
H-BRIDGE FED DC MOTOR SPEED CONTROL

ABSTRACT

Due to efficient control methods, DC motors are widely used motors to drive the loads in industry. Among the different control techniques for the DC motor speed control, armature voltage control method using Pulse Width Modulation (PWM) technique is the best one. We can realize the PWM control method using a chopper, build with semiconductor switches, such as BJT, MOSFET,  IGBT’s and also using an H-bridge built   with MOSFET, IGBT switches. In our project, we design H-bridge with MOSFETs and control the input voltage of the DC motor using PWM technique. To generate PWM control signals, we use AT89C51 microcontroller, one of the popular 8051 microcontroller family members. According to the user’s required speed, AT89C51 based control circuit generates appropriate PWM pulses.
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CHAPTER-1
INTRODUCTION
1.1: CONVENTIONAL METHODS OF SPEED CONTROL                             
                    The DC motors used in industrial applications have progressively gotten better over the years. Along with this, the way we control these motors has continued to improve. From the old rheostat which gave the way to solid state electronics and then the DCC and there after the PID controller.
            A PID is a generic control loop feedback mechanism used to control the speed of the motor. It calculates the difference between a measured process variable and desired set point. It tries to minimize the error by adjusting the control inputs. As PID controllers require exact mathematical modeling, the performance is questionable if there is any parameter variation. It does not guarantee optimal control of the system. It is a time consuming process as we cannot get the required speed till the error produced equals to zero.
1.2: ADOPTED TECHNIQUE
               In this project we are designing the H- Bridge with MOSFETs and controlling the input voltage of the DC motor by PWM technique.PWM is an effective method for adjusting the amount of power delivered to the load. PWM technique allows smooth speed variation without reducing the starting torque and eliminates harmonics. The MOSFET Bridge allows the bidirectional rotation of the DC motor. In PWM method, operating power to the motors is turned on and off to modulate the current to the motor. The ratio of on to off time is called as duty cycle. The duty cycle determines the speed of the motor. The desired speed can be obtained by changing the duty cycle.                                                         
1.3: BLOCK DIAGRAM
[image: ]
Fig 1.3: BLOCK DIAGRAM

CHAPTER-2
DC MOTOR
2.1: WORKING PRINCIPLE OF A DC MOTOR
 
                A DC motor is an electric motor that runs on DC electricity. It works on the principle of electromagnetism. A current carrying conductor when placed in an external magnetic field will experience a force proportional to the current in the conductor.
                                                         [image: images[2]]
2.2: OPERATION OF A DC MOTOR
                  There are two magnetic fields produced in the motor. One magnetic field is produced by the permanent magnets and the other magnetic field is produced by the electrical current flowing in the motor windings. These two fields result in a torque which tends to rotate the rotor. As the rotor turns, the current in the windings is commutated to produce a continuous                                      
Torque output this makes the motor to run.                         
                                   [image: images[3]]          
2.3: SPEED CONTROL METHODS OF DC MOTOR
                They are various methods used to control the speed of a DC motor. Some of them are:
1. Armature control method
2. Flux control method 
3. Ward Leonard system.
Armature control method: Speed can be controlled by varying the voltage. As speed is directly proportional to the voltage. As voltage increases speed increases and vice-versa. A simple voltage regulation would cause lots of power loss on control circuit. So we are going for PWM. In this method the duty cycle determines the speed of the DC motor. Required speed can be attained by changing the duty cycles. PWM also allows smooth speed variation without reducing the torque. It also eliminates harmonics. 

                                                                       













