Final Examination 
Electronic Instrumentation (ET8017)

Monday, November 7 2011, 14:00-17:00

There are 8 questions in the exam

all of which should be attempted.

Please support your answers with the appropriate
explanations, drawings and circuit diagrams

Only the book and the slides 

can be taken into the exam

( Good luck! (
1. When trying to measure microvolt signals from a sensor, a student encounters problems with electromagnetic interference, even after placing the sensor and its preamplifier in a grounded aluminium box. She suspects that the problem is caused by magnetic coupling between the 240V power lines and the cable connecting the sensor to the preamplifier. If she is correct, what further changes will reduce the interference the most?
a. 
Using a twisted-pair cable between sensor and preamplifier and reducing the input impedance of the preamplifier.

b. 
Using a coaxial cable between sensor and preamplifier and reducing the input impedance of the preamplifier.

c. 
Using a twisted-pair cable between sensor and preamplifier and increasing the input impedance of the preamplifier.

d. 
Using a coaxial cable between sensor and preamplifier and increasing the input impedance of the preamplifier.
2. Tolerances in the current ratio “p” in the band-gap temperature sensor shown below limit the sensor’s accuracy. Nominally p = 5 and the current I is chosen such that T = 603(, where T is absolute temperature and ( is given by: 
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. 
Given that the “(” amplifier is ideal and that the PNP transistors are identical and have negligible base current, at what temperature does the worst-case error occur? At this temperature, how large may the percentage spread in p be if the resulting temperature error is to be less than 0.1°C? 
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3. In a measurement system, application of the 3 signal method results in the following sequence of output voltages 1V, 3V and 101V. 
A) Given that the reference voltage is 1V, and that it is larger than the input voltage, which, in turn, is larger than the offset, determine the magnitude of the input voltage as well as the system’s gain and input-referred offset.
B) Due to drift, the actual offset of the system may vary by ±10mV after the first measurement. What will be the worst-case error in the calculated input voltage?

4. The output of an AC-driven Wheatstone bridge is amplified by a preamplifier before being applied to a lock-in amplifier. The preamplifier has a gain of 100, a first-order low-pass characteristic with a bandwidth of 10 kHz, a thermal noise level of 10nv/√Hz and a flicker noise corner frequency of 2 kHz. Given that the Wheatstone bridge should detect strain variations with frequencies of up to 1 kHz, 

A) What is the lowest drive frequency fdrive that completely removes the effects of flicker noise from the detected signal? 

B) The cable between the strain gauge and the preamplifier picks up 50Hz. Assuming that fdrive = 5KHz, what should the minimum order of the lock-in amplifier’s low-pass filter be in order to pass strain variations while simultaneously suppressing the 50Hz interference by at least 40db.

C) If the modulation frequency is increased beyond 10kHz and the settings of the lock-in amplifier are not changed, explain (qualitatively) what will happen to the signal-to-noise ratio at the output of the lock-in amplifier?
5. An audio signal with a bandwidth from 20 Hz to 20 kHz is connected to the differential amplifier shown in Fig. 2. Assume that the amplifier is driven by an ideal differential voltage source Vin, the opamp’s input-referred voltage Vn = 10nv/√Hz and that the resistors only contribute thermal noise. What is the detection limit of the differential amplifier in terms of noise? 
Note: At room temperature 4kT = 1.62 x 10-20.
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6. An anemometer consists of a heated resistor that is exposed to an airflow. To maintain the resistor at a constant temperature, the following bridge circuit is used.


[image: image4]
A) Assuming that the opamp is ideal and that its output level is always greater then 0.1V, determine the steady-state heater temperature at zero airflow and an ambient temperature of 25C, given that R1 = R2 =10k(, R3 = 100( and the heater R4 = 50( at 0°C. Furthermore, assume that the heater has a thermal resistance of 400K/W at zero airflow and a temperature coefficient of 2%/K.
B) Calculate the worst-case voltage difference between the opamp’s input terminals if the opamp has a CMRR of 60 db, an input offset voltage of 5 mV, a bias current of 450 nA and an input offset current of 100nA.
C) Give a qualitative explanation (so without detailed calculations) of how the output of the opamp will change in the presence of an airflow. 

 7. Consider the amplifier shown below:
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A) Derive an expression for the amplifier’s closed loop gain as a function of the opamp’s open-loop gain A and the resistor values.

B) Now assume that the op-amp has a finite open loop gain of A with ±20% variation. In order to keep the closed loop gain variation below ±0.1%, what should be the minimum open loop gain A?

C) Now again assume that the op-amp is ideal but the resistors have some spread i.e. R2 (2R1. For this reason we would like to use DEM to mitigate the effect of this spread on the closed loop gain. What is your proposal for applying this technique? Draw some figures showing how your proposed circuit would look in the different DEM phases?

D) Assume that all the spread is concentrated in R1, which can then be expressed as R1+ r, calculate the residual gain error after the application of DEM. How does this compare to the gain error without DEM?
8. Consider the auto-zeroed two-stage amplifier shown below:
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A) Given that the first stage has a gain of A1 and an offset Vos1, while the second stage has a gain of A2 and an offset Vos2, derive an expression for the input-referred offset Vos of the whole amplifier. 
B) Given that Vos1 = Vos2 = 5mV, A1 = A2 = 100 and that the charge injection mismatch between any two switch is less than 2pC, determine C1 such that amplifier’s input-referred offset is less than 1(V offset..
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