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Different types of transistor amplifiers

There are two main types of transistor amplifiers. They are bipolar junction
transistors (BJT), and field effect transistors (FET). Both transistors are capable
of voltage, current and power gain. Although they both have three terminals,
they are not identified using the same names. The BJT will have a base,
collector and emitter, whereas a FET will have source, drain and gate
terminals. According to (Garg, et al., 2008, p. 394) the main differences
between the BJT and FET transistors are that “the former is a current-
controlled device and the latter is a voltage-controlled device.”

Bipolar Junction Transistors

Both fransistors come in different configurations. The BJT transistors can be
used as an NPN variant or PNP variant. These are semi-conductor devices,
usually formed using silicon or germanium. The difference between the NPN
and PNP is the formation of the junctions. An NPN fransistor will have a surplus
of electrons and a PNP transistor will have a surplus of *holes.” As shown
below, (Fig 1.) the NPN transistor will have a P-type semi-conductor between
two N-type semi-conductors. The PNP fransistor has an N-type semi-
conductor between two P-type semi-conductors. The configuration of the
transistors is achieved by doping. An NPN transistor *comprises two
semiconductor junctions that share a thin p-doped anode region” (Aluf,
2017, p. 775), whereas a PNP transistor “comprises two semiconductor
junctions that share a thin n-doped cathode region.” (Aluf, 2017, p. 775)

ollector
N P N
Collector Emitter Base
l Emitter
Base
ollector
P N P
Collector Emitter Base
Emitter
Base

Fig 1. Difference between NPN and PNP junctions (Elprocus, 2020)
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They can be put into a circuit in three different configurations. Common
base, common emitter and common collector. The gain of current, voltage
and power will vary depending which way you put them in to the circuit.

Below is a table displaying the gains.

Configuration Voltage gain Current gain Power gain
Common emitter | Medium Medium Very High
Common base High Low Low
Common Low High Medium
collector
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Field Effect Transistors

FET transistors also come in two main configurations. They are P-FET and N-FET.
As mentioned, FET transistors also have 3 terminals; Gate, source and drain.
The fransistor is formed through a uni junction as opposed to the bipolar
junction of the BJT transistors, and is a voltage controlled device not a current
conftrolled device. FET's have a lower noise output, which according to
(Schuler, 2019, p. 198) “makes them useful as pre amplifiers when noise must
be very low because of high gain in the following stages.” Whether the
transistor is N-FET or P-FET is determined by the material that connects the
source channel to the drain. As (Cox, 2002) states, when the “channel is
made of P-type material, the device is a P-channel JFET.” This is then the
exact opposite for the N-FET types, as shown in Fig 2 below.

Fig 2. Difference between P-FET and N-FET transistors (Schmidt,
2018)

Gate Gate

Source Drain Source Drain

Body Body

Like the BJT transistor, the configuration of the way the transistor is put into
circuit will affect the current, voltage and power gains. The configurations
available are common source, common gate and common drain. The gains
are indicated in the table below.

Configuration Voltage gain Current gain Power gain
Common source | Medium Very High Very High
Common drain Unity Very High Very High
Common gate High Unity High

Unity simply means that the input and output signals are in phase.
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Circuit design

As part of the assignment we were given pre-set values for VCC and gain,
and asked to show all the workings for the below circuit. The values | were
give were; VCC - 10, and Gain of 10.

VCC
10V
Rif Rl
C2
OUTPUT
C1l
INPUT o T1
i | I: BC109
R2[] RE[]
oV

We assume that the voltage at RC is approximately half of the VCC. This will
give us 5V at RC which we will call VC. We also can assume that IC is 2mA. |
have chosen this value as 2mA is the operating current at IC to produce a
minimum gain (hFE) of 200 in the transistor according to our datasheet
(MultiComp, 2006). Now that we know the values of VC and IC, we can
calculate the value of RC using Ohms law.
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Calculations

RC = VC/IC, RC = 5V/2mA, RC = 2.5KQ

For RE, we are going to divide RC by the Gain. So, RE = 2.5KQ/10, RE = 250Q.

This is not the true value, however. To find the true value of RE, we need to
use the formula Gain = —<—, Where RC is 2.5KQ, RE is 250Q and Re is 12.5Q.

(RE+Re)’
We know Re is 12.5Q as we get this from the internal voltage drop of the
transistor (25mv), divided by the current at the collector (2mA). From this we
can deduce that the true gain of the circuit is approximately 9.43.

