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Cr./KSRMCE/(Department of EEE)/2020-2021 Date: 10/05/2021
To
The Principal,

KSRM College of Engineering,

Kadapa.

Respected Sir

Sub: KSRMCE-(Department of EEE) permission to conduct certification course on
“PCB Design”Request-Regd.

It is brought to your kind notice that, with reference to the cited, the EEE department is
planning to conduct Certification Course on “ PCB Design ” for B.Tech VIIl Sem from 17/05/2021
- 22/05/2021. In this regard | kindly request you to grant permission to conduct the certification
course. This is submitted for your kind perusal.

Thanking you sir,

Asst.Prof,Dept.EEE

KSRMCE,Kadapa.

To the Director for Information

To All Deans/HoD’s/IQAC P el \7
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Cr./KSRMCE/(Department of EEE)/2020-2021 Date: 12/05/2021
Circular

All the B.Tech VI Sem EEE students are here by informed that department of EEE is
going to conduct certificate course on““PCB Design” interested students may register their

names on or before 14, May ,2021 before 5 Pm.

For any queries contact faculty coordinator:

Sri K. Kalyan Kumar, Asst.Prof, Dept. EEE, KSRMCE, Kadapa.
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Department of Electrical and Electronics Engineering
Certification Course on “PCB Design”

List of Participants

S.No | Roll Number Name of the Student E-Mail Id

1 179Y1A0204 BANDA SIVARAJ 179Y1A0204@ksrmce.ac.in
2 179Y1A0206 BHUMIREDDY CHANDRAKALA (W) 179Y1A0206 @ksrmce.ac.in
3 179Y1A0207 DUGGISETTY JAGAPATHI BABU 179Y1A0207 @ksrmce.ac.in
4 179Y1A0208 GADDAM ANIL KUMAR 179Y1A0208@ksrmce.ac.in
5 GAJJALAKONDUGARI RENUKA DEVI

179Y1A0209 (W) 179Y1A0209@ksrmce.ac.in
6 179Y1A0210 GORANTLA SASIDHAR 179Y1A0210@ksrmce.ac.in
7 179Y1A0211 KRISHNAM SNEHALATHA (W) 179Y1A0211@ksrmce.ac.in
8 179Y1A0212 KURUBA LAKSHMIKANTH 179Y1A0212 @ksrmce.ac.in
9 179Y1A0214 MANCHALA SOWMYA (W) 179Y1A0214@ksrmce.ac.in
10 179Y1A0215 MAYANA ABDUL SUHAIB KHAN 179Y1A0215@ksrmce.ac.in
11 179Y1A0216 MEDA SANDEEP 179Y1A0216@ksrmce.ac.in
12 179Y1A0217 MEKALA GANGADHARA 179Y1A0217@ksrmce.ac.in
13 179Y1A0218 NAKKALAPALLI SHIREESHA (W) 179Y1A0218@ksrmce.ac.in
14 179Y1A0219 POSA VENKATA SREEVALLI (W) 179Y1A0219@ksrmce.ac.in
15 179Y1A0220 PASUPULETI GAYATHRI DEVI (W) 179Y1A0220@ksrmce.ac.in
16 179Y1A0221 RAYAPU VENNELA (W) 179Y1A0221@ksrmce.ac.in
17 179Y1A0222 SANNAPURI VENKATESH 179Y1A0222 @ksrmce.ac.in
18 179Y1A0223 SHAIK ABDUL FAROOQ 179Y1A0223@ksrmce.ac.in

. 19 179Y1A0224 SHAIK MISBA SANIA (W) 179Y1A0224@ksrmce.ac.in

20 179Y1A0225 SUCHARITHA PANYAM (W) 179Y1A0225@ksrmce.ac.in
21 179Y1A0226 SYED AZARUDDIN 179Y1A0226@ksrmce.ac.in
22 179Y1A0227 SYED HAFEEZ PARVEZ 179Y1A0227 @ksrmce.ac.in
23 179Y1A0228 SYED SHAZIA TABASSUM (W) 179Y1A0228@ksrmce.ac.in
24 179Y1A0230 YARRANAGU RAJESH REDDY 179Y1A0230@ksrmce.ac.in
25 189Y5A0201 ATHINJERI RAJESH 189Y5A0201@ksrmce.ac.in
26 189Y5A0202 BIJIVEMULA SUDARSHAN REDDY 189Y5A0202 @ksrmce.ac.in
27 189Y5A0203 BILLIPATI PAVAN KUMAR 189Y5A0203@ksrmce.ac.in
28 BOLLINENI PRASANNA LAKSHMI J

