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Introduction

This experiment involves constructing two sensor circuits: one utilizing a thermistor for heat
sensing and the other employing a light-dependent resistor for light sensing. The outputs of these
circuits will be linked to an OR gate. When either sensor or both detect their respective inputs, the
OR gate will activate a buzzer, turn on a switch that will complete the DC motor circuit
simultaneously. This setup will indicate the triggering of one or both sensor circuits.

l. Heat Sensor IV. Sonic output
using Thermistor using Buzzer
Ill. OR Gate
. V. Mechanical
Il. Light Sensor

output using

using LDR DC Motor

Figure 1: Reference conceptual diagram showing all blocks



Materials & Equipment

e LDR

e 3V Buzzer

e BJT PN2222

e 3V DC Motor

e 14N001 Diodes

e Connecting wires

e DC Power supply

e 3 OpAmp UA741

e 10k Potentiometer

e Function Generator

o NTC Thermistor 10k

e Resistors (1k and 12k)
e MOSFET IC HEF4007
e Solder and Soldering paste



I - Heat Sensor using Thermistor

IV. Sonic output
using Buzzer

1ll. OR Gate

V. Mechanical
= output using
DC Motor

1. Light Sensor
using LDR

Figure 2: Reference conceptual diagram emphasizing block I

Defining Block I : Functioning of a Heat Sensor

A heat sensor, also known as a thermal sensor or temperature sensor, operates by detecting changes
in temperature in its surrounding environment. It typically comprises a sensitive element that
responds to variations in temperature by generating an electrical signal proportional to the heat
level. This signal is then processed by associated circuitry to provide temperature readings or
trigger specific actions such as activating an alarm or controlling a heating or cooling system.

Functioning of the Thermistor

Several types of heat sensors are available, including thermistors. Thermistors, which are
temperature-sensitive resistors, undergo changes in resistance corresponding to temperature
variations. Two main categories of thermistors exist: Negative Temperature Coefficient (NTC) and
Positive Temperature Coefficient (PTC). NTC thermistors demonstrate a decrease in resistance as
temperature rises, while PTC thermistors exhibit an increase in resistance with temperature
elevation. NTC thermistors are commonly utilized for temperature measurement purposes, whereas
PTC thermistors are primarily employed for circuit protection applications. In NTC thermistors, the
degree of resistance reduction with temperature escalation isn't consistent but follows a non-linear
pattern. Therefore, in this experiment we will be using NTC-10k.
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Figure 3: Internal structure of the NTC 10k thermistor
Functioning of a Comparator

As the temperature fluctuates, the resistance of the thermistor alters, affecting the voltage across it
according to Ohm's law (V=RI). To monitor this voltage change, we employ a voltage comparator
utilizing an op-amp. The concept involves setting a reference voltage equivalent to the voltage
across the thermistor at room temperature. This reference voltage serves as a constant point of
comparison against the varying input voltage of the comparator. When the input voltage surpasses
the reference voltage, the output becomes +Vcc; conversely, if the input voltage falls below the
reference, the output switches to -Vcc.

_ Vee Vin
A ol /' \
é % { , VRer
A >—o Vout —— >
VREF P out |
% R

Figure 4: Example comparator configuration for illustration purposes

Usage of a Diode at the Output

The diode served to regulate the input of our OR gate. In cases where the output is positive, it
becomes forward biased; conversely, when the output is negative, it becomes reverse biased. Its
forward biasing causes a voltage drop of approximately 0.7 V, a crucial factor for the circuit's
functionality as it reduces the voltage across the buzzer ensuring that the buzzer operates within



safe limits and remains undamaged. On the other hand, when it’s reverse bias, it acts as an open
circuit, which “clears” the respective input of the OR gate, signaling no significant light changes.

Components used for the Heat Sensor

Thermistor

12kQ Resistor

UA741 OpAmp

IN4001 Diode

DC Power Supply / Batteries

We set the DC power supply to produce a 5V output. One terminal of the thermistor was linked to this 5V
terminal, while the other terminal was connected to a 12 kQ resistor, with the second terminal of the resistor
going to ground. The junction point between the thermistor and resistor(Vin) was connected to the positive
input (V+) of the op-amp. Additionally, a 2.7V signal from the function generator was connected to the
negative input (V-) of the op-amp, with its ground tied to the circuit's ground. The +VCC was linked to +5V,
while -VCC was connected to -5V obtained from the -25V outlet of the DC power supply. Lastly, a diode's
anode was attached to the output, and its cathode served as the input for an OR gate.

