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Introduction  in electronic packaging
(continuation)
Electronic Components



Electronics components – types and groups
Groups of discrete components:
According to functions:
• active components: amplify electric signals,

need power supply, semiconductor based
• passive components: transform electric 

signals, do not need power supply
According to mounting:

• through-hole mounted components
• surface mounted components

• chips and chip scale components



THT – Through Hole (Technology) Components
Made with flexible or rigid terminations (leads).
The flexible leads are cut to size and bent according to the positions of the
holes. The lead arrangement of the components with rigid leads is fixed.
The leads are inserted into the holes of the board from the component side
and soldered on the other, so there are components and soldering sides of
the board.



Types of through-hole mounted components

The most typical THC with fix leads: the plastic dual-in-line (DIL) IC package 



Storage types
(packing types)

of THC
(through hole)
components

Components with  
through hole mountable 
leads are prepared for 
high power applications 
and/or for larger 
dimensions.  
The storage (packing) 
type of the components 
should help the 
assembly (placing and 
soldering) processes. 



The components with fix leads are usually 
placed by semiautomatic manual method, 
while that of wire leads are often inserted 
by automatic methods.
The insertion steps of components with 
wire leads and stored on straps are as 
follows: 
• cutting the component out of the strap, to
which it was fixed in the placing order, 

• catching the component, bending the
leads, positioning the cutting-bending unit,

• inserting the component leads into the
board, cutting the leads,

• fixing the component mechanically in the 
hole by bending the leads. 

Later: soldering the leads by wave, hand or 
selective soldering.

Automated placement of wire
leaded through hole components
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RESISTORS
Passive electronic components characterized mainly by electrical 
resistance

Measuring unit  – Ohm  Ω

Usual resistors have values expressed in 
Ohms units, kΩ or MΩ. Rarely, mΩ

Symbols R=U/I = const.



Wirewound Resistors (Rezistoare bobinate)



Thick film resistors - Rezistoare cu straturi 
groase, rezistoare cu glazură metalică



Carbon composition resistors (Rezistoare de 
volum )



Carbon film or metal film resistors-cylindrical body 
(rezistoare cu peliculă de carbon sau cu peliculă 

metalică)



Resistive networks
(Reţele rezistive)



Colors First digit SSecond digit Third digit Multiplier Tolerance

X Y VV Z W
Black 0 0 0 1
Brown 1 1 1 10 ±1 %
Red 2 2 2 102 ±2 %
Orange 3 3 3 103

Yellow 4 4 4 104

Green 5 5 5 105

Blue 6 6 6 106

Violet 7 7 7 107

Gray 8 8 8 108

White 9 9 9 109

Gold 10–1 ±5 %
Silver 10–2 ±10 %
no colour ±20 %

Colour coding for electronic components marking



Resistors Marking

R=XY•10Z Ω±20% R=XY•10Z Ω±W% R=XYV•10Z Ω ±W%

R=Red Red Brown Gold

R=22*101+/-5% Ω

R=Yellow Violet Red

R=47*102 +/-20% Ω

R=Green Blue Black Brown Brown
R=5600 +/-1% Ω

( Big Brown Rabbits Often Yield Great Big Vocal Groans When Gingerly Slapped )
( 0     1          2            3       4       5        6    7        8           9        ±5% ±10% )



THT Resistors Marking– Color Coding





C=Yellow Yellow Violet Red Brown

C=47*102 pF=4.7 nF +-1%



SMD 
Components



SMD RESISTORS
Marking – Code Mantissa + Exponent 
•3 or 4 figures (depending on tolerance)
•Small values use the letter “R”



Capacitors 

(generally no 
marking)

Resistor

RN=? for the 
depicted ones?