189Y5A0204 (W) 189Y5A0204@ksrmce.ac.in
29 CHABUK SAWAR MOHAMMED

189Y5A0205 SUBHAN 189Y5A0205@ksrmce.ac.in




30 189Y5A0206 CHUNDU NIRANKUMAR 189Y5A0206 @ksrmce.ac.in
31 189Y5A0207 DARA PRAVEEN 189Y5A0207 @ksrmcé.ac.in
32 189Y5A0208 DASARI KISHOR KUMAR 189Y5A0208@ksrmce.ac.in
33 189Y5A0209 DASARI PAVAN KALYAN 189Y5A0209@ksrmce.ac.in
34 189Y5A0210 DWARSALA VEERA MADHAVI (W) 189Y5A0210@ksrmce.ac.in
35 189Y5A0211 GOSALA SRINIVASA RAQO 189Y5A0211@ksrmce.ac.in
36 189Y5A0212 GUNDLAMADUGU REDDY KRISHNA 189Y5A0212 @ksrmce.ac.in
37 189Y5A0217 KAPA OMKAR REDDY 189Y5A0217 @ksrmce.ac.in
38 KARAPUREDDY MANOJ KUMAR :
189Y5A0218 REDDY 189Y5A0218@ksrmce.ac.in
39 189Y5A0219 KODURU KUMAR 189Y5A0219@ksrmce.ac.in
40 189Y5A0220 KONANGI CHANDU 189Y5A0220@ksrmce.ac.in
41 189Y5A0221 KOTHAPALLI SOMANJU 189Y5A0221@ksrmce.ac.in
42 189Y5A0222 KUMARAKALVA BALAJI 189Y5A0222 @ksrmce.ac.in
43 189Y5A0223 KUMMARA VISHNU 189Y5A0223 @ksrmce.ac.in
44 189Y5A0224 KUNDALA SIVASAI 189Y5A0224@ksrmce.ac.in
45 189Y5A0227 KUSAM CHANDRA PRAKASH REDDY 189Y5A0227 @ksrmce.ac.in
46 189Y5A0228 LAKKIREDDY MADHU SAI 189Y5A0228 @ksrmce.ac.in
47 189Y5A0229 LAVANUR REVANTH REDDY 189Y5A0229@ksrmce.ac.in
48 189Y5A0230 LINGIREDDY SAI HARSHINI (W) 189Y5A0230@ksrmce.ac.in
49 189Y5A0231 MOGHAL ASLAM BAIG 189Y5A0231@ksrmce.ac.in
50 189Y5A0232 MOOLA PRADEEP KUMAR REDDY 189Y5A0232 @ksrmce.ac.in
51 189Y5A0233 MULE SIVA JYOTHSNA (W) 189Y5A0233 @ksrmce.ac.in
52 189Y5A0234 NEELAM PAVAN KUMAR REDDY 189Y5A0234@ksrmce.ac.in
53 189Y5A0241 PULLIRUPU SATHISH KUMAR 189Y5A0241 @ksrmce.ac.in
54 189Y5A0242 RAJOLI KARTHIK REDDY 189Y5A0242 @ksrmce.ac.in
55 189Y5A0243 RAMIREDDY PAVAN KUMAR REDDY 189Y5A0243 @ksrmce.ac.in
56 189Y5A0244 REPALLE ANOK 189Y5A0244@ksrmce.ac.in
57 189Y5A0245 SARASWATHI MADHURIMA (W) 189Y5A0245@ksrmce.ac.in
58 189Y5A0246 SAREDDY NIRANJAN REDDY 189Y5A0246@ksrmce.ac.in
59 189Y5A0247 SHAIK AHAMMAD 189Y5A0247 @ksrmce.ac.in
60 189Y5A0252 SULTHAN SAHEB KAMAL BASHA 189Y5A0252 @ksrmce.ac.in
61 189Y5A0253 SUNNAPU PAVAN SAl 189Y5A0253@ksrmce.ac.in
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Syllabus

PCB Design
- s Hours
. No. opic
P Theory
Introduction to Printed circuit board: fundamental of 07
Module 1 electronic components: Basic electronic circuits, Basics of
printed circuit board designing
Layout planning, general rules and parameters, ground 07
Module 2 conductor considerations, thermal issues, check and
inspection of artwork
Design rules for PCB: Design rules for Digital circuit PCBs, 08
Module 3 |aAnalog circuit PCBs
High frequency and fast pulse applications, Power electronic | 08
Module 4 applications, Microwave applications
Text Books:

1. Printed circuit Board Design and technology, Walter C. Bosshart

2. Printed Circuits Handbook, Sixth Edition,by Clyde F. Coombs, Jr, Happy T. Holden, Publisher: McGraw-
Hill Education Year: 2016

3. Complete PCB Design Using Or CAD Capture and PCB Editor,Kraig Mitzner Bob Doe Alexander Akulin
Anton Supon in Dirk Miiller, 2nd Edition 2009.

