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Introduction
Within this assignment | will demonstrate an understanding of semi-conductor

components and characteristics and their application in analogue and digital
electronic circuits. Furthermore, | will design, simulate, build, test, and evaluate

analogue and digital electronic circuits using information gained from datasheets. /
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Task 1 — Characteristics of Diodes

A Diode is known as a semiconductor device that allows the flow of current through
one direction but restricts any current through the reverse direction. Diodes have
polarity, which are determined by a positive (anode) lead and a negative (cathode)
lead. When a diode allows current through, this is known as forward biased.
Whereas when a diode is reverse-biased, this does not allow current to flow and acts

as an insulator.

A diode is also known as a pn junction, this is made up of two terminals that have
polarity, P-Type (anode) and N-Type (cathode) material. Bias within an electrical
circuit allows current to flow only in one direction. Forward biased is where the
positive terminalis connected to the anode and the negative terminal is connected to
the cathode, this results in the depletion region narrowing, low resistance and
maximum current flow through the diode when connected in forward bias. Reverse
biased is the opposite of forward biased, where the cathode is connected to the
positive terminal, the anode is connected to the negative terminal, the results in the
depletion region widening, high resistance, no flow of current; there may be extreme
small amounts of current through the diode, this is known as leakage. Breakdown

will arise in the circuit if high voltage and will cause damage to the diode.

Depletion Depletion
increases decreases
- e i
@ o PILCAC) ivay
® S ool 2
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@ e ~——o ©
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1 |
Reverse-bias voltage Forward-bias voltage
(Current flow blocked) {Current flows)

Image 1 — Reverse / Forward Bias Voltage (Motor Control Electronics (part a), n.d.)
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Germanium Diode Results

0.8

Forward Bias Forward Bias Germanium
Voltage | Current 8
Increase (A) Z
0 0 s
0.1 |0.018mA £y
0.2 | 0.165mA 2 3
03 |0567TmA|  °
0.4 1.165mA (1)
0.5 |1.902mA 1 02 04 06
Voltage Increase
0.6 3.01ImA
0.7 3.66mA Image 2 — Germanium Forward Bias Graph
0.8 4.74mA
0.9 5.87mA
1 7.1mA /
Reverse Bias
Diode Voltage
Vi (V) V2 (V) [ (V) Current(uA)
0 0 0 0
-1.5 -0.033 -1.467 -3.3
-3 -0.052 -2.948 -5.2
-4.5 -0.07 -4.43 -7
-6 -0.097 -5.903 -9.7
-7.5 -0.132 -7.368 -13.2
-9 -0.178 -8.822 -17.8
-10.5 -0.231 -10.269 -23.1
-12 -0.291 -11.709 -29.1
-13.5 -0.358 -13.142 -35.8
-15 -0.426 -14.574 -42.6 /
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Current(pA)

Reverse Bias Germanium

Diode Voltage (V)

/

Image 3 — Germanium Reverse Bias Graph

Silicon Diode Results

Forward Bias Silicon

0.4 0.5 0.6 0.7
Current(mA)

Pbee on nNew

Forward Bias
Voltage Current
Increase (mA) 3
30
0 0
@ 25
0.1 0.00004 o .
0.2 0.00025 <
% 15
0.3 0.00177 S 10
>
0.4 0.01287 5
0.5 0.1 0
0 0.1 0.2 0.3
0.6 0.781
0.7 6.06 i g Graoh
Image 4 — Silicon Forward Bias Gra
0.8 32.7 / g P
Reverse Bias
Diode Voltage
V1 (V) V2 (mV) | (V) Current(nA)
0 0 0 0
-1.5 -77 -1.423 7.7

0.8

P4 .
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-3 -89 -2.911 -8.9

-4.5 -90.5 -4.4095 -9.05

-6 -95 -5.905 -9.5

-7.5 -99 -7.401 -9.9

-9 -101.2 -8.8988 -10.12
-10.5 -104.8 -10.3952 -10.48

-12 -107.9 -11.8921 -10.79
-13.5 -109.8 -13.3902 -10.98

-15 -110.1 -14.8899 -11.01 /

In the results above we can see that in the germanium diode measured results.

There is more resistance in the diode compared to the silicon diode. This is because

the silicon diode is less sensitive than the germanium diode, hence the operation of

silicon diodes is stable with changes in temperature. The silicon diode has low

reverse current compared to germanium and the silicon diode has a large reverse

breakdown
voltage about
70-100V
compared to
germanium
which has the
reverse
breakdown
voltage around
s50v. [/

-16

Curren

Reverse Bias Sillicon

Diode Voltage (V)

-12

Image 5 — Silicon Forward Bias Graph
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Task 2 — Voltage Regulator Design
A Rectifier is a device that converts alternating current into direct current. There are

three various types of rectifiers: half wave rectifier, full wave rectifier and bridge

rectifier.
Full wave rectifier

A full wave rectifier requires more than one diode for the full wave rectifier to convert
each half of an alternating current wave into a direct current signal. When a rectifier
uses both positive and negative halves of a cycle from the AC wave, this type of
rectifier is a full wave. By using more than one diode, this allows current through one
direction and blocks the current in the reverse direction. A full wave rectifier hfjlyess

ripple than a half wave rectifier therefore generates a smoother output.

