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VISION OF THE INSTITUTION

To mould true citizens who are millennium leaders and catalysts of change through excellence in
education.

MISSION OF THE INSTITUTION

NCERC is committed to transform itself into a center of excellence in Learning and Research in
Engineering and Frontier Technology and to impart quality education to mould technically competent
citizens with moral integrity, social commitment and ethical values.

We intend to facilitate our students to assimilate the latest technological know-how and to imbibe
discipline, culture and spiritually, and to mould them in to technological giants, dedicated research
scientists and intellectual leaders of the country who can spread the beams of light and happiness among
the poor and the underprivileged.
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ABOUT DEPARTMENT
4 Established in: 2002

4 Course offered : B.Tech in Computer Science and Engineering
M.Tech in Computer Science and Engineering
M.Tech in Cyber Security

¢ Approved by AICTE New Delhi and Accredited by NAAC

4 Affiliated to the University of . - A P J Abdul Kalam Technological University.

DEPARTMENT VISION

Producing Highly Competent, Innovative and Ethical Computer Science and Engineering Professionals

to facilitate continuous technological advancement.

DEPARTMENT MISSION

. To Impart Quality Education by creative Teaching Learning Process

. To Promote cutting-edge Research and Development Process to solve real world problems with
emerging technologies.
To Inculcate Entrepreneurship Skills among Students.

. To cultivate Moral and Ethical Values in their Profession.

PROGRAMME EDUCATIONAL OBJECTIVES

PEOL: Graduates will be able to Work and Contribute in the domains of Computer Science and Engineering
through lifelong learning.

PEO2: Graduates will be able to Analyse, design and development of novel Software Packages,
Web Services, System Tools and Components as per needs and specifications.

PEO3: Graduates will be able to demonstrate their ability to adapt to a rapidly changing environment by
learning and applying new technologies.

PEO4: Graduates will be able to adopt ethical attitudes, exhibit effective communication skills,
Teamworkand leadership qualities.
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Free Hand


PROGRAM OUTCOMES (POS)
Engineering Graduates will be able to:

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering
problems.

Problem analysis: Identify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of
mathematics, natural sciences, and engineering sciences.

Design/development of solutions: Design solutions for complex engineering problems and
design system components or processes that meet the specified needs with appropriate
consideration for the public health and safety, and the cultural, societal, and environmental
considerations.

Conduct investigations of complex problems: Use research-based knowledge and research
methods including design of experiments, analysis and interpretation of data, and synthesis of
the information to provide valid conclusions.

Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern
engineering and IT tools including prediction and modeling to complex engineering activities
with an understanding of the limitations.

. The engineer and society: Apply reasoning informed by the contextual knowledge to assess
societal, health, safety, legal and cultural issues and the consequent responsibilities relevant
to the professional engineering practice.

Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need
for sustainable development.

Ethics: Apply ethical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

Individual and team work: Function effectively as an individual, and as a member or leader
in diverse teams, and in multidisciplinary settings.

. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and
write effective reports and design documentation, make effective presentations, and give and
receive clear instructions.

.Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member and
leader in a team, to manage projects and in multidisciplinary environments.

. Life-long learning: Recognize the need for, and have the preparation and ability to engage in

independent and life-long learning in the broadest context of technological change.

PROGRAM SPECIFIC OUTCOMES (PSO)

PSOL1: Ability to Formulate and Simulate Innovative Ideas to provide software solutions for Real-
time Problems and to investigate for its future scope.

PSO2: Ability to learn and apply various methodologies for facilitating development of high quality
System Software Tools and Efficient Web Design Models with a focus on performance
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optimization.

PSO3: Ability to inculcate the Knowledge for developing Codes and integrating hardware/software
products in the domains of Big Data Analytics, Web Applications and Mobile Apps to create
innovative career path and for the socially relevant issues.

COURSE OUTCOMES

CO1 | Tointroduce to the students the fundamental concepts of electronic devices and circuits for
engineering applications.

cO?2 To develop the skill of analysis and design of various analog circuits using

electronic devices

CO3 | To provide comprehensive idea about working principle, operation and applications of
electronic circuits

CO4 | To equip the students with a sound understanding of fundamental concepts of operational
amplifiers

CO5 To expose to the diversity of operations that operational amplifiers can perform in a wide
range of applications

CO6 | To expose to a variety of electronic circuits/systems using various analog I1Cs

MAPPING OF COURSE OUTCOMES WITH PROGRAM OUTCOMES

COo1

COo2

COo3

CO4

CO5

CO6

Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1
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PSO MAPPINGS ALSO NEEDS TO INCLUDE

CO’S | PSO1 | PSO2 | PSO3

SYLLABUS

Course code Course Name L-T-P -Credits Year of
Introduction
CS207 ELECTRONICDEVICES & 3-0-0-3 2016
CIRCUITS
Pre-requisite: BE101-04 Introduction to Electronics Engg.
Course Objectives:
1. To mtroduce to the students the fundamental concepts of electronic devices and circuits
for engineering applications
To develop the skill of analysis and design of various analog circuits using electronic
devices
To provide comprehensive idea about working principle. operation and applications of
electronic circuits
To equip the students with a sound understanding of fundamental concepts of operational
amplifiers
To expose to the diversity of operations that operational amplifiers can perform in a wide
range of applications
To expose to a variety of electronic circuits/systems using various analog ICs

Syllabus

RC Circuits. Diode Circuits. Regulated power supplies. Field effect transistor, DC analysis of
BJT. RC Coupled amplifierr, MOSFET amplifiers. Feedback amplifiers. Power amplifiers,
Oscillators. Multivibrators. Operational Amplifier and its applications. Timer IC.

Expected Outcome:
Students will be able to
1. explain illustrate. and design the different electronic circuits using electronic
components
2. design circuits using operational amplifiers for various applications
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Text Books:
1. David A Bell. Electronic Devices and Circuits, Oxford University Press. 2008
2. Salivahanan S. and V. S. K. Bhaaskaran. Linear Integrated Circuits. Tata McGraw Hill,
2008
References :
Neamen D.. Electronic Circuits. Analysis and Design. 3/e. TMH. 2007
Robert Boylestad and L Nashelsky. Electronic Devices and Circuit Theory. Pearson.
Bogart T. F._ Electronic Devices Circuits. 6/e. Pearson. 2012.
Maini A. K and V. Agrawal. Electronic Devices and Circuits. Wiley India. 2011.
K Gopakumar, Design and Analysis of Electronic Circuits. Phasor Books. Kollam 2013
Millman J. and C. Halkias. Integrated Electronics. 2/e. McGraw-Hill. 2010.
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Course Plan

Module Contents Hou
s
(40)

Wave shaping circuits: Sinusoidal and non-sinusoidal wave
shapes, Principle and working of RC differentiating and
integrating circuits, Conversion of one non-sinusoidal wave
shape info another.

