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ENGINEERING TRIPOS PART HA 2006
Module 3B1, Radio Frequency Electronics - Assessors’ Report

Q1. Transistor amplifier

This was a fairly popular question and generally well attempted. All candidates knew the basic
circuit layout for an amplifier and many made good attempts at the design, although some chose
impractical component values. The final part, on a signal switching circuit, was not answered
very well in many cases; with few attempts including the required demodulator circuit.

Q2. Phase locked loop & oscillator

Most candidates could draw the PLL schematic and knew how it worked. Also, many candidates
correctly derived the negative impedance part (which was standard book-work) although some
had remembered the final result and contrived to get there with an incorrect circuit. Several
candidates made a good attempt at the final PLL design, locking the 1.024 GHz signal to an
8 MHz quartz crystal reference.

Q3. VCVS filter & microstrip design

The most popular question and well answered in most cases. Only a few candidates did not
recall the VCVS circuits accurately and almost all selected the most appropriate filter type. The
second half on microstrip design was also generally well answered, although only a few worked
out the impedance of a stripline geometry and realised that the final part, needing a 66 ohm
characteristic impedance, could only be realised in microstrip.

Q4. Antenna theory & Smith chart

This was also a fairly popular question attracting a wide range of attempts. The first part was
quite straightforward and most candidates managed to work out the radar signal levels quite
well. The section on impedance matching was well answered in most cases, although a number
of attempts used a different design method to the graphical method elicited in the question and
some candidates used an extra series capacitor to simplify the Smith chart plot.

Dr P.A. Robertson, May 2006
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3B1 — Radio Frequency Electronics 2006

(some numerical answers etc.)

Rl R2 R3 R4
IM2 150k 3k3 33k stagel
390k 47k 1k 10k  stage 2 100nF coupling caps, 15nF shunt cap.

Use diode demodulator and comparator to monitor signal level and MOSFET
analogue switch to mute the signal when at low levels.

WithL =10 nH @ 1 GHz =63 Q, so Q factor = 30 gives shunt resistance of ~2 k
Q, hence choose transistor bias to give —R of LESS than this eg. -50 Q to guarantee
oscillation. C = 2.53 pF for LC resonance at 1 GHz.

Choose Chebyshev for sharp frequency cut-off. Low pass up to 7 MHz, high pass
from 5 MHz gives cascaded bandpass 5-7 MHz.

C1 =38 pF, C2 =22 pF (low pass stages), (A-1)R =580 or 1660 Q

C3 =19 pF, C4 =33 pF (high pass stages), ditto

w = 3.85 mm microstrip, 0.46 mm stripline for 33 Q.

37 mm track length difference = 90 degrees.
For 66 Q track, use microstrip 0.92 mm wide; not possible in stripline (-0.26 mm).

P=25mW/m’, H=3.6x 10> A/m, E=1.37 V/m.
P rec. =33 pW, Vrec.=58 uVinto R =50 Q.

Normalise to 1.74 +j1.16. Voltage refl. coeff. = 0.46
Match with C=2.3 pF and L. = 9.4 nH.