The assigrre
Current flows /ﬂ
when Oy M,jq;t a bH%_C
conducts C .
r'do[", fr\.-v-
Current flows
when Dy
conducts

Resultant Output Waveform

Image 6- Full Wave Rectifier (Full Wave Rectifier, n.d.)

lllustrated in image 6, shows a full waves rectifier that consists of two diodes
connected to a single resistor, where one diode at a time will supply the current to
the load. At point A labelled in image 6, when that point is positive, diode D1
operates in the forward direction. As well as at point B, when positive (within the
negative half of the cycle), diode D2 operates in the forward direction allowing the
current to flow through the resistor in the same direction in both halves of the cycle,
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the direction of flow is illustrated with the blue arrows. When these two waveforms a
combined from each half of the cycle, this is what creates the full wave rectifier. /

For this element of this task, we are developing a circuit schematic of a power supply

and usings a full wave rectifier to use within the circuit.
The specifications that will be used within the circuit schematic are as follows:
I, (min) = 5mA
P =300 mW /

P 300 x 1073
L(max) = —= ——

= = 58.82mA
v, 5.1 m

/

V., = 145V
v,=51 /
=1+ I
Ve = Vi — V, /
Vp = 14.5 — 5.1 = 9.4V /

R =
Iy

Let R, = 1KQ

Sl &

v, 5.1
I, =2=""=51mA
L= R = To00 - M /

Ix(min) = I,(min) + I,
=5+4+51=10.1m4 /
Ir(max) = I,(max) + I,

=5882+51=6392md4d /

Ryin =

Ir(max) /

9.4
T 63.92%x10°3 147'069/
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Roay = ———
max — I,(min)

= o4 = 930.7Q /
T 10.1x 1073 '

Selected a value between 330, 390, 470, 560, 680
R1 = 4700 / Govet

The following shows a full wave rectifier circuit that has been developed in Multisim

to simulate the circuit.

.............................. D3 . D1 L B . .
AL1N4001G YiNdoote

LTSN 12Vms
B CiL ' S

"""" - |p2 D4
C 0 W71N4001G 7RAN400IG

Image 7 — Full wave rectifier simulation

You kot ol pidpded ol oo somudban,  esulls
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Task 3 — Transistor Amplifier Design and Performance Measurement

A Class B amplifier is an active device where it only conducts for one half of the
wave cycle from the input signal, therefore meaning that the conduction angle of the
amplifier is 180 degrees. Subsequently the device is switched off for half of the input
wave cycle, from this less power is produced but it does improve the efficiency of the
amplifier. When a class B amplifier has zero input, there is zero output, meaning that
there is no power being used. This is due there being no DC bias because of the
transistors are biased at the cut-off, so when there is no input signal there is no
power dissipation of the transistor. The class B amplifier uses two types of
transistors (PNP and NPN) to be able to create a full waveform cycle. When one of
the transistors is positively biased, the other is switched off, this will conduct a
positive signal. Whereas, when the other transistor is negative biased then this will
produce a negative signal, and the positive transistor will be switched off.
Furthermore, the two transistors will create a crossover distortion as an output

signal, which means it create low heat and increases efficiency.

+W oo C/CLSS 8 1.6 /@Lj
Pert of e ass ﬁnwe@t’,

Image 8 — Class B Amplifier (Class AB Amplifier Design and Construction, n.d.)

A Class A amplifier is a device where it allows the transistor to conduct a full 360-
degree wave cycle. The “operation the switching transistors Q-point is located near
to the centre of the output characteristic load line of the transistor and within the
linear region.” (Class AB Amplifier Design and Construction, n.d.). An advantage of a
Class A amplifier is the reduction in distortion this is due to the signal always being
able to reproduce an input signal. Though a Class A amplifier suffers from poor
efficiency due to the transistor at the centre of the load line, therefore even if there is
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no input signal to amplifier, there must always be a DC current flowing through the
switching transistor. /

Image 9 — Class A Amplifier (Class AB Amplifier Design and Construction, n.d.)

v Class A Class B
Amplifier Amplifier
] - -
_1|.|r Tl Tl ‘ a Tl
] 360 180° =—= 260

Image 10 - (Class AB Amplifier Design and Construction, n.d.)

/

As illustrate in image 9 a Class A amplifier produces a full 360-degree waveform
from a single output transistor. Whereas a Class B amplifier conducts a 180-degree

waveform from two output transistors.

A Class A common emitter amplifier has been designed and calculated from the

following figures.
Appendix 1 is attached for reference.