CHAPTER -3
POWER SUPPLY MODULE
Power Supply Circuit consists of following components:
· Printed circuit board(P.C.B)
· Operation 
· Hardware description
3.1: DIAGRAM
[image: ]
Fig 3.1: PRINTED CIRCUIT BOARD
3.2: OPERATION
                 A 1-phase 230v AC supply is given to a step down transformer; the output obtained is a 15v AC. The output obtained from the transformer is given to a diode bridge rectifier from which a rectified DC output is obtained. This DC output contains some ripples. To filter these ripples we use capacitors (1000uf, 100uf, 10uf). To maintain the steady state DC output the voltage is passed to the voltage regulators LM7805 which gives constant 5v DC and LM7812 which gives constant 12v DC   
3.3: HARDWARE DESCRIPTION
 STEP DOWN TRANSFORMER: Transformers are electrical devices that transform voltage through magnetic couplings, and they have no moving parts.  There is a magnetic core with one winding of wire placed close to one or more windings, which can couple two or more alternating-current circuits together by employing the induction between the windings.  The primary winding is connected to the power source and the other windings are known as secondary windings.  If the secondary voltage wire is less than the primary wire, the transformer is called a
 STEP DOWN TRANSFORMER. It steps down incoming voltage, which enables you to have the correct voltage input for your electrical needs.  
[image: ]
DIODE BRIDGE RECTIFIER: It is used to rectify AC to DC. A diode bridge rectifier consists of four diodes D1, D2, D3 & D4. A sinusoidal input is given to the diodes. During the positive cycle of the supply diodes D1 & D2 are in forward bias and when the firing angle is applied, they conduct. During the negative cycle of the supply D3 & D4 are in forward bias and when the firing angle is applied, they conduct. In this way rectified DC output is obtained. For different firing angles different outputs can be obtained. The circuit diagram and waveforms of the diode bridge rectifier are shown as below.
[image: ]
Fig 3.3: DIODE BRIDGE RECTIFIER CIRCUIT DIAGRAM AND WAVE FORMS
VOLTAGE REGULATOR:
 LM7805: Usually having three legs, converts varying input voltage and produces a constant regulated output voltage. They are available in a variety of outputs. The most common part numbers start with the numbers 78 and finish with two digits indicating the output voltage. Therefore 7805 is a 5v regulator. It is a positive voltage regulator. They are immune to overload voltages.
[image: 120-001]
LM7812: They are 3-terminal 1A positive voltage regulators. The last two digits of the voltage regulator indicate the output voltage. The output voltage of the LM7812 is 12v. They are immune to overload voltages. They accept only positive voltage as input.
[image: 120-001]
FILTER CAPACITORS: They are any capacitors used for filtering. Glitch removal on DC power rails. They are used for suppressing the DC ripples. Capacitors used after the reservoir capacitor to further smooth DC power supplies.


                                                      















                                            		CHAPTER-4
AT89C51 MICRO CONTROLLER
4.1: ARCHITECHTURE
[image: ]
Fig 4.1: ARCHITECHTURE OF AT89C51 MICRO CONTROLLER





4.2: PINDIAGRAM & EXPLANATION
[image: ]
Fig 4.2: PIN DIGRAM OF AT89C51 MICRO CONTROLLER

Port 0 (Pins 32-39): It is a dual-purpose port on pins 32-39 of the 8051 1C. In minimum component designs, it is used as a general purpose I/O Port. For larger designs with external memory, it becomes a multiplexed address and data bus.
Port 1 (Pins 1-8): It is a dedicated I/O port on pins 1-8. The pins, designated as P1.0. P1.1. P1.2 etc. are available for interfacing to external devices as required. No alternate functions are as signed for Port 1 pins; thus they are used solely for interfacing to external devices. 
Port 2 (Pins 21-28): It is a dual – purpose port serving as general purpose I/O, or as the high byte of the address bus for designs with external code memory or more than 256 bytes of external data memory.
Port 3 (Pins 10-17): It is a dual – purpose port on pins 10-17. As well as general – purpose I/O, these pins are multifunction such as serial transmit and receive pins, two external interrupt pins, two external counters inputs, read & write pins for memory access.
PSEN (Pin 29): This is an output pin. PSEN stands for Program strobe enable. In order to use external memory it is required to provide low voltage (0) on both PSEN and EA pins.
VCC (Pin 40): It provides supply voltage to the chip. The voltage source is +5V.
GND (Pin 20): It is the Ground pin.
XTAL1 and XTAL2 (Pins 18-19): The 8051 has an on-chip oscillator but requires an external clock to run it. Most often a quartz crystal oscillator is connected to inputs XTALI (pin 19) and XTAL2 (pin 18). The quartz crystal oscillator connected to XTAL1 AND XTAL2 also needs two capacitors of 33pF value. One side of each capacitor is connected to the ground as shown in this figure;
[image: XTAL]