Threshold Voltage Calculations for OpAmp

The measured resistance of thermistor at room temperature was 11.3 kQ .

. 12 _ 12 _
Vin= T X 5 = 13 25V.

thermistor

When the temperature rises, the resistance of the thermistor drops, causing the voltage across the 12 kQ
resistor to increase. This increase in voltage, above 2.5V, triggers a +5V output, forward biasing the diode
and resulting in a high input for the OR gate. Conversely, as the temperature falls, the resistance of the
thermistor increases. Consequently, the voltage across the 12 kQ resistor decreases, falling below 2.5V. This
leads to a -5V output, reverse biasing the diode and resulting in a low input for the OR gate.



But when implementing this circuit and choosing the reference voltage, environmental conditions should be
taken into account because of the high sensitivity of the op-amp, diode, and the thermistor. Thus, the
threshold voltage as well as the voltage across the whole voltage divider need to be tuned to the setting.

Overall Gain, Input and Output Impedances

12

Gain of the op amp is G= , and Vin is equal to Vin=_— X 5 as the resistance decreases
m thermistor
R increases and the gain will approach 1
V. 12+R s
in LDR
and when the resistance of the this thermistor increases V‘”" =TI the gain will be negative
in LDR

and will be approaching zero.

Final Detailed Schematic of the Heat Sensor

-

i

+EY—

I +

II

iEF

Figure 5: Schematic of the heat sensor using a thermistor

Connections with Rest of the Circuit

The output of this block will serve as one of the inputs for the OR gate that we design in block III.

Issues encountered during Implementation

We first tried to ground Vee, which made the comparator more sensible to the fluctuation of the
Thermistor resistance value. We fixed it by applying a Vee=-Vcc and then connecting a diode : it
provided a null output when the output of the comparator is negative while also providing us with a
0.7 voltage drop when forward bias, which was needed to lower the voltage level before entering
the OR gate, in block III, which will be discussed later.



Design Limitation and Optimization Recommendations

The circuit's sensitivity, particularly influenced by the thermistor and op-amp, poses a significant
constraint. Even minor fluctuations in the input voltage near the threshold can induce the
comparator to switch states due to this heightened sensitivity. This aspect is critical in our scenario
as the circuit's resistance varies with room temperature, potentially leading to shifts in the threshold
voltage. Managing these variations is essential to ensure consistent performance across diverse
environmental conditions.

Furthermore, the inherent imperfections in the op-amp represent another limitation. These
imperfections contribute to power consumption and may cause the output voltages to be clipped.
Instead of attaining the desired -5V or +5V output, the output voltage may be constrained,
impacting the circuit's precision and effectiveness.

Additionnaly, considering the circuit's variable temperature and the nonlinear nature of a diode's
current-voltage characteristic, particularly in the forward bias region, the current also fluctuates.

I
The voltage across the diode is also given by, V 0= VTln(I—D) where,
N

kT

|4 p is the voltage across the diode , VT is the thermal voltage and it is given by VT— 0 I » is diode

current and Is 1s the reverse saturation current of the diode.

Hence, as the voltage across the diode is influenced by temperature variations, it further affects the
input voltage of the OR gate.

A recommendation for this circuit: measure the room temperature of the circuit and adjust the
resistance is series with the thermistor accordingly.



II - Light Sensor using LDR

Now that the first sensor is implemented, we will tackle the second sensor that will give this circuit
the ability to detect changes in light using a light-dependent resistor or LDR for short.

IV. Sonic output
using Buzzer

1ll. OR Gate

A 4

V. Mechanical
) output using
DC Motor

Figure 6: Reference conceptual diagram emphasizing block I1
Defining Block II : Functioning of a Light Sensor

A light sensor is a device that detects light and converts it into an electrical signal. Its primary
function of a light sensor is to measure the intensity of light in the environment and respond to
changes in light conditions. Here, we expect the light sensor’s output to go high when an abrupt
change in light received from the surface of the LDR is detected, namely, from room light intensity
to a shadow or darkness. To achieve this, we will use a LDR.