Volts (Vcc) = 9 Volts

Transistor Value = BC109 /

HfE Value = 311

Collector Current (IQ) = 10% of 10mA = 1mA = 0.001A /

Ic = 1Q
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Vee 9

R, = = = 900kQ
€T 2 x I, 2 x(5x1073) 00k /
= 8200
IE = Ic
IE = 5x1073
VE=108 [/
g Ve_ 108
E™ 1z~ 5x10-3
=2200Q /
Base Current (IB)
I, 15x1073
= = = . X -6
s = 7oz 77— = 16:08 X 1074 /

VBE = 0.7V /

Vs = Ve~ Vpr=108+07= 178V /

DC bias network current

10 X Iz =10 X (16.08 x 107¢) = 160.8 X 1054 /

Resistance for R2

= = = . X 3
R2= o x I;  16.08 x 10-° 11.07> 1070
1107k Qo

Nearest valne ,
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Resistance for R1

0-178 _ 40.82x10°Q

R. = Vee-Vp
1= - -6
11 X Ig 11 X16.08X10

= 40.82kQ vd
Neowng va/due.
= 10uF

Input capacitors

From the defined and calculated values, the circuit has been simulated using
Multisim to simulate and test the designed circuit under DC and AC conditions, the

results are as follows.
N x50l
ke
IN ouT Ext Tg
§ 39 $| g % -
-q?—- &
RC
XFGL Dazun
e R1
QM g me c2
10uF
c1 Qi
! F \Besarep
& €
Cj b R2
- Jiao "
szun /

Image 11 — Multisim Class A common emitter amplifier

v, —5.026
out _ =@126.28 /

Gain = =
M=y T 39799 x 103
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Image 12 — Multisim Circuit showing emitter/base/collector results with probes

inserted into the circuit

Bode Plotter-XBP1

Mode

Magnitude Phase

AN Horizontzl Vertical

i (n
F| ko |: GHz | F| 100 dB
1 mHz 1| -200 dE

I
Controls

Reverse Save Set...

[« 8L972MHz 40,19 dB -+ +® In @ -  +(8) Out (@ —

Image 13 — Upper cut of frequency

High cut of f frequency = 81.972 MHz /

81.972 x 10° = 81972000 Hz
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Bode Plotter-XBP1 X

L Mode

Magnitude Phase

~ Harizontal Wertical
] Log Lin Log Lin
- | £l ko |: GHz | F| 100 dB
11 mHz | 1|-200 ds

Controls

Reverse Save Sek..

- 320,298 Hz 40,552 dB - + In = + Out -

Image 14 — Lower cut of frequency
Low cut of f Frequency = 320.298 Hz
Band width = High cut of f frequency — Low cut of f frequecy
Band Width = 81.972 x 10° — 320.298 = 81.971 MHz /

An amplifier circuit has been constructed and measurements of the circuit have been
taken. The results taken are to see the functionality of the circuit constructed. After
taking the results from the constructed circuit they will then be compared to the
simulated and calculated results previously produced in this assignment. There will
be slight variations from the constructed circuit in comparison to simulated and
calculated results due to the slight variations in resistor values used, this is due to
only being able to use what is made available to us, therefore we use the closest
values there is available to the desired values used previously. The actual values

used in the practical are as follows:

Desired Actually used
900kQ 820kQ
216kQ 220kQ
40.82kQ) 39kQ
11.07kQ 12kQ

There following images show the AC amplification of the transistor amplifier circuit
constructed. This provides evidence of the practical being carried out, as well as the

transistor successfully amplifying the AC waveform. From the images we can see
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that the inverted wave signal has been produced, the phase different of the sine
wave is 180 degree. The amplification of the circuit can be defined by the resistors

used within the circuit.

Image 17 & 18 — Amplification waveform
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DC Results Compared

Simulated Measured The%q:\l
Ve 4.33V 3.98 V QV
VE 1.26 V 1.32V 1.08 V
Ve 1.94V 1.98 V 1.78 V
VBE 687 mV 660 mV 0.7V
Ic 57mA  / 61mA 0.005A

There are variations between the simulated, theoretical and measured results. The

main variations are with the measured results, this is because of the variation

between the resistor values calcule?d and the resistor values that were physically

available to use for this practical.

There are variations between the simulated / measured / theoretical results this

could be down to human error with either of the types of result, human error is where

a result or set of results have occurred where the outcome is outside of its

acceptable limits. The fluctuation in results can also be due to tolerances within the

various components used in the circuits. Also, as previously stated the resistors used

in the practical element of the task had slightly different values to the ones used for

the theoretic? and simulated elements of this task, this will cause a variation in

results.