Clipping circuits - Positive, negative and biased clipper.

Clamping circuits - Positive, negative and biased clamper.
Voltage multipliers- Voltage doubler and tripler.
Simple sweep circuit using transistor as a switch.

Regulated power supplies: Review of simple zener voltage
regulator, Shunt and series voltage regulator using transistors,
Current limiting and fold back protection. 3 pin regulators-78XX
and 79X IC 723 and its use as low and high voltage regulators.
DC to DC conversion. Circuit/block diagram and working of
SMPS.

Field effect transistors: JFET — Structure. principle of
operation and characteristics, Comparison with BJT.

MOSFET- Structure, Enhancement and Depletion tvpes.
principle of operation and characteristics.

FIRST INTERNAL EXAM

Amplifiers: Introduction to fransistor biasing, operating point.
concept of load line. thermal stability. fixed bias. self bias.
voltage divider bias. Classification of amplifiers. RC coupled
amplifier - voltage gain and frequency response. Multistage
amplifiers - effect of cascading on gain and bandwidth.

Feedback in amplifiers - Effect of negative feedback on
amplifiers.

MOSFET Amplifier- Circuit diagram and working of common
source MOSFET amplifier.
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Oscillators: Classification, criterion for oscillation. analysis of
Wien bridge oscillator. Hartley and Crystal oscillator.

Non-sinusoidal oscillators: Astable. monostable and bi-stable
multivibrators using transistors (Only design equations and
working of circuit are required. Analysis not required).

SECOND INTERNAL EXAM
Operational amplifiers: Differential amplifier. characteristics
of op-amps(gain. bandwidth slew rate. CMRR. offset voltage,
offset current). comparison of ideal and practical op-
amp(IC741). applications of op-amps- scale changer. sign
changer. adder/summing amplifier. subfractor, integrator.
differentiator.

Schmitt trigger. Wien bridge oscillator.

Intesrated circuits: Active filters — Low pass and high pass
(first and second order) active filters using op-amp with gain (No
analysis required).

DA and AT convertors — important specifications, Sample and
hold circuit.

Binary weighted resistor and F-2R ladder type D/A convertors.
{concepts only).

Flash, dual slope and successive approximation type AD
CONVertors.

Circuit diagram and working of Timer IC555, astable and
monostablenmltivibrators using 555,

END SEMESTER EXANM
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Question Paper Pattern:

. There will be five parts in the questionpaper— A. B.C.D_.E
. Part A
a. Totalmarks: 12
b. Four questions each having 3 marks, uniformly covering module I and IT; All
Jour questions have fo be answered.
. PartB
a. Totalmarks: 18
b. Three questions each having 9 marks. uniformly covering module I and II;
Two questions have to be answered. Each question can have a maximum of

three subparts

. Total marks : 12
. Four questions each having 3 marks. uniformly covering module IIT and IV
All four questions have to be answered.

. Total marks : 18

. Three questions each having 9 marks. uniformly covering module III and IV
Two questions have to be answered. Each question can have a maximum of
three subparts

Total Marks: 40

. Six questions each carrying 10 marks. uniformly covering modules V and VI:
Jfour questions have to be answered.
A question can have a maximum of three sub-parts.

. There should be at least 60% analytical'mumerical/design questions.
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QUESTION BANK

MODULEI

QUESTIONS PAGE NO:

Describe about non-linear wave shaping.

Discuss about non-linear network.

List out the applications of voltage comparator.
Explain the operation of positive clamper
(Negative peak clamper).

Explain the operation of negative clamper
(positive peak clamper).

Explain the working of RC low pass filter, how
it can be act as an integrator.

Explain the working of RC high pass filter, how
it can be act as an differentiator.

Explain about Sweep circuits? Explain the
working of a simple sweep circuit using
transistor as a switch with relevant sketches.

Explain the working of Voltage
Doubler/Tripler/Quadruppler with help of a
neat sketch.

Explain the working of Clamper Circuits with
Diagrams.

Explain the working of Clipping Circuits with
Diagrams.
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MODULE 11

Expain unregulated power supply is not good
?enough for many applications in electronics?
Discuss about series voltage regulators are
called Linear voltage regulators?

List out the limitations of series Voltage
regulators?

Explain why BJT is called bipolar device while
FETs are called Unipolar device?

Draw the circuit diagram of Zener-voltage
regulator and explain how line & Load
regulation is achieved in the circuit.

Explain with diagram the fold back current
limiting circuit.

Explain how short circuit & overload
protection is achieved in series voltage
regulators.

Explain with sketches the working of IC 723 as
Low & high Voltage regulator.

Draw the block diagram & Explain 3 terminal
voltage regulators.

Explain with diagram the functioning of SMPS.

Define pinch -off voltage of a JFET and explain
its significance?

Draw the Structural diagram of MOSFET and
explain its operation.

Draw the Structural diagram of N- Channel
JFET and explain its operation.

MODULE III

Define Stability factor & derive the general
expression for stability factor.

Discuss about multistage amplifier circuit?

Explain about cascaded amplifiers? Explain the
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effect of cascading on Gain & Bandwidth.

Draw fixed Biased circuit & derive its Stability
factor.
Expain about voltage divider bias circuit.Derive

the expression for stability factor

Expain about dc load and ac load line

Expalin detail about multistage amplifiers

Draw the neat diagram of common source
amplifier with neat diagram

Expain about effect of negative feed back on
amplifier

Draw the circuit dagram of direct coupled
amplifier,Explain its working

MODULE IV

Draw the circuit & explain the working of Wein
bridge oscillator. Also derive
its frequency of operation.

Explain the concept involved in crystal
oscillator with its characteristics?

Explain Bistable Multivibrator

Explain about collector coupled Astable
Multivibrator

Explain emitter coupled Astable Multivibrator

Draw and explain a one-shot circuit.

Discuss the conditions for sustained oscillator
or what is Barkhausen

criterion?

List out the classifications of Oscillators?
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Explain types of feedback oscillators?

List the conditions for oscillation?

Define Piezoelectric effect.

Explain Miller crystal oscillator? Explain its
operation.

MODULE V

Compare ideal and practical Op-Amp
parameters

Explain Slew Rate & what causes slew rate.