4. Introduction to System-on-Package, Rao R Tummala & Madhavan Swaminathan, McGraw Hill, 2008.




K.S.RM.COLLEGE OF ENGINEERING :
(UGC-AUTONOMOUS) s
Kadapa,Andhra Pradesh,India~516 005 KS NR
Approved by AICTE, NewDelhi & Affiliated to INTUA, Ananthapuram . lives on..

Department of Electrical and Electronics Engineering

Certification Course on “PCB Design”

Schedule
Timing: 9:00pm - 5:00pm
S.No Date Resource Person Topic Covered
1 17/05/2021 | Sri T.Kishore Kumar Introduction to Printed circuit board: fundamental of

electronic components:

2 18/05/2021 | Sri T.Kishore Kumar B asic electronic circuits, Basics of prmted circuit
board designing

3 | 19/05/2021 | SriT.Kishore Kumar Layout planning, general rules and parameters,
ground conductor considerations, thermal issues,
check and inspection of artwork.

4 20/05/2021 | Sri T.Kishore Kumar Design rules for PCB: Design rules for Digital circuit
PCBs, Analog circuit PCBs,

5 21/05/2021 | Sri T.Kishore Kumar High frequency and fast pulse applications

6 22/05/2021 | Sri T.Kishore Kumar Power electronic applications, Microwave

applications,
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Department of Electrical and Electronics Engineering

Activity Report
Name of the Event : Certification Course on PCB Design
Date of the Event : 17/05/2021- 22/05/2021
Scheduled Time : 9.00 to 5.00PM
Target Audience : B.Tech VI Sem Students
Student Co-ordinator

Venue of the Event : online (https://meet.google.com/lookup/d3Iplbck4s)

Activity Description:

Department of EEE organised a certification course on PCB Design for B.Tech VIII S em EEE
Students. Sir has given excellent presentation on PCB Design .Students have done models. With
support of head of the department and students the course have been completed successfully.
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Department of Electrical and Electronics Engineering
Certification Course on PCB Design - Attendance Sheet

s.No Roll List Name of the Student b‘?k M’S——ié)g'zo)g Z{)A’?ZE
1| 179140204 | BANDA SIVARAJ — S e e e
2 | 179v1A0206 BHUMIREDDY CHANDRAKALA (W) e e e R
3 | 179140207 | DUGGISETTY JAGAPATHI BABU i I I e s i et
* | 179v1A0208 | GADDAM ANIL KUMAR e O | O ) i
5 GAJJALAKONDUGARI RENUKA DEVI

179Y1A0209 | (W) i o RS R Pl 2l P
® | 179v1A0210 | GORANTLA SASIDHAR s [ [ R | e e
7| 179v1A0211 | KRISHNAM SNEHALATHA (W) O O | Yol B
8 | 179140212 | KURUBA LAKSHMIKANTH o= | A T
9 | 179v1A0214 | MANCHALA SOWMYA (W) RIS R 1 0 o 0 g i i
101 176v1A0215 | MAYANA ABDUL SUHAIB KHAN Ciaed e TR | e
111 179140216 | MEDA SANDEEP O o I ol il el
12 | 179v1A0217 | MEKALA GANGADHARA PO [ an o] B
13| 179140218 | NAKKALAPALLI SHIREESHA (W) B P T o gl Pl
1% | 179v1A0219 | POSA VENKATA SREEVALLI (W) R o L I P gl T e o
15 | 179140220 | PASUPULETI GAYATHRI DEVI (W) W Pl il P
16 | 179v140221 | RAYAPU VENNELA (W) o el - Pl S e
171 170v10222 SANNAPURI VENKATESH L O TR O | " o s




