be designed in terms of data flow between 

registers (rather than instantiation) 

A process of creating gate-level circuits from dataflow design, dataflow is a 

popular and sophisticated approach as a logic synthesis tools. Dataflow modeling uses a 

number of operators that act operands to produce the desired result. Verilog provides 23 

operators type . It is important to distinguish between arithmetic and logic operators ( + 
addition, while & is logic ADD). Dataflow modeling continuous assignment start 

with the keyword assign. Continuous assignment is a statement that assigns a value 

to a net (physical connection between circuit elements). A net defines a gate O/P 

declared by an output or wire statement. 

Behavioral Modeling 

Behavioral Modeling is the process of representing the digital circuits at a 

functional & algorithm level. Verilog allows us to describe design functionality in an 

algorithm manner (i.e. describe the behavior ... ). 

Design using behavioral modeling resembles C more than resembles digital 

circuit design. Behavioral Modeling mostly used for sequential. Behavioral Modeling 

Allows designer to evaluate the trade-offs of various architecture & algorithms, then 

choosing the optimum to implement hardware. Verilog is rich in behavioral 

constructs that provide the design with a great amount of flexibility. Two structured 

procedure statements in Verilog: - always & initial, they are the most basic 

statements in behavioral modeling. All other behavioral statements appear only 

inside these statements. 

Behavioral, descriptions use the keyword always followed by a list of 

procedural (behavior) statements. An always statements constitute an always block. 
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The always statement always starts at time O and execute statement in the block 

continuously (looping). 

Target output; The target output of a procedural statement must be of reg data 

type (not a wire), reg data type remains unchanged until a new value is assigned by 

procedural assignment. wire data type may continuously updated with assignment 

statements. [16] 

2.4 Project integrity 

This system does not cause any problem either for the human or for the 

environment, it has humanistic helpful. 
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3.6 Project Interaction with the Surrounding Environment 
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CHAPTER THREE 

Project Conceptual Design 

3.1 Introduction 

This chapter shows the design concepts and the block diagram of the system. 

3.2 Project Objectives 

• Study using CPLD technology as a controller, so the design will using 

CPLD to control of the following applications: 

a- Lighting: the CPLD will control of open or close the lighting 

manually by input the value through switches to the CPLD or 

automatically by photo sensor send signal to CPLD, the CPLD will 

accept this value to do the right action. 

b- Door: the CPLD will control this application by input the value 
through switches to the CPLD then the CPLD will send signal to the 

DC motor to open or close the door. 
c- Curtains:at this application the CPLD will control it by input the value 

through switches to the CPLD then the CPLD will send signal to the 

DC motor to open or close the Curtains. 

d- Fire alarm : the CPLD will control of fire alarm when receive a signal 

from fire sensor then the CPLD will send a signal to open the door 

curtain and alarm on. 
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e- HV AC: to open air conditions or heater the temperature sensor will 

sense the temperature in the surrounding area and send the value of 

temperature to the CPLD to do the right action. 

• Design and implementation a control board using CPLD and Verilog 

HDL to control a conference room (model). 

using a model of conference room contains LED's instead of light , fire 

sensor for fire alarm , a DC motor to open or close a small door and 

curtains, and temperature sensor for HV AC. 

• Actual control of different application as opening doors, open Curtains, 

HV AC and fire alarm will be implemented (model). So after implantation 

,simulation and modeling the project, the user will be able to control of 
each application 

3.3 Design Options 

Depending on the requirements of the system there are various options for the 

design as the following: 

a) To control of the different application on conference room there are many 

technique can be use: 

1. CPLD. 

2. FPGA. 
3. Programmable interface controller (PIC). 

· : ill CPLD as controller and the reason of choosing this option 
This project wil use 

refers to: 

33 



• The CPLD can be reprogrammable by change the design instantly for 

no cost as many times as you like 

• Designing with CPLDs is simple and easy, fits easily into existing 

design flow; Saves time, lowers cost, simplifies design. The physically 

small size of a CPLD is due to the high density of the gates inside 

which make up the function block inside the device 

• Nonvolatile so can kept Programming on power down, CPLD 

functions available instantly on system power up. 

• The Security in CPLD, so once programmed in CPLD, the design can 

be locked and thus made secure. Since the configuration bitstream 

must be reloaded every time power is re-applied. 

• The Speed of the CPLDs offer a single-chip solution with fast pin-to­ 

pin delays, even for wide input functions. Use CPLDs for small 

designs, where "instant-on", fast and wide decoding, ultra-low idle 

power consumption. 

• The high static (idle) power consumption prohibits use of CPLD in 

battery-operated equipment. its low power consumption. so You can 

remove the power but when you return it, the program will still be 

there 

b) For using CPLD technology there are many options can be use: 

I. dealing with CPLD as IC . 

2. dealing with kit ofCPLD. 
This project will dealing with kit of CPLD and the reason of choosing this 

option refers to: 

• mush easier to dealing of pins 

• the pins of programmer is already connect 

• pins 1/0 is connected insanely 
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• has a clock 

c) The CPLD can programmable by many hardware language such as: 

1. Verilog HDL 

2. VHDL 

This project will use Verilog HDL as hardware language and the reason of 

choosing this option refers to: 

• Verilog HDL is easier than VHDL. 

• Its syntax similar to the C programming language. 

d) This design must be control the door opening operation by an order come 

from the CPLD through interfacing unit between CPLD and the door ; there 

are many techniques can be used to make this such that: 

1. DC motor 

2. AC motor 

This project will use DC motor for open the door and the reason of choosing 

this option refers to: 

• using DC motors is the wide availability of AC power 

• DC motors generally cost less than AC motors 
• DC motors work well in constant-speed applications, because its speed 

is determined by the :frequency of the DC voltage applied to the motor 

terminals. 
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3.4 Design Realization approach 

After studying the previous design options we have decided to make the 

project in several stages and to examine each stage separately to ensure readiness for 

work and then the project was put in a special case, easy-to-use box and applying the 

design realization approach by making the implementation, modeling and simulation. 

3.5 General Block Diagram 

As shown in the Figure 3.1, This system composed of seven units: 

CPLD 

~ L-S-e-cur_i_ty~ ~- system 

Figure (3.1): General Block Diagram 

. . . b : it that controlling of all system by takes the value • CPLD: this unit is a vasic uni 
from switches and appears the result on other units. 

• Input : this unit use switches to input value to the CPLD . . 
+ ha fire detector sense the smoke and send a digital • Fire alarm : These umts ave 

the door and switch on an alarm. signal to the CPLD to open 
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Fire 
detector 

CPLD 

l\\5]Door_] y] aoor ] 
[peoor"] ]'arao 
alarm 

Figure (3.2): Block Diagram of fire alarm 

• Doors: this unit have a DC motor interface between door and the CPLD by 

order from CPLD it controlling of open or close the door according to the 

value entering by switches and the state of photo sensor, but in emergency 

situation when a fire alarm is on the door will automatically open 

..__in_pu_t__.•--~L--C-P_L_D_:--~ m~~r 

Figure (3.3): Block Diagram of Door 

• Lighting: in this unit contains can controlling of LED's automatically 

according of photo sensor or manually by switches. 
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Photo \ 
sensor ' 

CPLD » ligths 
switches • , V 

Figure (3.4): Block Diagram of lighting 

• Curtains : this unit have a DC motor controlling of open or close the curtains 

according to the value entering by switches 

,..__in_p_u_t __:------~,___c_P_LD _ _:--~ ~;.. I ~,__cu_rt_a_i_n---1 

Figure (3.5): Block Diagram Curtains 

• HV AC's: in this unit there is temperature sensor to sense the temperature and 

send temperature to the CPLD , the then CPLD will compare it ,if more than 

25 C the air conditions automatically will open if less than 20 C the heater 

will open 

-1'.,_ 
ts HVAC temperature CPLD ) 

' 
,, 

detector 

Figure (3.6): Block Diagram of HVAC 

38 

C 



3.6 Project Interaction with the surrounding environment 

Human can interaction with this project by controlling of conference room 

through switches which send a value to the CPLD to appear the result on each 

component by doing the right action . There is also an external effects can interaction 

of this project by using the fire sensor to sense of fire and send signal to CPLD to 

open door and switch on an alarm and the temperature sensor which measure the 

surrounding temperature then send the value to the CPLD to do the right action 

according to the temperature. 
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Chapter 4 

DETAILED TECHNICAL 

PROJECT DESIGN 

4.1 Introduction 
4.2 Detailed Description of the Program Phases 

4.3 Subsystem Detailed Design 

4.4 overall system designs 

4.5 User System interface 
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CHAPTER FOUR 
Detailed Technical Project Design 

4.1 Introductions 

This chapter outlines formal procedure for design d th 11 · an ie overal system design 

4.2 Detailed Description of the Program Phases 

The system goes through three main phases: the input, the processing and the 

output. These phases are explained as the following: 

4.2.1 The Input Phase 

In this phase there are two different inputs can input the signal to the CPLD: 

a) On/Off Switch : users will controlling to open and close the door, curtains, 

microphones and lights by on/ off switches these switch will input value to the CPLD 

to process it . 

b) Sensors : for automatic control of security we used fire sensor to sense the 

smoke, the temperature sensor to sense the temperature and the photo sensor to sense 

the light on the door, these sensors input value to the CPLD to process it. 

