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Introduction, Aims and Objectives

The aim of this assignment is to develop an understanding of the various types of Amplifiers and
Oscillators, and compare and contrast their properties. It will also look at the different types of
feedback and the application for each.

It will then aim to design a sine wave oscillator, which should operate at 150KHZ and produce a
output of 1V ms.

Research into Amplifiers and Oscillators

Amplifiers are electronic devices that are used to convert a small input signal, into a larger output
signal, (Tutorial, 2017). There are three classes of transistor amplifiers available, these are:

e C(Class A

e C(ClassB

e C(ClassC
Class A

This type of transistor amplifier is the most commonly used; as it allows the output signal to be an
amplified replica of the input signal. This is because the transistor is perfectly biased within the
active region, therefore allowing full swing and avoiding the cut off regions. There is also very little
distortion in this amplifier. The disadvantage of using this amplifier, is that is has a low efficiency of
around 20%. (Tutorial, 2017)

Input

V
Ve Signal

time

Figure 1 — Class A Amplifier (Tutorial, 2017)
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Class B

This amplifier consists of two complimentary transistors. One transistor will conduct for one-half of
the signal, and the other transistors will conduct for the opposite half of the signal waveform. Each
Transistor will then spend half its time in the active region, and the other half in the cut-off region,
which then means the input is only amplified by 50% (Tutorial, 2017). This is because when the
transistors are switched off for half cycle, they dissipate less power therefore improving the
efficiency of the amplifier. The efficiency of a Class B amplifier is around 78.5% (Today, 2014)

Input
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time
Figure 2 - Class B Amplifier (Tutorial, 2017)

Class AB

This amplifier is a mixture of the Class A and Class B amplifier, this is also the most used amplifier.
The amplifier allows both transistors to conduct at the same time, allowing the waveforms to create
a cross over point, which reduces distortion. The two transistors in a class AB have very small bias
voltage, which is roughly about 5-10% of the quiescent current. This Amplifier also has an efficiency
of around 50-60%. (Tutorial, 2017)
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Figure 3 — Class AB Amplifier (Tutorial, 2017)
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Oscillators

An Oscillator is an electronic circuit that converts the direct current from a power supply, to
alternating current. The two most common signals used in oscillators are; sine and square wave,
(Agarwal, 2015). The output waveform can vary from very low to very high frequencies. Oscillators
can be split into sinusoidal or Non-sinusoidal oscillators.

Sinusoidal Oscillators consist of:

e Tuned Circuit Oscillators — These consist of inductors and capacitors, which are used to
generate high frequencies up to 30Mhz. (Notes, 2017)

e RC Oscillators — These are made up of resistors and capacitors, which generate low
frequency signals, which are used in audio signal generators and electronic musical
instruments. (Notes, 2017)

e Crystal Oscillators — This oscillator is made up of quartz crystals, which generate a highly
stabilized output signal, with the frequency up to 10 Mhz. The electrical signals come from
the vibration of the crystal. These are commonly used in clocks, radios and also in test
equipment such as signal generators (Notes, 2017)

e Negative-resistance Oscillators — This oscillator works on a negative resistance property
where an increase in voltage in 2 points will lead to an decrease in current. (Point, 2017)This
uses negative-resistance characteristics of the devices, for example a tunnel diode. These
are commonly used for high frequency generation (Notes, 2017)

Non-sinusoidal Oscillators produce a square output waveform. These oscillators can produce an
output frequency from 0 to 20 Mhz. (Notes, 2017)

Choice of Active Device

There are a variety of different devices that can be used in an amplifier circuit. These devices
include:

e Bipolar Transistor — This is a semiconductor device that is mostly used in amplification, and
can amplify both analogue and digital signals. They can be used to switch signals at high
speed and are commonly used in wireless transmitters and audio equipment.