Marking of SMD resistors - examples



E6 E12 E24 E48 E96 E192 E6 E12 E24 E48 E96 E192 E6 E12 E24 E48 E96 E192 E6 E12 E24 E48 E96 E192

±20% ±10% ±5% ±2% ±1% ±0,5% ±20% ±10% ±5% ±2% ±1% ±0,5% ±20% ±10% ±5% ±2% ±1% ±0,5% ±20% ±10% ±5% ±2% ±1% ±0,5%
100 100 100 100 100 100 178 178 178 316 316 316 560 560 562 562 562

101 180 180 180 320 569
102 102 182 182 324 324 576 576

104 184 328 583
105 105 105 187 187 187 330 330 330 332 332 332 590 590 590

106 189 336 597
107 107 191 191 340 340 604 604

109 193 344 612
110 110 110 110 196 196 196 348 348 348 620 619 619 619

111 198 352 626
113 113 200 200 200 357 357 634 634

114 203 360 361 642
115 115 115 205 205 205 365 365 365 649 649 649

117 208 370 657
118 118 210 210 374 374 665 665

120 120 120 213 379 673
121 121 121 215 215 215 383 383 383 680 680 680 681 681 681

123 218 388 690
124 124 220 220 220 221 221 390 390 392 392 698 698

126 223 397 706
127 127 127 226 226 226 402 402 402 715 715 715

129 229 407 723
130 130 130 232 232 412 412 732 732

132 234 417 741
133 133 133 237 237 237 422 422 422 750 750 750 750

135 240 240 427 759
137 137 243 243 430 432 432 768 768

138 246 437 777
140 140 140 249 249 249 442 442 442 787 787 787

142 252 448 796
143 143 255 255 453 453 806 806

145 258 459 816
147 147 147 261 261 261 464 464 464 820 820 825 825 825

149 264 470 470 470 470 835
150 150 150 150 150 267 267 475 475 845 845

152 270 270 271 481 856
154 154 154 274 274 274 487 487 487 866 866 866

156 277 493 876
158 158 280 280 499 499 887 887

160 160 284 505 898
162 162 162 287 287 287 510 511 511 511 910 909 909 909

164 291 517 919
165 165 294 294 523 523 931 931

167 298 530 942
169 169 169 300 301 301 301 536 536 536 953 953 953

172 305 542 965
174 174 309 309 549 549 976 976

176 312 556 988

Rated Values Series (Serii de valori nominale)



Histogram of measured values for a  
resistor

Computed 
Tolerance

Număr de rezistoare în 
intervalul dat



Capacitors



SMD Electrolytic Capacitors

Tantalum 
capacitor

Aluminium capacitor

Tantalum 
capacitor



Rated value
Tolerance

N

N

X
XX |-|max=t r± [%]   100|-|max=t

N

Nr

X
XX±

Parameters of passive components

Rated power

Mathematical, tolerance can be expressed as:

Rated voltage



Electromagnetic Relays

ELECTROMAGNETIC RELAYS

A relay (electromechanical) is an electric switch with electromagnetic control. This 
has mechanical moving parts that are acting on electrical contacts.



Non-energized relay – electric 
contacts between terminals 1 and 2

Energized relay – electric contacts 
between terminals 1 and 3

Pay attention to correct coil voltage polarity! Only some relays can be driven in ac.

■ Electric contacts of a relay can be normal opened (NO) or normal closed (NC). 
The contacts are kept in these positions by springs and sometimes by  gravity 
forces.
■ the mobile part, the lever of a relay is called armature. The armature is made on 
magnetic material and is attracted by the electromagnet formed by the coil. 
Through action on armature the mechanical contacts of the relay are closed (NO) 
or opened (NC) when the relay is supplied with energy. Usual may say that the 
relay is energized.



Usually, in electronics a relay is used to drive a high power or high voltage 
circuit using a small power circuit ( a transistor or a microcontroller). This 
way it can be assured a good isolation between the operator  (the driving 
circuit) and the high voltage circuit. Supplemental, a remote control can be 
assured. 
Another reason to use relays is when there is a need for a bi-directional 
switch with good switching performances. 

Example: Control of light 
bulb using a transistor, 
the command being given 
by a microcontroller.



SSR with dc operation (left) and ac (right)

ELECTRONIC RELAYS (SOLID STATE RELAY- SSR)

These devices can have the same functions as 
electromagnetic relays, but without moving 
mechanical parts.
Solid State Relays (SSR)



Letters "S" and  "D" can be replaced by numbers which designates more switch 
pairs controlled by a single coil. 
For instance, 3PDT indicates a relay with three contact pairs.

How many pins (min.) has a 4PDT type relay?