Structure and Functioning of the LDR

A Light Dependent Resistor (or photoresistor) is a device whose resistance changes when the
amount of light its surface receives changes. It is highly useful for sensing light level changes. It is
composed of light sensitive semiconductor materials like cadmium sulfide (CdS) or selenide (CdSe)
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Figure 7: Internal structure of a light dependant resistor (LDR)

Photoconductivity and Resistance of the LDR

It relies on the phenomenon of photoconductivity : when light photons hit the surface of the LDR,
they give energy to the electrons in the material. This energy allows the electrons to jump from the
valence band of the semiconductor to the conduction band, increasing the number of free charge
carriers. As more light is absorbed by the material, more electrons move to the conduction band,
thus increasing the electrical conductivity and decreasing the resistance. In the absence of light, the
semiconductor has fewer charge carriers, and thus, it exhibits higher resistance.

Usage of the Previous Comparator and Diode Configuration

Using the similar approach of block I, we will rely on the properties of the LDR when connected in
series with a resistor in a voltage divider configuration. We connect the junction of this voltage
divider to the non-inverting terminal while setting a threshold voltage on the inverting terminal of
the open-loop comparator configuration. This way, once the LDR receives light and its resistance
starts decreasing, the voltage across the other resistor starts increasing. Once this light intensity
received is deemed enough to turn on the alarm, the voltage across the resistor becomes greater than
the threshold : the output of the comparator goes high at around Vcc with a bit of clipping.
Otherwise, its output will be negative (slightly higher than -Vcc = -5) which would result in the
diode at the output being forward biased and thus acts like an open circuit to give a null output.

Threshold Voltage Calculations for Comparator

To calculate the threshold voltage for this circuit we tried to measure the fluctuations of the
resistance of the LDR at different lightning conditions.

We observed that with light the resistance of the LDR varies between 1.8 kQ and 1.4 kQ and using voltage

1+; X 5 = 1.78Vand 2.083 respectively.
LD.

division and Vin=
R

And when covering the LDR its resistance varied between 36 kQ and 38.3 kQ) making Vin=0.13 V and 0.127
V respectively.



And to compensate with the environmental conditions the threshold voltage was chosen to be 1V where the
output will be high when the LDR is exposed to light and low when it is covered.

Components used for the Light Sensor

LDR

1kQ Resistor
UA741 OpAmp
IN4001 Diode
DC Power Supply
Batteries (if any)

Overall Gain, Input and Output Impedances of Block II

out

Gain of the op amp is G= , and Vin is equal to Vin=1; X 5 as the resistance decreases

Vin +Rldr
2 = T +11!e increases and with strong light it might exceed 1, And when the resistance of the
in LDR
this LDR increases V” = = T +}e , the gain will be negative and will be approaching zero.
in LDR

Final Detailed Schematic of Block II

Figure 8: Schematic of the light sensor using the LDR



Connections with Rest of the Circuit

The output of this block will serve as one of the inputs for the OR gate that we design in block III.

Issues encountered during Implementation

Similar issues have been encountered during the implementation of block I and II, including an
extra voltage at the output when having Vee grounded instead of being equal to -Vcc and not having
a diode at the output for a needed voltage drop when the comparator’s output is positive and an
open circuit resulting in a null output when in reverse bias (negative comparator output).

Design Limitation and Optimization Recommendations

Due to their slow response time and temperature sensitivity, LDRs may not be suitable for
high-speed or precise light detection tasks. They also suffer from long-term degradation when
exposed to high-intensity light levels.



I1I - Logic OR Gate

Now that the two sensors are fully functional, with each having an output equal to Vcc, we need to
connect them to a circuit that signals whether at least one of them is triggered. This can be done
using an OR gate.

IV. Sonic output
using Buzzer

V. Mechanical
output using
DC Motor

Figure 9: Reference conceptual diagram emphasizing block I11

Defining Block 11

In logic design, an OR gate is a two-input one-output device whose output goes high if either inputs
are high and only goes low when both inputs are simultaneously low. Here is the logic circuit
symbol of the OR gate alongside its truth table where A and B are the inputs and C is its output.

@]
=l ===
ROl |O
Rlml~|o

Figure 10: Truth table and symbol of the OR gate

In this design, an input is denoted as high when it's ideally equal to Vcc, and low when it's ideally
OV. But given the experimental settings, we need to take fluctuations into consideration. Thus, we
will subsequently define a commonly used tolerance interval for what we designate by a logical one



(high) or logical zero (low) value. An output of around 2.7 to 5 volts will be considered as high
while an output of 0 to 0.5 is low. If it is greater than the upper bound of the logic-zero's interval but
less than the lower bound then the logic-one's interval is considered as a "confused" state that
cannot be mapped to a binary value. Our goal is to design this gate in a manner that minimizes the
risk of obtaining such values outside of the tolerance intervals of the binary values.