4.2.2 The Processing Phase 

In this phase the CPLD take the value from input phase and process it according 

of program that written by Verilog HDL language. 
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4.2.3 The Output Phase 

This phase shows the result of processing phase, The output must achieve the 

following: 

• The door, curtains and lights open or close according of switches if on or off 

• In security system if there is a smoke the alarm will be turn on and the door 
will open 

• In HV AC's system when temperature is more than 25 C the air-condition will 

open and when the temperature is less than 20 C the heater will open. 

4,3 Subsystem Detailed Design 

This section contains detailed description of the subsystems. 

4.3.1 Power Supply 

The AC signal enters the power supply part, goes to the step down transformer 

to gain the required voltage then goes to the full-wave rectifier and the filter. After 

that the current enters the regulator . These steps provide us with the needed DC 

voltage for the relay as shown in the following Figure 4-2. 

Power Supply 

Step down 
Transformer 

Full-wave 
Rectifier 

Filter } pl Regulator 

(a) 
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TRANSFORMER 

DIODE BRIDGE 

V1 

regulator 

----,-----W1 VIN VOUT ~ 

co 
REG1117/SO 

I [7' ? 
-=-o -=-o 

(b) 

Figure (4.1): (a) Block Diagram of the Power Supply 
(b) Circuit Diagram for the Power Supply 

4.3.2 H- Bridge Circuit 

The circuit consists Four transistors connected with each other , collector connect 

to the V cc and emitter connect to the ground motor connect between the four 

transistor to tern left and tern right ,four resistor connect from the base to output pins 

in the CPLD this circuit use to open or close the door and curtain by tern on the motor 

on the left or right if only Q3 and Q2 feed a 5 volt from CPLD then the motor will 

tern on left to open the door or curtain otherwise if only Q4 and Q5 feed from CPLD 

the motor will tern on right to close the door or curtain 
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CC (5v) 

R4 

[ciD] h%,", % 
] paid[ A-} ' I rd V-{CLD] G)____... 

R3 I CPLD ~'v'V'- Ql , l 2N2219 

4 

[cPLD] 

I GND I 
Figure (4.2): H- Bridge Circuit 

4.3.3 Fire Detector 

fire detector 1-----1{ CPL D I 

Figure ( 4.3): Fire Detector 

Fire detector work if there is smoke then it will on and send a digital signal to 

the CPLD, otherwise it will be off and there is no signal. 

4.3.4 Temperature Sensor Circuit 

The circuit in Figure 4.4 consists: 

LM35: convert every 1° C to 10 mV. 
Amplifier: voltage gain to 24 passed. 
Comparator: to make comparison between 200mV and 250mV. 
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vcc (Sv) r vcc (12vj] 

I 
I R6A 

I 
I 

I I 

I 

~ R7A 

I I = 

U2 J 
vur 3 

U3A 

LM35 M358 

RIA 

vv·-- 

-t : 
I 

l 

~--t-----1J3 ;3 U4A 

I l u,r,13 

: wen 
y RSA 

-i 
Figure (4.4): Temperature Sensor Circuit 

This circuit use to sense the temperature if less than 20° C or more than 25 C 
and because the LM3 5 convert every I °C to I 0mv and we want voltage more than 

that we put amplifier to enlarging volts to 24 passed by the equation: 

Var V%(1+Rs/RD) 

U5A 

So the different between Rs and Rr must be 23 for that: 

200mv24 = 5 volt 
250mv24 = 6 volt 

Then we but comparator to make comparison between the voltage that com 

from amplifier and 12 volt in the first comparator if it is more than 6volt then will out 

5 volt from the first comparator if less than 5volt then out Svolt from the second 

comparator. 
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4,3.5 Light Sensor Circuit 

The circuit in Figure ( 4.5) consists: 

• Light Dependant Resistors (LDR): LDR are devices that change their 
resistance when light fall on them. When th '> liaht. < ·ill h · ereis no ligl , it wil ave very 

high resistance. As the light intensity increases, its resistance decreases. 

these are the typical results for a standard LDR: 

o Darkness: maximum resistance, about lMn. 

o Very bright light: minimum resistance, about 1000. 

o Resistor (R): must be less than 1M2 and more than 1002. 

• Schmitt trigger(7414): is a device that produce a rectangular wave 

This circuit work if there is barrier in the door when its close if there is so the 

resistance of LDR must be more than the resistance of resistor and because it connect 

with V cc the current will go through it and the Schmitt trigger convert sine wave into 

crisp square-shaped signal to input this signal to the CPLD ,otherwise the resistance 

of resistor is more and because it connect with ground there is no signal will appear 

1 
y 1 
ldr 

l 
vcc 

7414 

Figure (4.5): Light Sensor Circuit 

4.3.7 Light-Emitting Diode 

LEDs emit light when an electric current passes through them. 
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Figure ( 4.6): LED Polarity and Symbol 

LEDs must be connected the correct way round a or + for anode and k or - for 
cathode as shown in Figure 4.6. The cathode is the short lead and there may be a 
slight flat on the body of round LEDs. If you can see inside the LED the cathode is 

the larger electrode. 

4.3.8 ON-OFF Switch 

a simple on-off switch. This type can be used to switch the power supply to a 

circuit. When used with mains electricity this type of switch must be in the live wire. 

Figure ( 4. 7): On- Off Switch 

4.3.9 CPLD Controller 

. b d f CPLD because its better than usein single ship of 
In our project we use aboar O 

% this ·Fect is a multi- CPLD design board. CPLD. The board that used in this proje 
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Figure (4.8): CPLD Controller 

This Controller consists of three main chips: 

• Max 7000S 44 

• Max 3000A 44 

• Max 7000S 84 

Other parts are as followed: 

>Clocks 

There are three (3) half socket clocks on the board. Each CPLD socket has its 

own dedicated clock as shown below: 

>Programming 

o Programming the Max7000S™ 44 Pin Device 

To program the Max7000ST% 44 pin socket, move the two supplied programming 

jumpers to the positions as shown below: 
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Figure ( 4.9): Max7000SFM 44 Pin D : P : evice 'rogrammng 

o Programming the Max3000A ™ 44 Pin Device 

To program the Max3000A™ 44 pin socket move the tw 1· d · , o supplie programming 

jumpers to the positions as shown below: 

Figure (4.10): Max3000S™ 44 Pin Device Programming 

o Programming the Max7000S™ 84 Pin Device 

To program the Max7000STM 84 pin socket, move the two supplied programming 

jumpers to the positions as shown below: 
, _....... ~ 
~~· ~ 'liS;t~ lae"' 

. ~· ;:, \.. P'alesti1te l'olyt~ch■ic Univarslty 
(PPu} 

eT7- The Library Ail 
Acc 23. .. 1.9.9. J-.1-,:ti~)• 

\.CW,'S·S. ····•••·•·•···••••••·••••••·••· ...•.•. '~I~~ .J 

"- 

Figure (4.11): Max7000S™ 84 Pin Device Programming 
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Figure (4.12): MAX3000A "44A" 44 PIN DEVICE Pin Map 

For further information retum to Appendix A. 
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4.4 Overall system design 

The system design is shown in the followino fomre· ::, ::, . 
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Figure (4.13): Overall system design 
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4.5 User System Interface 

user Interface for this system will be a group of switches and declaration 

lights connected to the controller, such that the user can give the desired input 

recording to the values shown and desired action for any task performed in conference 

room. 
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Chapter 5 

SOFTWARE 

5.1 Introduction 

5 .2 Software needed for the Project. 

5 .3 Algorithm, Flowchart. 
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CHAPTER FIVE 

SOFTWARE 

5.1 Introduction 

In this chapter, we are going to describe the software system de · h" h . 1 d Sign w'ucl includes an 

explaining of the programming environment, programming tools, and to describe 

some of the using methods and algorithm design as followed. And it contains the 

flowchart for all processes in this project from first step to the final step. 

The overall software is programming in Verilogger HDL programming language 

because it is easier and its syntax similar to the C programming language. 

5.2 Software needed for the project 

After analyzing all software requirements, the following software functions and 

modules are needed: 

5.2.1 Win ME/NT/2O00/XP Compatible Software 

f · d ws in order to load the software This system needs one of these types o wm 0 
. l di and transferring the programs to the 

packages needed for programming, down oa mg 

CPLD chip. 

5.2.2 Orcad Family Release 9.2 

:% ·jt of the project and to draw also the 
d w the circm s J We used this software package to ra 

printed boards which we used in the hardware. 

5.2.3 SmartDraw 6 

the flowchart of the project. 
We used this software package to draw 
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;2.4 Verilogger Pro 

We need this software package to write the whole . . · HDL program so as to make it 
ready and tested by simulating it at the same k · package and check the timing diagrams 
to prepare it for the other software package whi h d 1. . c e Ivers It to the CPLD chip. 

The steps of writing the program, simulating it and checking ti:·· di g 1ming htagrams are 
shown in appendix B. 

