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(i) The Circuit shown above is a power supply circuit. Answer the following 
(a) Design any one of the SMPS circuit by replacing the circuit shown above.	 [10 Marks]	       
(b) Describe the purpose of the components of the new circuit.       		   	    [5 Marks]
(c) Explain the construction  and operation of the new circuit.		       	 [10 Marks]
(d) Simulate the new circuit using Simulation Software.			     	 [15 Marks]
SOLUTION

(a) Design any one of the SMPS circuit by replacing the circuit shown above.	
Buck Converter circuit	
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(a) Describe the purpose of the components of the new circuit.       
· SMPS switches between fully ON and fully OFF states at a very high frequency. Hence the name Switching Mode Power Supply.
· Buck Converter is a type of SMPS circuit and DC to DC Converter, where the output voltage is less than input voltage. Hence, a Buck Converter is also known as a Step – down Converter.
· It is one of the simplest SMPS power converter techniques and is often used in RAM, USB etc.
· The input DC in buck converter can be a rectified AC or a battery.
· A simple buck converter using two switches (one transistor and one diode) and an energy storing element (inductor)								[5 Marks]
(b) Explain the construction  and operation of the new circuit.	
Construction
· The Buck Converter may consists of a battery powered or the supply from a transformer.
· The basic buck converter consists of a controlled switch, a diode, capacitor and controlled driving circuitry to  transfer energy from input to output.
· The switch controls the flow of input power into output by turning ON and OFF periodically. The time for which the switch is ON during the whole period is known as Duty cycle.									[4 Marks]
Operation
When the Pulse is high 
· When the pulse input to the Gate terminal of the MOSFET is HIGH, the Transistor is turned ON. Therefore, the transistor will supply current to the load. 
· During this time, the Diode D is reverse biased and will not be a part of the circuit during this period.
· Initially, the inductor resists the change in current.  Hence, the current to the load will increase gradually with expanding magnetic field. 
· Also, the charge on the capacitor is built up gradually up to the supply voltage.
[3 Marks]
When the pulse is Low
· When the pulse becomes LOW, the switching Transistor is turned OFF. 
· The magnetic field that is built up during the Transistor ON state, starts collapsing now and releases the energy back in to the circuit. The polarity of the voltage across the inductor i.e. its back e.m.f is now reversed. 
· The energy from the inductor starts collapsing and keeps the current flowing in the circuit through load and the diode, as the diode D is forward biased.
· Once the energy from the inductor is completely utilized, the capacitor starts discharging and acts as the main source of supply until the transistor is turned ON. 
· When the transistor is turned ON, it will once again supply current to inductor, capacitor and load and the process continues.				[3 Marks]
(c) Simulate the new circuit using Simulation Software.			
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Output Verification									[15 Marks]

(OR)
Boost Converter
(a) Design any one of the SMPS circuit by replacing the circuit shown above.
[image: ]
										[10 Marks]
(a) Describe the purpose of the components of the new circuit.       
· SMPS switches between fully ON and fully OFF states at a very high frequency. Hence the name Switching Mode Power Supply.
· Boost Converter is a type of SMPS circuit and DC to DC Converter, where the output voltage is greater than input voltage. Hence, a Boost Converter is also known as a Step – up Converter.
· It is one of the simplest SMPS power converter techniques and is often used Laptop Chargers in Cars ; Typical Car batteries provide 12V and Laptops require anywhere between 18 to 22V. The input DC in buck converter can be a rectified AC or a battery.
											[5 Marks]
(b) Explain the construction  and operation of the new circuit.	
Construction
· The Boost Converter may consists of a battery powered or the supply from a transformer.
· The basic boost converter consists of a controlled switch, a diode, capacitor and controlled driving circuitry to  transfer energy from input to output.
· The switch controls the flow of input power into output by turning ON and OFF periodically. The time for which the switch is ON during the whole period is known as Duty cycle.									[4 Marks]
Operation
When the pulse is High
· When the pulse is HIGH, the transistor is turned ON and it closes a part of the circuit consisting of Inductor, Transistor and input supply. Current flows from the input through the inductor and transistor.
· The inductor, initially resists the change in current but the magnetic field will increase gradually allowing inductor to store energy. The impedance of the rest of the circuit i.e. Diode, Capacitor and Load is much higher and hence, there will be no flow of current in that part of the circuit.							[3 Marks]
When the pulse is low
· When the square wave pulse goes LOW, the transistor is turned OFF.  This action will cause a drop in the current through the inductor, producing a back e.m.f in the circuit due to collapsing magnetic field. 
· Also, the polarity of the voltage across the inductor is now reversed and will be in series with the input voltage. The combination of the input voltage and Inductor Back e.m.f cannot pass through the inductor as it is turned OFF. 
· Hence, the diode is forward biased and charges the Capacitor and also supplies current to load.									[3 Marks]

(d) Simulate the new circuit using Simulation Software.	
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Output Verification									[15 Marks]