Implementation of the Logic OR Gate

Designing logic gates requires a circuit that has components having some specific properties, such
as selectivity and multiple operating modes : this can be roughly done using either diodes or
transistors. But in order to efficiently implement a gate, we need to meticulously choose the
components involved while also making a compromise between accuracy and complexity. Given
the rest of the circuit, our aim is to get enough voltage at the output of the gate in order to turn on
the components at the output, namely the buzzer and DC motor already selected to operate on Vcc.

Choice of Transistors over Diodes for OR Gate

Diodes already have a voltage drop of around 0.7 when in forward bias, this means that if the input
signals are 5V if high and 0 otherwise, the output of the OR gate designed using diodes would be
4.3 V if high, which might not be enough for the rest of the circuit. This voltage drop can be even
more significant in digital circuits operating at 3.3 V and lower. Also, they do not have a gain like
transistors that can help boost the input signal if needed. That's why we will opt for transistors since
they can actively drive the output high or low in a more optimal and efficient manner.

Choice of MOSFETs over Bipolar Junction Transistors

In our design, we will be using MOSFETs instead of BJTs for several reasons : MOSFETs are
voltage driven and thus do not need a continuous gate current, unlike transistors that are driven by
their base current. This results in a minimization of power consumption and makes them suitable
for low-power circuits such as electronics ones. Furthermore, they offer a faster switching speed
compared to BJTs because the capacitance at the gate can be charged and discharged quickly.
Finally, MOSFETs are more thermally stable than BJTs as well as having a relatively small
on-resistance.

Functioning of MOSFETs : NMOS vs PMOS

Metal Oxide Semiconductor Field Effect Transistors, or MOSFETs, are four terminal devices (if we
include the Body B), from which we use three, namely, the Gate G, Drain D and Source S. For
instance, an NMOS is formed out of a p-type doped substrate (on a silicon wafer), with two small
and distant two heavily doped n-type silicon (n+). On top of the region between these n+ layers, an
insulating Oxide layer is present. The gates are connected using metal contacts. Once the gate



receives a voltage that makes its [Vgs| > Vineshold, then a current would flow between the source and
the drain. This current flow has been possible since this applied voltage would help create a
n-channel that ties the two heavily doped n+ regions. The current in the gate is always zero, since
the metal-oxide-semiconductor layer is similar to a capacitor. Knowing that NMOS are activated by
a high voltage and PMOS by a low one, we will call the PMOS device active low in what follows.

Designing a NOR gate using MOSFETs

We will first design a NOR gate whose output will be inverted using CMOS technology. We need
two networks : one that actively sets the output to high (Pull-Up Network or PUN), and another that
sets the output to low (Pull-Down Network or PDN). A NOR gate goes high when both inputs are
low : this means that we need a connection to Vcc when both inputs are zero. This connection is
established by two PMOS that are connected in series with the source of one connected to Vcc. For
the Pull-Down Network, we need a connection to ground when at least one of the inputs is high :
we chose two NMOS in parallel with the source of both connected to ground. To merge these two
networks, we connect them in series as shown below.

=
.

Pull-Up
Network

A= E=] F
A=A E=] L
P | P | P | e | 0D

Pull-Down
Network

L1

“HEICAE=A =0 k-
(=R E=NE=H0 0
=
[*]

Georgia

Figure 11: Pull-Up Network and Pull-Down Network for a NOR gate

Finalizing the OR Gate with a CMOS Inverter

In a similar fashion, we want a connection to Vcc to be established when the input is low and
alternatively, a connection to ground to be established when the input is high. We will thus connect
the “active-low” PMOS source to Vcc, the source of the NMOS tot the ground and then connect
their sources and gates together : this parallel-like connection would make sure that only one
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MOSFET is ON at a time and thus acting like a short circuit in saturation to establish the wanted
connection, either to Vcc or to ground. It’s connection is already integrated in the IC chip

V(.'(.‘

E P-channel

IN ouTt

N-channel

ral

Figure 12: CMOS inverter to convert from NOR to OR gate
Connections of the HEF4007 IC

After inspecting the internal circuitry of the HEF4007 IC, we did the following connections in order
to use the MOSFETs integrated on it, while using the rightmost part as an inverter directly.