5.2.5 ALTERA QUARTUS TI 

We need this software package to transfer the HDL program that we have already 

written and tested by the Verilogger Pro program which delivers it to the CPLD chip. 

5.3 Algorithms and Flow Charts 

In this section we will explain the algorithms and methods that will be needed to design 

our project. And show the flow chart if it needed. 

5.3.1 Algorithms 

There are many modeling technique can be use to describe a module: 

• Gate-Level modeling: using instantiation of primitive gates and user­ 

defined module. 
• Dataflow modeling: sing continues assignment statements with keyword 

assign 
• Behavioral modeling: Using procedural statements with the keyword 

always 
. d cribe a module which Behavioral 

behavioral modeling : is the best modeling can es 

Modeling mostly used for sequential circuit (CPLD) 

• 

55 
C 



Target output: The target output of a pr ed rocedural statement mu b 
reg data type remains unchanged until . 

st 
e of reg data type, 

a new value is assigned by 3d al 
'ment so the output must d fi Y proce ura ass\g1 letine as reg. 

always keyword : Behavioral, descriptions use th k . e eyword always followed by a 
ist of procedural (behavior) statements, An ah : · ways statements constitute an always 
block. The always statement always starts at tim 0 d e an execute statement in the block 
continuously (looping). 

Inside always block there are many operations executed: 

• read the value from switches to execute the operation according of the 

value: 

o If sw0=l and swl=0 then check if the door not open (rl=0) if not open 

the door must open(p= 4'b0011) if it was opened (rl=l) then the door 

stop moving (p= 4'b0000) . 

o If sw0=0 and swl=l then check if door not close (r2=0) if not then 

check the state of photodiode (phd) if phd=0 then close the door (p= 

4'bl 100)Ifphd=l then the door stop move(p= 4'b0000). If the door was 

closed (r2=1) then stop moving door (p= 4'b0000). 

o If sw2=1 and sw3=0 then check if the curtain not open (r3=0) if not the 
door must open(n= 4'b0011) if it was opened (r3=1) then curtain stop 

moving (n= 4'b0000) 
o If sw2=0 and sw3=1 then check if curtain not close (r4=0) if not close 

then close the curtain (n= 4'b61100) If the curtain was closed (r4=1) 

then the curtain stop move (n= 4b0000). 

0 
If sw4=0 then the lights will open and close according of phd if phd = 
o then the low light will be open (L 1 = 1) else if phd= 1 high lights will 

open (L2=1, Ll=l) 

h 1
. ht: ill open and close manually according of there 

o If sw4=I then ligt ts wi 

switches. 
if this value equal 1 (fs=l) then the door and • read the value from fire sensor 

the curtain must open(p= 4'b0011, n= 4'b0011) and the alarm must tern on 

(alarm=l) . 

Ill 
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• read the value from temperature sensor if this value less than 20 then open 

the heat (heat= 1) else if this value more than 25 then the air-conditions must 
on (cool =l) 

5.3.2 Flow chart 

. t· n talks about the flowchart of the system phases this sect1o 

Start 

V 

synchroniz 
e 
clk > 

,-no- 

p- yes 

' 
check door 

.J 

check curtain · 

checl< ligths 

check fire 
alarm 

Y 

check 
tempreture -- 

End 

I flow chart :. 5(5.1): genera Figuret ·. '· 
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5tart 

synchronize 
elk 

input from 
switch 

sw0=0 and 
sw1=I 

yes 

' 

yes 
_! -- 

open door 

no 
V 

swO=O 
' and swl=O no 

rl=O no yes 

' 
stop door 

stop open door 

swO=l and 
sw1=0 

yes 
T 

r2=0 

yes 
y 

photo 
phd=0 

no 

no stop close door 

no 

yes 

' 
sw1=1 and 

swD=l 

close door 
yes 

' 
r1=1 and 
r2=0 no 

yes 

' 
close door 

T 

r1=0 and 
r2=1 

yes 

open door 

Figure (5.2): flow chart to open or close door 
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start 

synchronize 
elk 

input from 
switch 

sw2=1 and 
sw3= 0 

yes 

' 
r3=0 

yes 
y 

open curtain 

no 

no 
Y 

$w0=O 
and swl.:O no 

stop curtain 

stop curtain 
door 

swO= 0 
and swt=1 no 

yes y 

r4=0 no► stop close 
curtain 

A 

yes 
Y 

close curtain 

' 
swl.=1 and 

swO=l 

yes 

' 
r3=1 and 

r4=0 -no- 

yes 

' 
close curtain 

r3=0 and 
r4,=l 

yes 

open door 

Figure (5.3): flow chart to open or close curtain 
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start 

J 
synchronize 

clk 

I » 
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I 'input from ' 

I 
ts 

v 

\ ts=OO no 

I '!' I yes 

I L=l 
cool=O ts=01 

\ 

heat=O 

yes 

I 'I/ 

1· 
cool=l 

I heat=O 

I 
I 

no 

7 

ts=10 

yes 
T 

cool=O 
heat=l 

Figure (5.4): flow chart for check the temperature 
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Figure (5.5): fl0 

60 

◄



start 

P 
synchronize 

elk 

►

' input from 
ts 

ts=OO no 

yes 
y 

L=i 
cool=O 
heat= O 

ts=O1 

yes 
y 

cool=l 
heat=O 

no 

I 
T 

ts=10 

yes 

' cool=O 
heat= f 

Figure (5.4): flow chart for check the temperature 
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start 

synchronize 
elk 

Input Iron, r.w 

T 

sw=O 

sww=OO 

phd=0 

'It' ' L1=0 
L2=0 

Sww=O1 

L1=1 
L2=0 

phd=1 

' 
L1=1 
L2=1 

L1=j 
L.2=0 

SWw=10 

Ll=O sww=ll 
L2=1 

Figure (5.6): flow chart for check lights 

For the flow charts there are symbols that are used: 

Table (5.1): symbol table 

LI=1 
I L2=1 

Number symbol Meaning 

I swO Switch to open door 

2 swl Switch to close door 

3 sw2 Switch to open curtain 

4 sw3 Switch to close curtain 

5 rl Reg set to I when door open 

6 r2 Reg set to 1 when door close 

7 r3 Reg set to 1 when curtain open 

8 r4 Reg set to 1 when curtain close 

9 phd 
Photo sensor set to 1 when there is barrier 

10 fs 
Fire sensor set to 1 when there a smoke 

11 ts Temperature sensor 

12 L Led set to I when its on 

13 SWW 
Two switches to open or close Leds 

14 p 
For open door p=3hex, for close door p=c 
hex ,for stop door p=O 

15 n 
For open curtain n=3hex, for close curtain 
n=c hex ,for stop n=U 

Ill 
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Chapter 6 

SYSTEM IMPLEMENTATION 

AND TESTING 

.A 

6.1 Introduction 

6.2 Implementation 

6.3 Testing 
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CHAPTER SIX 
Implementation and Testing 

6.1 Introduction 

This chapter shows the implementation and testing c-. • • processes for our application, and 
demonstrates the methods and procedures d c-. use for testing and examining the 
application operation and behavior. 

The implementation and testing was done by using the following tools and 

components: 

• Connectors with different colors. 

• All the components that are depicted in the design chapter (see chapter 4). 

• A wire grabber and a wire cutter. 

• Soldering Iron. 

• A digital Millimeter, Power Supply, and Oscilloscope for testing. 

This system has more than one issue to be tested. Some testing parts reflect software 

and hardware. 

6.2 Implementation 

Th 
· l t · · done synchronized with the testing operation, because 

e implementation process 1s 
each implementation phase will take many tests to ensure that there are no errors. 

6.3 testing 

. f h subsystem separately. 
In this section we will demonstrate the testing O eac 
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-------- 
T Sting Software by Simulation Program 6,3.l e 

writing the project program using Verilog pro Programming Package we made After 
ilation and simulation to check that the program is working well and make sure comp! 

the timing diagrams as shown in Figures 6.1 to 6.5 below: to see 

[Iva] [wLo 
:)II , .• 

ns 

4 'lflOl 10 2 p- i1" 
ns 

5 

al=it 

cool 

hEat 

'? f0 L ,= =y 

3 0] 

phd 

phdl 

fs 

ls[1:0) 0 

SW!V[1:0] 

0 V C 0 C 

. . n or close door and curtain Figure (6.1): Timmg Diagram for ope 

ur:[juul [RI AL [INVal] [H]]LO 
uw -<= =- , .. _, ---- . 

sons 100ns 

11 I 

12 
1 

------ ------ 
--------- 

cool 

0 , C 

fs 

ts[t.0] 

s'fffljl:01 • barrier on door 
hen there 1s • :. Diagram W Figure (6.2): Timing 

(] 
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cc tJ A.. 
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s[d 
5 

_______________ __J 

heat , 

43] 0 3 0 X C 

phd1 

fs 

ls[1:0] 0 

s(1.O] 

Figure ( 6.3): security system 

Pt"7p"""] ,]] [HIGH] .] TRI \VAL [INVa] /HI]WL ..r ...,,_ -c: ::)ta ........ 

