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It is a pair of current mirrors connected together. T1 and T2 are matched transistors
which source equal current [ to T3 and T4. T3 is arranged to have a collector area of a
fixed ratio larger than T4 such that its current density is lower (by a factor of r).
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Hence, for a double-end clamped beam:
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The response bandwidth may be estimated from considering the charge carrier transit
time constant across the device, by diffusion. For simplicity, we shall assume a
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4B13 2015 — Assessor’s comments

Q1  Thermometry, strain sensing, ultrasonic ranging

A popular question which was well answered by most. The first twin transistor circuit for temperature
sensing was correctly recalled by most, as was the thermistor response. However, the thermal error due
to self heating evaded a number of people. The ultrasonic section was also quite straightforward and
most attempts were along the right lines, although some misinterpreted the beam paths.

Q2 MEMS fabrication, device resonance & noise

A quite well-answered question on MEMs fabrication (surface & bulk micro-machining), with most
candidates knowing the main steps, however process details were often missing. The estimate of
resonant frequency was also generally well done, but few calculated the beam stiffness accurately. The
final part on circuit noise was also reasonably well attempted.

Q3  Pyrometer and optical rangefinder system

A very popular question, which was well answered in most cases. Some neglected to assume the lens
area, but used the sensor area instead, for calculating the optical power collected. The pyrometer
analysis was generally correctly done. The final part on detector quantum efficiency and useable
bandwidth stumped a few candidates, but most had the right idea.

Q4  Inductive & Hall effect sensors

Another quite popular question, which attracted some high quality attempts although some candidates
failed to calculate the flux density and self-inductance correctly. Many recalled the Hall effect sensor
equations — or at least remembered the end result to use for the bandwidth estimate. Only a few
recalled that the time constant for an inductor+ resistor circuit is L/R.

P. A. Robertson (Principal Assessor)