13 2 1 " ueFsorue T °C
Pl 557 [OP2 53 ‘
Vool ., L 4
P p P 7 B
- - . =
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Figure 13: Internal and external connections of the HEF4007 IC

Final Detailed Schematic of the Logic OR Gate

In this design, we have chosen a Vce equal to around 3 V.
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Figure 14: OR gate implementation with six MOSFETs drawn using circuit-diagram.org

Connections with Rest of the Circuit

This block takes two inputs : the output of the Heat Sensor (block I) and of the Light Sensor (block
IT). Its output will serve as a power supply for block IV where it turns on the sonic output device
(buzzer) and closes a switch (transistor) in order to complete a DC motor circuit (block V).

Design Limitation and Optimization Recommendations

Discrete MOSFETs may have higher threshold voltages and consume more power at a given logic
level than their integrated counterparts, leading to greater power dissipation and potential
overheating issues in dense designs. One possible optimization that can be done is the usage of
enhancement-type MOSFETs which are normally off when the gate-source voltage is zero.



IV - Sonic OQutput using Buzzer

Knowing that the output voltage is now designed to be high when at least one sensor is triggered,
we will prepare the blocks containing the output devices, starting with the buzzer first.

V. Mechanical
output using
DC Motor

Figure 15: Reference conceptual diagram emphasizing block IV

Defining Block IV : Buzzer and Electronic Switch

The output of the OR Gate needs to be communicated to the user when needed, thus this block
serves as an indicator triggered by a change in temperature or light via a sound generated by a
buzzer. Also, this block will contain an electronic switch that will close in parallel with the buzzer
sound. This switch will serve later to interconnect this block with that of the DC Motor (block V).

Functioning of a 3V Buzzer

A buzzer is an electronic device used to produce sound, and that operates on a low voltage,
typically around 3 volts, making it suitable for battery-powered applications. Inside it exists an
oscillator circuit, which comprises a piezoelectric element and other electronic components like
resistors, capacitors, and sometimes a transistor. This circuit generates a continuous oscillating
electrical signal (AC signal) when powered. Also, it contains a piezoelectric element, usually made
of a material like lead zirconate titanate (PZT) that generates a voltage when mechanical pressure is
applied; and conversely deforms when an electric field is applied. The oscillator circuit applies an
alternating current (AC) to the piezoelectric disc, causing it to rapidly expand and contract. This
produces vibrations in the air, which are heard as sound and whose frequency is determined by that
of the electric signal, thus controlling the pitch of the sound produced. A sound is still generated
when not enough voltage reaches it, but the volume would be less audible, and thus making it less
convenient for an alarm circuit, similar to that we are currently aiming to design.
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Figure 16: Internal structure and composition of the buzzer

Creating a Switch using a BJT

Before creating a switch using the BJT, we need to take a look at its structure and functioning. The
structure of an NPN Bipolar Junction Transistor (BJT) consists of three layers of semiconductor
material: an N-type emitter, a P-type base, and an N-type collector. Each junction forms a diode
within the transistor, with the emitter-base junction and the collector-base junction being crucial for
its operation. We need to bias the transistor using DC sources between the EBJ and CBJ junctions
in order to make the respective “diode-like” junction either forward bias or reverse bias. It has thus
three mode sof operations : cutoff when both are reversed bias, it’s in active when EBJ is forward
bias and CBJ is not and in saturation when both are in forward bias.

n-type p-type n-type

Collector| Base Emitter

IB | {EVBE

\'}

CE

Figure 17: Structure of a npn BJT and its biasing

Creating a Switch using a BJT

The following are the three operating modes of the BJT as well as their condition in each :
e It’s cutoft (C) when Vg < 0.4
e It’s active (A) when Vg >=0.4 and V< 0.4



e [t’s saturation (S) when Vg >= 0.4 and V> 0.4
We can thus create an electronics switch using a BJT by making it go back and forth between cutoff
(open circuit) and saturation (short circuit). In our case, we will make sure that the voltage at the
emitter is zero, and thus the incoming voltage at the base would be higher than V by more than 0.7
V. Also, the 3V DC battery will be connected from the collector side, and since the voltage at the
base when on would be greater than 0.4, then it’s going to enter saturation right away.