As part of the practical for this assignment a frequency response to determine the

gain was carried out to determine the response in the voltage out by gradually

increasing the frequency, the calculating the gain; the results obtained are as

follows:
Frequency output voltage Gain Gain (dB)

100 1.76 44 32.87

200 2.96 74 37.38

300 4.48 112 40.98

500 4.66 116.5 41.33

1000 4.72 118 41.44

10000 4.8 120 41.58

17 |Page
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50000 4.64 116 41.29
80000 4.64 116 41.29
200000 4.56 114 41.14
500000 4.16 104 40.34
800000 4.01 100.25 40.02
1000000 2.96 74 37.38
2000000 1.8 45 33.06
3000000 1.08 27 28.63
5000000 0.56 14 22.92 /

From the results table a frequency response curve for the gain was created, this can

be seen below:

Frequency response of the gain

45.00

H
40.00

35.00
30.00
25.00
20.00
15.00 /
10.00

5.00

Gain (dB)

0.00
1 10 100 1000 10000 100000 1000000 10000000

Frequency (Hz)

Image 19 — Frequency response of the gain
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Frequency response of the gain

45.00
H
40.00
35.00 /
30.00
;i 25.00
£
8 20.00
15.00
10.00
5.00
0.00
1 10 100 1000 10000 100000 1000000 10000000
Frequency (Hz)

Image 20 — Frequency response of the gain, measuring high/low cut off frequency

From creating the frequency response curve of the gain (as shown in image 20), the
high and low cut off frequencies could be calculated from using the curve created,
this can be seen as follows:

Maximum gain- 3 = 41.58- 3 = 38.58dB /

High cut of f frequency = 800kHz

Low cut of f frequency = 0.3kHz

Bandwidth = high cut of f frquency - low cut of f frequency
Bandwidth = 800- 0.3 = 799.7kHz ‘/

These results vary in comparison to the calculated results are the components each

have various tolerances.
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Task 4 — Inverting Operational Amplifier

“A inverting amplifier is an op-amp circuit configuration that produces an amplified
output signal and this output signal of the inverting op-amp is in-phase with the
applied input signal.” (Teja, 2021). When the input voltage is applied to the input
terminal of the inverting amplifier the output gain of the amplifier becomes negative

unlike a non-inverting amplifier where the output gain is positive. /

An inverting amplifier uses a negative feedback connection, it only uses part of the
output signal voltage is fed back instead of the whole output signal. The voltage is

fed back to the inverting op amp input terminal. /

A closed loop arrangement creates an inverting amplifier circuit which is stable, has
a high impedance, the resistance in approaches infinity due to the current not flowing
into the positive terminal, and has a low output impedance.

Virtual earth
summing point I Rr

;

Vo

© 9]

Image 21 — inverting Amplifier Diagram (Inverting Operational Amplifier, n.d.)
A inverting amplifier circuit has been simulated and constructed using a 741 op-amp
and a dual power supply of 12V. /
Appendix 2 is attached for reference.

The following simulation shows the circuit of a non-inverting amplifier, using a 270kQ
and a 470Q resistors from finding division factors of 9, allow us to create a voltage

gain of 18. This can be seen in the calculations below:

Ry, = 18 x 2.7k /
= 48.6
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Used R;,, = 470Q )

270kQ

Fmax = 20kH,
GBP = 1MH,

1x10
Bandwidth =
Gain =18 =

Rr =18 X Ry,

= 55.55kH,

=18 x 2.7

As part of the practical for this assignment a inverting operational amplifier to

determine the gain was carried out to determine the response in the voltage out by

gradually increasing the frequency, the calculating the gain; the results obtained are

as follows:

The results below shown in a table.

DC Input DC Output Gain
0.1 -1.64 -16.4
0.3 -3.38 | -11.2666667
04 -6.69 -16.725
0.5 -8.54 -17.08
0.6 -10.14 -16.9
0.7 -10.68 | -15.2571429
0.8 -10.69 -13.3625
0.9 -10.69 | -11.8777778
1 -10.69 -10.69
AC Input
Voltage Output Voltage
0.2 3.4
0.4 7
0.6 9.6
0.8 13.4
1 17.4
1.2 20.8
1.4 22.4
1.6 22.6
1.8 22.4 /
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Gain (Db)

30

25

15

10

-10

2 | 22.6 |

B

Frequency (Hz) | Vout (V) Gain Gain (DB)
100 8.08 16.16 | 24.16882713
500 8.08 16.16 | 24.16882713
1000 8.16 16.32 | 24.25440309
10000 7.76 15.52 | 23.81783434
20000 6.8 13.6 | 22.67077817
30000 5.68 11.36 | 21.10756663
60000 3.22 6.44 | 16.17771735
90000 2.08 4,16 | 12.38186661
100000 1.9 3.8 | 11.59567193
300000 0.708 1.416 | 3.021265067
500000 0.42 0.84 | -1.51441428
700000 0.308 0.616 | -4.20838576
900000 0.23 0.46 | -6.74484337
1000000 0.198 0.396 | -8.04609628

Frequency Response

100

1000

10000

Frequency

Image 22 — Frequency Response

100000

There following images show the inverting amplifier circuit constructed. This provides

evidence of the practical being carried out, as well as the inverting amplifier

22| Page

1000000



successfully amplifying the AC waveform. From the images we can see that the

inverted wave signal has been produced. The amplification of the circuit can be

defined by the resistors used within the circuit.