QUESTION 2

(i) Explain the function of TRISB in PIC16F877A Microcontroller.			        [5 Marks]
SOLUTION
Register TRISB in Microchip 16F877a is used for setting the direction of GPIO PORTB pins. If a particular bit of TRISB is set to 1 then corresponding PORTB pin becomes an input pin. If a particular bit of TRISB is set to 0 then corresponding PORTB pin becomes an output pin. TRISB is a 8-bit register and PORTB has 8 pins (PB0...PB7). So there is 1:1 correspondence between TRISB bits and PORTB pins.
An excerpt from PIC16F877a is given below.
[image: ]
For example if TRISB is initialized with binary number 0000 1111 (i.e.0F hex) , then port B pins PB0, PB1, PB2 and PB3 are configured as input lines and pins PB4, PB5, PB6, PB7 are configured as output lines.
Similarly 00000000Binary in TRISB makes all GPIOB pins output pins.		    [5 Marks]

(ii) Demonstrate an 8- bit binary up down counter displayed on the LED’s connected to Port D (0-7) by considering the following conditions.
· When a push button connected to port pin RA4 is held in the pressed position, the LED displays 8- bit binary value that counts up for every  second.
· When a push button connected to port pin RA0 is held in the pressed position, the LED displays 8- bit binary value that counts down for every  second.
· Counting must be stopped when both the push button switches are released.
(a) Use a flow chart to determine its program structure.			[5 Marks]
(b) Write an Embedded C Program for the above condition.			[15 Marks]
(c) Design the circuit using simulation software.				[10 Marks]
(d) Simulate the results.								[10 Marks]
SOLUTION
(a) Use a flow chart to determine its program structure.			
[image: ]
													[5 Marks]
(b) Write an Embedded C Program for the above condition.				[15 Marks]
void main()
{
TRISA = 1; //Set as Output
PORTA =0; //Set as zero
TRISD = 0; //Set as Output
PORTD =0; //Set as zero
{
 if(PORTA.F4 == 0) //If the switch is pressed
{
 if(PORTA.F4 == 0)//If the switch is still pressed
{
PORTD = 0b00000001; Delay_ms(500);
PORTD = 0b00000011; Delay_ms(500);
PORTD = 0b00000111; Delay_ms(500);
PORTD = 0b00001111; Delay_ms(500);
PORTD = 0b00011111; Delay_ms(500);
PORTD = 0b00111111; Delay_ms(500);
PORTD = 0b01111111; Delay_ms(500);
PORTD = 0b11111111;								[7 Marks]
else
if(PORTA.F0 == 0) //If the switch is pressed
{
 if(PORTA.F0 == 0)//If the switch is still pressed
{
PORTD = 0b11111111; Delay_ms(500);
PORTD = 0b01111111; Delay_ms(500);
PORTD = 0b00111111; Delay_ms(500);
PORTD = 0b00011111; Delay_ms(500);
PORTD = 0b00001111; Delay_ms(500);
PORTD = 0b00000111; Delay_ms(500);
PORTD = 0b00000011; Delay_ms(500);
PORTD = 0b00000001; Delay_ms(500);
} }  } while(1); 
 }												[8 Marks]
(c) Design the circuit using simulation software.					[10 Marks]
Circuit Design 
[image: ]
													[10 Marks]
(d) Simulate the results.		
Output Verification									[10 Marks]
QUESTION 3
(i) Answer the following for the circuit given below
[image: ]
(a) Identify the above circuit and briefly explain the purpose of it.		[5 Marks]
(b) Explain the working principle of this circuit.				[8 Marks]
(c) What is the purpose of LED 1 and LED 2 in this circuit.			[2 Marks]
SOLUTION
(a) Identify the above circuit and briefly explain the purpose of it.		
The circuit given is a humidity sensor circuit.					[2 Marks]
The Purpose of this sensor is to measures changes in electrical currents or air temperature to determine humidity levels. Capacitive, resistive, and thermal humidity sensors are the most common types. To measure the humidity in the air, all three types will oversee minute changes in the environment.									[3 Marks]
(b) Explain the working principle of this circuit.					
· The humidity sensor probe has two exposed conductive plates that will act as a variable resistor whose resistance will vary depending on the water content in the soil. 
· This resistance of the probe is inversely proportional to the soil moisture of the device. 
· The more water in the soil the better the conductivity which will result in lower resistance. The less the water in the soil the poor the conductivity which means higher resistance. 									[3 Marks]
· This sensor produces an output voltage according to the resistance by measuring which we can determine the moisture level.
· The voltage drops from 5V to 0V when water is added to the soil. You can also see that the signal LED on the board turns on when water is added to the soil.
· .When water is added to soil the digital pin moves from low (0V) to high (5V) with the help of on board comparator op-amp, you can control the sensitivity of this digital pin using the potentiometer (blue) on the module.
· In the schematic, we have a LM393 op-amp which is a low-power low offset voltage op-amp that can be powered from a 3.3V or 5V supply. 
· The  analog output voltage of the device will depend on the input voltage. The main job for this op-amp is to convert the incoming analog signal from the sensor probe to digital signal. 
· There is also this 10K potentiometer that is used to set a reference voltage for the op-amp, the input voltage of the sensor goes below the threshold voltage set by the potentiometer, the output of the op-map goes low. 			[5 Marks]

(c) What is the purpose of LED 1 and LED 2 in this circuit.				
· The first one is a Trigger LED and the other one is the Power LED. 
· The power LED turns on when power is applied to the board and the trigger LED turns on when a certain set threshold is reached. This is how this basic circuit works.
										[2 Marks]
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