Need for a Current Amplifier

Since the NMOS and PMOS transistors in the HEF4007 are not designed to handle high currents,
the maximum continuous current for each transistor within the HEF4007 is limited (typically
around a few milliamperes). This limitation significantly restricted the amplitude of the current
output, which was also not enough to drive the DC Motor in block V although the voltage at the
output of the OR gate was enough to turn on the buzzer connected between it and the ground. In
order to fix this issue, we had to implement a current amplifier.

Implementing the Current Amplifier

To drive the output of the OR gate, we designed a current amplifier using an OpAmp connected to a
Common Collector (CC) or emitter follower configuration using an npn BJT transistor. The
property of an op-amp in a feedback arrangement is to drive its output so as to make the voltage at
its inverting input equal to that at its non-inverting input. Since the non-inverting input typically
will be at a certain voltage, the op-amp drives its inverting input to the same potential. The output
of the op-amp is connected to the base of the NPN transistor. As the op-amp varies its output to
maintain voltage equality at its inputs, this voltage drives the base of the NPN transistor. The
current through the transistor (from collector to emitter) is controlled by the base-emitter voltage
V. Because the transistor’s emitter is connected back to the inverting input, and thus at ground or
reference voltage, the emitter current largely mirrors the base current (scaled by the beta, the current
gain, of the transistor). Because of this feedback loop, any current flowing through the transistor
must also flow through whatever load or additional components are placed between the emitter and
the inverting input. This configuration thus converts the input current at the non-inverting terminal
to a voltage across the load connected at the emitter, and it amplifies the current that can be driven
through this load relative to the input current. The efficiency of this configuration lies in the fact
that the output current of the emitter would be transferred as is to the “loads” since the current
passing through the inverting terminal of the OpAmp is zero.



i

{ Ena peeeeny

Figure 18: Current amplifier using OpAmp and BJT
Components used for the Buzzer block

3V Buzzer

BJT PN2222
Power Supply
UA741 OpAmp

Summary of Values and Measurements
As we can see, the transistor is cut off, thus behaving like an open circuit while Vgs is less than Vt,
that we experimentally found to be [insert threshold voltage] V. Once reached, the relation becomes

linear which delimits the triode region in which Id is proportional to V.

Table 1: Summary of values and measurements for the block

Overall Gain, Input and Output Impedances of Block IV

As we can see, the transistor is cut off, thus behaving like an open circuit while Vgs is less than Vt,
that we experimentally found to be [insert threshold voltage] V. Once reached, the relation becomes
linear which delimits the triode region in which Id is proportional to V... We then kept on increasing
the amplitude of Vds until it became greater than this overdrive voltage Vov.



Final Detailed Schematic of Block IV
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Figure 19: Current amplifier with buzzer and BJT switch

Connections with Rest of the Circuit

The transistor switch is part of a bigger circuit containing a speed regulated DC motor.

Issues encountered during Implementation

As discussed earlier, the main problem encountered during the implementation of this block was the
low current from the OR gate. This was resolved via the usage of the current amplifier. Another
problem was the attempt of designing a MOSFET switch instead of BJT, which even made it harder
for us to foresee the current that will flow in the circuit due to the zero current at the gate.

Design Limitation and Optimization Recommendations

As we can see, the transistor is cut off, thus behaving like an open circuit while Vgs is less than Vt,

that we experimentally found to be [insert threshold voltage] V. Once reached, the relation becomes
linear which delimits the triode region in which Id is proportional to V... We then kept on increasing
the amplitude of Vds until it became greater than this overdrive voltage Vov.



V - Mechanical Output using DC Motor

Given that the sonic output and the electronic switch have been designed, one last block needs to be
connected : the mechanical response via a DC Motor with its speed controlled by a potentiometer.

Figure 20: Reference conceptual diagram emphasizing block V

Defining Block V : DC Motor with Speed Regulator

This circuit is responsible for producing a mechanical output, namely the rotation of the DC motor
that represents a door opening when one sensor is activated. It also needs to contain a speed
controlling unit using a potentiometer that will be used to tune the motor’s speed once ON.

