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3.a) DPolling =“Sequence-based” programming. [5%]

b)

Interrupt = “Event-based” programming. [5%]

Polling programs are easier to read. However, the main program is dedicated to
checking inputs and cannot be used for other tasks, and hence cpu usage is
inefficient. [5%]

Interrupt programs are more efficient as inputs generate interrupts which run
service routines, leaving the main program for other tasks. However, interrupt-
based programs are more difficult to read. [S%]

Mais (230VIO

% RI=4TR
DIODE RI=57.5R
(V]
|41 l 1 1
3
COLDER HOTTER X) 3
I._—___ Tl RI=1250R
[
Iz ;z TRIAC
2 — 1
TTClelinf _____J | O
T o Micro
Z1=5v6
A& e T s
Ré=47K R3=17K T
Neotral G l
M
L4}

[10%] for power supply for microcontroller. Choose Z1=5.6V to give a SV Vdd
after the diode. At worst case, this circuit must deliver 2.4mA (=2mA for
triact+0.4mA for micro). Since it is a half wave rectifier, assume we need 4.8mA
to supply enough current through R1 to power the micro+triac combo.

So R = V/I =(230-5.6)/4.8mA = 47K

[10%] for triac, load (R=V*/R=230%600=57.52) and calculation of its drive
resistor (R=V/I=2.5/0.002=1250Q).

[10%] for zero crossing circuit. At the 5V6 zener, we see a ‘square wave’ with
5.6V and -0.6V. The 2 diodes remove the 0.6V overvoltages and In3 essentially
sees a ‘square’ wave of peak voltages of 5V and OV.

[10%] for 2 user inputs — check that R4/RS are reasonably large so as not to
overload the power supply.

[10%] for detecting zero crossing part of flow diagram
[10%] for checking inputs

[10%] for delay and firing the triac

See next page



Anything reasonable along the lines of:

Detect zero
crossing

s {In3{f] XOR In3[t-1]) =
{zero-crossing?)

Is {(delay>0)
AND (In1=1)?

Yes (HOTTER)

Det (delay)

Check user inputs

S (delay<255 No

AND (In2=1)?

Yes (COLDER)
Inc (delay)

r

Time delay of
{delay/258)ths x 10ms

v Delay and fire triac

QOutput a positlve
pulse of 1us from
Qut1

GO TO START

Note that for more heat, the delay is decreased (DEC)!

d) The watchdog timer is a timer which checks that the main program has not
crashed. It is reset in every loop of the program. If it times out, the micro reboots.
For 50Hz, the program cycle is 100Hz since there are 2 zero crossings. So the
minimum period is 10ms. If a different implementation to the above is used for
question (c), then the minimum period is one cycle of the main program. [10%]



4.a) The acquisition time is determined by the charge up time of the RC circuit formed

b)

by the resistance of the switch and the hold capacitor, plus the switch delay when
an input channel is selected.

Delay of the RC circuit first:
V =V (1 - &%
For 0.1% accuracy, V/Vin = 0.999

0999=1 - e'V(IOe-9x 40)
In (0.001) = -t/(10e-9 x 40)
-6.91 =-t/4e-7

1=2.76ps

Total delay =2.76 + 0.25us = 3.01us
[10%]

The hold step voltage is due to the switch injecting charge onto the capacitor.

Q=CV
V=Q/C
=20pC/ 10nF
=2mV
[S%]

The droop rate is due to leakage current of the switch and the OP27.

Total leakage =1+ 10=11nA
i=Cdv/dt

11nA = 10nF (dV/dt)

Droop rate = dV/dt=1.1V/sec

v LSB voltage = %5 x 1/2"°x 5V =38uV
Max conversion time =38uV /1.1
=35us

[15%]



d)

One-bit quantizer

o

=

vl rj—

J

Modulation
[10%)]
Subtractor Integrator Quantiser
=analog(t)-quantiser(t-1) Esubtractor(t)+integrator(t-1) =level '1' if integrator > 0
=level '0’ if integrator < 0
[15%]
e)
Time Input Subtractor Integrator Quantiser
0 2 0 0 0
1 2 2 2 5
2 2 -3 -1 0
3 2 2 1 5
4 2 -3 -2 0
5 2 2 0 0
Bitstream=10100
[35%]

f) Analog signal = Average of (5+5+0+0+0) =2V

Any R-C / averaging circuit would be acceptable here.

[10%]



S. a) Any sketch that resembles:

Gain (dB)

8 Freq(decade Hz)

Phase (degrees)

-200-

b) oy =2nf, =6283rad/s w,=2m f;,=6283000 rad/s
Ag=10° L= 1/(1+399) = 0.0025

o, =[ow,(1+ £4,)]* =9.94 rad/s
— wl +a)2
2w,

Since k <1, it is underdamped.

k =0.316
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So Vout =Vin x 4= 0.01 x 400 = 4V

=400 =52dB

@,
fn _27I'

So period of underdamped oscillations = 1/1.58MHz = 0.632us

=1.58 MHz

Voltage
A

mo.sszps
4V £\

VAR

Time;
d)

Max occursat: @ =, (1-2k>)" =8.89Mrad/s =1.41MHz

Ay
DG 666 = 56dB

peak

Peak gain : |A

Peak at (1.41MHz,56dB):
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i . \a Freq(decade Hz)



Gain (dB)

Vin
— Vout

Require second pole, 1MHz at gain = 0dB, to achieve a phase shift -135° or 45°
margin.

Hence, to reach 120dB (op-amp gain at dc), we need to go backwards at
20dB/decade, and hence 6 decades to the first pole.

So first pole (dominant) must be 1Hz (ie. 6 decodes back from 1MHz).

Gain bandwidth = 1Hz x 10¢ = 10° Hz

Ken Teo
Peter Spreadbury
2007