EA (Pin 31): 8051 chip contains a built in flash memory. In order to program this we need to supply a voltage of +12v at pin 31. If external memory is connected to pin 31 also called as EA/VPP should be connected to ground in order to indicate the presence of external memory.
RESET (Pin 9): The RST input on pin 9 is the master rest for the 8051. When this signal is brought high for a least two machine cycles, the 8051 internal registers are loaded with appropriate values for an orderly system start-up. For normal operation, RST is low. It is an active high pin. Figures shows
[bookmark: _Toc175640098][image: Reset]
ADDRESS LATCH ENABLE (PIN 30): It is an output pin and is active high. It is used when multiple memory chips are connected to the controller and only one of them to be selected.
4.3: ADDRESSING MODES
The ways by which source and destination addresses are specified are called as addressing modes. Types of addressing modes are as follows:
1. IMMEDIATE ADDRESSING MODE: The data source is immediately available as a part of instruction itself.
E.g.: MOV A, #23H;
2. REGISTER ADDRESSING MODE: Certain register names are used as part of instruction as source or destination of data.
E.g.: MOV A, R5;
3. DIRECT ADDRESSING MODE: All 128bytes of internal RAM and SFR’s may be addressed directly using the single byte address assign to each RAM location and each SFR.
E.g.: MOV A, 80H;
4. INDIRECT ADDRESSING MODE: All 128bytes of internal RAM and SFR’s may be addressed indirectly using the single byte address assign to each RAM location and each SFR.
E.g.: MOV A, R7;MOV R7, 80H;
4.4: INSTRUCTION SET:
 8051 has got a total of 111 instructions. They are divided into five categories.
1. DATA TRANSFER INSTRUCTION: These instructions are mostly used to perform copy, push, pop & exchange operations.
E.g.: MOV A, Rn;
        XCH A, Rn;
2. ARITHMETIC INSTRUCTION: These instructions are used to perform arithmetic operations.
E.g.: ADD A, Rn;
         SUB A, Rn;
3. LOGICAL INSTRUCTIONS: These instructions are used to perform logical operations.
E.g.: CLR A;
        CPL A;  
4. BOOLEAN INSTRUCTIONS: These instructions are used to perform logical AND, move, clear operations.
E.g.: ANL 
        MOV C, b
5. PROGRAM EXECUTION TRANSFER INSTRUCTION: They are used to call the subroutine from the main program 
E.g.: Jc rel;
        LCALL addr16;
4.5: INTERRUPTS & TIMERS:[image: ] INTERRUPT ENABLE REGISTER:
[image: ]
EA-External access
ET2-Enable timer 2 interrupts
ES-Enable serial port interrupts 
ET1-Enable timer 1 interrupts
EX1-Enable external 1 interrupts
ET0-Enable external 0 interrupts
EX0-Enable external 0 interrupts




TIMERS: 
[image: ]
GATE: When set, timer only runs while INT (0, 1) is high.
C/T: Counter/Timer select bit.
M1: Mode bit 1.
M0: Mode bit 0 
TCON REGISTER:
[image: ]
TF1: Timer 1 overflows flag.
TR1: Timer 1 run control bit.
TF0: Timer 0 overflag.
TR0: Timer 0 run control bit.
IE1: External interrupt 1 edge flag.
IT1: External interrupt 1 type flag.
IE0: External interrupts 0 edge flag.
IT0: External interrupts 0 type flag.
4.6: KEIL SOFTWARE:
It is specifically designed software for 8051 microcontroller.So we are going for keil software

        
CHAPTER-5
HARDWARE COMPONENTS
These chapter deals with hardware components like resistor, capacitor, transistor etc…,
5.1: RESISTOR, CAPACITOR & DIODE
 RESISTOR: A resistor is a two-terminal electronic component that produces a voltage across its terminals that is proportional to the electric current passing through it in accordance with Ohm's law. The resistor is the simplest, most basic electronic component.
                      In an electronic circuit, the resistor opposes the flow of electrical current through itself. It accomplishes this by absorbing some of the electrical energy applied to it, and then dissipating that energy as heat. By doing this, the resistor provides a means of limiting or controlling the amount of electrical current that can pass through a given circuit. Resistors, such as the two pictured to the right, have two ratings, or values, associated with them. First, of course is the resistance value itself. This is measured in units called ohms and symbolized by the Greek letter Omega ( [image: http://www.play-hookey.com/symbols/Omega.gif]). The second rating is the amount of power the resistor can dissipate as heat without itself overheating and burning up. Typical power ratings for modern resistors in most applications are ½ watt and ¼ watt, which are the two sizes shown in the figure.
[image: 3 Resistors.jpg][image: Two resistors]
                                                                   
