Electronics I Exam 2022 – Adam Cross
Question 1
a) IC1 is an op amp, configured as an inverting op amp and is used to integrate the negative photocurrent. The negative photocurrent has an output short circuit current of 1nA in full sunlight. The op amp produces an inverted output of 0.5mV/sec and is both proportional to the amplitude of the photocurrent and the duration of the signal. The capacitor C1 provide negative feedback to the op amp The reset button is in place for the user to recent the integrator count.
b) IC2 is an op amp Schmitt trigger. It has an adjustable positive threshold, adjusted by R3, a potentiometer. LM385 is a Zener diode that provides a voltage reference, it drives the comparator output to ground to sound the piezo alarm. R1 is a feedback resistor for the op amp.
c) The diode on the far left is a photodiode. The photodiode converts light energy into electrical energy. The more sun light it is subjected to, the more current it will output. In reverse bias mode, the leakage current of the photodiode increases with increasing light intensity. The UV filter is to block out unwanted light frequencies so that the photodiode is only detecting the amount of sunlight.
d) One disadvantage of this analogue circuit is that the unfiltered photodiode current is being cut down which can cause errors. Also, when compared to a microcontroller for example is it is not as versatile. It also is limited in functionality compared to a microcontroller circuit and may take longer to develop than a microcontroller circuit. It is also more prone to interference so may not be as accurate.
Question 2
a) A 6502 chip is a 8 bit processor with a 16 bit address bus.
EPROM is erasable programmable read only memory that does not lose its content when it loses power, it is used to store critical information.
A watchdog timer provides a regular pulse, each time the program memory does one loop, if the pulse stops the program memory may be stuck, the watchdog chip is connected to reset pin on the PIC.

b) 8 bits wide
c) 3 pins are used as it is tri state
d) .
e) 














Question 3
a) [image: A picture containing text, outdoor, map

Description automatically generated]A thyristor can be used in a circuit such as the light dimmer circuit to control the conduction angle of the AC Signal, this has an effect on the average AC voltage across the load. A thyristor acts like an electronic latch, when a current is applied to its gate terminal, it allows current to flow through it and stays in an ‘ON’ state until manually reset, or until the anode current decreases below the devices gate latching current. Therefore by controlling the point at which the thyristor gate receives current, using a resistor, capacitor circuit, we can control the point at which the AC current is supplied to the load. As shown in the diagram below, we can provide 50% or even as little as 10% power by varying the point that the gate current allows the thyristor to turn on and conduct.











b) The zero crossing point is shown on the diagram above, it is the point at which the AC signal crosses from being positive to negative and vice versa, this point is marked as 0 volts. This is the point at which the thyristor will turn off, as the anode current in forward biased mode will be 0 and then turn back on as the voltage increases. 
c) The two semiconductor components are a TRIAC and DIAC. The TRIAC is simply two thyristors configured in opposite directions with one common gate terminal. This allows current flow in both directions unlike a single thyristor and allows the use of the full AC waveform. The TRIAC is triggered by a sudden pulse of current being applied to its gate terminal and is triggered by a positive and negative current and latches until the end of each AC half cycle, where the zero crossing point is reached, and the load current falls to zero, it then relatches again on the negative cycle across the second thyristor. A DIAC is a semiconductor device that is designed to breakdown when an AC voltage is placed across it and exceeds a certain level. It is used to provide the current pulse to the gate of the TRIAC and provides equal switching in both directions (both halves of the AC cycle). 
Circuit operation – As the AC supply increases, the charging of capacitors C2 and C3 occur, the rate at which they charge is adjusted by the variable resistor, such as a potentiometer. This RC circuit in turn controls the amount of phase shift on the gate of the TRIAC. If the potentiometer is adjusted to allow more current to pass, the capacitors charge up quicker, meaning the DIAC breaks down earlier in the AC sine wave, providing a pulse of current to switch the TRIAC earlier, providing more power to the lamp. Likewise, if we increase the potentiometer resistance, the capacitor circuit charges slower and the DIAC will not reach its breakdown voltage is soon in the AC cycle. The resistor, capacitor triggering process to the DIAC and TRIAC restarts again on the next half cycle. The inductor in the circuit acts as a filter, storing charge as current is supplied from the TRIAC, releasing it as the supply current starts to fall to the zero crossover point. C1 acts as a smoothing capacitor to eliminate disturbance signals.
d) An op amp as a comparator is useful for tracking the changing in a AC sine wave from positive to negative and vice versa. Sketched below is a non inverting zero cross detector, the inverting input in connected to ground as a reference voltage and the AC sine wave input is connected to the non-inverting terminal. When an input voltage is applied to the non inverting terminal, this voltage will be higher than the inverting terminal, with a reference voltage of zero and therefore the op amp output will be high, when the AC signal decreases and reaches the zero cross over point, the difference will be zero, thus the output will drive low. This circuit will create a square wave output that follows the input sine wave.
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