Symbols and coding for relay switches 
Răspuns: 14

The term pole refers to 
the number of movable 
arm in a switch, and 
the term throw 
indicates the number of 
contacts (opened or 
closed) by a single 
switch action (a single 
movement of a pole).



Reed relays
Reed relays are small signal relays that require little energy for energizing. They 
are prefered for switching electronic signals over the classical relays which are 
prefered for switching power supply voltages. Reed relays are used in 
measurement equipment and telecommunications.

A reed relay is composed of a pair of metal strips (reeds) encapsulated in a glass 
or plastic tube and a coil wound around the glass tube. The two contact blades 
are magnetized in such a way that the electric current supplyed to the coil, 
through the magnetic field created, causes the elastic reeds to come into contact. 

When the coil power is off, the elasticity of blades sepatets the reeds away and 
the relay is back to the original situation.



Examples of Reed relays

Reed relays for PCB mounting

Reed relays in DIP package

Various Reed relays



•A transformer is an electromechanical device which by electromagnetic induction 
transforms electrical energy from the primary to the secondary circuit. The resulting 
voltage or current have the same frequency, but usually a different voltage.
•In electronic equipment, transformers are generally used to provide power supply to 
circuits, by rectifyiing the ac voltage in the secondary circuit. 
•If the secondary voltage is higher than primary voltage, the transformer is called 
"step-up". If the voltage is lower in the secondary side, the transformer is called "step-
down".

Electric Transformer

1

2
12 N

NEE =



If there is no change in voltage between primaru and secondary it is said that the 
transformer has a transformation ratio 1: 1. The role of this transformer is to 
electrically (galvanic) isolate the secondary circuit from the primary. This is an 
important requirement for electronic equipment supplied from mains AC voltage. 
The transformer is called separating or isolation transformer. There exist 
transformers with multiple secondary windings.
In the representation in electronic schemes, the primary winding is normally shown 
on the left and secondary or secondaries to the right , so the flow of signals or 
voltages is from left to right.

Transformer having one secondary 
winding and connected to a 
rectifying bridge

Transformer having two secondary 
windings; two diodes are used to  rectify 
the voltage



Common transformers do have a magnetic core, but there may be coreless. 
Air core transformer is used to transmit high frequency signals.
As usually used magnetic core is an alloy called ferrosilicon, for low 
frequencies (50-400 Hz) or ferrite core (above 1kHz) 

The ferro-silicon core is realized in the form of insulated thin sheets (tole-
rom.) in order to minimize eddy current losses.

Transformers with  
ferromagnetic core 
(sheets “E”+”I”)

Planar transformer (with 
ferrite core)

Transformers with “E”
type ferrite core

Toroid ferrite 
core

Air core coil
(no core)



Autotransformer is similar to a transformer, but instead of having two windings has only
one provided wih an intemediate contact, a tap (priză mediană – rom.). It can raise or
lower the voltage by taking different tapping positions.
An autotransformer may look similar to a common transformer, but at the same voltage
and current levels has a smaller volume of both copper windings and magnetic core.
The main disadvantage is that the autotransformer does not provide electrical
isolation (galvanic isolation) between primary side and secondary side.
Many adjustable autotransformers are performed as variable ones, the center tap
being a cursor moving on the autotransformer windings. Adjustable autotransformer is
also called variac.
Compared to the potentiometer which forms a resistive divider, autotransformer is an
inductive divider.

Autotransformer
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BIPOLAR JUNCTION TRANSISTOR

(a) (b)

(c) Basic epitaxial planar structure

A transistor or bipolar junction transistor (BJT) is a semiconductor device that 
controls current between two terminals based on the current or voltage at a third 
terminal and is used for the amplification or switching of electrical signals. 
The transistor is constructed with three doped semiconductor regions separated by 
two pn junctions, as shown in the Figure. 
The three regions are called emitter, base, and collector. 

Basic construction and 
symbols of bipolar junction 
transistors. (a) npn, (b) pnp
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With a small signal applied to the transistor amplifier, the transistor and its 
associated circuitry can produce an amplified version of the input signal. The 
output signal can be hundreds or even thousands of times larger than the 
input signal. 
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In other applications, as computer circuits, the transistor can be used as an 
electronic switch. 
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Figure 2 Common transistor packages, 
Top row (power), left to right: TO-220 (with and without heatsink), TO-5, TO-39, TO-3. 
Middle row (surface mount): SM-8 (dual), SO-8 (dual), SOT-23, ceramic SOE, SOT-223. 
Bottom row: DIP-16, DIP-4, TO-92, TO-18, TO-18 (four terminals).