From this we can rearrange the formula to show the real value for RE. This is

shown below: RE = 25 _ Re. RE = %20 — 125 RE = 235Q

Gain

The voltage at the emitter (VE) is 2 % 5o, VEis 0.5v
Gain 10

The current at the emitter (IE) is approximately the same as IC, so 2mA.

C 2mA _

The current at the base of the transistor (Ib) is Lo amd 10pA.
hFE =~ 200

The voltage at the base of the transistor (Vb) is VE+0.7v = 1.2v We use the
value 0.7v as this is minimum operating voltage of the transistor (datasheet).

The current at R1 (IR1) is approximately 11 times bigger than Ib. So, 11x10pA =
110pA

The current at R2 (IR2) is approximately 10 times bigger than Ib. So, 10x10pA =
100pA

The voltage at R1 (VR1) is VCC - Vb. So, VR1 = 8.8v
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The voltage at R2 (VR2) is equal to Vb, so 1.2v.

The value of R1 is % = 80KQ

The value of R2 is % = 12KQ

We can assume the values of C1 and C2 to be 0.1uF.

Below is the finished circuit with all declared values and assumptions.

VCC ‘
R1[+ BoK RC [+] 2.5K
Bav BV C2
P.IuF QUTPUT
N 110uA r——
C1l
INPUT  #o" \LouA Tl
I / I: BC109
\/ﬁoom\
R2 [+:| J2K RE [+] P235R
1.2v £.5v
QV \/ £mA
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Multisim Build

Below is the finished circuit simulating in Multisim

.. XFGl1.

+

AL e T

COM —

......Nyee o

o 1 108 wA :
| Wppk 452 0A |
o l{rmas): 190 wA
| ldc): 110 uA

(fregq): 1.00 kHz

B o

BRAE 1

Vip-p): 394 mV
| Vims): 123V
| Widok 122V

©| Vifreq: 1.00kHz) - - - - - 0 0

| 11997 uA

- | Hppk: 5.51 wA
.. | ljrms): 8.35 wA

.| Ndc): 8.12 uA

L P

CmaEE |
Do

R1

T']{}V

| w43V

| Vippk 388V
O Wirms): 431V
| videy 40TV R
| Vifreq) 1.00kH2| - - . . .

I: 1.83 m&
{p-p): 1.58 mA
I{rms=): Z.44 mA
ljdc): 2.37 mA
I{freq): 1.00 kHz

. xsc1

Ext Trig

&

S owE

W 135V

| Vip-pk 354 m\
- | Wirms): 123V
o | videy 122V )

| Vifreq): 1.00 kHz|

I: 113 wA

I{p-pk: 32.8 uA
| lrms): 102 wA
“| ldc): 102 wA
- - | ifreq): 1.00 kHz

»~

ST ETE S (PO EETEPHFHPHPHRY
P“‘?___@géwssp-----

1Fs

S

V: T18 my

Vipph: 3T3mv [ - - - - -
- | Virms): 5T4mY [ . . . . . . .

Widc): 558 mV
W{freq): 1.00 kHz

I(dc): 2.38 mA

I(freq): 1.00kHz |~~~ - -

ﬁééfliiﬁf’n".‘%m”:::::”

lrms): 244ma | 0 0 0 7
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Below are closer screenshots of the probes and the multimeter used in the simulation

to determine the voltage and current readings at each point.

PR1

|: 108 uA

|{p-p): 4.52 uA
(rms); 110 uA
[{dc). 110 uA
|{freg): 1.00 kHz

PR4

V. 1.35 W

Vip-p): 354 mV
Virms): 1.23 W
Vidc): 1.22Y
Vifreq): 1.00 kHz
I: 9.57 wh

{p-p): .51 wA
I{rms): 8,25 wA
I{dc): 8.12 wA
I{freq): 1.00 kHz

PR2

V. 543V

Vip-p): 3.58 VW
Virms): 4.31W
Vidc). 4.07 V
W{freqg): 1.00 kHz
I: 1.83 mA

l{p-p): 1.58 mA
l{rms): Z.44 mA
l{dc): 2.3T mA
l{freqg): 1.00 kHz

PRS5

V. 1.5V

Yip-pk: 354 mV
Virms): 1.23
Wdc). 1.22V¥
Vifreqg): 1.00 kHz
I: 113 wA

l{p-p): 32.8 vA
[{rms): 102 wA
I{dc): 102 wA
I{freq): 1.00 kHz

PR3

V. T18 mV
Vip-pk: 372 mV
Wirms): 574 my
V{dc): &B9 mYy
Wifreg): 1.00 kHz
I: 3.05 mA

{p-p): 1.59 mA
l{rms): 244 mA
l{dc}): Z.28 mA
I{freqg): 1.0 kHz

XMM1

oo
|
oo
=
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Comparisons and analysis

The comparisons are very similar between the circuit | have designed and the circuit
| have simulated in multisim. Below is a comparison table deduced from the two

circuits.