Explain the application Op-Amp as Sign
Changer & Scale Changer.

Write Notes on Integrator & Differentiator
using Op-Amp.

Explain the application Op-Amp as Summing &
Difference Amplifier

Draw and explain Schmitt trigger Using Opamp
Draw the circuit diagram of Wien bridge
oscillator Using Op amp & Explain its
operation.

MODULE VI

List-out the Advantages & Disadvantages of
Active filters over Passive filters.

Explain about Butterworth filters? Explain its
Ist order LP & HP filters.

Draw and explain 2nd order Butterworth LPF
& HPF

Explain with a diagram the principle of
working of Sample & Hold Circuit.

List out the specifications of Digital to Analog
Converters
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Explain the working of Dual slope ADC with the
help of a Diagram

Explain the working of SAR & Flash type ADCs
with the help of a Diagram

Draw the Functional block Diagram of 555
Timer IC and Explain its operation as Astable-
Multi vibrator.

Draw the Diagram of Monostable Multi-
vibrator using 555 IC and explain its operation
Design a Butterworth LPF having Cutoff
frequency of 2 KHz and pass band gain of 2.5
Design a second order LPF at cutoff frequency
1KHz

Determine the resolution of

a). 6 Bit DAC

b). 12 Bit DAC in terms of percentage

Design a 4 bit weighted Resistor DAC whose
full scale output voltage is -5V.logic levels are
1=+5V; 0= -5V.What is the output voltage
when input voltage is 1101

An 8 bit DAC produce Vout = 0.05V for a Digital
input of 00000001.Find full scale output. What
is its resolution. What is output for an input of
00101010

APPENDIX 1

CONTENT BEYOND THE SYLLABUS

TOPIC PAGE NO:
PCB DESIGN 139
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MODULE 1
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- Uinear Integrated Circuits 7-40 k ‘8

The functioning of the above blocks can be explained with th
fundmnnl block diagram of 1€ 723 as shown in the Fig. 7.0

f Ve
Fraquency
¢ Unrag. Inpul compensation
o V
Temp, c
- compensated
Inverting
Zenar Input
diodo  — .:\

——— e A

' VI’I)' Grror
>.___J.. el w >——-—<b—-— Og

Constant Non-inverling

- Vo
Clll’l‘(}nl Inpul
source @Qz 62V

Curranl
senso

-

yd Current

Himit

Fig. 7.44 Functional block diagram

Temperature compensated zener diode, constant current source and reference amplifier
constitutes the reference element.

Key Point: In order to get a fixed voltage from zener dzode the constant current source forces

the zener to operate ot a fzwd point,

. Output voltage is compared with this temperature compensated reference potential of
the order of 7 volts. For this, Viy is connected to the non-inverting input of the error

amplifier.

This error amplifier is high gain differential amplifier. It’s inverting input is comected
to the either whole regulated output voltage or part of that from outside. For later case a
potential divider of two scaling resistors is used. Scaling resistors help in gettmg
multiplied reference voltage or scaled up reference voltage.

Error amplifier controls the series pass transistor Q;, which acts as variable . resistor.
' The series pass transistor is a small power transistor having about 800 mW dissipation.
* The unregulated power supply source (< 36V d.c.) is connected to co]lector of series pass
transistor. _

Transmtor Q2 acts as current limiter in case of short circuit ccmchlxon. It senses drop
~across Ry placed in series with regulated output voltage externally,

 The frequency compensation terminal controls the frequency response of the crror
amphﬁer. The required roll-off is obtained by connecting a small capacitor-of 100 pF
between frequency compem,ation and inverting 1nput termmnlb :
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“The mternal structure can be represcnted in more sm\th‘ed fo

e H"s 745 L
4
Freq. : | '
NC  comp, +Vee Ve oulput Va NC | 4
4. 13 12 4 1w 9 8 g
Q, - 4
Serios

pass &
transistar S
§
.L) <

"Rel.
voltage G
s
L
, &
1 2 3 4 5 <
NC CL  CS IV NON-INV V. -Vce 4
‘Fig. 7.45 Simplified internal structure of IC 723 s
Both nomnverlmb and inverting terminals of the error amplifier arc available on €
outmde pmq of 1IC 723. Due to this, device becomes versatile and flexible to use, Only P
restriction is that internal reference voltage is 7 volts and thercfore we have to use bwo
dlﬁerent circuits for gettmb rLguIated outputs of below 7 volts and aboxe voltq S
' 9
7’ 14 3 Speciflcatlons of IC Regulator 723 -
The Table 7.2 gives the electrical 5pec1f1cahons of IC 723. In the Table 7.2 some of the _
specifications are specified depending upon the application area of IC 723. There are two 9
application area namely military grade applications and commercial grade appluatwns, S
denoted namely by M and C. ' ? .
Electrical Speclfications 8
— —— " : | <
| :Absolute Maximum Ratings aver Qp;arahng Free-Air Temperalure Range (Unless otherwise N.oted.] <
“Peak: vd)iage from Ve 10 Vee- (tw <30 ms) LEERE Y i -
‘_;_'ConUnuous vo[tage from Veor tO Vcc— Rt | ARV -a
I : 40V 3
4 ‘;:“"DUt io-output vollage dlfferential d L -y
A v SR IR o
_r-.leferenﬁal mput voltage to error amp!mer e Ty ¥ e e A e s SO
bk B e o S R e
.L-:vo"age between nonfnverhng input and Vcc- s Lol Db T B e i i

L
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A

Current from V, 25 mA
Cum..nt from V(o 15 mA " s
Continuous total dissipation al (of. below) 25:C free-alr temperalure ‘ | |
‘ ] or N package 1000 mw Al
L package (see Note 1) - : . 800 mW {
U package : 675 mW '*
Operaling free-air temperature range : nA723M Circults .-SS‘C to 125°C ,lf';‘
WATAC Cireuits | 0°Cto150%C
Storage temperature range ~65°C to 150°C
Lead temperalure 11(5 in, form case for 60s, J, L, or U package 300°C .
Lead temperature — 1 in. form case for 10s, N package i ©260C

‘Note: 1.  This ratmg for the L package requires a heat sink.