d
'8 | 179v1A0223 | sHAIK ABDUL FAROOQ e || e lierl] e
191 179v180224 SHAIK MISBA SANIA (W) S A I R
20 | 179v1A0225 SUCHARITHA PANYAM (W) i i i D i il
21 | 179v1A0226 | SYED AZARUDDIN e W . s
22 | 179v1A0227 | SYED HAFEEZ PARVEZ i 2 B ] ] T
23 | 179v10228 | SYED SHAZIA TABASSUM Cron o il B oo e
2% | 17910230 | YARRANAGU RAJESH REDDY P |r i e B P
*> | 189v5A0201 | ATHINJERI RAJESH ; il T o i il
26 | 189v5A0202 | BUIVEMULA SUDARSHAN REDDY piele ol ke L
27 | 189¥5A0203 | BILLIPATI PAVAN KUMAR nlletyl W i B
?8 | 189v5A0204 | BOLLINENI PRASANNA LAKSHMI e e B e I 3 e
q 189Y5A0205 gﬂ:ﬁ::SAWAR AR il et Bl | e it
30 | 189v5A0206 | CHUNDU NIRANKUMAR ] -t ] W RV
31 | 189v5A0207 | DARA PRAVEEN it 008 et el 2
32 | 189v5A0208 | DASARI KISHOR KUMAR P 0 el 0 o [
33 | 189v5A0209 | DASARI PAVAN KALYAN P P il A L
3% | 189y5A0210 | DWARSALA VEERA MADHAVI (W) sl e e o
35 | 189v5A0211 | GOSALA SRINIVASA RAO ol Ll ot I ot W
3® | 189v5A0212 | GUNDLAMADUGU REDDY KRISHNA | _— | — | —| —| —| —
37 | 189v5A0217 | KAPA OMKAR REDDY il el e P B
38 | 189v5A0218 | KARAPUREDDY MANOJ KUMARREDDY | — |— | — - il el
39 | 189v5A0219 | KODURU KUMAR S e Lo 0 OO il R
0| 189v5A0220 | KONANGI CHANDU e | et e B e
41 | 189y5A0221 KOTHAPALLI SOMANJU et || e | ST 9% Bl 1 ags
2 | 189v5A0222 | KUMARAKALVA BALAJI R b i i
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189Y5A0223 | KUMMARA VISHNU T et
| 189v5A0224 | KUNDALA SIVASAI Pl A et I
ji 189Y5A0227 | KUSAM CHANDRA PRAKASH REDDY I [ 0 W
¢ | 189v5A0228 | LAKKIREDDY MADHU SAl e I it P ¥
47 | 189v5A0229 | LAVANUR REVANTH REDDY i sl ol 22
8 | 189v5A0230 | L. SAIHARSHINI il el S
9 | 189v5A0231 | MOGHAL ASLAM BAIG s Gl Rl R | s
>0 | 189v50232 | MOOLA PRADEEP KUMAR REDDY el | Wl L] e e
>1 | 189y50233 | MULE SIVA J)YOTHSNA Y it il [Pl (B ) R
>2 | 189Y5A0234 | NEELAM PAVAN KUMAR REDDY e a8 R R
>3 | 189Y5A0241 | PULLIRUPU SATHISH KUMAR gl s e i
>4 | 189v5A0242 | RAJOLI KARTHIK REDDY s ol ot P AP B
>° | 189Y50243 | RAMIREDDY PAVAN KUMAR REDDY g e B Bt en |
%5 | 189v5A0244 | REPALLE ANOK el i) Lot NP bl Rl
>7 | 189Y5A0245 | SARASWATHI MADHURIMA g e | ]
°8 | 189Y5A0246 | SAREDDY NIRANJAN REDDY i il i e il ol
59| 189Y5A0247 | SHAIK AHAMMAD " i e B e
60" | 189Y5A0252 | SULTHAN SAHEB KAMAL BASHA s o s ol o
®1 | 179140204 | BANDA SIVARAJ i e S it ¥ o Rl

HOD
= HE AD
E;’)ar!mgrr{' of Electrical &
L CCLIONICS Enginas,:
K.S. : I ‘_}.IT(.r;H!?g
F{.f\\/]. Collage of Enginf_‘erm
Cuddapah . 516 003 A



EELE 461/561 - Digital System Design

Module #4 - Interconnect Construction

(Printed Circuit Boards)
Topics

Frwiend Caovi Boward Commliu thun
St Cat v Bt Dernagn

»  Textbook Reading Assignments
V-
What you should be able to do after this module

1 Descrbe the labncaton process of a PCB

2 Desgn a ponted cocut board using modern CAD tools

3 understand the sgnal niegrty issues associaled with PCBs

4 Desgn controlied enpecance ransmission knes using PCBs.

5 Understand the labncaton Wmeations of PCBs and how they dictate design rules

EELE 4817561 - Digital System Denign Module 84
Page |

Printed Circuit Boards

+ Interconnect (PCBs)

«we have examined how parasitics along a Transmission Line can lead to
reflections and risetime degradation.