100ns, [1Ens ns 

4 
I 
II 

12 

alarm 

rel 

neat 1 

p[3:0] : 0 X 3 0 

2 'b01100 2 

phd1 

fs 

ts[1:0] ·---- ----~-~-- 0 

Figure (6.4): for HV AC 
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'b10100 bHXJ10 

heat 

p[3:C] ' 

r(EE}]' 

0 

phdl 

fs 

ts[1:0] 0 

sw('.] 0 

Figure (6.5): for light 

6.3.2 Testing CPLD 

3 

We tested the ability to download a program on an educational board which we 

especially made to test the CPLD chip EPM 3032 SLC 44-10 shown in Figure 6.6 this 

was done to test the CPLD unit by test the output signal. 

Figure (6.6): CPLD Testing Units 
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3 Testing LDR circuit 

6.3. 

1 ~ r build LDR circuit we test the signal out fr . . 
AttI tom circuit by using digital millimeter. 

Figure (6.7): LDR circuit 

6.3.4 Testing temperature sensor circuit 

After build temperature sensor circuit as shown in figure 6.8 we test the signal out 

from circuit by using digital millimeter 

Figure (6.8): temperature sensor circuit 

6.3.5 Testing H-Bridge circuit left 
h t r when turn right or turn e . 

In figure 6.9 shown H-Bridge circuit we test t e mo 0 
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Figure (6.9): H-Bridge circuit 

6,3.6 Model implementation 
Model of conference room implemented to be easy to use and clear as shown in 

figure 6.9. 

Figure(6.10): conference room model 
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Chapter 7 

CONCLUSIONS AND FUTURE 

WORK 

,I 

7 .1 Introduction 

7.2 Conclusions 

7.3 Problems 
7.4 Suggestions and Future Provision 
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Chapter Seven 

Conclusion and Future Work 

7.1 Introduction 

This chapter represents the conclusions extracted d · d · · uring lesigning and 

implementing and illustrates the system implementation achievements and output. 

7.2 Conclusions 

After the team has finished the design and implementation of the project and 

integrated overall system. The team concludes that : 

• There is an ability to control different application on conference room by 

using a new technology called CPLD and Verilog HDL language. 

• using CPLD technology for control is more efficient because its low power 

consumption it has high speed with fast pin-to-pin delays its nonvolatile and • 
the program is stile save until if the power off . 

7.3 Problems 

Here are some problems faced the project team during the system 

implementation: 

7.3.1 Hardware Problems 

. h · ct is whether the model which 
·One of the problems that we faced during the proje 

. d lastic to be clearly shown and easy-to- 
containing phases of the project woo or p! , e settled on the wooden model with 
use and for maintenance when needed, so w 

glass for its light weight and easy to deal with · 
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Another problem we faced is to find the b d • . oar of CPLD in our co try b . . 
not available in our shops, first want to h b _ un ecause it is 

· ave voard with EMP7128S$LC84 
but we not found it we replaced by b d · 1-7 CPLD 

oarc with EMP3032ALC44-10 and it 
performed the task. 

There were other problems in t f erms o electrical connections where errors 
discovered and develop appropriate solution in a ti >] 1me y manner. 

After a lot of work the trouble was overcame d 11 h an a t e problems have been 
settled down, the final project worked in an excellent d manner an was tested 

successfully. 

7.3.2 Software Problems 

The main problem we faced that the software was new for us so it took us a lot of 

time to study this software and making the program several time, improving it until 

we settled on the final program which we used. As mentioned earlier we had to use 

several packages to program the chip we faced a lot of troubles when we dealt with 

these programs, but we passed these problem successfully. 

7.4 Suggestions and Future Provision 

After the completion of this project and the successful work we have seen that 

there is a possibility to develop and modify it in several ways to be a proposal for 

other projects that possible to implement using the same technology, including: 

1 U 
. . . - h CPLD to avoid any problems that might 

Using wireless to connect application wit 

happen from wire. 

2 
like controlling audio or video. 

-Control of more application in conference room • 
. • · e time power and cost 

3- Using CPLD technique in industry filed since it is save • ,, 
. real conference room on city. 

4- Installation this project and benefit from it at a 
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ANO IVIAX3000A PLC DEVICES 

(+ other pin compatible industry standard CPLDs/SPLDs) 



:.CPLD" Logic Design Environment Multi 
Standard Package Contents: 

., 1 

Full Datasheet 

(1) Mu1ti-CPLD™ Design Board 1. 

(3) 25.175 MHz Clocks 2 . ( Installed) 

(1) EPM3032ALC44-10 (Installed) 3 . 
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:.CPLD" Logic Design Environment jMult+ Full Datasheet 

1 standard Package Contents: 
,, 

(1) Mu1ti-CPLD™ Design Board 1. 

(3) 25.175 MHz Clocks 2 . (Installed) 

(1) EPM3032ALC44-10 (Installed) 3 . 
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Glti-CCPLD" Logic DJesign Enviro ,., nment Full DJatasheet 

Q Disclaimer: 

Maximum Digital. Designs, LLC reserves the right t k 
modifications, enhancements, improvement 

O
ma e corrections, 

P
roducts and services at any time and t sd, _and o~her changes to its · . .0 ascontinue a 

service without notice. Customers should,obtain th ny product or 
information before placing orders and sho ld . e latest relevant • u verify that h 
information is current and complete. sue 

Maximum Digital. Designs, LLC provides the inf t . f . orma ion and data · l d d 
in this document or your benefit. However it . . inc u e if as not possible to 
entirely ver y and test all the information · 11 • 1 · f · ' in a circumstances 
particularly information relating to products manufc ct ad b' . . . ac ure ·y those 
other than Maximum Digital Designs LLC Maximum D: 't..2 . · • agica. Designs, LLC 
makes neither warranty nor representation relating to th 1. . . e qua ity, 
content, or adequacy of this information. Although every effort has 
been made to ensure the accuracy of this manual, Maximum Digital 
Designs, LLC shall not be liable for any errors, incidental or 
consequential damages in connection with the furnishing, performance, 
or use of Maximum Digital Designs, LLC products. Maximum Digital 
Designs, LLC assumes no responsibility for damage or loss resulting 
from the use of this manual, for loss or claims by third parties, which 
may arise through the use of the Mul.ti-CPLD™, or for any damage or loss 

caused by malfunction. 

Customers assume all responsibility in using the Multi-CPLD. Maximum 
Digital. Designs, LLC provides a thirty (30) day money back satisfaction 
guarantee less shipping if product is in resellable condition (to be 
determined by Maximum Digital. Designs, LLC). All Maximum Digital. 
Designs, LLC products carry a ninety day (90) parts and labor warranty 
on defective parts and assembly (excluding logic devices). Maximum 
Digital. Designs, LLC is not responsible for damaged products that are 
the result of improper handling, installation, or operation. The 
customer must handle, install, and operate the device within the 
guidelines outlined within the operating manual. 

' 

3 Intended Use: 
1 applications and is not 

This product is intended for non-commercia PARTIES USING THIS PRODUCT 
INTENDED FOR COMMERCIAL APPLICATIONS. ', AESPONSIBILITES. THIS 
FOR NON-EDUCATIONAL APPLICATIONS ASSUME AL TH NO VIABLE COMMERCIAL 
PRODUCT IS INTENTED FOR EDUCATIONAL USE ONLY WI 

USE. 
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PLC™ Logic Design Environment Multi-CI 5 Full DJatasheet 

4 clocks 

4 Size Socket 
4.1 three (3) half socket clocks on the board. Each CPLD socket h re are 
T e its own dedicated clock as shown below: has 

44A Device 
CLK 

44S Device 
CLK 

84S Device 
CLK 
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multi-CCPLDJ" Logic DJesign Environment 
Full DJatasheet 

b. 

Typical Clock Pinout: 

1. No Connect (NC) 
2. NC 
3. NC 
4. GND 
5. Clock 
6. NC 
7. NC 
8. vcc 

Figure 2- Typical Clock Pinout 

4.2 Included Clocks 
The Multi-CPLD' includes (3) ½ size clocks at 25.175MHz. These clocks 
are ideal for generating all types of combinatorial logic, especially 
video signals. 

, 
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pLLD" Logic DJesign Environment ark© Full DJatasheee 

5 Grounds 
Ground Planes 

5.l f,!ulti-CPLfJ™ features full ground plane copper floods 
The two layer PCB. The copper floods provide l on both side 
f the . l F th c ose reference 1 o d' cent signa s. ur er, as the signals ar :l Panes 
f r a Ja . d . . e c..0sely coupled t o nee plane' they provie Jitter free timing edge e o a ref ere s. 