Table 7.2

The Table 7.3, gives the safe operating ‘conditions of IC 723. These conditions & |
provided by the manufacturer

_ Min. Max Unit |
Input voltage, V, ' foe g : £95 s 40 - i | RO |
- Output voltage, Vo~ . EE (RS L LY, K v
Input -to-output voltage differential, Ve - V, P 3 38 V.
Output current, |, -150.*.. |- “mA

Table 7.3 Recommended operating condmons

w

7 144 Apphcatlons of Ic 723

- The various regular circuils as per the requ)rement can be- ach1eved usmg IC723 So
of them are dlSCUSSEd below L ,_ o ,

3 7. 1441 Basic Low-voltage Regulator (V =2to7 volts) ,

~The resistor, R« is cormected between CL and CS pins. The current hmnt transv‘
femains non- -conductive unless drops.across R is 0.6 V (equal to Vog drop) The value
‘Re can be found out by following equatlon : .

T

"]limit y ]Iihlit

-Im{.e can be selected as 1.2 to 1.5 hmc.s the mammum load circwt. Potenh__al dxvl-
5 rmdc un of R. and Rq IS connected between Vm and non—mvertmg termmals




Linear lnmgrateu circuits [ -a3

(- ) o Vienowemg = Vet ¥ R, + R;

As the scries pass transistor is working as emitter follower.

R,
Vo= Ve " 3R
+Vi
Vees Ve
A v out
aa (reh) v l— Regulated
Ct Rse oulput V,
R, IC723 2
CS '
Non- R3 R Rq
l\‘l“’ " Inv ANV Ry= W
- Com : 2
A 3R, L i

l ‘j: 100 pF -

Fig. 7.46 Basic low-voltage regulator

R, and R, can be between 1 kQ to 10 kO .

R, R,

R._';. = R] ” R: - R:; = —[T‘TR; . ind (4) ‘

Maximum load current can be 150 mA.

7.14.4.2 Low Voltage High Current Regulator

Output voltage from +2 to +7V &

"vmc ’
and load current can be more than @
? e 150 mA. For this one transxstor 15'
v e connected externally, shown as Q in
3 the Fig. 7.47.
fref) ' e i
Ll e Rﬁﬁfd The = functional equations are
S Ic723 | ~ similar to that of basic low voltage' o
el - ©s T - .. regulator circuit. | : ;
o PP T T oY —ANMN— R,
Noniny - T Es YN + Vo= Vufxm




[ 4 A iy i _ ™ Sl & b
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h g Linearlntegrated Circuits 7-44 S M \
1 Sr—

T, , . ) Y "3\
N : Power dissipation of transistor = [v-{rr-_-xl = Vutmm;]x Itman)

\ I (ma)

7»1

i
Power dissipation of IC = [\fqmm = Wmﬂ!]" N 2 (i) of Q

\g 71443 Basic Positive High Voltage Regulator 37V and I, €150 mA.
V For this type, output voltage varies from +7 V to + Due to this 1rranz,ement &
: 1 ¢
V The non-inverting terminal connected to Vi through Rj-
1 error amplifier acts as non- mvertmb amplifier.
R,
~o The gain A =ldr
\‘ The output voltage is,
J I ‘ B R +R1 o
N \:‘ A \,rtf (] -+ [};: J = V[ef [I—l{:—-) - aes G 1
~ Re = 06 _ Vine |
.'; . i Ilimit Lse s
R R,
=y Ry = R, HR,_( |+R1] "
. 4,
- Vees Ve i ‘ '
8 - out ) !

‘ v(ref) _ Vv ‘ 3 . o <
} TR l.. z [— R -
- €723 ¢ AME Regulated :

o Neo © ] outputv, :
" i | nv - et
ﬁ g, - x Vcc- Comp ;
E-‘ :};'j-‘.-‘ . A : '.? : ) ? - *, . ‘ :; ¥ e
— iy 9 4 Baslc hngh voltage fegulator (V 5
B Tlus is also caﬂcd ba i

nslc lugh volt
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¢ High Voltage High Current Regulator LT S

344 positiv

ik C o his P output voltage {rom +7V to 437V and load current Iy > 150 mA For §
h‘;\,e nal transistor Q, is connected, as shown in the Fig. 7.49. J
i“‘i.“' 4t =
+V
vCC+ VC /
Out Q4
Veen Yz
. cLl
R, cr2s O
| cs
‘ -, Regulated
Nan-lnv INV output V‘_’,
Vee- Comp

pF

L T |

an 7.49 Positive high voltage regulator

For this different expressions sre similar to basic high “voltage regulator and
reproduced for the convenience.

R +R2
0.6 _ Viense R Ry
iz e—— = Ri= ——mo
Rse limit Tee ' 2 Ri+Rz |

”333agagfffiiiffffffftfeq-i

1 While the power dissipation of tranmstor Q and the IC is ngen by the “same
"Presszcms as given by the equa’aons (5) and (6) e .

7
14 4. 5 Negatwe Voltage Regulator -

C::rnnechons for gethng ncgahve voltage regulator are shown in Fxg 7.50. An ext e;nai
.‘ ansxstor, Q. is. connected Resxstances ‘can be from 1 kQ to 10 kQ it




Linear ntegrated Glreuits T8 —
. T - :
\ Ry = Ry '
\ 1@ R‘ * ..!S.E
Vi [ 2 == [{.

= l A
Vien
Re=3 lcr2s O
IS CSh—
t Nop-Inv INV
\Y C

Ry= s CC~ omp
3 m§ Tfh :]\L 100 pF

m=> Example 7.10 :, Design

Vo =5Vy I, =100 mA.
‘1,} = ISi 90 ‘}0

Le = 150 mA; Viese = 0.7 V

_ Solutson : The given spwﬁcntxom are, . MU 4

et
o~
il

; : SV;. lp = 100 illA.

. :[s,“.. - 180 mA,«\s-m:e = 07 V

. \’
Ri = e 0.7 : R
e - b . 150x10d T 4'670

7V,

Fig. 7.50 Negative voltage regulatbr.