Functioning of the DC Motor

A DC motor converts direct current electrical energy into mechanical energy through the interaction
of magnetic fields. It comprises a stationary stator that may contain permanent magnets or
electromagnetic windings, and a rotating rotor (or armature) connected to an output shaft. The rotor
is equipped with windings through which DC current flows, creating a magnetic field that interacts
with the stator's field. This interaction generates a force that rotates the rotor. A commutator
attached to the rotor reverses the direction of current in the rotor coils during each half-turn,
maintaining continuous rotational motion. The motor's speed can be controlled by varying the input
voltage, and the rotation direction can be reversed by changing the polarity of the DC supply.
Brushes maintain an electrical connection between the stationary and rotating parts to ensure
continuous operation. This setup enables DC motors to drive various mechanical systems in
multiple applications.
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Figure 21: Internal structure and composition of the DC motor

Usage of a Flyback Diode

A flyback diode is an essential component used in circuits with inductive loads like DC motors. The
primary reason for using a flyback diode is to protect other components in the circuit from voltage
spikes generated by the motor, especially when the motor is suddenly switched off. Motors are
inductive loads, which means that they store energy in a magnetic field around their coils when
powered. When the motor is running, current flows through its windings and generates this
magnetic field. If the current supply is suddenly interrupted (such as turning off the motor), the
magnetic field quickly collapses. According to Faraday’s law of electromagnetic induction, the
collapse of the magnetic field induces a high voltage across the motor’s windings in an attempt to
keep the current flowing as per Lenz's Law. This phenomenon is known as inductive kickback or
back electromotive force (EMF). Thus, we connect a flyback diode oriented opposing this EMF.

Functioning of the Potentiometer

A potentiometer is a variable resistor that functions as either a voltage divider or an adjustable
resistor, featuring three terminals connected to a resistive element and a movable wiper. By
manually adjusting the knob or slider, the wiper's position along the resistive element changes,
which in turn alters the voltage across the terminals or the resistance in the circuit. We will be using
it here as a speed controller. Suppose we have added a resistance instead of a potentiometer, then
the voltage drop across the dc motor when the output goes high would remain the same everytime
at least one of the sensors is high. Now, if we replace it by a resistance with variable resistance,
such as a two-terminal rheostat or three-terminals potentiometer we can create a kind of “voltage
divider” that is actually going to determine the amount of voltage the DC motor is receiving, which
will consequently change its speed. We thus can control the speed of the motor once ON using a
tuner.
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Figure 22: Internal structure and composition of a potentiometer
Components used for the motor block

e 3V DC Motor
e 1N4001 Diode
e Potentiometer

Final Detailed Schematic of Block V

As we can see, the transistor is cut off, thus behaving like an open circuit while Vgs is less than Vt,
that we experimentally found to be [insert threshold voltage] V.
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Figure 23: DC Motor Circuit controlled by a potentiometer and BJT Switch

Connections with Rest of the Circuit

This circuit is controlled by the switch implemented using MOSFETs in Block IV.



Issues encountered during Implementation

Not enough current would have been attaining the DC motor if the current amplifier in block IV
wasn’t designed.

Design Limitation and Optimization Recommendations

We could have used an NMOS alongside the potentiometer that has a small resistance effect when
operating in the ohmic region.



VI - Connecting all Blocks Together
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Figure 24: Final Detailed Schematic of the Dual Sensor Alarm



Conclusion

In summary, this experiment provided practical insight into the function and application of various
electronic components. We utilized a comparator configuration, establishing a threshold voltage at
room temperature, and monitored voltage variations in our circuit accordingly. Additionally, we
employed a diode to control the circuit's openness or closure based on the voltage polarity across it.
Furthermore, we utilized MOSFET transistors to construct an OR gate, enabling the activation of a
buzzer and a DC motor. Moreover, we learned to amplify current across a component using an
operational amplifier configuration with a transistor, crucial for powering the DC motor despite
having sufficient voltage across it.
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Appendix A - Work Distribution

Circuit design : Nour (light sensor & or gate), Farah (Heat Sensor and buzzer part) & Hussam (DC motor
and output circuit)

Soldering : Hussam

Report : Nour & Farah

Presentation : Nour
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Appendix B - Datasheets of Used Components

Datasheet of MOSFET IC HEF4007

HEF4007UB

Dual complementary pair and inverter
Reov. 4 — 31 August 3017 Froduct data sheet
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Datasheet of Diode 1N4001

1M4001, 14002, 1H4003, 1N4004, 1H400S, 1N4006, 1N400T
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Datasheet of BJT PN2222
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Datasheet of Thermistor NTC

NTC THERMISTOR

NTC THERMISTOR

Intnoduction:
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rmetallic oxides. i exhibils an eleclrical resisiance that has a very peedictable change
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Datasheet of LDR
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Datasheet of DC Motor
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Datasheet of Buzzer
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Datasheet of OpAmp UA741

HA741
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