Source: The Art of Electronics Third Edition, Cambridge University Press, 2015

DIFFERENT TYPE OF TRANSISTORS



The diode
The diode is a two-terminal semiconductor active device that allow current to flow
through it in only one direction. A diode has two ends: a cathode (-) and an anode
(+). Current can only flow from the anode to the cathode, but not the other
direction.
Diodes are polarized, which means that they must be inserted into the PCB the
correct way round. This is because an electric current will only flow through them
in one direction (like air will only flow one way through a tire valve).
The cathode is always identified by a mark.

Diode I-V curve



Diodes come in all shapes and sizes. They are often marked with a type
number. Detailed characteristics of a diode can be found by looking up
the part number in a data book.

If you know how to measure resistance with a multi-meter then you can test
some diodes. A good one has low resistance in one direction and high in
the other.

There are specialized types of diode available such as the Zener diode and
the Light Emitting Diode (LED).

Rectifier bridges

Small signal 
Germanium diode

Small signal
Silicon diode

Generalities
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Light-emitting diodes (LEDs) are two-lead devices that 
are similar to pn-junction diodes, except that they are 
designed to emit visible or infrared light. When a 
LED’s anode lead is made more positive in voltage 
than its cathode lead (by at least 0.6 to 4.1 V), current 
flows through the device and light is emitted. 
However, if the polarities are reversed (anode is made 
more negative than the cathode), the LED will not 
conduct, and hence it will not emit light. 
The symbol of a LED is shown in following picture:

LIGHT EMITTING DIODES

Different type of LEDs

Classic "5mm LED" and SMD power LED

Electric drawing symbols for LEDs
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•The LED is a basic diode which conducts electrical current only in one direction, but 
when it is conducting, the light is emitted. 
•The photons are relished when electron jumps from one electronic orbit of atom to the 
other orbit. This electron jumps occurs because the electric voltage is connected to the 
diode. The bigger is the electron jump the larger is the energy of emitted photon. 
•The diode becomes conductive above a threshold voltage sufficient to force electrons 
in the n-type region and holes in the p-type region to combine with each other.
•Different energies and frequencies of photons can be seen in different colors and 
power of light.

LED Principle of operation
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LED Structure

In conventional package 
the LED is cylindrical with 
a hemispherical top that 
acts as a lens. The leads 
are relatively thick, to 
conduct heat away from 
the component.
The cathode leadframe 
has highly reflective metal 
(like silver) deposit on the 
contact surface with 
semiconductor chip, to 
form a reflective cavity.
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The process of the conventional LED packaging includes die bonding, interconnect 
forming, encapsulation/phosphor curing and frame cutting, as illustrated in figure. 
A pre-reformed leadframe, which comprised of multiple N/P legs are provided, and the 
LED chip are mounted on to one leg. Interconnect, e.g., gold wire and aluminum wire is 
applied to connect chip to two legs. Following, the leadframe are sent to the 
encapsulation process to form the dome shape transparent protection polymer.

These low-power LEDs are widely used in the application of indicators, signals, 
backlighting.

Classic LED Packaging
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Current-Voltage characteristics of the LED

Current-Voltage characteristics of the LED is very important for LED applications. 
The I-V characteristic of LED is from a typical semiconductor diode.
It shows that current increases exponentially as voltage increases. I-V 
characteristics of different colors of LED are given in the graph, where can be 
seen different forward voltages according to the color of the LED.