ROAERCE 3] R

“spoclal Funetigy, Iy

L (W}

-y

Fon m‘.m\'c suppl
Foamagnitude of <V, s less than 9V, conneet Veee and Ve “‘I(‘:‘ I Pply Suh
)
At Vovs o Vees as greater than OV, for proper functioning of the

Régulated
output vV,

a regulator usmq IC 723 to mreet the followmg speczf' catzons 3
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ke g

Nugdecting inpot bias euerent of an error amplilier we can write,
o= aezVe

ly
where Iy = potentlal divider current = 1 mA
anl Vit = 7205V fue 1€ 722
NoRy s 2= aasa

10
Use 2.2 KO slandard youlstanga,

Now low [ o R'A'a_..
‘ \‘ VM “| |Rg

S A T

‘s ﬂ =4

TRy w143 R,
043 Ry = 511 Kk
Use 5.1 kQ standard resistor,
Ry = RyJIRy -

_ 2.2%5.1 .
w 'ﬁm et 1,536 k)

Use 1.5 kQ (standard) resistor,

The designed regulator is shown in the Fig, 7.51,

VCCv | vooul ‘
| Vior ' Rya
CL vV, -
22kn 3 Ry 2’%’7\/‘&2 —4—o VY
IC723 cs i
Non-Inv , R,
> Iny 4
& 5.1 knng » 1.5k
5(;72 - Vee- Comp 100 pF
| —I- L
Flg. 7.61

" llil} Example 7,11 1 Draw cireuit dingram of IC 723 base
12V at 500 mA output, Incorporate short circuit p
S 600 mA, Find all resistor valucsi calenlate their wattage

i ~ Solitlan; v, =12V, I % 500 mA,; Le = 600 mA

d positive voltage regulator, to give
rofection limit circuit 4o operate at
and specify the type of resistors, - -
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7-48 - JE— —— ]

It is positive high voltage high current regulator

- 4 ‘» - 9
as shown in the Fig. 7;5.7.

V’.. O

Now Vo

12

SRy

choose -7 R

Re

v Ree

Rs

il

s

-

Ve¢ Ve
VO
Vrcl
CL
IC723
CSH
NON-INV INV
Vee-  Comp -
500 pF
Fig. 7.52

47]<Q

6.58 K2 =~ 6 8 kQ standard value |
06 ‘

0.6

T - G00x100-3 ~ 19

Ri || Rz =

RiR,

Ri+K; - 27 k0

N So both R; and R, can be selectcd safcly of 1/16"!

: "'Power"v\.‘raltage of Ree = (I,c)zRu = (600x10~ 3)2><1 =036 W = 360 mW
© . All the resistor type can be of metal film resistors. For the poy
. v R.,
' assume. the mput current to the mverhng terminals zero. . p s ratmg Of Rl and
" V-I_'= Vo - 12 #
,, a0 o R1+Rz (. 7+6 8)x103 = 1.-043,mA, 3
; :.;ﬁ{.“, A Pl = 12R1 =(1, 043“0-»3)2,(4 7x10"' 2 51]2 mW
and et P = TRy = (1.043x10-3)2

X 6:8x10%"= 7.397 mW
watt power rating,

WY,
Y Wity

-
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CONTENT BEYOND THE SYLLABUS
PCB DESIGN



Intro to PCB Design

Objectives

In this tutorial we’ll design a printed circuit board (PCB) in Eagle. This PCB will be an Arduino shield - a board
that sandwiches with an Arduino microcontroller to provide extra functionality. The PCB will have a collection of
LEDs on it that can be controlled from the arduino.

e Get familiar with the process and vocabulary of PCB design
e Learn how to use Eagle

e Lay a foundation that you can build off of to do more complex PCB design in the future

You can learn more about Arduino shields here: https://learn.sparkfun.com/tutorials/arduino-shields/all

Questions? Email: katelyn.brinker@ieee.org or brinker@iastate.edu
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https://learn.sparkfun.com/tutorials/arduino-shields/all
mailto:katelyn.brinker@ieee.org
mailto:brinker@iastate.edu

Getting Started

There are many different PCB design softwares, such as the following:

e Eagle

e Altium

e Cadence

e KiCAD

e CircuitMaker

Eagle, KiCAD, and CircuitMaker have free versions. Altium and Cadence are both really powerful and
customizable, but this makes them more difficult to learn on. The free version of Eagle is pretty user friendly
and straightforward to learn on and provides the functionality we need for the workshop, so that's what we’re
going to use.

1. Download Eagle from the autodesk website: https://www.autodesk.com/products/eagle/free-download
2. After you download it, either create an Autodesk account or sign in with yours. After this is complete,
Eagle will open in the Control Panel view.

5 Signin - ] *

Options View

Sign in A

e
Email

[
1

J

NEW TO AUTODESK? CREATE ACCOUNT



https://www.autodesk.com/products/eagle/free-download

The Control Panel is your home base in Eagle. This is where you can create and access your projects and
libraries.

Libraries are files that contain part descriptions: what is the symbol that represents the part and what does the
part’s physical footprint need to look like.

E Control Panel - C:\Users\Katelyn\Documents\eagle\Ring Tag - EAGLE 9.6.0 free

= O X
Fie View Options Window Help
Hame Description Last Modified Home Preview * Katelyn Brinker | v
» Libraries
» Design Blocks EAGLE now defaults to saving your files under Documents/EAGLE. You can
B e il change the default User Directory at any time under Options > Directories
» User Language Programs
» Scripts -
» CAM Jobs EAGLE users - the full power of Fusion 360
» SPICE Models is in your hands!
» Projects

Beginning January 2020, your EAGLE account entitles
you to Fusion 360!

Student, startup, hobbyist, or professional - get
started using the first truly end to end, whole-
product design & manufacturing platform.

Electronics Design, eCooling / Thermal Analysis, 30
Modeling, Industrial Design, CNC Machining, 3D
Printing, Sheet Metal - one platform, one massive
step up!

Recent Files

Your recent files will be visible here.

Recently Generated 3D Files

Your recent generated 3d files will be visible here.

What's New in Eagle 9.6.0

The footprint is the layout of the pads that the component will be soldered to.

QFPSPINS TRIMR

1 WP!G :
OFPPPINS 14




You can make your own libraries or you can download premade libraries. We’'re going to be using the
SparkFun Eagle libraries that are on github.

3. Download the SparkFun Eagle libraries from github using this link:
https://github.com/sparkfun/SparkFun-Eagle-Libraries Click on “Clone or download” and then select
“‘Download ZIP”

4. Extract the library files from the zip file.

0 2,270 commits ¥ 2 branches [ 0 packages > 9 releases 421 52 contributors
Branch: master + ew p eque Find file
E edspark Adss 0402 footprint for 1.0nF Capacitor Latest commit 8d87d9d 4 days ago
i images Adding images for wiki. 3 years ago
E! .gitignore added in standard gitignore stuff 4 years ago
[E) LilyPad-Wearables.|br Updating library descriptions, moving Vout to PowerSymbol library 3 years ago
[E| SparkFun-Aesthetics.lbr Control:bit logo to Controller:bit 3 months ago
[E| SparkFun-Batteries.lbr Add silk to SMD super cap. 7 months ago
E| SparkFun-Boards.lbr Add Artemis RedBoard compatible shields 2 months ago
F ¥ 2 branches [0 packages > 9 releases 12 52 contributors
Find file Clone or download ~
‘ootprint for 1.0nF Capacitor Clone with HTTPS &

L i i I we 3
Adding images for wiki. Use Git or checkout with 5VN using the web URL

https://github.com/sparkfun/Sparkfun-Eag @_
added in standard gitignore stuff

Abr Updating library descriptions, moving Vout to PowerSym

Open in Desktop Download ZIP
cs.lbr Control:bit logo to Controller:bit 3 months age

We’'ll include the libraries once we start laying out the schematic. But first, we need to start a “Project” for our
board to reside in.