Image 23 & 24 — Amplification waveform
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. Image 25 & 26 — breadboard &

Amplification waveform

¥Pos 0.00us Messre

Image 27 — Amplification waveform
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There are variations between the simulated, theoretical, and measured results. The
main variations are with the measured results, this is because of the variation
between the resistor values calculated and the resistor values that were physically

available to use for this practical.

There are variations between the simulated / measured / theoretical results this
could be down to human error with either of the types of result, human error is where
a result or set of results have occurred where the outcome is outside of its
acceptable limits. The fluctuation in results can also be due to tolerances within the
various components used in the circuits. Also, as previously stated the resistors used
in the practical element of the task had slightly different values to the ones used for
the theoretical and simulated elements of this task, this will cause a variation in

results.

Slew rate is defined as the maximum rate of change of an op amp’s output voltage. It
is a different specification than small-signal bandwidth, which considers differential
input signals of +/- 100mV or less. In the waveform we can see that the op amp is
operating above its slew rate limit, therefore the signals become distorted. The op
amp slewing distortion results in the creation of a square waveform. If the frequency
is increased the op amp will be even less able to keep up therefore, the amplitude of
the output waveform will decrease. /
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BC107/BC108/ BC109

Low Power Bipolar

Transistors

mult?comp

TO-18

TO-18 Metal Can Package

—_— A I

_B_

Features:

NPN Silicon Planar Epitaxial Transistors.

Suitable for applications requiring low noise and good hgg linearity, eg. audio

pre-amplifiers, and instrumentation.

Pin Configuration
1. Emitter.

2. Base.

3. Collector.

Dimension Minimum Maximum
A 5.24 5.84
B 4.52 4.97
C 4.31 5.33
D 0.40 0.53
E - 0.76
F - 1.27
G - 297
H 0.91 1.17
J 0.71 1.21
K 12.70 -
L 45°

Dimensions : Millimetres

mult?comp
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BC107/BC108/ BC109

Low Power Bipolar Transistors

mult?comp

Absolute Maximum Ratings

DESCRIPTION SYMBOL BC107 BC108 BC109 UNIT
Collector-Emitter Voltage Vceo 45 25 25 \
Collector-Base Voltage Vego 50 30 30 \Y
Emitter-Base Voltage Vego 6.0 5.0 5.0 \Y
Collector Current Continuous Ic 0.2 A
Power Dissipation at Ta = 25°C Pp 0.6 w
Derate Above 25°C 2.28 mW/°C
Power Dissipation at Tc = 25°C Pp 1.0 W
Derate Above 25°C 6.67 mwW/°C
Operating And Storage Junction Tj, Teig -65 to +200 °C
Temperature Range

Thermal Resistance

Junction to Case Rih () 175 °C/W

Electrical Characteristics (Ta = 25°C Unless Otherwise Specified)

Description Symbol Test Condition Minimum Maximum Unit
Collector-Emitter Voltage Vceo Ic=2mA, Ig=0 BC107 45 \Y
BC108/109 20 \
Emitter-Base Voltage VEBo le=10uA, Ic=0 BC107 6.0 \Y
BC108/109 5.0 \
Collector-Cut off Current lceo Veg =45V, Ig=0 BC107 15 nA
Veg =25V, Ig=0 BC108/109 15 nA
Tamp = 125°C
Vece=45V,IE=0 BC107 4.0 uA
Ve =25V, Ig=0 BC108/109 4.0 uA
o
multicomp
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BC107/BC108/ BC109

(@)
Low Power Bipolar Transistors multlcomp

Description Symbol Test Condition Minimum Maximum Unit
DC Current hee Ic = 10uA, Vg = 5V B Group 40
C Group 100
Ic=2mA, Ve =5V BC107 110 450
BC108 110 800
BC109 200 800
AGroup 110 220
B Group 200 450
C Group 420 800
Base Emitter Saturation Voltage ~ Vgg (sa Ic=10mA, Ig = 0.5mA 0.83 \
Ic=100mA, Ig = 5SmA 1.05 \
Collector Emitter Saturation Voltage Vce (say) Ic=10mA, Ig = 0.5mA 0.25 \
Ic=100mA, Iz = 5mA 0.60 \
Base Emitter on Voltage VBE (on) Ic=2mA, Vgg =5V 0.55 0.70 \Y
Ic=10mA, Vcg = 5V 0.77 \
Collector Knee Voltage VcE k) Ic = 10mA, Ig = The Value for 0.60 \Y