e Field Effect Transistors —these are voltage operated devices as they allow voltage to the
gate which then controls the current flowing, which is proportional to the input voltage. It
has an instant operation, high efficiency and are also very cheap. They can also be used to
replace bipolar transistors in electronic circuits. (ElectronicsTutorials, 2016) They are
generally used in integrated circuits, as they are able to use low levels of current. (Poole,
2017)

e |Cs—Integrated circuits are semi-conductor devices which can be used as an oscillator,
amplifier, counter, timer and microprocessor. IC's can be split into linear or digital devices
dependent on its intended application. Linear IC’s consist of a linear output, which is linear
with the input signal. These are used in audio and radio frequency, but are most common in
amplifier devices. Digital ICs only operate a few defined states and are used in frequency
counters and computer networks. The fundamental building blocks of digital ICs are logic
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gates, which then allows the circuit to be able to work with binary data, which consists of
two different states: High (logic 1) and low (logic 0). (Rouse, 2015)

Feedback

Feedback involves, taking a sample of the output and fed back to the input, creating an error signal,
which is then used to drive the system (Tutorial, 2017). There are four basic feedback systems, these
are:

e Series Voltage Feedback
e Shunt Current Feedback
e Series Current Feedback
e Shunt Voltage Feedback

Series Voltage Feedback

This is a voltage controlled feedback system and feedback signal here comes from the output
voltage and is connected with the input voltage in series. The feedback voltage is proportional to the
output voltage. This then increases the input resistance but lowers the output resistance. (Yang,
2017) (Tutorial, 2017)

SEMES  eo— Shunt

+ = +
¢ Gain () I
Volt.;ge v C;Itage
Input Output
V1+ Egit%?e(]i:; +V: Feedback Current
- - Assumed Negligable

Figure 4- Series Voltage Feedback (Tutorial, 2017)
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Shunt Current Feedback
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This is a current controlled feedback system, as the feedback signal is proportional to the output

current. The current is then fed back to the input in parallel. (Yang, 2017) (Tutorial, 2017)

Shunt —_— Series
4 1 I, +
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Gain (G) — -
Current \ Current
Input Is Output

Feedback LY
Factor (H) Voltage Drop

Assumed Negligable

Figure 5 - Shunt Current Feedback (Tutorial, 2017)

Series Current Feedback

This is a voltage-current feedback system, the technique involves taking a sample of the output
current and then returning as a voltage, in series with the input, and is taken away from the input.
The voltage returned is proportional to the output current. This feedback system also stabilizes the
amplifier gain and increases the input resistances (Syllabus, 2017), (Tutorial, 2017).
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Figure 6- Series Current-Feedback (Tutorial, 2017)
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Shunt Voltage Feedback

A shunt voltage feedback system works as a current-voltage feedback system. In this configuration
the voltage from the output is then feedback in parallel with the input signal. The current is then
taken away from the input current. This system reduces both the input and output impedance.
(Yang, 2017) (Tutorial, 2017)

Shunt — - Shunt

-+ I +
Open-loop
; Va R
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Current Voltage
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Feedback 7
Factor (H} 3 Feedback Current
- Assumed Negligable

Figure 7 — Shunt Voltage Feedback (Tutorial, 2017)
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Design Method, Choices and Calculations

Oscillator

This sine-wave oscillator was designed to the following specifications:

e Function at 150KHz
e Output of 1Vims.

The output of the oscillator was a guideline, as this can be amplified later on in the circuit.
The frequency however cannot be altered.

R1
S0k
Key=A 57 %
[ v: 820 mv
Vee. Vip-p): 1.89V
15V V{rms): 707 mV
V{dc): -21.2 mV
ut | Viirea): 191 kiiz
— @
Rz | L R | PR1
=
5000 OPAMP_5T_VIRTUAL
| wvEE
=15V
c1 c2 c3
I I |
LRS _ o.9nF IR3  oonF l’“ 0.9nF
?soon 5000 Zs000

Figure 8 - Oscillator Circuit

The Oscilloscope was then connected onto the Oscillator to monitor an output from the

oscillator, which can be seen below.

