Department of Microtechnology and Nanoscience

Wireless and Photonic System Engineering SSY085
2014-10-28, 14:00-18.00

Teachers in charge:
Magnus Karlsson, phone 772 1590, email: magnus.karlsson@chalmers.se
Hans Hjelmgren, phone 772 1737, email: hans.hjelmgren@chalmers.se

Aids: Open book examination. Any printed material and calculator of choice is
allowed. Communication devices (computers, mobile phones etc.) are not allowed.

Examination checking: Nov. 18, 12-13 in room A402, ("Gaten", just next to Café
Canyon, MC2).

Convince yourself that you have understood the problem before you get started.
Constructive and valuable gambits will also give points. If information is lacking in
the description of the task, you must yourself introduce technical plausible
assumptions. Make sure you clearly state such assumptions.

Grades: 3: > 24, 4: > 36, 5: > 48

1. The “Southern cross” submarine link

The “Southern cross cable” is an undersea ring connecting Australia, New Zealand,
Fiji, Hawaii and mainland US as shown in the below maps. The distances and number
of repeaters (i.e. optical amplifiers, marked “Rpt” in the map) are shown in the second
figure, taken from the project website. The link was originally installed with 16
wavelengths at 2.5 Gb/s (40 Gb/s in total) in 2001, but already in 2004 it was upgraded
to 480 Gb/s by replacing the 2.5 Gb/s with 10 Gb/s transmitters/receivers, but without
changing any wet plant (i.e. submarine) equipment.

a) Discuss and implement the 2004 upgrade! Determine what components are
needed, what are the wavelength and channel separation requirements, the SNR
requirements, modulation format, dispersion etc. Check noise sources. It is
enough to design the longest leg (marked leg C in the map). Make realistic
parameter and system assumptions unless given in the map. (26 points)

b) In 2012 the link was further upgraded, to 1.6 Th/s in total. Discuss ways to
accomplish this (again without affecting the wet plant). (4 points)
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2. Radar
A ground based air-surveillance radar operating at 1.3 GHz is designed to detect a
target with a radar cross section of 1 m? at a maximum range of 400 km. The
rectangular antenna is 14 m wide and 4.2 m high, with an aperture efficiency of 65%.
The sensitivity of the receiver is -100 dBm. Determine the following,

a) Antenna effective aperture area and antenna gain (dB).

b) Peak transmitter power.

c) Pulse repetition frequency for a maximum unambiguous range of 400 km.

(20 points)

3. Intermodulation
Output spectrum for a power amplifier excited with a two tone signal (15 dBm each)
with a center frequency of 2.4 GHz and 10 MHz spacing is shown below.

a) Determine the amplifier power gain.

b) Draw a figure of the resulting spectrum if each input signal is increased 5 dB.

c) Determine the third order intercept point referred to the output.

d) Estimate the 1 dB compression point.
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(10 points)

4. Multistage amplifier design
Using the transistors listed below, you should design a 2.0 GHz multistage amplifier
with a power gain of 20 dB and output power of 18 dBm. The listed characteristics
are for an operating frequency f=2.0 GHz.
a) Determine the number of stages, and motivate the choice of transistor and gain
(G < Gmax) for each stage.
b) Estimate the total amplifier noise figure Frwt and third-order intercept point
OIP3wt of the amplifier.

Transistor | Gmax (dB) | F (dB) | Pout1ds (dBm) | OIP3 (dBm)
BFG505 | 10 1.9 4 10
BFG520 |8 1.9 17 26
BFG540 |7 2.1 21 34

(10 points)
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