The reverse breakdown voltage of rectifier diodes is usually very high, for instance 
for 1N4002 this is 200 V and for 1N4007 1000 V.
LEDs have usually very low reverse breakdown voltage (Vbr ~5 V)! 
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When a LED is to be connected to a power supply it should be current limited
using a series resistor to protect it from excessive current flow. The amount of 
current that flows through an LED must not exceed the value of IF as stated on the 
LED datasheet.
Never connect an LED directly to a battery or power supply as it will be destroyed 
almost instantly because too much current will pass through and burn it out!
From the picture above we can observe that each LED has its own forward voltage 
drop across the PN junction

In most cases LEDs are operated from a low voltage DC supply, a battery, with a 
series resistor, RS used to limit the forward current to a safe value from say IF=10 
mA for a simple LED indicator.
LED Series Resistance
The series resistor value RS is calculated by simply 
using Ohm's Law, by knowing the required forward 
current IF of the LED, the supply voltage VS across 
the circuit and the expected forward voltage drop of 
the LED, VF at the required current level.
The current limiting resistor is calculated as:

F

FS
S I

VVR −=

LED operation
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Light Emitting Diode Example 
A blue coloured LED with a forward volt drop of 3.5 volts is to be connected to a 
5.0V stabilised DC power supply. Calculate the value of the series resistor 
required to limit the forward current to less than 10mA. 
Also calculate the current flowing through the diode if a 100Ω series resistor is 
used instead of the calculated first.

1. series resistor required at 10mA.

Ω150
1010

1.5
10mA

3.5V5V
I

VVR 3
F

FS
S =

×
=−=−= −

2. with a 100Ω series resistor.

mA15
100
1.5

100Ω
3.5V5V

R
VVI

S

FS
F ==−=−=
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Simple LED driving circuits- IC Driver Circuit

In order to use the LED as indicator, we need to switch it “ON” and “OFF”. The output 
stages of both TTL and CMOS logic gates can both act as source and sink and can be 
used to drive a LED. 
Normal integrated circuits (ICs) have an output drive current of up to 50mA in the sink 
mode configuration, but have an internally limited output current of about 30mA in the 
source mode configuration. The LED current must be limited to a safe value using a 
series resistor as we have seen before.
In the picture are given, as examples, LED driving circuits using inverting ICs, but the 
connection is similar for any type of integrated circuit. 

The IC, from TTL or MOS 
families, plays the role of 
"sink" or "source" 
depending on logic level at 
its output.
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Simple LED driving circuits- Transistor Driver Circuit
If the load current is to high for the integrated circuit or microcontroller, we can use 
discrete components instead of ICs, either bipolar NPN or PNP transistor used as 
switches, as shown below. As before, a series resistor, R is required to limit the LED 
current.

In figure (a) the NPN transistor, seen as a switch is turned “ON” when a high voltage is 
applied to the base electrode (VIN). In this case, the cathode electrode of LED is 
connected to ground, and the current can flow through the circuit. The transistor acts 
as a sink. In fig. (b) the PNP transistor is “ON” when the base voltage is low. The 
transistor acts as a current source providing to LED the forward current. Sometimes 
in conjunction with the load and switch position, circuit (a) is called “low side 
switching” and (b) “high side switching”.

(a) (b)









Electric circuit and electronic components mounted on 
a  breadboard



Electric circuit and electronic components mounted on a  
breadboard and perfoboard

•Breadboard is not PCB, but 
can be easily used for 
prototypes.
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LED Modules Driving- General Principles

Voltage control

Current control

PWM control
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It is a simple way to control the LEDs. The main disadvantage is the fact that the 
current through the LEDs cannot be stabilized when the temperature increases or the 
supply voltage of the circuit increaes.
The main reason why this mode is used is the low cost of this method of control.
For groups of low power LEDs that are used much below the nominal current it is the 
ideal supply variant. Unfortunately, the method is also used in high-power LEDs used 
for lighting or entertainment purposes. This is the case with the LED strips, which are 
made up of multiple LEDs mounted on a flexible tape grouped in series and in parallel, 
incorporated in a flexible silicone-type material. Embedding the LEDs in silicon leads to 
poor heat dissipation.

Voltage control mode
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Current control mode

Constant current drive mode can be done by connecting a voltage regulator 
(stabilizer) as a current source (see Figure), with a control loop to maintain a voltage 
across the R resistor of about 1.25 V. 
For this, the circuit will adjust the output current so that the current through series 
resistor R and LEDs is constant and equal to: i = 1.25/RRegulation.