Oscilloscope-X5C1

AN AN N,
NSNS \/

ol : hat’ L

<

T1 [+ Time Charnel_A Channel_B e
T2 (4=

SR Save Ext. trigger
Timeb Channel A Channel B Trigger

Scale: [ 2us/Div Scale: | 500 mV/Dv Scale: [ 5 V/Dw edge: [E][E|[A]E |[Ext
% pos. (Div): | 0 | ¥ pos.Bn): | O | ¥ pos.tBnd: |0 | Level: [n Tv |

Figure 9 - Oscillator Output
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Amplifier

The next stage was to design an amplifier circuit. This were to be designed to the following

specifications:

e Centre Frequency: 150KHz
e Gain: 20

e Bandwidth: 80KHz

* Input Signal: 50mVp

The next step was to decide on the DC supply voltage (Vc), this has to be lower than the
maximum valtage of the transistor used. 14V was the chosen Ve,

The next stage was to choose a small NPN transistor to use in the circuit. The MMBTH10-
4LT1G was the transistor chosen. The data sheet for the transistor can be seen below.

MMBTH10L,
MMBTH10-4L,
SMMBTH10-4L,
- o
VHF/UHF Transistor OH Benaloonduatos!
- www.onseml.com
NPN Silicon
Foatures %
® S and NSV Prefixes for A and Other Appl
Requiring Unique Site and Control Change Requirements; wé:gg‘;”'
AEC—Q101 Qualificd and PPAP Capable STYLE &
= These Devices are Ph=Free, Halogen Free/BFR Free and are RoHS
- COLLECTOR
Compliant 3
1
MAXIMUM RATINGS BASE
Rating Symbol Value Unit
Collector-Emner Voliage v, % vac 2
9 ceo =
Collector-Base Volage Veso 30 Vde
Ermitier-Base Vollage Vess 30 Ve MARKING DIAGRAMS
THERMAL CHARACTERISTICS L L
IEM M= IEA M.
Charactoristic Symbol Max Unit
Total Device Dissipation [ [] ] [ ] L]
FR-5 Board (Mote 1)
Ta=25°C 228 mw MMBTH10LT1G, MMBTHI0-04LT1G
Derate above 28°C 18 mWrC NSUMMBTHIOLTAG
Thermal Resistance, R 556 CW JEM, 354 = Spaahc Device Gode
Junction to Ambient (Note 1) M = Date Code®
Total Device Dissipation Pp = Pb~Fres Package
Alumina Substrate (Note 2) (Note: Microdol may be in either location)
Ta=25°C 300 mi *Date Code orentation andior overbar may
Derate above 25°C 24 mWrC wary depending upon manufacturing location.
Thermal Resistance, Raus 417 “Cw
Junetion to Ambient (MNote 2) ORDERING INFORMATION
Junction and Stomage Ty Ty -5510 c Davice Package | Shipping!
bl irctiohial g il MMBTH10LTIG SOT-23 3.000/

Siresses exceeding those ksted in e Maximum Ralings tacle may damage the
device. If any of these limils are exceeded, device functionality should not be
assuMed, GAMA0e May OCCUr and rlabilty may be afecied

1. FR-5=1.0x0.75 x 0.062 in.

2 Auming =04 x03x 0024 in. 99.5% aumina

Figure 10 — Transistor Datasheet (Semicondcutor, 2016)

{Po-Free) | Tape & Reel

NSYMMBTHI0LT1G SOT-23 3.0007
(Po=Free) | Tape & Real

MMETHI0-4LT1G s0T-23 3,000/
(Po-Free) | Tape & Reel

MMBTH10LT3G, SOT-23 10,000/
SMMBTHI0-4LTIC | (Po—Free) | Tape & Resl

tFor information on tape and reel ifications.
including part orientation and tape sizes, please
reler o our Tapa and Reel Packaging Spacifications
Brochure, BRO&011/D.
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ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