Measured Point

Designed circuit expected

Multisim circuit measurement

measurement

IC 2mA 2.37mA
VC 5V 4.07V
IE 2mA 2.37mA
VE 500mV 559mV
Ib 10pA 8.12UA
IR1 110pA 110pA
VR1 8.8V 8.78V
IR2 100pA 102pA
VR2 1.2V 1.22V

There are very slight differences. This could be due to the fact that to start the
calculations for the expected design, we had to assume the current IC and the
voltage VC, therefore having a knock-on effect. However, from looking at the table
the measurements are very close.

We can also see from the screenshot on the next page of the oscilloscope used in
multisim (XSC1) that we have achieve the overall gain of 10 that we were aiming for.
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Oscilloscope-¥5C1 d

&£ >
Time Channel_A Channel_B
¥; g 313.361ms 153.425 mv -1.281W Reverse
* || 313.361ms  153.425mV -1.281V
5 Save
T2-T1 0.000 s 0.00a v 0.000 v Ext. lrigger
Timebase Channel & Channel B Trigger

Scale: | 500 us/Div Scale: | 200 mv /Div Srale: | 2 W /Div Edge: 3 El

¥ pos. Div): | O ¥ pos.(Div): | 2 ¥ pos. (Div): |-1 Level: ||:| |'.,.' |
Au:ld B/A | AfB ac | o ac [ o - Single | Mormal ||Auto ||Mone

We can clearly analyse from the screenshot, that the top waveform measured at
the input is 400mV peak to peak, and the second waveform measured at the output
is 4V peak to peak. This is an exact gain of 10. We can also distinguish that the
output waveform is 180 degree out of phase compared to the input.
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Input and output impedance

The task brief says that at the output of our amplifier, a piece of audio
equipment will be connected with an impedance of 600Q. Normally we
would impedance match this to RC, but for the purpose of this calculation
we will keep RC at 2.5KQ. To prove our output impedance is correct at 2.5KQ,
we have to use the following formula to find the hie.

hie = hFe 200 assumed _ 200 3 5K
4001 CC 40 x 2mA 0.08

where, hFe is the gain of the transistor, and 40ICQ is a
constant multiple of the current at the collector

Now that we have proved that hie matches the output impedance, we can
calculate the input impedance using the formula below.

1+1+1— L + L + L = 2.02K0
R1 R2 RC 80K 12K0  25Kk0 7

So, input impedance is 2.02KQ and the output impedance was confirmed at
2.5KQ
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Capacitors and their effect on gain

There are several ways in which we can affect the gain in the circuit. One of
them is by adding a capacitor across the emitter resistor. Once you put the
capacitor in parallel with the emitter resistor, the AC signal bypasses the
resistor, hence the capacitor has the name ‘bypass capacitor.’

According to (Elprocus, 2019), “A bypass capacitor basically bypasses AC
noise that may be on a DC signal, filtering out of AC so that a clean, pure DC
signal goes through without several AC ripples.” So, when the bypass
capacitoris connected in parallel with the emitter resistor, the voltage gain
of the fransistor increases.

For example, the two screenshots below are readings from the single stage
amplifier | designed earlier. The first photo shows the gain without the
capacitor which was the gain of 10 we were seeking as part of the brief.

Oscilloscope-¥5C1 >

< >
Time Channel_A Channel_B
¥; i 313.361ms 153.425 mV -1.281V Reverse
* % 313.361ms 153.425mV -1.281V
& Save
T2-T1 0.000 s 0,000 Y 0.000Y Ext. Wrigger
Timebase Channel A Channel B Trigger

Scale: | 500 us/Div Scale: | 200 mV/Div Scale: | 2 V/Div Bdge: [F]/% 5 Eat

¥ pos.(Div): [0 ¥ pos. (Div): | 2 ¥ pos. (Div): | -1 Level: ||:| I'.,' |
Add | |Bfa || AJB AC| 0 AC || o - Single || Mormal ||Auto ||Mone
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The second screen shot below shows the effect of adding a 1uF capacitorin
parallel with the emitter resistor.