which Ic = 11mA, at Vg = 1V

Transition Frequency fy Vce =5V, Ic =10mA, f = 100MHz 150 MHz
Noise Figure NF Vee =5V, I = 0.2mA
Rg = 2kohms,
F = 30Hz to 15 KHz BC109 4.0 dB
F = 1kHz, B = 200Hz BC109 4.0 dB
BC107/108 10 dB
Output Capacitance Cobo Veg = 10V, f = 1MHz 4.5 pF
ALL f = 1kHz
Small Signal Current Gain hee Ic=2mA\Vcg =5V BC107 125 500
BC108 125 900
BC109 240 900
A Group 125 260
B Group 240 500
C Group 450 900
ALL f = 1kHz
Input Impedance hie Ic = 2mAVeg = 5V A Group 1.6 4.5 KQ
B Group 3.2 8.5 KQ
C Group 6.0 15 KQ
ALL f = 1kHz
Output Admittance hoe Ic=2mA\Vcg =5V A Group 30 umhos
B Group 60 umhos
C Group 110 umhos
o
multicomp
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BC107/BC108/ BC109

Low Power Bipolar Transistors

mult?comp

Specifications

v v I . Noise Figure Transition P. . at
CEO cBO C hgg minimum maximgm Frequency T i°t25°c Package and| Part Number
maximum | maximum | maximum atlc =2 (mA) minimum | 2~ pin out (NPN)
(v) (v) (A) (dB) (MHz) | (mW)
BC107
45 50 BC107A
BC107B
125 10
BC108
0.2 150 600 TO-18 BC108B
BC108C
25 30
BC109
240 4 BC109B
BC109C
(2]
multicomp
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LM741 Operational Amplifier
1 Features 3 Description

« Overload Protection on the Input and Output

* No Latch-Up When the Common-Mode Range is
Exceeded

2 Applications

» Comparators

* Multivibrators

e DC Amplifiers

*  Summing Amplifiers

* Integrator or Differentiators
* Active Filters

The LM741 series are general-purpose operational
amplifiers which feature improved performance over
industry standards like the LM709. They are direct,
plug-in replacements for the 709C, LM201, MC1439,
and 748 in most applications.

The amplifiers offer many features which make their
application nearly foolproof: overload protection on
the input and output, no latch-up when the common-
mode range is exceeded, as well as freedom from
oscillations.

The LM741C is identical to the LM741 and LM741A
except that the LM741C has their performance
ensured over a 0°C to +70°C temperature range,
instead of -55°C to +125°C.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
TO-99 (8) 9.08 mm x 9.08 mm

LM741 CDIP (8) 10.16 mm x 6.502 mm
PDIP (8) 9.81 mm x 6.35 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical Application

R1

Vinput

_'VW_

"'Vsupplv

LM741

R2

V+

Output

'Vsupply

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.


http://www.ti.com/product/LM741?dcmp=dsproject&hqs=pf
http://www.ti.com/product/LM741?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/LM741?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/LM741?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/LM741?dcmp=dsproject&hqs=support&#community
http://www.ti.com/product/lm741?qgpn=lm741