Characleristic Symbol Min Typ Max Unit
OFF CHARACTERISTICS
Collector-Emitier Breakdown Vollage ViBRCED Ve
(le = 1.0 mAde, Iy =0) 25 - -
Collector-Base Breakdown Voltage Vioricao vde
(g = 100 pAde, Ig = 0) 30 - s
Emitter-Base Breakdown Voltage Visrieso Vde
(lg = 10 pAde, I = 0) 30 B B
Collector Cutoff Current leao nAdec
(Ve = 25 Vde. Ig =0) - - 100
Emitter Cutoff Current Igso nAdc
(Ven=2.0Vde, Ic =0) - - 100
ON CHARACTERISTICS
DC Current Gain he -
{le= 4.0 mAde, Vee = 10 Vie)
MMETH10LT1G, NSVMMBTH10LT1G 80 = =
MMETH10-4LT1G, SMMBTH10-4LT3G 120 - 240
Collector-Emitter Saturation Voltage VicE(sar) Wdc
{lc=40 mAdc, Ig = 0.4 mAdc) = - 05
Base-Emitter On Voltage Vae vide
{lg=4.0 mAdc, Vg = 10 Vdc) = = 095
SMALL-SIGNAL CHARACTERISTICS
Current—Gain — Bandwidth Product fr MHz
(le= 4.0 mAde, Ve = 10 Vide, f = 100 Mhz)
MMBTH10LT1G, NSYMMBTH10LT1G 650 - -
MMBETH10-4LT1G. SMMBTH10-4LT3G 800 = =
Collector-Base Capacitance Ceas pF
(Vcs= 10 Vde, Ig = 0, f = 1.0 MHz) - - 07
c Base Feedback Capacit Cw pF
(Vieg= 10 Vide, Ig = 0, T = 1.0 MHz) - - 085
Collector Base Time Constant 'Ce ps
(lc= 4.0 mAde, Vg = 10 Vide, 1= 31.8 MHz) - - 90
Product p ic per s indi in the ical C istics for the listed tes! conditions, unless otherwise noted. Product
may not be by the C it ted under different conditions.

Figure 11 — Transistor Datasheet (Semicondcutor, 2016)

Then a Collector Current (lq) was decided. Iq should be roughly 10-20% of the transistors
ICmax figure. The value of Iq was chosen to be 4,A.

After the Supply Voltage and Collector Current was decided, the next stage was to calculate
the value for the load resistor RL. The transistor collector voltage was also calculated, and
this was 7V, half the V., this then allows equal amounts of swing on the output signal and
prevents the driving the transistor into saturation. RL can then be calculated by dividing half
of VCC by lqg, as seen below:

vec-vce 14-7
RL = = =
1Q 4mA 4mA

= 1.75KQ

The emitter voltage Ve should be 10% of V¢c, so my Ve is 1.4V. The next stage was to divide
Ve by 1Q to get the value for RE. Calculations can be seen below:

VE 1.4

=E= m=3509

RE
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The next stage was to calculate a value for the base current, I1B. To be able to calculate this,
take the middle value of the HFE of the transistor which is found from the transistors
datasheet, which is 180. Then you have to divide the collector current, lg, which is 4ma. This
is calculated below.

HFE=2180=24-1B= £4_2,a
IB IB 180

You can then calculate the base voltage, VB, of the transistor. This should be about 0.7V
higher than your V.to ensure than the input signal, is biased with the transistors input
characteristics.

VB=VE+0.7V
VB=21V

Then you calculate your DC bias network current, this is to ensure that you have sufficient
bias stability. Your DC bias network current should be 10 time greater than the current
flowing through R1 and R2, IB.

I(R1+R2)=1B x 10
I(R1+ R2) = 22uA x 10
I(R1+ R2) = 0.22mA

To complete your DC conditions, you must then calculate our resistor values for R1 and R2.

There are both calculated separately, R1 is calculated by calculating the difference between
vee Ve and VB, and then dividing this value by the DC
L bias network current.

VCC—-VE 14-21 11.9
i R1 R1 = = =

$54.1K0 $1.75k0 IRl 0.22mA  0.22mA
= 54.1K0

R2 is calculated by dividing the base voltage VE, by
the DC bias network current.