Oscilloscope-X5C1 >

£ >
Time Channel_aA Channel_B
.I-I:; bl 300,113 ms 129,935 mY -3.243 W Reverse
% %00113ms  129.985mv 3,243V
5 Sawe

T2-T1 0,000 s 0,000 v 0,000 Y Ext. Wigger
Timebase Channel & Channel B Trigger

Scale: |5UU us,Div Scale: | 200 mv/Div Scale: Edge: [£]% El
¥ pos. (Div): | a ¥ pos.(Div): | 2 ¥ pos. (Div): = Level: ||:| | y |
add | |B/a || A/B AC| 0O ac |l o - Single | Mormal ||Auto |Nn:|ne

As you can see from the reading, the input stays the same at 400mV peak to
peak, however the output has increased significantly from 4V peak to peak,

to approximately 6.5V peak to peak. This means that the capacitor has
increased the gain from 10, to 16.25.
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2 stage amplifier — Multisim

The final part of Task 1 asks us to design a 2 stage amplifier in Multisim, such
that the overall gain is 50. Below is a screenshot from the oscilloscope in
Multisim showing that we have achieved that.

Oscilloscope-¥5C1 *

< >
Time Channel_a Channel_B
E i i 3.9445 5 19,466 mV -301.908 mV Reverse
* ¥ 34455 19466 mV 301,908 mV
T2-T1 0.000 s 0,000 v 0,000V Save Ext. trigger

Timebase Channel A Channel B Trigger
Scale: | 900 us/Div Scale: | 20 mV/Div Scale: | 1 VW/Div Edge: T El

¥ pos.(Div): [ O ¥ pos.([Div): | 2 Y pos.([Div): | -1 Lewvel: ||:| I'.,.' |
.ﬁ.dd BfA || AfB AC || 0 AC |l @ - Single || Mormal | Auto | [Mone

Cur P

As we can see the first waveform recorded at the input shows a signal of
40mV peak to peak. The second waveform which was measured at the
output, shows a waveform with a signal measuring 2V peak to peak. This is a
gain of exactly 50.

To design the circuit to do this | took my initial single stage amplifier with a
gain of 10. This meant that to achieve a gain of 50 my second stage had to
achieve a secondary amplification of 5. Therefore, | duplicated my first stage
and changed the values of RC and RE to 5KQ and 1KQ respectively. This
means that because RC is 5 times bigger than RE, we will achieve a gain of 5,
ultimately achieving a 2 stage amplifier with a gain of 50. The circuit can be
shown on the next page.
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““...............\'r:4_2'|\'|'
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""" I{dc): 8.08 us

ﬁl{lreq}:tookHz;;;;;;;;" """ H """""" \&TIPHG ..........

........ Ao
PR4 ) ........................................... T
IBC109BP vy | N
Uy /OO s Lo S B

| vimsp sy [ [ P

| vigo). 558 mv e P

. Vifres): 1.00 kiz e T

ezema | LRT | R R

l{p-p}: 155 uA F e

o lemEa Sqk@ 0 1 R RS

....... Vi) 34mV |
"""" Virms): 1.22 ¥

Vidc) 1.2V sk 22ma L <THEKAD
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Task 2 — Construction of designed circuit

Task 2 asks us to physically build the designed circuit and compare the results.
Below is the constructed circuit on breadboard, the power supply and
function generator with the indicated values.

YAWIY L RRA A "nw

VOLTCRAFT

PUSH/PULL  DC OFFSET
TIL/CMOS  PULL

VOLTCRAFT. VLP-1303 OVP
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The function generator indicates that we injected a 1KHz sinewave into the
circuit. The power supply shows that we powered the circuit using 10V as
requested. The final photo shows the circuit constructed on a breadboard.
Below is a table showing what value components we chose in our design,
and what components we used for the build.

As you can see with the resistors, there are slight variations in the values. This is
because resistors are only manufactured in certain values. If we wanted to
be 100% accurate and match the exact values of the resistors, we could use
decade boxes, but for the purpose of this experiment, we have used the
closest valued resistors.
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The last piece of equipment shown below is an oscilloscope which we used
to measure the difference in the waveforms at the input and the output.