I3 TEXAS
INSTRUMENTS
LM741
SNOSC25D —MAY 1998—REVISED OCTOBER 2015 www.ti.com
Table of Contents
1 FRAUIMES oo a e 7.3 Feature Description.........cccccevviiiniinininiicin 7
2 APPlICALIONS .o 7.4 Device Functional Modes.........c...cooovniniinincinnn, 8
3 DESCHPLION oo Application and Implementation .......................... 9
4 REVISION HiSTOIY..o.ouovieeeeieeeeeeeeeeeeeeeeerereeeeeean, 8.1 Application Information............ccccccvviriiiiiiniinicines 9
5 Pin Configuration and FUNCLIONS ..........cocoevevnn.n.. 8.2 Typical Application .............. s 9
6 Specifications Power Supply Recommendations... 10
6.1 Absolute Maximum RatiNGS ...........ccceriveerrrreerrrenns LayOUL...cooiiiiieeeiici e 11
6.2 ESD RAUNGS.....vvereeereeeresseeerseeeeesseesseseesseesessseesssens 10.1 Layout GUIdeliNeS ........ccceeveeriiiniieiiecieeec e 11
6.3 Recommended Operating Conditions...................... 10.2 Layout EXamPle ... s 11
6.4 Thermal INFOrMAtION ..o Device and Documentation Support................. 12
6.5 Electrical Characteristics, LM74L......cocvoeveeeeerenns 11.1 Community RESOUICES...........ccoeviiiriiriieiiiriicinean, 12
6.6 Electrical Characteristics, LM741A ...........cc.cccevunn..n. 11.2 Trademarks ..o 12
6.7 Electrical Characteristics, LM741C .........c.cc.cc.evun..... 11.3 Electrostatic Discharge Caution...............cccceeuvues 12
7 Detailed DeSCription .........ccooveeeeeeeeeseeeeeeeeen 114 GIOSSAIY c..eviiiiiiiiiiieie et 12
7.1 OVEIVIEW ..ot Mechanical, Packaging, and Orderable
7.2 Functional Block Diagram ...........ccceeeevcieniinieencnnenns INFOrMALION ..o, 12
4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Changes from Revision C (October 2004) to Revision D Page
« Added Applications section, Pin Configuration and Functions section, ESD Ratings table, Feature Description
section, Device Functional Modes, Application and Implementation section, Power Supply Recommendations
section, Layout section, Device and Documentation Support section, and Mechanical, Packaging, and Orderable
[al (ol g gF=iTo] g IR =Tod 1 o] o H PP PPT T OPUPPPNt 1
e Removed NAD 10-Pin CLGA PINMOUL ......uiiiiiiiiiiieeeeaiiiee e e ettt ea e e e aeteeaa e e aeteeae e s atbeeaaaaaatbeeaaaaansseeaasaanteeeaeeaasneseaeeaasneeeaeeanssneaaess 3
¢ Removed obselete M (S0-8) package from the data SNEEt ...........cueiiiiiiiiiii e 4
¢ Added recommended operating SUPPIY VOIAGE SPEC .....eeeiiiiiiiiiie ettt ettt e e ettt e e e et e e e e e aabb et e e e anbneeeeeannnes 4
¢ Added recommended Operating tEMPEIALUIE SPEC .......uuuiieeeiiutieeeeaiieeeaeeaateeeaeeaataeeaeaaaataeeeeaantseeeeeaasbeeeaesaasbeeeaesasaeeaeeeansrneas 4
Changes from Revision C (March 2013) to Revision D Page
« Added Applications section, Pin Configuration and Functions section, ESD Ratings table, Feature Description
section, Device Functional Modes, Application and Implementation section, Power Supply Recommendations
section, Layout section, Device and Documentation Support section, and Mechanical, Packaging, and Orderable
[Tl (o] g F= o] g IET=Tox 1o ] o I PSSR SPTRRRN 1
e Removed NAD 10-Pin CLGA PINOUL ...cc.ueiiiiiiiiiiee e eeiieee e e e ettt e e e s sttt e e e e s saba e e e e s stbeeeeeaaatbeseeesaataaseeeaasbaseeesaasbaseeesassaseaesasraseaeas 3
* Removed obselete M (S0-8) package from the data SNEEL ..........cooi i 4
e Added recommended operating SUPPIY VOITAGE SPEC ...ccovueiiiiuiieiiiiieeitie sttt ettt ettt st e e st e e s e e snneees 4
¢ Added recommended operating tEMPEIALUIE SPEC .......uuuiieiiiiiieeeeeiitt e e e e et e e e e e itreeeeesetaereessiataeeeeesasbaeeeessasbaseeesatraeeeesasraees 4
2 Submit Documentation Feedback Copyright © 1998-2015, Texas Instruments Incorporated

Product Folder Links: LM741


http://www.ti.com/product/lm741?qgpn=lm741
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSC25D&partnum=LM741
http://www.ti.com/product/lm741?qgpn=lm741

i3 TEXAS

INSTRUMENTS

www.ti.com

LM741
SNOSC25D —MAY 1998—REVISED OCTOBER 2015

5 Pin Configuration and Functions

LMC Package

NAB Package

8-Pin TO-99 8-Pin CDIP or PDIP
Top View Top View
/
OFFSET NULL—{ 1 8f—Nc
INVERTING INPUT —] 2 7V
NON=INVERTING —{ 3 6 |—output
INPUT
v —4 5 |—OFFSET NULL
LM741H is available per JIM38510/10101
Pin Functions
PIN
/0 DESCRIPTION
NAME NO.
INVERTING . . .
INPUT 2 | Inverting signal input
NC 8 N/A | No Connect, should be left floating
NONINVERTING . . . .
INPUT 3 | Noninverting signal input
OFFSET NULL . . .
1,5 | Offset null pin used to eliminate the offset voltage and balance the input voltages.
OFFSET NULL
OUTPUT (0] Amplified signal output
V+ | Positive supply voltage
V— | Negative supply voltage

Copyright © 1998-2015, Texas Instruments Incorporated
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6.5 Electrical Characteristics, LM741®