Resistors are used in this circuit are:
· 10
· 10k
· 1k
CAPACITOR: A capacitor is a passive electronic component consisting of a pair of conductors separated by a dielectric. When a potential voltage exists across the conductors, an electric field is present in the dielectric. This field stores energy and produces a mechanical force between the conductors.
                             The capacity to hold an electrical charge, it is known as a capacitor. How much of a charge it can hold is determined by the area of the two plates and the distance between them. Large plates close together show a high capacity; smaller plates kept further apart show a lower capacity. Even the cut ends of the wire we described at the top of this page show some capacity to hold a charge, although that capacity is so small as to be negligible for practical purposes. The electric field between capacitor plates gives this component an interesting and useful property: it resists any change in voltage applied across its terminals. It will draw or release energy in the form of an electric current, thus storing energy in its electric field, in its effort to oppose any change. As a result, the voltage across a capacitor cannot change instantaneously; it must change gradually as it overcomes this property of the capacitor.


[image: 10uf_50v_radial_electrolytic_capacitor][image: Construction of a ceramic disc capacitor.]
Capacitors used in this circuit are:
· 33pf
· 10uf
· 0.33uf

DIODE: In electronics, a diode is a two-terminal electronic component that conducts electric current in only one direction. The term usually refers to a semiconductor diode, the most common type today. This is a crystalline block of semiconductor material connected to two electrical terminals.
5.2: CRYSTAL OSCILLATORS & PUSH BUTTONS
CRYSTAL OSCILLATORS:  A crystal oscillator is an electronic circuit that uses the mechanical resonance of a vibrating crystal of piezoelectric material to create an electrical signal with a very precise frequency.
[image: Crystal-Oscillator-HC-49S-Series-49S-series-]
 PUSH BUTTONS: A push-button (also spelled pushbutton) or simply button is a simple switch mechanism for controlling some aspect of a machine or a process. Buttons are typically made out of hard material, usually plastic or metal. The surface is usually flat or shaped to accommodate the human finger or hand, so as to be easily depressed or pushed. Buttons are most often biased switches, though even many un-biased buttons (due to their physical nature) require a spring to return to their un-pushed state. Different people use different terms for the "pushing" of the button, such as press, depress, mash, and punch. The "push-button" has been utilized in calculators, push-button telephones, kitchen appliances, and various other mechanical and electronic devices, home and commercial.
[image: 27819-Clipart-Illustration-Of-A-Set-Of-Four-Yellow-Push-Buttons-With-Dead-And-Angry-Faces]

5.3: LIGHT EMITTING DIODE
                                LED’s must be connected the correct way round, the diagram may be labeled A or + for anode and K or - for cathode. The cathode is the short lead and there may be a slight flat on the body of round LED’s. If you can see inside the LED the cathode is the larger electrode. Never connect an LED directly to a battery or power supply. It will be destroyed almost instantly because too much current will pass through and burn it out. To glow LED, it must be forward bias i.e. make anode more positive.                                        
[image: LED connections]
The colour of an LED is determined by the semiconductor material, not by the colouring of the package. LED’s are available in red, orange, amber, yellow, green, blue and white. Blue and white LED’s are much more expensive than the other colures.
[image: LED colours]
Fig 5.3: LIGHT EMMITING DIODES
5.4: LIQUID CRYSTAL DISPLAY
                                  A liquid crystal display (LCD) is a thin, flat electronic visual display that uses the light modulating properties of liquid crystals. Liquid crystals do not emit light directly. They are used in a wide range of applications including: computer monitors, television, instrument panels, aircraft cockpit displays, signage, etc. They are common in consumer devices such as video players, gaming devices, clocks, watches, calculators, and telephones. LCD’s have displays cathode ray tube in most applications. They are usually more compact, lightweight, portable, and less expensive. They are available in a wider range of screen sizes than cathode ray tube and other flat panel displays. LCD has two registers one command register and one data registers. It consists of 16 pins. Port2 Pins 21-28 of 8051 microcontroller are connected to Pins 7-14 of LCD.Pin4 and Pin5 are register select and enable pins. They are connected to Pin16 and Pin17 of 8051 microcontroller.
[image: ]
      