5.2 Available Grounds 
ignal pins have adjacent All S1 . 
Obe hook-up for various for pr 

and logic state analyzers. 

rows of ground pins. These are provided 
signal devices including oscilloscopes 

5.2.1 Markings 
Ground signal columns are marked with a 'G' header (circled, red 
dashes; see figure below). In addition, the four stand-offs and 
the DB-25 mounting holes are also all tied to the ground plane. 

d Features 
Figure 3 - Groun 
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Cpl-Om Logic Design Environment ult Full DOatasis eet 

6 
owe± 
e ard requirements s.1 J9 
Jti-CPLiJM can accept any standard DC 

%e Mu> 500nA wall t J 1·es at least m per socket that . ransformer th upP l d d is used F at ±aly recommente to power all three k · 'urther, 15001A s",aed input voltage should be bet soc ets simultaneously m is 
ecomtit ;h ld ween 7V and 15 . 

ximum). Power s ou be supplied through th bl V (20V absolute 
rna ked "Power Input" ( 'A' in the Figure 4 bel el ue terminal block 
pa! .ow , 

; .2 Rectification 
e Multi-CPLD" power input is fully rectified f 
1 l · t d b or convenien Therefore, po..ari .y nee not e observed ( 'B' . . ce. in the Figure 4 below). 

6.3 Take Off Power 
Headers supply power taken from the three voltage regulators. The 
headers are labeled VCC44' ( supplying 5V taken from the 44S device 
oltage regulator), '3v3' (supplying 3.3V from the 44A device voltage 
regulator) and 'VCC84' (supplying 5V taken from the 84S device voltage 
regulator). The headers are labeled 'C', 'D' and 'E', respectively, in 
the Figure 4 below. 

6.3.1 Limits 
Each of the three voltage regulators is capable of supplying a 
maximum of 500mA TOTAL. Therefore, careful considerations should be 
made before using the Multi-CPLD' as an external power source (i.e. 
powering a bread board). The user must calculate the current 
required by the devices in use plus the external need. This 
calculation cannot exceed 500mA per device. For more information on 
calculating CPLD current consumption, see the appropriate data sheet 
for the device used (for Altera devices, www.altera.com) . 

6.4 MultiVolt Selection 
The 84S device supports MultiVolt operation. Briefly, MultiVolt allows 
I/O pins to be driven at a different voltage level that the core 

1 
. M lt'Volt feature, please 

vo. tage. For complete information on the u 1 
refer to the Max7000S data sheet located at www.altera.com. 

Mi. . . nlished through the 
ltivolt I/0 pin voltage selection is accomp. ,ye the supplied jumper 

Hult1Vo1t header ( 'F' in the Figure 4 below) . Mo t voltage 
to either '5v' or '3v3' to select SV or .J.3V I/0 ~utpu . whi~h is 
Exte :ly t the middle pi, 

ernal voltage can be applied direct Y 0 

routed to VCCIO on the 84S device· 

page 9 of 2# 



™ Logic Design Environment .... pLO ultt> 
Full Datasheet 

. able current per Socket vails 
6,5 ( d thus voltage regulator) is capable of supplying SOOmA ket an t t · · 
pch so~ce This absolut~ curren_ ra ing m

1
ust

1 
i~clude device draw AND 

r devi · d For more information on ca cu..ating CPLD current 
~. off neel, the appropriate data sheet for the device used (fo, ta tion, se ) 

nsumP . www. al tera . com . co devices, 
Altera 

Power LED 
6.6 . ovided to indicate that a valid power source is LED is pr . l ) 
A power 'G' in the Figure 4 be ow . connected ( 

< <q r ~ =--~ll~U=. =j.~ .... a::ll~j :==========:,r_f ll: ..... ·_"':!l;. :J:1_•~_,t:=·/"'_f:.,_◄=----,r-,n 
,.,;,~ • ...:.. /. __ ·---~' ::t i: ·:: ::t ;~,. . t: ::t l1 ... _ 

II ····es ±+» $%353%, o (') o o o <) 0 ,~ ~ :t :·x: ! l:! ::t n 
O O 

o o 
i::: n l:t o o O O It r~: r. ,, tt :1 11 

tg3 $$«+%++» 
" •• . l1 1·1' i:: :, r: n t: 
t± # » 9 06 4gy rt 
LE% ·3$5222° ±»-5+% ·s·. MM1t It { 1 
:~·it .. ~;:... ····- ."I 

D 

o; (l 

4 Power Figure 

0 () 0 (} 

11 11 11 
::c u·n 
l1 11 l1 

oo oo.nnn 
(> 0 0 () 

o :) o ~ 0 C C O I;: : : 
000000 
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,ut-CPLD>" Logic Design Environment 
Full Datas eet 

7 
p:rogr aroming 

{ ByteBlasterMV 
1. Multi-CPLD' has a native ByteBlaste.:My 
',,aard DB-25 (male/female) para11ai',,,° board and ready t A s a h ca e ( str . h o use 

. terface wit most computers. As not d . aig t thru) is 3d to i mu s e in "Syst needed 
Multi-CPLD requires a computer with a) , em Requirements" the ray s : s n available ' Multi-CPLD" 1s incompatible with most l. Parallel port The para lel to USB converters. 

7.2 ByteBlasterMV Driver Installation 
Y 

u must install the ByteBlasterMV" download bl · o de 5{ cat .e driver bef 
S
e it to program levices with the Quartus" II f ore you can u . . 1 . so tware You m t h dministrator privi..eges to install the ByteBl t » ' us ave as .erMV download cable 

drivers. 

7 .2 .1 Driver Installation Sequence 

, Click on the Start menu, and click on Control Panel. 
• Click the Switch to Classic View link if necessary. 
, Double-click the Add Hardware icon to start the Add Hardware 

Wizard and click Next to continue. 
• Select Yes, I have already connected the hardware and click Next. 
• Select Add a new hardware device in the Installed hardware list, 

and click Next to continue. 
• Select Insta77 the hardware that I manually select from a list 

(Advanced) and click Next to continue. 
• Select sound, video and game contro77ers, and click Next to 

continue. 
• Select Have Disk .... 
• Browse to the win2000.inf file in the \drivers\win2000 directory 

of your Quartus" II software or MAX+PLUS II software installation 
and click OK. 

• Click Continue Anyway when the Software Installation warning 
appears. 

• Select Altera~ Bytes laster and click Next to continue· 
• Click Next to install the driver. . . 

d Installation warning 
• Click continue Anyway when the Har _r1are 

appears. w · d 
the Add/Remove Hardware izar 

• Click Finish in the Completing 
window. 

• Reboot the computer. · hardware programming 
• Complete your installation by setting up 

• r. 

page 11 of 2+ 



CPLO™ Logic Design Env·,ron · nient Multi Full DJatashee 

3 setting Up Programming Hardware in Q 
7, . f • th uartusTM II lier versions o: ei er Quartus" Softwar 
rot f"j,%aitera.com/sur 3ort/softwa±&,'f Max Pius 11, see: 5° 
ty: rivers/dr'·Q ' 

ht ·, start the Quartus™ II software. i- uartus.html 
, choose Programmer from the Tools menu. The p 

will open. 'rogrammer window 
% Click the Hardware Setup ... button t 

o open the H window. ardware Setup 
, The selected programming hardware is . 

d H d identified as Cu selecte ar ware. rrently 

• Programming hardware that is already set up appears in the 
Available hardware items window. 

• Click the Add Ha. rdware button to open the Add 
h Hardware window if the programming iardware you would like to 

bl h use is not listed ln the Availa e ardware items window. 
o Select the appropriate programming cable or programmin 

hardware from the Hardware Type list. g 
, select the appropriate port and baud rate if necessary. 
• Click OK. 

Select the programming hardware you would like to use by 
choosing it in the Available hardware items list. 
click close. 

, Your programming hardware has been set up. , 
7. 4 Discrete Device Programming 
To program the Multi-CPL!J™, the appropriate jumpers must be moved on 
the Programming header (circled in Figure 5 below). 

t If It 
i' r. !ll!!l I 

+"-4, 
·~ - ,/ · Header 

rtr. :1 U :t :t l.t ll 

2 pt H 
:, :t•=· 
t Lt 
:.t l("J.1. 
t::t-1: 
t rt rt 
yt t rt 

5 - Prog.,ramming Figure 
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1
_,..'"'L-O™ Logic Design Ervh ..,,- 1ronn, ent 

7. 4 .1 programming the Max7000S™ 44 

P
rogram the Max7000S™ 44 pin TO . . socket 

Ogramm1.ng Jumpers to the posit. ' pr ·aons as 

l=un Data h sI ieet 

Pin Dev· l.Ce 
move the t 
shown se1,,'? ®"pl±ea 

®FT, 

Device Programming 

Programming the Max30OOA" 44 P; · in Device 
To program the Max3000A™ 4 4 pin socket h . . ' move t e two su 1 · d 
programming jumpers to the positions as sh b 1 pp ie own e ow: 

7.4.2 

7 .4. 3 

, 

Figure 5 - Max3000A 44 Pin Device Programming 

Programming the Max7000S™ 84 Pin Device 
To program the Max7000S™ 84 pin socket, move the two supplied 
programming jumpers to the positions as shown below: 

Figure 6 - 

Programming 

rage 13 of 2# 
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Semiconductor 

y +ti 1d .,.dsioll cen ,gra e Temperatute S r·- ensors 
• -ral oescription 't'-"v __ ,,.·:,,· c.ie precision integrated-circuit temperature 

sis=5> «lie l ...,_,,. • .,,-oL:Pl:-1 yoJtage 1s inear Y proportional to the 
..,s l,:,::;- , . - '>; :,:i-cifirace) :emperal'l,re. 1 he LM35 thus has an JSd :::v~ r-...ear _ :emperatur~ sensors calibrated in 
_a>sef S not required to sublraot a !anno 
-·r 35"'"' . -,-- -:: · ...,,..,.,, 