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Tp =25°C 1 5/ mVv
Input offset voltage Rs <10 kQ
Tamin = Ta = Tamax 6| mv
Input offset voltage — opo _
adjustment range Ta =25°C, Vg =20 V +15 mV
Tp = 25°C 20 200
Input offset current nA
Tamin = Ta = Tamax 85 500
. Ta=25°C 80 500 nA
Input bias current
Tamin = Ta = Tamax 15| pA
Input resistance Ta=25°C, Vg =120V 0.3 2 MQ
Input voltage range Tamin S Ta < Tamax +12 +13 \%
= = Ta =25°C 50 200
Large signal voltage gain :(/(5) 15V, Vo =#10V, R 22 L A vimv
Tamin £ Ta £ Tamax 25
. R 210 kQ +12 +14
Output voltage swing Vg =%15V \%
R 22 kQ +10 +13
Qutput short circuit current Tp=25°C 25 mA
Common-mode rejection ratio | Rg <10 Q, Vem =212 V, Tamin S Ta < Tamax 80 95 dB
Supply voltage rejection ratio | Vg =220V toVg=25V, Rg<10 Q, Tamin < Ta < Tamax 86 96 dB
i Rise time 0.3 S
Transient Ta = 25°C, unity gain !
response Overshoot 5%
Slew rate Ta = 25°C, unity gain 0.5 V/us
Supply current Ta=25°C 1.7 28| mA
Ta=25°C 50 85
Power consumption Vg =15V Ta=Tamin 60 100 mw
TA = TAMAX 45 75
(1) Unless otherwise specified, these specifications apply for Vg = £15 V, =55°C < T £ +125°C (LM741/LM741A). For the
LM741C/LM741E, these specifications are limited to 0°C < T, < +70°C.
6.6 Electrical Characteristics, LM741A®
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Ta=25°C 0.8 3| mv
Input offset voltage Rs <50 Q
Tamin £ Ta = Tamax 4 mv
Average input offset voltage 15| pviPC
drift
Input offset voltage — oo -
adjustment range Tp =25°C, Vg = £20 V +10 mV
Ta=25°C 3 30
Input offset current nA
Tamin £ Ta = Tamax 70
Average input offset o
current drift 05| nAFC
. Tp=25°C 30 80| nA
Input bias current
Tamin = Ta = Tamax 0.21| pA
. Tp =25°C, Vg = 20 V 1 6
Input resistance MQ
TAMIN < TA < TAMAX! Vs =+20V 0.5
Vg=#20V,Vo=+15V, R 22 |Ta=25°C 50
Large signal voltage gain kQ Tamin £ Ta < Tamax 32 V/mV
VS =15 V, VO =+2 V, RL 22 kQ, TAMIN < TA < TAMAX 10
(1) Unless otherwise specified, these specifications apply for Vg = £15 V, =55°C < T £ +125°C (LM741/LM741A). For the
LM741C/LM741E, these specifications are limited to 0°C < T, < +70°C.
Copyright © 1998-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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Electrical Characteristics, LM741A® (continued)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
. R 210 kQ +16
Output voltage swing Vg =20V \%
R 22kQ +15
o Ta =25°C 10 25 35
Output short circuit current mA
Tamin S Ta < Tamax 10 40
Common-mode rejection ratio | R <50 Q, Vey = £#12 V, Tapin £ Ta < Tamax 80 95 dB
Supply voltage rejection ratio | Vs =120 Vto Vg =15V, Rg<50 Q, Tamin € Ta < Tamax 86 96 dB
Transient Rise time ) ) 0.25 0.8 ps
Ta = 25°C, unity gain
response Overshoot A e 6%  20%
Bandwidth ? Ta = 25°C 0.437 15 MHz
Slew rate Ta = 25°C, unity gain 0.3 0.7 V/us
Tp=25°C 80 150
Power consumption Vg =420V Ta=Tamin 165| mw
TA = TAMAX 135
(2) Calculated value from: BW (MHz) = 0.35/Rise Time (Us).
6.7 Electrical Characteristics, LM741CW
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Tp =25°C 2 6| mVv
Input offset voltage Rg =10 kQ
TAMIN < TA < TAMAX 7.5 mV
Input offset voltage _ oro _
adjustment range Ta =25°C, Vg =420V +15 mV
T = 25°C 20 200
Input offset current nA
Tamin = Ta = Tamax 300
. Ta=25°C 80 500 nA
Input bias current
Tamin = Ta = Tamax 08| A
Input resistance Ta=25°C, Vg =220V 0.3 2 MQ
Input voltage range Tp=25°C +12 +13 \%
= = Ta=25°C 20 200
Large signal voltage gain \>/52 kéls ViVo =210V, R | A Vvimv
= Tamin = Ta = Tamax 15
. R, 210 kQ +12 +14
Output voltage swing Vg =15V \%
R =22 kQ +10 +13
Output short circuit current Tp=25°C 25 mA
Common-mode rejection ratio Rs <10 kQ, Vem =212 V, Tapin £ Ta < Tamax 70 90 dB
Supply voltage rejection ratio Vg=220Vto Vg =15V, Rg <10 Q, Tamin S Ta < Tamax 77 96 dB
. Rise time . . 0.3 us
Transient response Ta = 25°C, Unity Gain
Overshoot 5%
Slew rate Ta = 25°C, Unity Gain 0.5 Vius
Supply current Tp=25°C 1.7 2.8 mA
Power consumption Vg =%15V, Tp = 25°C 50 85| mw

(1) Unless otherwise specified, these specifications apply for Vg = £15 V, =55°C < T < +125°C (LM741/LM741A). For the
LM741C/LM741E, these specifications are limited to 0°C < T, < +70°C.
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