Fig 5.4: LIQUID CRYSTAL DISPLAY
5.5: MOSFET BASED H- BRIDGE:
         H- bridge is used in electrical applications where the load needs to be driven in either direction.
[image: ]
Fig 5.5: MOSFET BASED H-BRIDGE
               The name H – bridge came from the way the MOSFETs are placed in the circuit. 
                      Current flows through the motor in one direction when M1 , M4 are closed and in the other direction when M3, M2 are closed. It allows bidirectional rotation of the motor as well as motor speed control by PWM.




 5.6: IC-IR2110
             They are high voltage, high speed power MOSFET, IGBT drivers with independent high and low side referenced output channel. 
[image: ]
Pin diagram of IC IR2110: The IC IR2110 consists of 14 pins. The pin diagram of IC IR2110 is as shown below 
[image: ]
The connection of IC IR2110 with the MOSFET is as
[image: ]
Fig 5.6: TYPICAL CONNECTION OF IC IR2110 WITH MOSFET



CHAPTER-6
DESGIN OF TRAINER KIT
6.1: SPECIFICATION CHART          
	S.no
	Components
	Rating
	Quantity

	1.
	Resistor
	10
1k
10k
	4
12
1

	2.
	Capacitor
	33pf
1uf
0.33uf
	2
2
2

	3.
	MOSFET
	IRF540n
	4

	4.
	Diodes
	IN5819
	6

	5.
	Push Buttons
	
	9

	6.
	Crystal oscillator
	11.0592MHZ
	1

	7.
	LED
	
	1

	8.
	IC
	IR2110
	2

	9.
	IC
	AT895C1
	1

	10.
	LCD display
	
	1

	11.
	2 pin connector
	
	2

	12.
	8 pin connector
	
	1

	13.
	16 pin connector
	
	1

	14.
	Motor
	12V,500mA,1000rpm
	1






6.2: SCHEMATIC DIAGRAM
[image: ]
Fig 6.2:SCHEMATIC DIAGRAM
6.3: OPERATION
                The circuit diagram of the MOSFET based H-bridge fed DC motor speed control by PWM includes an AT895C1 8051 Microcontroller which is used to generate PWM signals. IC IR2110 is used to drive the gate of the MOSFET.MOSFET is used to limit the reverse recovery or zener current.  MOSFET based H-bridge is used to control the DC motor. The diodes connected across the source and drain of the MOSFETs act as catch diodes.  

The operation of the circuit is as follows:
A constant +12v DC supply obtained from the power supply kit is fed to the MOSFET bridge and +5v DC supply is applied to the microcontroller and the IC. When the power supply is fed to the microcontroller it generates the appropriate PWM signals. The reference speed is given as input to the microcontroller.  The digital output of the microcontroller makes the MOSFET on. The MOSFET Bridge would regulate the speed of the DC motor. The required speed of the Dc motor can be obtained by varying the duty cycles as provided on the keypad.



6.4: RESULT
           It has successfully modeled and tested to control the speed of the DC motor by PWM and MOSFET based H – bridge. The performance is compared with the conventional systems.

6.5: FURTHER SCOPE 
                      As PWM method has complex circuits and it can’t operate at high voltages. We can go for another method i.e. speed control of DC MOTOR by using NEURAL NETWORKS.


