7
.c,., ts output to cbtam ,oonv.enient Cer1"- 

..-<:I--r. 1/)'-"$"' ,.,- . .. ,·_ ---ih?• Th3 LM$) does «ot require any external 
~- ~ .,. ru . , . P,-rrrgtopovice typical accuracies of ±1%'C 
,criC 'J:j-.;ec:i..re ~;rlid ±¾"C 0\1er a full -55 to +150'C 
• ,:er • . """"~ "" - ~~"' _,., '- ... . E(:J:J8 ca,ig:,.. ._l!J;W ~•..., o.,.,,ffc<.> u',1 u,mmIB9 ann 
-eaer level. The LM35's low output imped­ raSFF r 2cut ad precise inherent calibration make 
:;..,cir;; t;JJ r;ec..W. 0u oon~1 a.witr)' especiatly e.asy. li~ 
[e:wt sighs power supplies, or with plus an7C 
;n.s s.fglies, As i:: ~;•1s only 00 µA iroffi its supply, it nas 
-4ea±g lass tan 0.1G in st±! air The MS5is 
'3i€C to a9e1-a::. o.vc% a -55 ,o "'150 C tem~rarure range, 
,•ile tt:e LM35C is rated for a -'.J,Q. to +110'C range (-110' 

1

tt-ii::proved accu.a:;rl- Toe lM35 series is avaifabte pack- 

November 2000 

aged in hermetic T0-46 . 
Ltv135C, LM35CA, and L~;~r;1stor packages, while the 
pla.st1c T0-92 tran-·1st are -also -available in th b . "' or package Th L . e a le in an 8-\e.ad surface mo . e M35D ts -also avail- 
plasl!1c TOs220 packa_ge.. urnt small outltrne package ·and -a 

Features 

• u,•o se:rr--mea:111:~. o.mrc m sif'J\ a:..r 
• Nm1::11.e.ariiy 0111.lll'J ±¼"C tjgJE-1:Zl 
• Lco.;•P nmp:edlan::e c~111t, Ol.11 Q fur 11 m~ tnc,jJ 

Typical AppHcations 
+V's 

l4'fTlJ 21ll/l 

r:1-0UTPUT Li-1 Qmv+1D.OmVl°C 

+ICs 

r::1-rvau; 

' -Vs oscos51E-4 

OS00551EN 

AGURE 1. Basic Centigrade Temperature Sensor 
(+2·c to +1so·c) 

Choose R1 = -V,:f50 µA 
v 

O
u
1
=+1,500 mV at +15o·c 
= +250 mV at +25·c 
= -550 mV at -55'C 

FIGURE 2. Fun-Range Centigrade Temperature Sensor 

www.nationa1.com 

©2no National S . em1conductor Corporation 
osooss16 
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L ~r1ati0nal Semiconductor 

g +ti ad ision cen 1gra e Temperatute s e sensors 
al oescription 

G
ener · · · t t d · · ,,,re precision integrated-circuit temperature 
~IJ,13559nee output voltage is linearly proportional to the 
hos6 The .M ,israde) temperature. he IM35 thus has an 

~u~ ver linear tempera ure sensors calibrated in 
a®ST,, user is not required to subtract a large .... ,:og, from Its output to obtain convenient Centi- Features 
(11~130 ling. ,he LM35 does not require any external ■ Calib t d d ~e :caortn·rnrning to provide typical accuracies of ±C ra e lcectly 

10 
• Celsius (Ceotigrad I al" a Linear+ 10.0 mV/"C scale factor e 

"""[,,erature and ±/4'C over a full -55 to +150'C 0.5'C •"" wre reoge. LOW cost is assured by trimming and accuracy guaraoteeable (at +25' C) 
•"':oo at fue wafer level. The LM35's low output Imped- • Rated for full - 55' to +150'C range ,,,.:~ar output, aod precise Inherent caffbration make • Suitable for remote appllcatioos 
~ to ,eado,t or control circuitry especlatly easy. It • Low cost doe to wafer-level trimming 
!' • ,sed wlfu single power suppffes, or with plus aod • Operates from 4 to 30 volts 
~ ,..pp1os. As ft draws only 60 A from Its supply, ft has • Less than 60 µA curreot draio 
:.,,s.i-heating, less than 0.1C in stflt air. The LM35 is • Low self-heatiog, o.oa·c In stflf air 
a o operate over a -55' to +150'C temperature range, n Nonlinearity only ±4'C typical 
e tie LM35C is rated for a -40' to • 11 o·c range (-10 m Low lmpedaoce output, 0.1 ©2 for 1 mA load 

11
~improved accuracy). The LM35 series is available pack- 

November 2000 

aged in hermetic TO-46 t . LM35C LM transistor p k . • 35CA, and LM35D ac ages, while the 
plast,_c TO-92 transistor packa are also available in the 
able in an 8-lead surface ge. The LM35D is also avail­ 
plastic TO-220 package. mount small outline package and a 

Typical Applications 
+Vs 

(4V 10 20V) 

r:7.-oulPUl L? o.v+10.omVl"C 

+Vs 

~Vou1 

's' 
-Vs 
05005516-4 

0S005516-3 

FIGURE 1. Basic Centigrade Temperature Sensor 
(+2'C to +150'C) 

Choose R, = -Ve/50 g 
v our=+1,500 mV at +150'C 

= +250 mV at +25'C 
= -550 mV at -55'C 

FIGURE 2. Full-Range Centigrade Temperature Sensor 

v;ww.national.com 

S National S . em,conductor Corporation 
ps005516 



nection Diagrams 
{\ cot 

~ TO-46 
Metal Can Package SO-8 

Small Outline Molded Package 

BOTTOM VIEW 
DS005516-1 

. connected to negative pin (GND) 
·Case 5 
order Number LM35H, LM35AH, LM35CH, LM35CAH or 

LM35DH 
See NS Package Number H03H 

Your 8 +w, 
N.C. 2 7 N.C. 
N.C. 3 N.C. 
GNO 4 5 N.C . 

N.C. = No Connection 
DS005516-21 

Top View 
Order Number LM35DM 

See NS Package Number MO8A 

TO-92 
Plastic Package 

TO-220 
Plastic Package 

BOTTOM VIEW 
OS005516-2 

Order Number LM35CZ, 
LM35CAZ or LM35DZ 

See NS Package Number Z03A 

0 
LM 

350T 

V +Ve OUT 
GND 

D0s005516-24 

'Tab is connected to the negative pin (GND). 
Note: The LM35DT pinout is different than the discontinued LM35DP. 

Order Number LM35DT 
See NS Package Number TA03F 

2 
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te Maximum Ratings (Note 10) 
- 

AbSO /Aerospace specified devices are required TO-92 and TO-220 p 
(Soldering 10 ackage, 

f ~111tarY I ct the National Semiconductor Sales Off ; SO h Seconds) 
econ a . bil't d 'f' . ice Package (Note 12) 260'C 

4° {or availal lity an specifications. coll Vapor Phase (60 seconds) 
,,Nolta9° 35V to -0.2V Infrared ( 15 seconds) 215"C 

SUPPut Voltage +6V to -1, 0V ESD Susceptibility (Note 11) 22o·c 

"or' @o Specified Operatinc T 2500V 
(Note 2) g emperature Range: T to T 

serge Tep. 
MIN MAX 

-60'C to +1 so·c LM35, LM35A 
-,46 Package» LM35C, LM35CA -55'C to +150'C 
r.92 Package. -60'C to +1 so·c 

LM35D -40'C to +110"C 
so-8 package, -65'C to +150'C 0'C to +100'C 
r6.220 Package, -65'C to +150'C 

[ea Temp.: 
%us Package, 

[soldering,' '10 seconds) 300 C 

Electrical Characteristics 
(Notes 1, 6) ,_ LM35A 

parameter Conditions 
LM35CA 

Tested Design Tested Design Units 
Typical Limit Limit Typical Limit Limit (Max.) 