5. In the top menu of the Control Panel select File - New - Project. This will add a new project under the
“projects” tab in the Control Panel. Rename the new project whatever you want. In this tutorial it is
named “Workshop.” The project description for the project you just created should be “Empty Project”
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We’'ll add the schematic and layout to the project so that all the pieces we need for making a PCB are grouped
together.

6. Right click on your project in the Control panel then select New - Schematic. A schematic will then be
added to your project and will open in a new window.
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EAGLE now defaults to saving your files under Documents/EAGLE. You can
change the default User Directory at any time under Options > Directories

Empty Project

Use the context menu to create new schematic or board files within this
project.
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We’re going to add the sparkfun libraries through the library manager before we layout the schematic.

7.

From the top menu select “Library” and then click on “Open library manager”

m 1 Schematic - ChUsers\Katelyn\Documents\EAGLE  projects\Workshop\untitled.sch - EAGLE 9.6.0 free

Fle Edit Draw View Took Options Window Help
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Update all
Sheets Inspector Selection Fiter  Design Manager 0.1 inch (-0.6 4.2) Click or pre

Browser Fitter o, &

Navigate to the “In Use” tab of the Library Manager and then hit the “Browse” button.

7 Library Manager X

In Design  In Use  Available

MName Version Managed Folder  Description I
™ 1%inch 19-Inch Slot Eurocards (C:/Program Files (x86)/EAGLE-6.6.0/lbr...
403 CMOS Logic Devices, 4000 Series (C:/Program Files (x86)/EAGL...
41 413 Series Devices (C:/Program Files (x86)/EAGLE-6.6.0/lbr/41...
45%x CMOS Logic Devices, 4500 Series (C:/Program Files (x86)/EAGL...
74ac-logic TTL Logic Devices, 74AC11xx and 74AC16xx Series (C:/Progra...
Fatthdin TTL Devices with DIN Symbols (C:/Program Files (x86)/EAGLE-6
Fdoi-eu TTL Devices, 74xx Series with European Symbals (C:/Program F.
Tdwoi-little-de Single and Dual Gates Family, US symbols (C:/Program Files (x86
Fdwo-little-us Single and Dual Gates Family, US symbols (C:/Program Files (x86.
Fda-us TTL Devices, 74xx Series with US Symbols (C:/Program Files (x
7510 7500 Series Devices (C:/Program Files (x86)/EAGLE-6.6.0/lbr/7.
advanced-test- . Advanced Test Technologies - Phoenix, Arizona USA (C:/Progra...
agilent-technol... Agilent Technologies (C:/Program Files (x86)/EAGLE-6.6.0/lbr/a...
allegro Allegro MicroSystems, Inc (C:/Program Files (x86)/EAGLE-6.6.0/ ...
altera Altera Programmable Logic Devices (C:/Program Files (x86)/EAG...
altera-cyclone-II ALTERA Cyclone II FPGA (C:/Program Files (x86)/EAGLE-6.6.0/l...
altera-cyclone-III ALTERA Cyclone III FPGA (C:/Program Files (x86)/EAGLE-6.6.0/ ...
altera-stratie-iv Altera Stratix IV (C:/Program Files (x86)/EAGLE-6.6.0/lbr/altera-...
am29-memory Advanced Micro Devices Flash Memories (C:/Program Files (x86)...
amd AMD Packages (C:/Program Files (x86)/EAGLE-6.6.0/lbr/amd.lbr}
1 amd-mach AMD MACH4/MACHS Family (Vantis) {C:/Program Files (x86)/EA...
amis AMI Semiconductor {C:/Program Files (x86)/EAGLE-6.6.0/lbr/a...
[ Browse... ” Sea ary Ma

| Delete Bundled Libraries

19-Inch Slot Eurocards Remove

100 x 160 mm with DIN 41612 connectors o

VME-BUS-Cards - http://www.interfacebus.com/COTs_Cards_VME.html Update
9 |Created by libraren@cadsoft.de Edit

In the pop up window, browse to where you extracted the SparkFun library files previously. Select all
the individual library files and then hit the Open button.
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<« v P « Docume.. » SparkFun-Eagle-Libraries-master » ~ 0 Search SparkFun-Eagle-Librari.. © | | ]
Organize * Mew folder ESi ] 0 T
Name - Date modified Type &
s Quick access p = =
B Destton . |2 SparkFun-Displays 3/22/2020 2:30 AM EAGLE library
! SparkFun-Electromechanical 3/22/2020 9:30 AM EAGLE library
M Droptiat # W 3/22/2020 9:30 AM EAGLE library
Documents 4 [ SparkFun-GPS 3/22/2020 9:30 AM EAGLE library
[&=] Pictures # | SparkFun-Hardware 3/22/2020 9:30 AM EAGLE library
& Downloads - ! SparkFun-IC-Amplifiers 3/22/2020 9:30 AM EAGLE library
4-14-19 ! SparkFun-IC-Comms 3/22/2020 9:30 AM EAGLE library
Altium ! SparkFun-IC-Conversion 3/22/2020 9:30 AM EAGLE library
ik J2 SparkFun-IC-Lagic 3/22/2020 9:30 AM EAGLE library
2 SparkFun-IC-Memory 3/22/2020 %:30 AM EAGLE library
HES Processing Coc e Tt oo e e 3/22/20209:30 AM EAGLE library
%% dropbox-Mamespace ! SparkFun-IC-Power 3/22/2020 9:30 AM EAGLE library
I8 SparkFun-IC-Special-Function 3/22/2020 9:30 AM EAGLE library
& OneDrive M SparkFun-Jumpers 3/22/2020 930 AM EAGLE library
[0 This PC |2 SparkFun-LED 3/22/2020 9:30 AM EAGLE library E
= ! SparkFun-PowerSymbols 3/22/2020 9:30 AM EAGLE library :I
o Network [H SparkFun-Resistors 3/22/2020 9:30 AM EAGLE library
J2 SparkFun-Retired 3/22/2020 %:30 AM EAGLE library
|2 SparkFun-RF 3/22/20209:30 AM EAGLE library F
i 3/22/20209:30 AM EAGLE library il
! SparkFun-Switches 3/22/2020 9:30 AM EAGLE library 7ate
I User-Submitted '3/22/2020 9:30 AM " EAGLE library ] -
< > e
File name: |"User-Submitted" 'LilyPad- Wearables" "SparkFun-Aes | |Libraries (*lbr) v
[Copen v | concer |

10. In the library manager under the “In Use” tab, scroll down and make sure the SparkFun libraries appear

in the list.