EE RN N

=%

IR ]

The yellow waveform on top, is the input. This waveform is 200mV peak to
peak. The blue waveform on the bottom is measured at the output. This
waveform is 2V peak to peak. This is a gain of exactly 10, which is the same as
our designed circuit. The waveform is also 180 degrees out of phase, same as
our designed circuit.

We haven't really seen a difference between our simulated circuit and the
one we have constructed. The main thing that would have caused any
differences would have been the values of the resistors as they are not
identical. Also, the resistors we were using had a gold tolerance band, which
means that the value of the resistor can be +/- the indicated value.

This circuit was also demonstrated fully working to my lecturer.
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Datasheet
(MultiComp, 2006)

BC109 Series

Low Power Bipolar Transistors

A\

»

TO-18 Metal Can Package

— S —|

— g —

Feature:
+ NP Silicon Planar Epitaxial Transistors.

Dimensions | Minimum Maximum

A 5.24 5.84

B 4.52 497

c 4.3 533

D 0.40 0.53

E 0.76

F 127

G 287

H 0.81 117

J 0.7 121

K 12.70

L 45"

Dumensions : Millimetres

Pin Configuration:
1. Emitter

2. Base

3. Collecior

nwlt?oon'p

Page 1
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BC109 Series

Low Power Bipolar Transistors

multicomp

Absolute Maximum Ratings

Description Symbol BC109 Unit
Collector-Emitter Voltage Veeo 25
Collector-Base Voltage Vemo 30 W
Emitter-Base Voltage Veao 50
Collector Current Continuous I 0.2 A
Power Dissipation at T, = 25°C 0.6
Derate above 25°C A 228 W
&}
Power Dissipation at T, = 25°C 1.0 i c
Derate above 25°C G.ET
Operating and Storage Junction Temperature Range T, Tsig -B5 ta +200 "C
Thermal Resistance
Junction to Case Rin i<} 175 "G
Electrical Characteristics (T, = 25°C unless otherwise specified)
Description Symbaol Test Condition Minimum Maximum Unit
Collecior-Emitter Violtage Veea lo=2mA Ig=0 25 -
v
Emitter Base Voltage Vepo lg=10pA, I-=0 5.0 -
Vep =28V, Ig=0 - 15 nA
Collector Cut off Current Icao Tamp = 125°C
Vm = 25"1". IE =0 - 4.0 IJA
IC = '“:ll.h‘\. ‘u".;;E =5V
B Group 40
C Group 100 -
DC Current h
FE -
Iz = 2méA, Vieg = 5V 200 800
B Group 200 450
C Group 420 800
’ . 0.83
Base Emitter Saturation Voltage VBE (sat) - 105
le = 10mA, Ig = 0.5mA :
I, = 100mA, |y = SmA 0.35
Collecior Emitter Saturation Vialtage Ve g - [I-EO W
I = 2mA, Viep = BV 0.55 0.70
. Y . 3
Base Emitter On Valtage BE jon) Ig = 10mA, Ve = 5V _ 0.77
Page 2 08/04/06 V1.0
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BC109 Series

Low Power Bipolar Transistors

multicomp

Electrical Characteristics (T, = 25°C unless otherwise specified)

Description Symbol Test Condition Minimum Maximum Unit
v I = 10mA, Iy = The value
Collecior Knee Valtage CE (K] for which 1 = 11mA 060 W
at UE-E =1V
o Vg = 5V, = 10mA,
f -
Transition Fregquency | f = 100MHz 150 MHz
Vg =5V, I = 0.2mA
Maise Figure NF R, =2k
F = 30Hz to 15KHz a0 dB
F = 1kHz,B = 200Hz dB
4.0
Output Capacitance Cabe Vep = 10V, f= IMHz 45 pF
ALLT=1kHz
Small Signal Current Gain hy, lp= 2mA, Vpg = 5V 240 900
240 500
B Group 450 500
C Group
||:_= 2maA, VI’.‘,E =5
Input Impedance hi B Group 3.2 a5 Ky
C Group 6.0 15 Kir
lo= 2mA, Viog = 5V
Output Admittance L B Group 60 pk
C Group 10
Part Number Table
Package Part Number
BCi09
TO-18 BC109B
BC108C
Page 3 08/04/06 V1.0
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