(Note 4) (Note 5) (Note 4) (Note 5) 
}uracy T,- +25'C ±0.2 ±0.5 ., 

±0.2 ±0.5 c 
jNole 7) T,=-10'C ±0.3 ±0.3 ±1.0 ·c 

T,=Tax ±0.4 ±1.0 ±0.4 ±1.0 ·c 
T,=Tis ±0.4 ±1.0 +o.4 ±1.5 ·c 

Nonlinearity T a<T,<Tax ±0.18 ±0.35 ±0.15 ±0.3 ·c 

(Note 8) 
Sensor Gain T <T,<Tua +10.0 +9.9, +10.0 +9.9, mV/'C 

!Average Slope) +10.1 +10.1 

load Regulation T,=+25'C ±0.4 ±1.0 ±0.4 ±1.0 mV/mA 

Nole 3) 0<1,<1 mA T as<T,<Tua ±0.5 ±3.0 ±0.5 ±3.0 mV/mA 

Line Regulation T,=+25'C ±0.01 ±0.05 ±0.01 ±0.05 mVN 

(Nole 3) 4V<V s<30V ±0.02 ±0.1 ±0.02 ±0.1 mVN 

Quiescent Current V s=+5V, +25"C 56 67 56 67 µA 

(Note 9) V ,=+5V 105 131 91 114 µA 

V 5=+30V, +25'C 56.2 68 56.2 68 µA 

V %=+30V 105.5 133 91.5 116 µA 
,_ 
Change of 4V<V, <30V, +25'C 0.2 1.0 0.2 1.0 µA 

Quiescent Current 4V<V ,<30V 0.5 2.0 0.5 2.0 µA 

~ 
·' 

Temperature +0.5 +0.39 +0.5 µA/'C 
+0.39 

Coefficient of 
a· ®®art current +2.0 ·c 
liinur +2.0 +1.5 

m emperature In circuit of +1.5 

[ti aeuraoy Figure 1, IL -0 ·c 
long Term Stability 

±0.08 
T,=Taos for ±0.08 

[ 1000 hours 

www.national.com 
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~ Electrical Characteristics 
]ass®, 

r----- LM35 -r--- 

T -- ~1~35~~~~----,...- ested b&ft"°° esign limit Limit 

~
~:---11~;~;---1-~:1-~~~t~'Lrl!±;;~i-T:y;p;i;ca:l+J'~~J~~~~~: cura T,=+25C ±67 9€4) (Note 5) 

LM
35, LM35C TA 10"C ±1.0 ±0.5 ±0.4 

Note7) TA=Tax ±0.8 ±0.5 T T, ±1.5 
A= MIN ±0.8 +o.8 

T,-5+25C ±1.5 ±0.8 

parameter Conditions 

Typical 

· ~uracy, LM35D 
(Note 7) 

'Nonlinearity 
(Note 8) 
sensor Gain 
(Average Slope) 
Load Regulation 
(Note 3) 0<l,<1 mA 
Line Regulation 
(Note 3) 
Quiescent Current 
(Nole 9) 

T,=Tax" ±0.6 
T,=Ts ±09 
Ts<T,<Ta ± ±0.9 ±0.3 ±0.5 ±o.2 

T MIN<T A <T MAX +10.0 

±0.4 
±0.5 
±0.01 
±0.02 

+9.8, 
+10.2 

T,=+25'C 
T MIN<T A <T MAX 
T,=+25' C 
4V<V g<30V 
Vs +5V, +25'C 

V ,=+5V 
V =+30V, +25'C 
V %=+30V 
4<V,<30V, +25'C 
4V<V <30V 

±2.0 

±0.1 
±5.0 

±0.2 

±0.4 
±0.5 
±0.01 
±0.02 

Change of 
Quiescent Current (Nole 3) 
Temperature 
Coefficient of 
Quiescent Current 

56 
105 
56.2 
105.5 

80 

82 
158 

161 

+10.0 

56 
91 
56.2 
91.5 

0.2 
0.5 

2.0 
3.0 

0.2 
0.5 

+0.39 ,I +0.7 +0.39 

- 
LM35C, LM35D - Tested Design Limit Units 

(Note 4) 
Limit (Max.) 

(Note 5) 
±1.0 - ·c 

±1.5 ·c 
±1.5 ·c 
±2.0 ·c 

±1.5 - ·c 
±2.0 ·c 
±2.0 ·c 
±0.5 ·c 

+9.8, mV/'C 
+10.2 

±2.0 mV/mA 
±5.0 mV/mA 

±0.1 mVN 

±0.2 mVN 
80 µA 

138 µA 

82 µA 

141 µA ,, 
2.0 µA 

3.0 µA 

+0.7 µA/'C 

Minimum Temperature 
for Rated Accuracy 
Long Term Stability 

In circuit of +1.5 +2.0 +1.5 +2.0 

Figure 1, \,=0 

·c 

T J T MAX• for ±0.08 ±0.08 ·c 

1000 hours 
Nole 1: Unless oth · o·srp

100

.C f erwise noted, these specificalions apply: -55'C<T,js+150'C for lhe LM35 and LM35A; -40'STJs+11o·c for the LM35C and LM35CA: and 
Specifications. or the LM35D. Vs=+5Vdc and ILOAo=50 µA, in the circuit of Figure 2. These specificalions also apply from +2'C to T MAX in lhe circuil of Figure 1. 

in boldface apply over the full rated temperature range. 
~~?C~ Ther~al resistance of the T0-46 package is 400'C/W, junction to ambient, and 24.C/W junclion to case. Thermal resistance of the T0-92 package is 
is go·c/0~ncllon to ambi~nt. Thermal resistance of the small outline molded package is 220'C/W junction to ambient. Thermal resistance of the TO-220 package 

Junction to ambient. For additional thermal resistance informalion see table in the Applications section. 
Note 3: Reg I r . . . 
CO 

u a ion is measured at constant junction temperature using pulse testing wilh a low duly cycle. Changes m oulput due lo healing effects can be 

mputed b I· . . ' 

N 
Y multiplying the internal dissipation by the thermal resistance. 

ote 4; Tested L' · 
N 

,m,ts are guaranteed and 100% tested in produclion. 
ote 5:; De · · . T I' ·1 I d t cal,j, ®9n Limits are guaranteed (but nol 100% production tested} over lhe indicaled 1emperalure and supply voltage ranges. 'hese limits are no use o 

e outgoing quality levels. 
Note 6: S e ·r, . Nol : pucifications in boldface apply over the full rated temperature range. . .. 
and~:; Accuracy is defined as the error between the output voltage and 10mv/"C times the device's case temperature, al specified conditions of vollage, current, 

perature (expressed in 'C) Note 8; N r · lh b t fil straight line over the device's rated temperature 
range.· on mearity is defined as the deviation of the output-voltage-versus-temperature curve from e es · 

1 
· 

Note 9: Qy · uiescent curre t · d fi · · · f F' 1 Note 10· Ab n IS e med m the circuit o ,gure . . DC and AC electrical specifications do not apply when operating 
the de • • solule Maximum Ratings indicate limits beyond which damage to the device may occur. 
ice beyond ; Not n its rated operating conditions. See Note 1. 

e 11: Human b d · t r Not 

1 

o Y model, 100 pF discharged through a 1.5 kQ resisto · 1. 1.11 d "Surface Mount" found in a currenl Nalional 
e 2· s Reliability" or 1he sec ,on ' e 

Sernico~du ee A~-450 "Surface Mounting Methods and Their Effect on Product . e ,a '
I 

Y 
ctor Linear Data Book for other methods of soldering surface mount devices. 
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Applications 
Te LM35 can be applied easily in the same way as other 
integrated-circuit temperature_ sensors. It can be glued or 
cemented to a surface and its temperature will be within 
about 0.01 ·c of the surface temperature. 
This presumes that the ambient air temperature is almost the 
same as the surface temperature; if the air temperature were 
much higher or lower than the surface temperature, the 
actual temperature of the LM35 die would be at an interme­ 
diate temperature between the surface temperature and the 
air temperature. This is expecially true for the TO-92 plastic 
package, where the copper leads are the principal thermal 
path to carry heat into the device, so its temperature might 
be closer to the air temperature than to the surface tempera­ 
ture. 
To minimize this problem, be sure that the wiring to the 
LM35, as it leaves the device, is held at the same tempera­ 
ture as the surface of interest. The easiest way to do this is 
to cover up these wires with a bead of epoxy which will 
insure that the leads and wires are all at the same tempera- 
ture as the surface, and that the LM35 die's temperature will 
not be affected by the air temperature. 

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,SJA) 
'T0-92, SO8 SO8 To-220 T0-92, 

TIME (microseconds) 
DS005516-35 

The TO-46 metal package can also be soldered to a metal 
surface or pipe without damage. Of course, in that case the 
V- terminal of the circuit will be grounded to that metal. 
Alternatively, the LM35 car be mounted inside a sealed-end 
metal tube, and can then be dipped into a bath or screwed 
into a threaded hole in a tank. As with any IC, the LM35 and 
accompanying wiring and circuits must be kept insulated and 
dry, to avoid leakage and corrosion. This is especially true if 
the circuit may operate at cold temperatures where conden­ 
sation can occur. Printed-circuit coatings and varnishes such 
as Humiseal and epoxy paints or dips are often used to 
insure that moisture cannot corrode the LM35 or its connec­ 
tions. 

These devices are sometimes soldered to a small 
light-weight heat fin, to decrease the thermal time constant 

, and speed up the response in slowly-moving air. On the 
other hand, a small thermal mass may be added to the 
sensor, to give the steadiest reading despite small deviations 
in the air temperature. 

