ELE2EMI 2007
Laboratory 2:
Interfacing Techniques

July 30, 2007

1 Components and Equipment

Stationery

Breadboard

Op-amp (e.g. LM 324 or LM 741)
2 x 560 €2 resistors

1 MQ resistor

AC signal generator
Oscilloscope

5V dc supply
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. Single strand hookup wire

2 Experiment

We saw in the laboratory on Meter Insertion Errors that insknts for voltage measure-
ment have finite input impedance and therefore céneding, that is they draw current
from voltage sources. Since real voltage sources have noomgput impedance, their
output voltage is decreased when they are loaded.
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2.1 Loading of Signal Generator by Amplifier 2 EXPERIMENT

2.1 Loading of Signal Generator by Amplifier

Switch on the signal generatdvleasureits output voltageadjust it to be 1 Volt peak-
to-peak.

Build thisinverter:
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Calculate the expected gain of this inverter, in sign and magnitude.

Expected Gain of Inverter

Connectthe inverter to the signal generator, then connect theloscdpe to the in-
verter’s output.

signal
generator

O H

Measure the output voltage of the inverteiCalculate the gain of the inverter, both
magnitude and sign.

inverter oscilloscop

Input Voltage| Output Voltage| Gain (V/V)
1Vp-p
Is the gain what you were expecting?

Measure the voltage of the signal generator with the inverter stithehed, andecal-
culate the gain of the inverter.
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Sig. Gen. \Voltage Inverter Output Voltage Gain (V/V)

Thesignal generator’s voltage has decreased, becauseitierter hasloadedit down.

If the signal generator were an ideal voltage source, it dibale zero output impedance,
but it hasn’t. Find out what the output impedance of the digeaerator is, andecord

it here:

Z, (sig. gen.)

Despite the nonzero signal generator output impedanceingatill wouldn’t occurif
the inverter had infinite input impedance, but it has B6@stead. This is in series with
the signal generator’s output impedance, so they combiraeldition.

Draw a complete diagram of the effective circuit: it includes dedl oscillator (repre-
senting the AC voltage source of the signal generator) anddified representation of
the inverter with the 560! replaced by the combined resistance.

You can sketch the circuit diagram here.

What is the value of the ideal AC voltage source in the diagram aBuvhy?
Calculate the expected gain of the inverter in this circuit.

Ideal AC Source Voltage Expected Gain of Inverter Expected Output Voltage of Invertg

el




2.2 Buffering 2 EXPERIMENT

Compare this new expected output voltage with the measurement yaudarlier.
LEAVE THIS CIRCUIT INTACT FOR USE IN THE NEXT SECTION!

2.2 Buffering

The above investigation shows that joining non-ideal ¢iscoauses loading. We can
salvage the situation by intervening with a nearly idealwir(a kind of ‘adaptor’ if you
like). Between voltage sources and voltage-input loadsamegptace ainit gain buffer.

The principle of the buffer is that it has a large input resise so it won’t load the signal
generator, and a small output resistance so it can drivedsigtance loads. We use the
buffer toisolatethe signal generator from the inverter.

Incorporate the unit gain buffer into your existing circuit, in accordanwith this block
diagram.

signal . i
generator buffer inverter oscilloscop

O __

Temporarilyseparatethe signal generator, amdmeasureits (unloaded) AC voltage.
Make sureit’s 1Vp-p.

Y

Connect the signal generator to the input of the buffévleasure the voltage at the
buffer’s input, buffer's output, andinverter’s output. Calculate the gain of the overall
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circuit as the ratio of inverter output voltage to the 1Vp+gaaded signal generator
voltage.

Unloaded Sig. Gen. VoltageBuffer Input | Buffer output| Inverter Output| Overall Gain (V/V)

1Vp-p

Compare this measured gain to the original expected gain of the taver
VERY IMPORTANT: LEAVE THIS CIRCUIT INTACT FOR LATER USE!