{E)a:nmmumc VE :
R4 R2
S9.5K0 3 3500 +

Figure 12 - Amplifier DC Conditions
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Probes where then added to test the voltages at different points of the circuit.
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V120V I 18.6 mA
Vipp) OV gk 0 A
Vmms): 0V Ierms): 18.8 mA ici
Vide): 120V Ifde): 18.8 mA 12
V(freq): — Ifreq): -
M
V Av:1oav
orry 1 Vi 1.20 v
Vims): 0 V
R1 > R vide): 703 v
V114V " <97 Vebreat =
Vipp): 0V A | 0 st
e 94.1KQ V{ms); 0V 8.1 uA r
Videk 1.74V L1 wA T
V{freq) - L s g
@ i (V1oov
l‘gl Vip-p): 0V
PR? PR2 Vims): 1.0V
e Vide): 1.00 ¥
V{freq): —
© prs
R2 R4
9.5KQ 3500

Figure 13- Testing Amplifier
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AC Conditions

The next step was to calculate and add in the AC components, capacitors. It is important that the
capacitors have a high reactance under DC conditions, as they are essentially blocking the input and
output voltages from connecting circuits by essentially creating an open circuit, this is to ensure the
bias condition of the amplifier is not disrupted.

While under AC conditions, they allow signals to pass, so therefore has low reactance under AC
conditions. To achieve this, C is made the subject of the formula and a low value for Xc is selected,
for example 0.9 ohm. Use a centre frequency of 150 kHz, which is gathered from the task
description.

1
= 2n F Xc
fe 1
" 2w 150kHz 0.9Q
C = 1.18uF

1.18uF was then used as the values for C1, C2 and C3.

veo

14V
R3
LR1
%sa,mn 21750
c1
1L
1)
1.18pF
c3 Q2
1l {)ummmn.unc
1.48,F
vt
50mVpk R4 R2 c2
?);gomz 9.5K0 3 3800 ==1.18,F

=

Figure 14 - Added AC conditions




Ethan Howells

PSEEE

R3
%54."{[} L

Digital Electronic Components

I
118k

v

%, 50mVpk R4
C“f)' 50kHz - %s.sm

| LI

L

R
14V
R1 o
Z105K0
Cc1
1.1BpF
SE i o
‘J?)MMBTIHIJALHG
R? c2
$300 . ==tagpF

The oscilloscope was then added in to the circuit, which would then allow the output to be read.

18/09/2017

a
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A\

et Trig)
.

Xsc1
4|1-

Oscilloscope=RSC1

Figure 15 - Oscilloscope connected to Amplifier
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Single

The oscilloscope reading shows the time period which is 6.518us.

ar
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N / [}
\ i ! / )
: 1 . . = . e - b
A | | ! |
Bl | | | |
i\ / \ J \
1 f T I' 1]
i / \ / \
Y { | { 4
\ & \ ! \
\ I Y ! ]
\ ! Y ! Y /
\ / \ N/
NS A ,"'( A
<
Time Chemel A Chenel B
;; sl Y 0,000V Resree
* | 658w -895.637TmW =
271 6581 SI5EITAN = Ext, vigger
Timebase Charmel A Chamdl 8 Trigge:
Scale: 2usfon | sene: [2 viow Seale: [5 viowe Edge:
¥ pos. (Di): 0 ¥ pos. Ov): (54 J=1 ¥ pos.ow): [} Leve:
add || 8 | AR a | o ac | o [oc] -
Figure 16 - Oscilloscope Results
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Impedance

To calculate impedance, the variable resistor must be inserted between the supply and C1. Then the
value of the resistor needs to be adjusted until the output peak to peak voltage is exactly half its
original voltage, which was 10.5V. The value of the resistor at this point is the input impedance of
the circuit.

At 0% of 2kQ resistor the output voltage is 10.6V

.
~ 1 Vip-p) 108V
s s PP : -+« 4 V(rms): 388V
B B © ] V(de): 119 mV
RS . .. .-
2kQ 0% .

\Key=A =

Do
Figure 17 - Variable -
Resistor P w v

Figure 18 - Qutput
Voltage

At 56% of the 2kQ) resistor, the out voltage is 5.25V which is half the original voltage. This the means
that the input impedance is 56% of 2kQ, which calculates to be 1.12kQ.