TO-46, T0-46, 

no heat small heat fin no heat 
sink sink 

Slill air 400'CNJ 100'CW 180'C/W 

Moving air 100'CW 40'C/V 90'CIW 
Still oil 100'CW 40'CV go·crw 

Stirred oil 50' CIW 30'CW 45 CW 

(Clamped to metal, 

no heat small heat fin no heat small heat fin 
sink sink 

220 CV 110'CN 90'CW 140'CW 
105'CW 9O'CW 26' CW 

70'CAW 

70'CIW 

40'CIW 

(55'CW) 
Infinite heat sink) (24'C/AW) 

'Wa ild d to case or similar. an 2 foil or similar. akefield type 201 or 1" disc of 0.020" sheet brass, so ere f 1116 .. printed circuit board with Oz. 
'"T0-92 and SO-8 packages glued and leads soldered to 1" square 0 

""«national.cs,, 6 



APPENDIX B 

SOURCE CODE 



lk phd, phdl, sww, fs, ts, alar 
(51,,c , m,cool,heat 

,p<n ' h t ' p' n' l 1 12 ) 
1· 01s1•1 lll cool, ea ; , ; 
#;9,ala"" ·,1,l I Il. 
''.3:0lP1 tidl, fs; 
, I ~d,P 
P" <wW; il eat,11,127 
' c00 I ·f'' . s 6 . ' rr , 

::•• ctge elk) 
,5° 

----FOR OPEN OR CLOSE DOOR---- 
.••• --~-~& sw[O]==l) · ---------// 
-;!)'" 
, ... o) 
:=· 

;if(sw[l)==O && sw[O)==O) 
... 
'blOOO; 

·•); 
•li 

:if(sw[l]==l && sw[O)==O) 

': if(phd==l 'bl) 
I 
"bOOOO , 
l=O; I 

:,o; 
' 

;:se if 
:,:n (SW(l]==l && 

'tts, ·l:n - && rr2==0) 
''b 4.» , 

:·~ , 
'• 

sw[O]==l) 

&& rrl==O) 



'f(sw[3]==0 && sw[2]==0) 
se ± 
gin 
po00007 
r3=0; 
r4=0i 
:d 

&& sw[2]==0} 

r4=1; 
r3=0; 
.nd 
lse if (rr3==1) 

begin 
-4 'bOOOO; 
rr3=0; 
rr4=1; 
end 
end 

else if (sw[3)==1 && sw[2]==1) 
begin 
if (rr3==1 && rr4==0) 
oegin 
n=4 'bllOO ; 
rr4=1; 
end 
else if(rr4==1 && rr3==0) 
begin 
1=4'b0011; 
rr3=1; 
end 

end 

'i-----------------FOR LGITH CHCI<ING--------------/ / 

if I SW [ 4 ] == 0 } 
begin 
if l~hdl==l 'bO) 
"sgin 
11=1; 
12=0; 
end 

~lse if (phdl==l 'bl) begin 
11=1; 
\2-1, 

Shad 

end 



' 3as® a 
--------------FOR FIRE CHCHING -------------// 

;1fs "" O) 
;arJ!r'O; ) 

'f(fS == l 
se l­ 

;in 
1ar:m==l; 
41bOOll; 
r4•bOOlU 

r _____________ ...,OR TEMPRETlJRE CHC!<:ING---------// 

:iltS ::= 2'b00) 
fegin 
~ool=O; 
;eat=O; 
!nd 
!lse 
if(ts == 2 'bOl) 

:iegin 
cool=l; 
heat=O; 
,nd 
else 
if(ts == 2'b10) 

begin 
cool=O; 
heat=l; 
,nd 

end 

!ndmodule 



1~ Verilogger Pro 

We start simulating the program b . . 
y clicking Run S 

imulation as in Figure I 

oduh. t00Jl(.sw,clk,;,hd.phdl :iw b 
input (oi;O],u; ' ' ,t3,ti.lua,cool,bt1.c,p,n,U,1Z); 

l..rs.s... KE.C }#;d;;;"® «» 
. nput cl'k,phd,pbdl,t:J: 

1,....,;,;.~..,.;.!e.....:...:•u1.put (1:0}ts,sw; 
l~~:,;::.µ::~::....-tt.O fJar•, cool,hut, .l l, lZ; 
}""" I"slK; ';%,e 

-- -- ------- -- 

=-A -~---- 
:! ; o [?s 

Figure(l): Checking HDL program 

Simulation shows ifthere are errors or simulation is good in Report sub 
window and Diagram sub window shows the timing diagrams as in Figure 2 

margin comment 

:b-~ «<. room»> 



' 
At the beginning of the program We must determine the clock by clicking on add 

k 
then writing the symbol of the clock as it is used in the program and changing 

cloc 

rr uency as desired as shown in Figure 3 & 4 the treq 

----------------- 
---------------- 

r~ (3): Changing the cloc 

- .Lo. l!rP,·u-(O,~gruro-ur,lJP¥ .;.J,P.o.kl,,, ·~,;x,t· ,.,,.· O .. i?ru Wi"1,w .777i 
j ]siin Diagram 

Fig u 



Figures 5 show how to deal . . with timing di 
put will change, the inputs in bl iagrains, and by ch . . . ack and the out · anging the mput the out 

puts In red. 
i] 

ti D 

G5,53 257775#s ills 
.. ·- -!& _K_ 

·-·········--····-··----····-················-··--·-·-·----·-·····-·==:. ._ ... V\JiliJvSl\DfSivvvv-~ 

•. ~ .;:- ~ """'"'"""""=~~r.::2,) • ..... ' . ~-:;·)m'j~~\•i,f;<a,;i~\ ,,_.~111~~··- . . . 

Figure( 5): Timing diagram 

2-ALTERA QUARTUS II 

The steps of transferring the program are shown below: 

After opening QUARTUS II and from File we choose New Project Wizard ... as 

shown in Figures 6 to create new project and preliminary project settings, including 

the following: 

• Project name and directory. 

• Name of the Top-level design entity. 

• Project file and libraries. 

• Target device family and device. 



Figures 7, 8 show how to create new project name and new project directory. 

n,• Ed! \1,,:.:: h:-l'-t:!, _;",,,,:;~r::.~a ... ,.•,~tHtr,:l ;'-:~!_s ·.•t·~,z i:f~~ -~--: . 

[D a#js]2]o,«'?] 

Era .. •··•·!.!l ~~ 

il> .. S.~!i::'r-. If~~~-~ ~·····•·· .. -·... ;~,i 
"-"'t.¥i:thc_w~i\jd1Cid0lflUlhitP1~? ;;:;::::.::::::~:.:::...::.:..:~----□
[D:uoom 

Whet rt the nare ol this pcreset? 

U:o:Et.C.J~~rieaSdtro:, ... 

. , . 

, • · , · ~,..... - ' · · · · ect name 
F. (7)· Create new proJ igure · · 
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: reate new . , .. project directo ·y 

p· igure 9 show how to select the chip family and the chip itself. 

rs'±ii ii'7 
EPMJOf',<t.ll:.'4-7 
EPM;o;<ATCH·I 

Pacl< .. ec r-;.,-~ 
_Pn~ f44 _-:! 
Spttd g,..W. :111:rilET_.ll~(:J 
Vchgc: l'J/ 

.if .. ·•-•···. . ····· 
:: 
i; ,, 
/' ;;! f>Nc:,.· 

-- .... ··-· . -------············ 
--------- --~---- 
Figure (9): Target device family and device 

p· igure l O shows how to select device design file which is in our project Veril og HD L 

file 



I 

mpilation for it to After saving the program we make co» 
t ' Figures 12, 13. O machine language as in '14 » 

check for errors and convert it 



., 
&­ 

..... _. .. ,"::J.r'7!Xt. 

Succc1:lll•i;uiJ.•ilMZl:24:112l.JJ': 
B®ii te wresrcao«sraw ton 

Mtt,rr.ig:1~•cirior'b Y•1 
Tdil~.w:rocd:: 25/32(78::1 
Told"'" :xl/:M(iSX) 

Figure (13): End compilation 

Figures 14 h h . , 15 show how to make pin assignment for the chip w ic we used to 

assign th . e mputs and outputs and control signals. 



., 

· ... - ..... - ..... , ... .__ . . . . . , -g±Ge 
. 'in assignment - . 

Pi·i1J,Hfll;fB'tfflUfii¥?-··· -- .. ··· --· .. 
@ a %. 771. 7. eefflpiton] " 

Figure (15): Pin assignment 

Then we mak . . th . . . d e compilation again to make sure that e pm assignment is correct an 

to chan± . ge it to machine language as in Figure I 6. 



ii-··· . ··'··"··~"-- j, 
-~ ~Ht1!1~~igifkcJ-#~c1.pUri: - .. 

S~,:J~·StnJ1r10421:5050£UJJ 
~-19Ylli5611/lS/ico,s,\,/,;,[d>i>, 
tor 

1o971 
JA.\)(ml\ 
E"'4lll1AU:«-IO 
r.~ 

mtg ltqAel'llaU 'ft: 
Tat necroses 20/32{522) 
lcAlllpru ll;J4l88;:I 

1gure : m assignment compilation 

From the mam task bar we click MAX +PLUS II and select programmer to start 

downloading the program to the chip as in Figure 17. 

as';",'77,%% aawioaw; o oc du 
downloaded to the chip and 

Figures 18 show how to select 
. h ved program. it is by double clicking file to open t 1e sa: 

_. hi h will be the program w c 
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Figure (18): selecting e program 

After openmg XXX.pof extension) we .click on 

program/configure and then we click start to start downloading, the progress shows 

the program (which is 

the percent of downloading as shown in 19. 
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