CONCLUSION
 The speed control of DC motor is successfully achieved by using PWM and MOSFET based H- Bridge. It is practical one and high feasibility according to economic point of view, reliability and accuracy. It is programmable one. Therefore, it can control various motors ranging small one to several hp motors.
                                            
















DATA SHEETS
IC-IR2110:
	440246
	IR2110
	High and Low Side Driver, All High Voltage Pins On One Side, Separate Logic and Power Ground, Shut-Down in a 14-pin DIP package
	International Rectifier

	440247
	IR2110-1
	High and Low Side Driver, All High Voltage Pins On One Side, Separate Logic and Power Ground, Shut-Down, High Creepage Package in a 14-pin DIP -1 lead package
	International Rectifier

	
440248
	
IR2110-1PBF
	
HIGH AND LOW SIDE DRIVER
	
International Rectifier

	440249
	IR2110-2
	High and Low Side Driver, All High Voltage Pins On One Side, Separate Logic and Power Ground, Shut-Down, High Creepage Package in a 16-pin DIP -2 leads package
	International Rectifier

	440250
	IR2110-2PBF
	HIGH AND LOW SIDE DRIVER
	International Rectifier

	440251
	IR2110E4
	HIGH AND LOW SIDE DRIVER
	International Rectifier

	440252
	IR2110E6
	HIGH AND LOW SIDE DRIVER
	International Rectifier

	440253
	IR2110L
	HIGH AND LOW SIDE DRIVER
	International Rectifier

	440254
	IR2110L4
	HIGH AND LOW SIDE DRIVER
	International Rectifier

	440255
	IR2110L6
	HIGH AND LOW SIDE DRIVER
	International Rectifier

	440256
	IR2110PBF
	High and Low Side Driver, All High Voltage Pins On One Side, Separate Logic and Power Ground, Shut-Down in a 14-pin DIP package
	International Rectifier

	440257
	IR2110S
	High and Low Side Driver, All High Voltage Pins On One Side, Separate Logic and Power Ground, Shut-Down in a 16-lead SOIC package
	International Rectifier

	440258
	IR2110SPBF
	High and Low Side Driver, All High Voltage Pins On One Side, Separate Logic and Power Ground, Shut-Down in a 16-lead SOIC package
	International Rectifier

	440259
	IR2110STR
	High and Low Side Driver, All High Voltage Pins On One Side, Separate Logic and Power Ground, Shut-Down in a 16-lead SOIC package
	International Rectifier


MOSFET IRF540n:
	441297
	IRF540
	N-channel TrenchMOS(tm) transistor
	Philips

	441298
	IRF540
	28A, 100V, 0.077 Ohm, N-Channel Power MOSFETs
	FairchildSemiconductor

	441299
	IRF540
	N-CHANNEL 100V - 0.055 OHM - 22A TO-220 LOW GATE CHARGE STRIPFET II POWER MOSFET
	ST Microelectronics



	



	441300
	IRF540
	100V Single N-Channel HEXFET Power MOSFET in a TO-220AB package
	International Rectifier

	441301
	IRF540
	POWER MOSFET
	BayLinear

	441302
	IRF540
	N-CHANNEL 100V - 0.065 OHM - 30A TO-220 LOW GATE CHARGE STRIPFET POWER MOSFET
	SGS Thomson Microelectronics