B Library Manager
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Version

Managed Folder

Description

sipex
smid-ipc
smid-specil
SolarCar_conn._..
SolarCar_conn...
SolarCar_powe...
SolarCar_powe. ..
solomon-systech
solpad

Sipex CorporationPower Management, Interface, Optical Storag...
IPC Standard SMD Packages (C:/Program Files (x86)/EAGLE-6.6...
Special SMD Packages (C:/Program Files (x86)/EAGLE-6.6.0/lbr{ ...
(C:/Users/Katelyn/Desktop/EAGLE-Libraries-Hardware-master/So. ..
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(C:/Users/Katelyn/Documents/eagle/EAGLE-Libraries-Hardware- .
Solomon Systech Limited (C:/Program Files (x86)/EAGLE-6.6.0/1...
Solder Pads/ Test Points (C:/Program Files (x86)/EAGLE-6.6.0/1b_..

SparkFun-Aest .
SparkFun-Batt...
SparkFun-Boards
SparkFun-Buzz...
SparkFun-Capa...

SparkFun-Discr...
SparkFun-Displ...
SparkFun-Elect..
SparkFun-Fuses

SparkFun-GPS

Users{Katelyn/Documen
Users{Katelyn/Document:
Users{Katelyn/Documen
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Libraries-mastery ...
Libraries-maste
Libraries-mast
Libraries-rmaster/
Libraries-mast
Libraries-maste
Libraries-maste

[ Browse... ] | Search for Library Name

[ Delete Bundled Libraries




Schematic Layout

The schematic is the symbolic description of the PCB. It's analogous to a circuit diagram. It's where we’ll
indicate the connections between parts and it'll help us when we do the board layout later.

We’'ll use the tools in the toolbar on the left to build the schematic. The button to add components is boxed in
red in the image below. Hovering over this tool brings up the description “Add Part”

Fie Edt Draw View Took Libwary Oplions Window Help
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| W2 = Part B1 AF Fi HO_R3_SHIELDBASIC Sal

11. Save your schematic by hitting the save button in the upper left or through File - Save

12. Click on the Add Part tool. In the Add window that pops up, navigate to SparkFun-Boards, then
ARDUINO_UNO_R3_SHIELD, and then select ARDUINO_UNO_R3_SHIELDBASIC. A preview of the
schematic symbol and footprint will show in the Add window. Select OK.
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13. Place an instance of the Arduino Uno shield symbol in the schematic window by clicking once in the
white canvas in the schematic window. Clicking again will place another instance of the symbol. Press
the escape button on your keyboard to exit the symbol placement mode. This will bring you back to the
Add window. Pressing escape again will close the add window.




To pan the schematic canvas, hold down your mouse’s scroll wheel and drag the canvas. To zoom in, roll the
scroll wheel away from you. To zoom out, roll the scroll wheel towards you.

You can rotate a symbol by right clicking before you left click to place it in the schematic.You can also right
click on the symbol and then select rotate.

14. Place the components in the BOM below in the schematic. The Library column tells you where to find
the part in the Add window. Remember that you can right click before placing a component to rotate it.
After placing components, you can use the move tool in the left hand toolbar to arrange the symbols

nicely.
Bill of Materials (BOM)
Part Name Library/Folder Quantity
ARDUINO_UNO_R3_SHEILDBA SparkFun-Boards -> 1
SIC ARDUINO_UNO_R3_SHIELD
RESISTORAXIAL-0.3 Sparkfun-Resistors ->RESISTOR 6
LED5MM Sparkfun-LED ->LED 6
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The resistors will be used to limit the current going into the LEDs. We want to connect each LED to a resistor
and to a digital pin on the Arduino through the shield board. The full pinout of the Arduino is shown below. All
the pins whose names start with “D” (e.g., D2 or D7) are digital pins.
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15. Use the Net tool (green L shape button) in the toolbar to connect the symbols according to the
suggested connections and suggested schematic below. To use the Net tool, click on the pin of a
symbol to start the net and then click on the pin of the component you want to connect to.

16. Save your schematic.

Suqgested Board Connections

Arduino Shield Pin Component Connection

D3 R1
D5 R2
D6 R3
D9 R4

D10 R5

D11 R6

GND All LED cathodes

Suqgested Schematic
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NOTE: There are many possible ways to layout the schematic (i.e., different pin connections and organizations
of symbols). This schematic layout will make laying out the board easy and is therefore suggested.




Board Layout

Now that the schematic is complete, we can start the board layout.

17. To create the board, press the “Generate/switch to board” button in the top menu. Select “Yes” in the
pop up warning to create the board from the schematic. A new Board window will open.
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The board window will show the footprints of all the components you had in your schematic. The green circles
represent copper pads where through hole components will go in the physical board.

The yellow lines connecting components are called airwires and they represent the connections we made in
the schematic. In laying out the board, we will replace the airwires with traces.

The black area in the board window is the board area. We can adjust the size and shape of the board area
based on what we want to fabricate.
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18. Adjust your grid - this is a personal preference.The grid will determine how you can move components.
You can choose whether or not to display it.

& Grid X
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| Default | DK | Cancel |




19. Move the Arduino shield into the board area using the move tool. Once you select the shield with the
move tool (click on the plus in the middle of the shield outline) you can right click to rotate the shield
before placing it. We're going to let the USB and ethernet ports hang off the edge. Since this will be
stacking on top of an arduino, we just need to make sure all of our header pins will be in the board
profile.

20. Adjust the board size using the move tool so it fits the profile of the arduino. With the move tool
selected, click on an edge of the board and drag it in towards the shield. You can also right click on an
edge of the board and select properties. In the properties window you can adjust the position of the
edge numerically.

[

|
|
[

|
I
[l
'




21. Place your remaining components inside your board area using the move tool following the suggested
layout. Zoom in to see the component designations (e.g., D3 or R1). It’s ultimately up to you how you
want to place your components but you want to be able to make connections where all the airwires are
without crossing connections and you want your connections to be as direct as possible.

