ENGR 172 Intermediate Microcontrollers

Name: _______________________
Lesson 7

4 of 110 total points

Lesson 7 is a brief study of how to control 120V AC machines (motors and such) using a microcontroller.  You will demonstrate your ability to do this by controlling an ordinary electric fan.
Activity 1 (4 pt.  I. I.  ________)
1. Build the circuit shown in Figure 1.  You should include everything shown on the left side of the circuit (the resistors, capacitor, and MOC3010) but not the 2N6071 triac, the 120 V plug and socket, or the fan.  These last will be provided by the instructor when you are ready for them in part 3 below.
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Figure 1. Circuit to control a small 120V motor

2. Program the 16F84A microcontroller to send a high output to Port B pin 0 for 5 seconds, then a low output for 5 seconds, then a high and so forth ad infinitum.  

3. When you are ready to test, alert the instructor, who will bring the AC voltage part of the circuit, shown in Figure 2.  
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Figure 2.  AC portion of the motor control circuit.

4. Note:  

a. The 2N6071 is a 200V, 4 amp device called a triac.  It will be described in more detail below, but the important thing is the 4A limitation.  4 amps at 120 volts is 480 watts, not enough for a blowdryer, but ample for a small fan. 

b. The solderless breadboard can stand pretty high voltages (including 120 VAC) but very little current.  Therefore you must not use insert the 2N6071 into the breadboard when it is controlling AC current.

Activity 2.  Theory of operation of triacs and optoisolators – not required, but possibly of interest
Our houses run on 120 VAC, where one wire is “hot” and one wire is “neutral” (Figure 2).  A third wire, when there is one, is called “ground” because it is connected to a stake pounded into the ground.  The ground wire is not needed for the circuit to operate, but it acts as an important protection against electrocution.  The voltages of the hot and neutral wires are shown in Figure 3.  In house wiring, unlike in electronics, there is rarely a red wire.  Instead black wire is hot, white is neutral, and green is ground.  The way I remember this is to imagine the color of my charred corpse if I were to touch the black wire.  
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Figure 3. Voltages of the hot and neutral wires in a typical 120 VAC circuit

In contrast to 120 VAC for houses, electronic circuits typically run on 3 to 5 VDC.  AC and DC voltages do not coexist easily, and 5 VDC definitely does not coexist well with 120 VAC.  If you apply house voltage to just about anything electronic, you will destroy it.  So how can we control the washing machine with a microcontroller?  

In the old days we might have used a relay.  A relay uses an electromagnet to close a switch.  The circuit powering the electromagnet is completely separate from the circuit controlled by the switch, so you can control 120 VAC using 5 VDC.  This works, but requires significant current to energize the electromagnet.  Also the switch, being a mechanical device, is slow and prone to failure.  Nowadays we rarely use relays unless we are switching really big power.  

Instead we use a triac.  A triac is a semiconductor device that itself is based on another semiconductor called a silicon controlled rectifier (SCR) (Figure 4).
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Figure 4. Silicon controlled rectifier (SCR) schematic

The SCR looks schematically like a diode with an third wire, and that’s exactly what it is (rectifiers and diodes are the same things).  What does the third wire (called the gate) of the SCR do?  A normal diode conducts only when it is forward biased, that is when the anode is more positive than the cathode.  The same is true for an SCR, but in addition, the gate must have a high voltage applied in order for the SCR to conduct.  Once the diode starts to conduct, the gate voltage can go low and the diode will continue to conduct until the current through the diode drops below some critical value.  SCRs are valuable because they can conduct a lot of current.  You can buy one for about $5 that will conduct 35 amps at 600 V.  

An SCR will conduct only in one direction, so it’s not particularly useful for AC power.  But a combination of 2 SCRs in parallel but pointing in opposite directions (Figure 5) can control AC.  When the 2 SCRs are put together into a single semiconductor, the combination is called a triac.
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Figure 5. a) Triac schematic.
b) 2N6071 triac

Build the circuit shown in Figure 6.  Once you press the button, the LED should stay on.  The only way to get it to turn off is to either disconnect MT1 from power or the LED from ground.  Note that for this experiment you may use the 2N6071 in the solderless breadboard, because it is not switching high currents.
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Figure 6. Simple circuit to demonstrate triac operation

The only problem with the circuit in Figure 6 is that both the input and the output share the same ground (this may not be obvious from Figure 6, but the +5 volts applied to the gate only makes sense if it is relative to some ground).  It would be best to separate completely the control circuit from the AC circuit, not even sharing grounds.  This is where the MOC3010 optoisolator comes in.  The MOC3010 contains a triac (Figure 1), but the gate signal is not provided by a wire.  Instead it is provided by an LED inside the chip.  When the LED turns on, the gate signal goes high.  The advantage of this is that the circuit driving the LED is completely separate from the one controlling the power triac.  

Finally, what is the role of the 0.1 F capacitor in the Figure 1 circuit?  The capacitor is used when the load is inductive (as in a motor).  When you suddenly turn off voltage to an inductor, it will respond with a sudden surge of current, called an inductive kick.  The capacitor provides that sudden surge a path to ground so it won’t damage the semiconductor.
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