The circuit has many advantages:
•has a relatively low cost (a few tens of euro-cents for controlling a power of several 
watts)
•it is simple, requiring few components, a stabilizer, a resistor and somtimes an extra 
capacitor
•is accurate, has a deviation of a few percent to the desired current;
•It is stable (stable to changes in temperature and in input voltage;
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The main disadvantage of the circuit is the high power consumption. 
If the input voltage is too high compared to the voltage across the LED 
corresponding to selected current, the voltage difference will lead to a higher 
dissipation in the regulator element, in addition to the resistor. The input voltage 
can be neither too small, the stabilizing circuit (controller) needs an input voltage 
higher than the output voltage that ranges between 1.5- 2 V.  If we take into 
account the voltage drop across the resistor, the required voltage at input is at least 
3 V higher than the voltage across the LED, for a proper operation of the circuit. 

A situation which arises in practice is the supply with an usual voltage of 12V of a 
series connection with three white LEDs. If the desired mode is current control 
drive shown in the figure, we compute quickly that at the rated current the LEDs 
require three 3x3.1V, plus the voltage drop across the resistor 1,25V and at least 
1.5-2V for the stabilizer circuit, and we found that the available voltage of 12V is 
exceeded. 
There are some stabilizers called "low dropout" LDO having a voltage drop of less 
than 0.5-0.7 V, which in this case can achieve adequate control of the three white 
LEDs.
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Solid-State Lighting - SSL
SSL is an emerging and promising technology that brings benefit over classic 
incandescent (tungsten) lighting. Some of them are listed below:

1. Energy efficiency: It is energy-efficient; it provides much higher energy conversion 
efficiency than incandescent lamps which are known to transform only 5% of the 
consumed energy into visible light, and fluorescent tube lights that are able to change 
25% of the energy. 
2. Low heat generation: LED lamps are cold devices, producing and radiating less heat 
into the illuminated regions than bulbs or fluorescent tubes, without any infrared content.
3. Can be used to produce light of an intended color without using color filters: LEDs 
producing lights of disparate colors are fabricated from different semiconductor 
materials. Thus, light of each color requires a different LED. 
4. Possibility of low voltage, safe battery-driven operation: LED operation does not 
require high voltages. Low voltages are very safe for users. LED-based lighting may be 
implemented without the mains supply concerns. 
5. Environment friendliness: SSL is pollution-free lighting so that it protects the 
environment and the climate. It is essentially environment friendly and responsible 
lighting. It is a “green” light source, free of hazardous substances found in conventional 
lamp technologies, for example, each fluorescent tube contains 3–5 mg of mercury, 
which is released into the environment when its glass cover breaks.
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LEDs for lighting - High Power LEDs

Modern Philips LED lamp (E27 socket)
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LED Packaging (1)

LED packages have evolved  from the 5mm circular package (a) to "Piranha" 
(b) and (c) to LEDs with "thermal pad" (d)

(a)

(b) (c) (d)
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The actual packages for high power LEDs have the construction based on  
ceramic, having on top a protection resin or a silicone material (dome). For the 
white LEDs, the silicone dome represents a conversion layer, that transforms the 
blue light into white light.

LED Packaging (2)

A very new package for high power LED is the so called COB (Chip On Board).
Different from other package styles, it leaves to user the contacting method to 
the circuit (PCB).
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LEDs thermal management
One important issue in LED technology is that the emitted light flux is temperature 
sensitive, as can be seen in the picture.

There are studies to minimize the supplemental costs associated with thermal 
control in LED lamps.



Astable multivibrator circuit  with 2 LEDs realized 
using PCB in THT variant

•Schematic drawing in Orcad
software

•Realization of virtual printed circuit 
(layout) in Orcad



Nr.  Name Component Value Alternative

1 R1 Resistor 1MΩ, 0603 100kΩ-1MΩ,
0603

2 R2 Resistor 100kΩ, 
0603

3 R3 Resistor 1kΩ, 0603

4 R4 Resistor 0 Ω, 1210

5 C1, C2 Capacitor 4.7μF, 3216 3.3 - 10μF, 3216

6 D1 LED SMD, 0805

7 U1 IC CD4001 CD4011

Electrolytic capacitor

Fiducial marker

Integrated 
circuit 

Interconnection structure (track)

Solder 
Pad

Resistor

LED

Astable multivibrator circuit  with 2 LEDs and IC in SMT Technology



•SMD components examples



Pannelization of PCB – (in CETTI Labs)



PCB fabricated
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