A. Right click to rotate a component

B. Use the mouse scroll wheel to zoom in and out

C. Hold down the scroll wheel to pan around your layout

D. Hold down the alt key while you move components to move finer increments than your normal
grid
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The Ratsnest button can be used to clean up airwires. It'll find the most direct connections and adjust for you.
The Ratsnest button can be found in the toolbar on the left.

22. Click the Ratsnest button after placing your components in the board area.
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Next, we’re going to route the board. Routing is the process of placing traces where
the airwires are.

The Route Airwire button is located in the left hand toolbar above the Ratsnest
button.

23. Select the route button. In the top of the window, adjust the trace settings so
that the width is 0.254, the top layer is selected, the walkaround obstacles setting is
selected, and the 45 degree bend option is selected.
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24. Connect R1, R3, and R6 to their arduino pins with the route tool (see
example below).
a. Click inside a pad to start a trace and end on another pad.

25. Connect D6 to R6, D3 to R3, D1 to R1, D5 to R5, D4 to R4, and D2 to R2
with the route tool

You can change trace directions at 45 degree angles. Be sure to keep some distance between the
traces and the pins

You can use the ripup tool to the right of the route tool to remove any traces you don'’t like. You can’t
use the delete tool to get rid of traces.
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26. Strategically place the remaining traces. An example full board layout is shown below.
a. Try to keep routing as direct as possible
b. Don’t cross your trace with another
c. Avoid routing under components when possible

In the picture below, the different color traces (red and blue) represent traces on different layers of the board
and therefore it's okay for them to cross. We’re making a 1 layer board so none of our traces should cross.
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There should be no more visible airwires when you’re done routing.

All the traces we just made will be on the top copper layer of the board. On top of that layer is the soldermask.
This is what makes most PCBs green. The white writing on top of the soldermask is called the silkscreen.

Board Layers:
Silkscreen
Soldermask

Copper

Substrate (FR4)




Layer Layer

olor Layer Purpose
Name Number, y P
Top 1 Top layer of copper
Bottom 16 Bottom layer of copper

Through-hole pads. Any part of the green circle is
Pads 17 |exposed copper on both top and bottom sides of
the board.

Vias. Smaller copper-filled drill holes used to
route a signal from top to bottom side. These are
usually covered over by soldermask. Also
indicates copper on both layers.
Alrwires. Rubber-band-like lines that show which
_ pads need to be connected.

Dimension| 20 Outline of the board.

Vias 18

Unrouted 19

tPlace 21 Silksecreen printed on the top side of the board.
o 99 Silkscreen printed on the bottom side of the
board.
Top arigins, which you click to move and
tCrigins 23 pong :

manipulate an individual part.
bOrigins 24 | Qrigins for parts on the bottom side of the board.

ff tStop 99 Top stopmask. These define where soldermask
Hatch should nof be applied.
8 bStop a0 Absent soldermask on the bottom side of the
Hatch board.
Non-conducting (not a via or pad) holes. These
Holes 45  |are usually drill holes for stand-offs or for special

part requirements.
Top documentation layer. Just for reference. This
tDocu 51 might show the outline of a part, or other useful
information.

27. Add text on the silkscreen to label your components. Click on the text button. Type in your label. Click
okay and then change the layer to 21 tPlace by finding it in the drop down menu at the top of the
window before placing your label next to the correct component on the board

Typically we label our components on the silkscreen so we know what components to put where during
assembly.

28. Save your board.
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Finishing Up

PCB design software has built in checks that you can run to make sure that a PCB manufacturer will be able to
make your board. These checks look at things like if your traces are too close to pads or to each other.
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29. Check your board design.Hit the ERC button at the bottom left of your toolbar. You might need to hit the
down arrow at the bottom of the toolbar to show the other tools. You may see warnings about the LEDs
not having values. You can clear these warnings.
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30. In the board layout view, in the DRC button next to the ERC button. This will check your layout for
errors. Hit “Check” in the pop up window. This will run the default design rule check. PCB
manufacturers also have their own DRCs that you can download and then run in your PCB design
software.
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EAGLE Design Rules

The default Design Rules have been set to cover a wide range of applications. Your particular design may have different
requirements, so please make the necessary adjustments and save your customized design rules under a new name.
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1. Generate the gerber files. Click on the generate CAM data button. Then click okay.

Gerber files are what we send to PCB manufacturers to make boards. They provide the mechanical description

of each board layer.
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Additional Resources

Making your own Custom components:

There will be times when you can’t find a pre-made library for a component that you need. In this case you
need to use the datasheet to make it yourself. The following tutorial walks through the steps.

e https://www.autodesk.com/products/eagle/blog/library-basics-part-1-creating-first-package-autodesk-ea
ale/

e htips://learn.adafruit.com/ktowns-ultimate-creating-parts-in-eagle-tutorial/adding-%3Ename-and-%3Eva
lue-to-your-symbol

Routing on 2 or more layers:

Sometimes, you can’t route all of your traces without crossing other traces, which isn’t allowed, or making
really round about paths. In these cases, you can route on multiple layers (i.e., you can put traces on a top
layer and a bottom layer).

You can use vias to change layers.
Check out the following tutorials for more information.

e https://learn.sparkfun.com/tutorials/using-eagle-board-layout
e http://dangerousprototypes.com/blog/2012/07/18/eagle-polygons/

Enhancing your schematic:

Use the name tool to name nets and connect them without running a net wire between them. When you name
two nets the same, Eagle will ask you if you want to connect them. This will clean up your schematic and make
it easier during layout to understand what you're connecting.
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You can also add values to your components in your schematic.

e https://www.autodesk.com/products/eagle/blog/schematic-basics-part-2-nets-and-values/
e https://learn.sparkfun.com/tutorials/using-eagle-schematic/tips-and-tricks

PCB Fabrication

In order to fabricate a PCB, you usually sent it to a fab house. Different fab houses have different requirements
you must meet for them to fabricate your board. You can find these requirements on their website. Fab houses
are have different costs and production times.

Here are some fab house options:
https://easyeda.com/

e https://www.sunstone.com/
e https://www.4pcb.com/
e https://oshpark.com/

Additional Design Tutorials and Example Projects:
e https://learn.sparkfun.com/tutorials/designing-pcbs-advanced-smd
e https://learn.sparkfun.com/tutorials/arduino-shields
e https://circuitdigest.com/diy-pcb-projects
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