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Introduction in electronic packaging
(continuation)
Electronic Components
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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
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INIŢIERE IN REALIZAREA MODULELOR ELECTRONICE

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.
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Wirewound Resistors (Rezistoare bobinate)
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Thick film resistors - Rezistoare cu straturi 
groase, rezistoare cu glazură metalică
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Carbon composition resistors (Rezistoare de 
volum )
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Carbon film or metal film resistors-cylindrical body 
(rezistoare cu peliculă de carbon sau cu peliculă 

metalică)
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Resistive networks
(Reţele rezistive)
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Colors First digit Second digit Third digit Multiplier Tolerance

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

Yellow 4 104

Green 5 105

Blue 6 106

Violet 7 107

Gray 8 108

White 9 109

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

Colour coding for electronic components marking
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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=220Ω±5%

R=Yellow Violet Red

R=47*102 +/-20% Ω=4.7kΩ±20%

R=Green Blue Black Brown Brown
R=5600 +/-1% Ω=5.6kΩ±1%

( Big Brown Rabbits Often Yield Great Big Vocal Groans When Gingerly Slapped )
( 0     1          2            3       4       5        6    7  8           9        ±5% ±10% )
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THT Resistors Marking– Color Coding
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SMD 
Components
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SMD RESISTORS
Marking – Code Mantissa + Exponent 
•3 or 4 figures (depending on tolerance)
•Small values use the letter “R”
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Capacitors

(generally no 
marking)

Resistor

RN=? for the 
depicted ones?

Marking of SMD resistors - examples
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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)
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Histogram of measured values for a  
resistor

Computed 
Tolerance

Număr de rezistoare 
în intervalul dat
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Capacitors
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SMD Electrolytic Capacitors

Tantalum 
capacitor

Aluminium capacitor

Tantalum 
capacitor
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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
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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.
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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.
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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.



25

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)
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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
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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.
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Examples of Reed relays

Reed relays for PCB mounting

Reed relays in DIP package

Various Reed relays
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•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 =
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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
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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)
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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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Cap. 2. Printed Circuit Boards

Printed circuit boards PCB (Printed Circuit Boards) or PWB (Printed Wired 
Boards) are the main element for support and interconnection of electronic 
components at this stage of technological development. 
Printed circuit boards are typically part of a complex electronic equipment or 

parts of a machine.
From the perspective of the electronic packaging, printed circuit boards are 

on the hierarchical level 2, level 3 is the motherboard and the machine is at 
level 4 (rack) of the  electronic system. 
In the early production of electronic devices in the era of electronic tubes, 

and even after the advent of transistors, electronic equipment production 
technology involved interconnect components with bond wires through the 
"point to point". 
Each individual component was mounted on a mechanical insulated support 

and connecting wires were welded or soldered to terminals or parts of 
sockets.  
As a result, the products were bulky and had an unappropriate construction 

for possible repairs.
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Old electronic equipment (about year 1960)

No printed circuitPrinted Circuit Board
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GENERAL STRUCTURE OF AN ELECTRONIC MODULE (THT)

Connector

Potentiometers

Integrated
circuits

Mounting 
hole

ButtonsOptoelectronic componentsON/OFF switch

Discrete 
components

Transformer

Interconnection
structure

Mounting
hole

Mounting
hole
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 Cutting markings 

PCB 
tracks 

Silk mask 
Pads 

(copper) 

Mitered 
corner

Mounting 
hole 

Components 
Name 

 

Copper text 

Solder mask 

 

Via 

Mechanical mounting element for 
electronic component  

Internal power 
plane 

Components 
outline 

INTERCONNECTION STRUCTURE ATTACHED TO AN 
ELECTRONIC MODULE



37Constitutive elements of an electronic module with THT and SMD components.



38Virtual electronic module (in CAD software) showing the associated 
interconnection structure
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The circuit board is today the most widely part used as suport of electronic 
components. Attachment of components is performed mainly by soldering 
using a metal with a low melting point. (soft soldering)

The figure presents a ceramic capacitor in both SMD and THT mounting 
variant. Observe how to connect to the circuit board in the two cases.
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Advantages of  PCB
One can achieve high yields at low unit prices.

It reduces the size and weight of the electronic device
One can use automated assembly methods for component placement

(planting) and interconnection (soldering).
Ensures a high level of repeatability and uniformity of the electrical 

characteristics of electronic subassembly from board to board. Also, the 
electrical characteristics and parasitic elements within a plate do not change, as 
would have been possible, for example, in the assembly technique used "point 
to point" variants.

By placing the components on the board in well-established locations, 
interventions for maintenance and servicing of electronic device are easier. 

It reduces the inspection time, fixed positions of components and printed 
conductor paths reducing the possibility of occurrence of defects.
It reduces the possible defects due to wrong type connections, including short 
circuits or missing connections, if component assembly was performed 
correctly.
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Classification
• “Number of layers” criteria: - single layer 

- double layer
- multi-layer

• “Substrate” criteria: - rigid substrate
- flexible substrate
- rigid–flex substrate

• “Connection of layers/via” criteria:
- with non plated through holes 
- with plated through holes (PTH)
- with special vias
- with connection obtained by additive 
technology
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Types of  PCBs

Single layer PCB 
(single side )

Double layer PCB with 
metallized holes (PTH -
plated through-hole)

Four layer PCB 
(multilayer) 
having two inner planes 
layers: power and 
ground.
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Types of  PCBs

Rigid PCB

Flexible PCB

Rigid-flex PCB
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Two possible ways of 
manufacturing:
•1. Cu foil laminated onto the plastic,
•2. Plastic is deposited onto the Cu 
foil(the more up-to-date technology).

Flexible Printed
Circuits

Materials: plastic  
Mylar- polyester, 
Kapton- polyimide, 
Teflon- PTFE 

Application: 
connecting moving elements,
vibration tolerating devices (due to

smaller mass), 3D interconnection 
systems.
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Types of PCBs

a)   

b)   
 

c)   
 

d) 
 

e)    
 

Types of printed circuits a) single layer, b) double layer, c) multilayer (4 layer), 
d) with metallic core (MC PCB), e) with inner metallic layer.
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The widely used PCBs today are the double layer type. The base material 
structure for starting the fabrication of a double layer PCB is presented in the 
figure above. It can be observed an insulating core (dielectric) and copper foils on 
both sides.

Two type of materials are widely used: FR2 (pertinax) and FR4 (steclotextolit)

FR2- cellulose + phenolic resin

FR4- glass fibers  + epoxy resin

PRINTED CIRCUIT BOARDS (CIRCUITE IMPRIMATE)
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Comparison between FR2, FR4 and CEM1 (Composite Epoxy Material)
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Solder Mask

Most PCBs are coated with what we call Solder Mask. 

Solder mask is a material that is used to cover the printed circuit board for 
protection from environmental factors. Also provides better electrical 
insulation 

The name of the cover name suggests it’s major role: Helps in the soldering 
process by avoiding "solder bridges" (short circuits).
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“Special core” PCB Structures“Special core” PCB Structures

 Substrat de sticlă Traseu de semnal 

Folie 
inscripţionare Strat de răşină

Applications to circuits with high thermal 
dissipation (high power LEDs)

Example of “special core” PCB structures, based on glass and Aluminium

Solid Alum inium substrate

Signal track

Resin layer


