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Task 1 — Output impedance of PicoScope SigGen

PicoScope
Rs Actual
R BNC cable ~X
S
£ X
Vs X- - =X - X «—1Ideal — constant Rs

lout (output current)

RL 220 470 1k 10k 100k 00
Vs (mV)
Rs
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Task 2 — Using a Unity Gain Amplifier (2)

¢ Add R3 (200k) — makes no difference, but ready for Task 3

Vouta lL—~  [8] Voo
Vina— [2 % /Y 7] Vouts vVee = Sv
ViNAt |3 + \16] Ving-
o v L

—F e/ m

L =5 & Mount resistor on
e adjacent pins vertically

10kHz sine wave
1V peak-to-peak
1V DC offset

200k
R3
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Task 3 — x4 Amplifier Failure (1)

¢ Add R4. The gain of the amplifier should be x4.
¢ However, you will see that V, shows a sine wave with top of it “clipped”.

3
VG T
— 2
10kHz sine wave /\/ o|m
1V peak-to-peak < &
1V DC offset
x [ 200k
O (a'd
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Task 3 — x4 Amplifier Success (1)

¢ Add C2 and C3. This will now work. Why?

>
e S
o
lu
Vo —

200k

10kHz sine wave

1V peak-to-peak
1V DC offset
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Task 3 — x4 Amplifier Success (2)

¢ Consider what happens at DC source (principle of superposition):

1.  C2is open-circuit, so 2.5V dc is blocked by C2. Instead, V+ is now at 2.5V
because of R1 and R2 (voltage divider).

2. C3is open-circuit. Therefore the op-amp is now a x1 amplifier as in Task 2.

Vce = 5v+

200k
R

1p

+| C2

200k

|ll
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Task 3 — x4 Amplifier Success (3)

¢ Consider what happens at high frequency (e.g. 10kHz sine wave):

1. C2is short-circuit, so V5 goes directly to V+.
2. C3is short-circuit. Therefore the op-amp is now a x4 amplifier

Vcc = 5v +
>
S [
1p 3
Cc2 o
2
S |2
~

10kHz sine wave
1vVv peak -to-peak
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Task 4 — Better bias circuit (1)

¢ Bias voltage at pin 3 is poor because ......

10kHz sine wave

1V peak-to-peak
1V DC offset
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Task 4 — Better bias circuit (2)

¢ Replace resistor divider bias circuit with proper voltage reference

Why is R3 necessary?
What is the loading seen by the PicoScope signal generator?

{F—¢
10kHz sine wave
1V peak-to-peak
1V DC offset
220 =
5V -
R4 : R3
+2.5V
200k

*3
cathode
ref AP431i
anode
_2
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Task 5 — Large Gain amplifier failure

¢ Replace R1 with 2k ohm resistor. Gain =1 + R2/R1 =101

1u C2
sine wave .
2V peak-to-peak | RS —T— 1 °
1V DC offset
100Hz - 100kHz 100k .
g p—
) — R3
+2.5V
Vref 200k 200k
D | 2k
_1+10u
T c3
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Task 5 — Gain-Bandwidth Product limit

Gain drops by

1B g 20dB /decade Gain-Bandwidth
5 : ; 1st order Product (GBP) =
120 — — 0 Gain x frequency
Ve | MCP6001
@ 100 \ -30 ~
S - Q
c 80 \m\ N Phase 60 g GBP for
® 60 - bl 90 & MCPE0DL s
S 40 b 120 §
3 Gain m\\ ] _,?
S 20 150 S
Q. Q.
O o -180 O
Vem = Vss N
_20 | lIIIIll| L1 . ) -
01 1 10 100 1k 10k 100k 1M 10M Gain = 0dB

Frequency (Hz) 1MHz
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Task 6 — High gain amplifier in 2 stages (1)

¢ Stage 1: non-inverting amplifier with GAIN = 21
¢ Replace R1 with a 10k ohm resistor. Now gain is x21

Ve RS I— o
r—
100K
O -
- 25v — | R3
Vref
re 200K 200k
2| 10k
_1+10u
T c3
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Task 6 — x210 amplifier in 2 stages (2)

¢ Stage 2: inverting amplifier with GAIN = -10 (circuit in RED)
¢ Now check Vo1 and Vo2

Vv 1u C2
G I'R5 r o -
100k
2 |- .
) 25v [ R3 *
Vref
200k
2| 10k
_l+10u
T c3

Topic 11 slide 8
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Task 7 — Audio Amplifier for 8 ohm speaker

¢ Op-amp only can only deliver at most 20mA current at its output
¢ Need special amplifier to drive 8 ohm speaker
¢ Use special amplifier for this purpose

sine wave

0.4V peak-to-peak
0V DC offset

C4 1u
1( 2 480u
+'/
2 V| &
=l
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Lab 2 Task 1 — Half-wave Rectifier

¢ Good half-wave rectifier

Stage 1 amplifier 5V Stage 2 amplifier & rectifier 10k

5 1 R10 i
g F G2 72 IC1A :
i EIR5 —e 2 i
! 100k i
| 4 |
; 2 |3 £ :
- 25v [ R3 — R ol =
- Vref 2 I
5 re 200K 200k ., i
= &1 10K T :
T+ 10u
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Lab 2 Task 1 — Full-wave rectifier

¢ Poor full-wave rectifier

1u C2
Ve (/]
100k
23 ot

R3
200k

2.5V
Vref

¥21C1B

; c3 Modified from Lab 1 Task 6
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Lab 2 Task 1 — Peak detection

¢ Peak detecting

02 i
H>!—T O Vo
e e
l N — I
: o |
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Lab 2 Task 1 — Sound level detection

¢ R9 - estimate or measure, not easy to calculate

2.2k

Audio Mic

402 V2 IC1A

Stage 1 amplifier
5V

2.5V R3 ’ R2
Vref
L 200k 200k
2 10k
_l+10u
T c3

Stage 2 amplifier & rectifier EETolo]’s

R10

%IC1B

Peak detector

Vrect D2

0cd
| |
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Lab 2 Task 2 — Comparator with hysteresis

R22
™M
From PicoScope R21
Signal Generator ~O
10k
5|V 1
2 Y2 1C2B
10k | <|«—
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Lab 2 Task 2 — Comparator to detect sound

R22

From Task 1
—0O—]{ R21
10k
3.75V

% 1C2B

V0ut

SZ\} BLUE

100

0y
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Lab 2 Task 3 — Function Generator

11 C21

|
20nF

10k 15k
e [RVT|[R23 & °

72 1C3B

220
—1 R3 > 2 5y 2.5v —

Y2 IC3A

AP431i
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Lab 2 Task 4 — Lowpass filter

c22 10n

15k
R26

PicoScope | VG

AWG @)
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Lab 2 Task 5 — Pulse-width modulator

11 C21

I
20nF R24

15k
R23

220

AP431i * O

10k ’_%

72 1C2B

PYKC 8 Nov 2022 E2 Circuits and Systems Revision Lecture - Slide 23



Lab 2 Task 5 — Pulse-width modulator

11 C21

I
20nF R24

15k
R23

220

AP431i * O

10k ’_%

72 1C2B
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