1v:2aY
.| Vip-py 5.25V
1 Virms): 1.8 V
Vidc): 49.1 mV
C ] Wi(freq): 150 kHz |

T
K0 T 56%
Key=A

Figure 19 - Variable

Resistor A
Figure 20 - Output
Voltage
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The next step was to split R2 into two resistors but ensuring the equal the same resistance of R2.
This was done because under AC conditions the capacitor essentially becomes a 0.9Q resistor. This
was used use as the value for Xc when calculating our capacitive values. Therefore, with just RE in
the circuit, this allows 100% feedback, which gives a maximum gain. Then with RE and C2 in the
circuit, the resistance is roughly 0.9 Q, and so the emitter voltage will act as ground (0V) and
therefore there will be no negative feedback. By adding R3 into circuit, this allows a feedback of
between 0-100% as R2 allows some voltage in the circuit. The two new resistors were altered until
the gain reached 20.

vCC
14V
R3
R1
Ssa1K0 $1.75k
Figure 21 - Splitting R2 into 2
c3 ;
_"_ 1@5 PRI Resistors
9 5 mi
Virey: 889 my 1.48yF
V(rms). 35.4 mV
V{de) 224 W az
Vifreq): 150 kHz n;
—1r \'Lt)MMBTHﬂJJLHG
1.48pF
® PR2
R2
RS § 730
2k 0%
» R4
i e S9.5k0
RE c2
v 3k
50mVpk ‘22?70 —=1.18yF
~ HM50kHz
gtiey
L
Amplifier design with AC + DC Supply
= AC Sweep =
Cursor n —
v(4)
V (ER4)
'w e XL 82.4126M o
vi 23.1311
x2 1.9587k
Figure 22 - Amplifier Bandwidth ¥2 23.0089
dx -82.4106M
ay -122.2491m
dy/dx 1.4834n

1/dx -12.1344n
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Calculating values for Capacitor

1
= S XFLxZin
Cl= !
T 2m x 110K x 1.12K
€1 = 1.29nF
3 1
" 2m X FL X Zout
4 1
T 2m x 190K X 1.75K
C4 = 0.48nF

18/09/2017

These capacitor values were added into the circuit to reduce the bandwidth to what was
optimal. The high and low frequency boundaries were found by taking 3dB from the
maximum frequency, which was 24.5, so the high and low boundaries were set to 21.5.

Amplifiar design with AC + DC Supply
ACSweep

-

By B 6 b6 H 5o

Frucuuncy (He)

Figure 23 - Amplifier Bandwidth

x1

vl

®2

y2

dx

dy
dy/dx
1/dx

V(4)
V (PR4)

261.4206k
21.4594
28.4066k
21.5503
-233.0140k
90.9126m
-390.1593n
-4.2916n
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After the capacitors were adjusted to reduce the bandwidth, the R2 and RE resistors were
adjusted to ensure a gain of 20 was maintained.

Figure 24 - Amplifier

vee
: 14V
: . . | ] L' -9‘57 my
R3 . Sroraoer,
254.1K0 S1.75k0 e esom
® PR4
Vi 40.2 mV
IMeermsm | | . 0.48nF
V(rms). 35.4 mV
1 V(de): -2.24 uV . . .
V{freq): 150 kHz i Q2
—r \&Dmmmm-u-aum :
1.29nF
© pro
: R2 ca
R5 520 ==0.48nF
k0 0%
5 R4
=N S9.5K0
: : RE ' c2
Vi £
' 50mVpk . §29m . ==1.18pF
\ ™ j150kHz - D [N
gl

|||-

Gain

To calculate gain, the following equation was used:

. Vout
Gain = Vin
) 2
Gain = 559x10 _3

Gain = 20.02
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Below shows the bandwidth of 163k HZ, this was found by taking 3db away from the Y-Max,
which was 29.738. The centre frequency was Y-max on the graph below, which is 157kHz

e O X
File Edit View Graph Trace Cursor Legend Tools Help
ERexbhaHEKGD ANA Q@AY AP xBR[BH =
AC Sweep | AC Sweep | AC Sweep | AC Sweep | AC Sweep | AC Sweep | AC Sweep | AC Sweep | AC Sweep  AC Sweep [ ]
Design1
AC Sweep
o 100
=
E 1
bg’ 10m
m [ S
= 100pl.
vi4) Cursor
WApRz) =]
o V(4)
@ - ———————
T 04 = V(ER4)
@ 1 -
E 250 x1 83.6556k \\_b_ﬂ\’\—;
o 4504 ¥l 26.7388 ‘ . .
%2 246.8384k
1 v2 26.7100 k m 100M 10G
dx 163.182ek Frequency (Hz)
Vid) dy -28.7987m
VIPRE) dy/dx -176.4815n
Trace V@) |VCRA) 1/dx §.1281p

Figure 25 - Bandwidth
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Combining the Circuits

The next stage was to combine the circuits, and to be able to do this, a buffer circuit needed to be
designed. This allows both circuits to be isolated and it also reduces the output voltage of the
oscillator to the required input voltage of the amplifier.

Firstly, the gain had to be calculated to be able to calculate the value for Rf in the buffer circuit

Rf

Av = —

v Rs
A= 50mVv
V= seomv
Av = 0.0735

To calculate the value for Rf it is assumed that Rs is 1kQ, and then rearrange the equation to make Rf
the subject.

Rf = Av xRs
Rf =1k x 0.0735
Rf =73.50

The actual Rf value was slightly lower, as it was altered to ensure the voltage was sufficient to the
amplifier circuit.
Figure 176 - Buffer Circuit
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Upon completion the three circuits are combined, which then allows the circuit to be tested as a

whole.
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Figure 27 - Connected Circuits

Below show the results from the output of the Oscillator.

| V: 50.3 mV
Vip-p): 201 ¥
V(rms): T13 mV
V(dc): -21.2 mV
V(freq): 150 kHz

|

®PR2

Figure 27 - Output of Oscillator

Below show the results from the output of the buffer circuit.

V: 558 mV
Vip-p): 135 mV |
V{rms): 47.8 mV
1 V{dc): 384 uV
| V{freq): 150 kHz|

Figure 28 - Output of Buffer
Circuit
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Below show the values of the output of the Amplifier circuit.

V. 89.2mV |
Vip-p): 280V
V(rms): 584 m
Vide): 14.1 mV
Vifrea): 150 ItHk

N a

Figure 29 - Output of Amplifier

18/09/2017

An oscilloscope was connected on the output of the amplifier to show the waveform of the output

signal. See Figure below.

Oscilloscope-X5C1

>
| Time Channel_A Channel_B
Tt [d ] 0.000¢ -13.911mV - ‘ Reverse
T2 [« 3 : : ;
= | 0.000 s -13.911mV
T2T1 0.000 s 0.000V - [P
Timebase Channel A Channel B Trigger
Scale: ‘ 2us/Div l Scale: | 1 V[Div Scale: | 5 V/Div Edge: [£]%|[a]B |[Ext]

¥ pos.(Div): | 0 ¥ pos.(Div): |0 ¥ pos.(Div): | O
[v/r][add] [e/a [ | [ac] o [[oc]

(ac][o |[oe][-]

Level: (g | v

[Single | Normal | Auto | None |

Figure 30 - Output Waveform
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Evaluation

To conclude, the circuit designed was very similar to the specification that was provided. The
oscillator was also developed to the required specification, which was to operate at 150KHz and an
output of 1V . A gain of 20 was specified and this was achieved as 50 mv was the input and 994 mv
was the output from the amplifier. The assignment specified a bandwidth of 80kHz, however the
final bandwidth was 163kHz and this is because it contained an RL circuit. To achieve a bandwidth of
80kHz, a tuned circuit is required. The centre frequency achieved was 157kHz, which was just above
the specification of 150kHz.

The circuit could be improved by using a tuned circuit instead of a RL circuit to allow the optimal
bandwidth to be achieved. A more suitable transistor could also be used as this would allow a higher
current to be used, as the transistor used was suited for low currents,
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demonstrated by this assignment was generally
excellent. There were very few gaps in your
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