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Problems for final report (Electronics)

Choose two from the following 6 problems and answer them.
Or you can choose more and | will take the best two of them.
Scoring of exercises Is taken into account.

The submission deadline Is 8-th February. You can upload the
answers via web or post into the box at the administration
office in print.
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Problems for the final report: 1. DA conversion circu

(1) Let us consider the following resistance ladder DA conversion circuit. The
right end is a bit different from the one we treated in the lecture. Calculate the
output voltage V, for the input {d;} (k = 1,---,n).

Vout

(2) We have resistors with values {R,/2*} (k = 0,---,n), and Rg, an OP amp., a
standard voltage source of the voltage Vs, n + 1 n-channel MOS switches, n + 1
p-channel MOS switches. With these components, design a DA conversion

circuit which has the output

Rf & k - -
Vout = _VSEO Z di2"  for the binary input {d}.

k=0



Problems for the final report: 1. DA conversion circu

(3) We have capacitors with values {2*C,} (k = 0, ---,n), a standard voltage
source of the voltage Vg, n + 1 n-channel MOS switches, n + 1 p-channel MOS
switches. With these components, design a DA convertor circuit which has the

OUtpUt v n
_ S k
Vour = on+l _ 1 deQ
k=0

for the binary input {d,}.
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Problems for the final report: 2. Distributed constant

Consider the above circuit with L, C infinite repetition to the right and the
Inductor L/2 at the left end. Obtain the transmission range and the attenuation
range in the frequency domain. And what is the total impedance from the left
end for the frequency .
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Problems for the final report: 3. OP amp. circuit

We have the following components:

4 high precision operational amplifiers,

1 high precision Zener tunnel diode with the constant voltage 2.5V (this diode
provide precise 2.5V for the reverse bias).

With these components, design a circuit to measure the electric resistance of a
sample at low temperatures. The shape of the sample is shown below:

\oltage \oltage

t < >

Current Current
—_— —

(a) You can add any passive elements (resistors, capacitors, inductors).

(b) The power supply for the OP amps. Is ready.

(c) The sample resistance range is from 100Q to 10kQ2, lower than 50kQ
Including the contact resistance.

(d) The offset voltages, the bias currents of the OP amps. can be ignored. No
need for the offset cancellation circuit.
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Problems for the final report: 4. Digital filter

o191

a1 = 2exp(—mgoT) cos(2m fo7)

41
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(1) From the above diagram, write down the relation between the output
Ynr Yn-1,Yn-2 and the inpUt Xn» Xn—1,Xn-2-

(2) When the coefficients a4, a,, by, ¢y satisfy the above relations, obtain the
frequency characteristics of this filter. Draw a rough sketch of the graph
for 20g, = 10/, = fs.
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Problems for the final report: 5 Discrete Fourier Tra

http://kats.issp.u-tokyo.ac.jp/kats/electroniccircuit/report/reportdata.txt

contains data of 4096 points. Each line has a point in the form x f(x).
The separator between x and f(x) is TAB (ASCII No.9).

The data are signal responding to an excitation with a particular frequency.
Hence the signal has the same central frequency but the amplitude is not
necessarily constant.

(1) Apply discrete Fourier transformation (DFT, practically fast Fourier
transformation) to the signal and extract the central frequency from the
main peak.

(2) Carry out DFT to a window with a shorter period (256 points is
appropriate) and obtain the amplitude of the central frequency component.
Shift the position of the window with a step size about 100 points. Plot the
amplitude as a function of the window position.

You do not need to show your program codes for the analysis.
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Problems for the final report: 6 Impedance matching

In amplifiers with FETSs, the noise matching condition, that optimizes the noise figure,
usually deviates from the power matching one. The impedance conversion circuit
shown below thus converts the transmission line characteristic impedance 50 Q into
800 Q. The input to FET also constitutes a resonance filter for 80 MHz to 90 MHz.

The coil in the left has a tap at the winding
. number N; in the total winding number N..
The central frequency of input is 85 MHz,

INZ —C goo(y  the resonance width (peak width at half

L
505 N, (I:T height) is 10 MHz. Calculate C, L, and the
o O ration of N; to N,. (significant digits =3)
Assume the inductances are proportional to
squares of the winding numbers.