	441303
	IRF540
	N - CHANNEL100V - 00.50Ohm - 30A - TO-220/TO-220FI POWER MOSFET
	SGS Thomson Microelectronics

	441304
	IRF540-D
	TMOS E-FET Power Field Effect Transistor N-Channel Enhancement-Mode Silicon Gate
	ON Semiconductor

	441305
	IRF540A
	N-CHANNEL POWER MOSFET
	Fairchild Semiconductor

	441306
	IRF540FI
	N - CHANNEL100V - 00.50Ohm - 30A - TO-220/TO-220FI POWER MOSFET
	SGS Thomson Microelectronics

	441307
	IRF540FI
	N - CHANNEL100V - 00.50ohm - 30A - TO-220/TO-220FI POWER MOSFET
	ST Microelectronics

	441308
	IRF540N
	33A, 100V, 0.040 Ohm, N-Channel, Power MOSFET
	Fairchild Semiconductor

	441309
	IRF540N
	100V Single N-Channel HEXFET Power MOSFET in a TO-220AB package
	International Rectifier

	441310
	IRF540N
	33A/ 100V/ 0.040 Ohm/ N-Channel Power MOSFET
	Intersil

	441311
	IRF540NL
	100V Single N-Channel HEXFET Power MOSFET in a TO-262 package
	International Rectifier

	441312
	IRF540NLPBF
	100V Single N-Channel HEXFET Power MOSFET in a TO-262 package
	International Rectifier

	441313
	IRF540NPBF
	100V Single N-Channel HEXFET Power MOSFET in a TO-220AB package
	International Rectifier

	
441314
	
IRF540NS
	
100V Single N-Channel HEXFET Power MOSFET in a D2-Pak package
	
International Rectifier

	441315
	IRF540NSPBF
	100V Single N-Channel HEXFET Power MOSFET in a D2-Pak package
	International Rectifier

	441316
	IRF540NSTRL
	100V Single N-Channel HEXFET Power MOSFET in a D2-Pak package
	International Rectifier

	441317
	IRF540NSTRR
	100V Single N-Channel HEXFET Power MOSFET in a D2-Pak package
	International Rectifier

	441318
	IRF540PBF
	100V Single N-Channel HEXFET Power MOSFET in a TO-220AB package
	International Rectifier

	441319
	IRF540S
	100V Single N-Channel HEXFET Power MOSFET in a D2-Pak package
	International Rectifier

	441320
	IRF540S
	N-channel TrenchMOS transistor
	Philips




























BIBILOGRAPHY
REFERENCES:
“The 8051 microcontroller architecture, programming and applications”, by S.V.Altaf, Hi-tech publishers.
JB Gupta
Bhimbra
WEBBSITES:
http://www.circut-projects.com
http://www.ectricityforum.com
http://en.wikipedia.org/wiki/Intel_8051
http://www.keil.com/c51/
image6.png
{

0,

(@ Circuit

iagram

-V,

o

(b)Waveforms




image7.jpeg




image8.png
Block Diagram

PORT 0 DRIVERS. PORT 2 DRVERS.

Ran aoon PoRT 0
REGIEPER [——»f Ram et R FLasH  (———

Sk PROGRAN

&
acc SODRESE
REGRTER POINTER REGRTER

le—»  erren
TPz i

Pe
Ay INCREMENTER

INTERRUPT. SERAL pORT,
SN0 TIER BLOCKS

PROGRAN
ToER

PeEn 4

EPRS 4 T | mermucnon

TV, ——# COMROL | REGISTER
Rer —i 9]

oPTR

osc

PORT 1 DRIERS.

HEHT

PLO- P17 Pas - par

PORT 2 DRIVERS





image9.png
PO A=W
[IE=1 EASETT)
p2 = 3 7 2 Py
[IEp=i 2 P02y
=N 2 = POADS)
P56 2 F— POAADY
= 21 = POSADS)
[k =i 8 28 |~ POS(ADG)
RST [ = =Y
RO = 10 0 = EAVR
(DPst = 1t < 3 [ MEPROG
(Wro)ps2 =1 12 5 oo
‘IIHIMJ =3 1 33 =2 PLT(ATS)
0P 11 o pasiay
P35 4 15 35 [0 P2S(AMY)
WRPIS 16 3 f PR
R0)P37 1 17 97 (= P2AY)
XTAL2 1% 3 P22(A100
L — gy 30 = PR
= 10 Py





image10.jpeg
cz

xiaz
30pF

o

_ L
GND




image11.jpeg




image12.png
Program execution without intrrupts :

Time.

—

Main Program

Program execution with intrrupts :

ISR

ISR

ISR

Main

Main ‘ Main

Time.
e,

ISR : Intrrupt Service Routin





image13.png
EA

ET2)

ES

ET1

EX1

ETO

EX0





image14.png
CIT

GATE

Mi1

MO

GATE

CIT

Mi1

MO

TIMER 1





image15.png
TF1

TR1

TF0

TRO

1IE1

IT1

1IE0

ITo





image16.gif




image17.jpeg




image18.gif




image19.png




image20.gif




image1.png
Constant
DC supply

MOSFET based

Hebridge

Ret.

f

aTascs1
based

contralle

12y,

1500
RPM,

So0ma





image21.jpeg
b




image2.jpeg
>
N




image22.jpeg




image23.png
K
fat /




image24.png




image3.jpeg




image25.png
+5V





image26.png




image27.png




image4.png




image28.jpeg
lolaislzclet

ess g3e





image29.png
Typical Connection

HIN®

s
LN

IR2110/IR2113

HIN

s
UN

P10 500V or 600V

AN~ \





image30.png




image5.png
primary Secondary