.
= Dow we look al one of the imerconnect tlechnologies that is used in modem digital systems.
+ by understanding the manulacturng sieps used (o creale an interconnect, we can understand:

1) where the electrical parasitics come from
2) manutacturing Imits for Cost vs. Performance trade-offs

* Printed Circuit Boards
- @ structure that:

1) mechanically support components
2) provides electrical conduction paths between circuits

4 EELE 481/561 - Digital System Design Module 4

Printed Circuit Boards

Terminology

PCB” = Prnigg Cocud Board (e a "board’)

PWEB’ 2 Pritec Winng Boaro (same as PCB)

PCA™ = PCB Assembly d PCB 1at 5 lua0e0 with components
Fau” = the prucess of creating ine PCE

Lual™ * Me DIscess Of dfldching fhe COmpunents 1o the PCB

4 EELE 461561 - Digital System Design Module 84
Page3

Printed Circuit Boards

+  Construction
- there are a variety of methods to create a PCB.

- the general approach is 1o start with a shee! of copper attached 1o an insulator and Then
remove copper leaving only your desired interconnect pattem.

- this is called a sublrective method and is the most common technique.
= we'll first go over all of the major process steps used in creating a PCB,
1) The CORE
2) Patterning

3) Vias
4) Pattern Plating

- then we'l put them together in the appropriate sequence from start to finish.

PCB: Core

The CORE
tne Dase kement 10 3 PCB 15 called ine "CORE”

trey typscally COSSIS Of two sheels of I CoppsY Bmnaled (or ghued) 10 an msulaling matenal

« Ing wsulalor s commondy call the “Substrale” or the “Laminate”
- 1S CONSiUCton & aisu calked A “Copper Clad” msulator

CORES Cume o large Shedls whsch are (yCally ~ 18 & 247 o cw ta ws ke as 24 5 48)

EELE 451/561 - Dignal System Dessgn Module 84
‘* o Pages

E . Module 84
4 EELE 481/561 - Digital System Design =
PCB: Core
* The CORE
CORE Conduclors

- the most commonly used conducling material is Copper (Cu)

« the thickness of the copper sheel is specified in lerms of its weight:

200 = 0um .0024" The term “weight” refers to the weight in
lez = 35um .0012°  ounces per square fool”
050z = 17.5um 0006"

025z= B75um  =00003 We somelimes cal this sheel a “loi"

- o PR GORE

v
EELE 461/561 - i Module 4
_‘l. Digital System Design s




PCB: Core

The CORE

FORE sty

Pz s o Rt AT e T WAL g (g OF

ancis (16 Drsipation ACIor = 1SS togent)
Mot anaal RoDustness ingody  pewkstrength. CTE)

CORES are typcally renlorced wih 3 weave ol et

FRa (Fue Retarnant Eposy 84 s the most common dekectac n use today

4 EELE 461/361 - Digral System Design

PCB: Patterning ’

Patterning

- héte are 2 common lechmques 1o remove material from the core 1o leave only the
desied conduction paths.

1) Photoengravag ! Photolthography

- @ pholomask (s created by prnting a design pattern onto a transkicen! material,

- this s very similar to pnting an overhead transparency using a laser printer.

- the CORE is then covered in a pt material

dry fim, or
when the photosensitive malerial is exposed to ight, its properties change.

EELE 461/561 - Digital Systam Design Module #4
Paged

Module 44
Page 7
PCB: Patterning

Patterning

1) Prpigengiavng | Protohthograpty cont

e LURE » exposed 1o 4 gn SoulCe INMGugh e DRolomask

@ SR & (et ADDIR0 INal develops e DhuluSestve Maletal Mmaking s Solubk:

EELE 481/561 - Digal System Design Module £4

TR b prémedy

4 EELE 461/561 - Digaal Sysiem Dewign

PCB: Patterning
Patterning

£ PLE Mg

Dl SuDL ATl
S Pana ally (e

mgue % 1C Use o o BING Dif (sHTkdt 10 4 TOuter o a0l D) 10
O CObL o (e CORE Raving Only the Gsaec palle:

an Ngve Qv O Nese mglhees ot MSU

Module 14
Page 11

PCB: Patterning
Patterning

1 P / P cont

- an glching solution is then appled 10 the CORE which removes the “now soiuble™
pholosensitive material in addition 1o the copper foil beneath it,

this glching step removes any copper on the CORE that was exposed to kight through
the phalomask. thus ranslerring the pattern,

once the remaining photosensitive material is stripped using a cleaning solution, the CORE
s left with a pattern of copper identical 1o the patiern on the photomask.

o v a—
4 EELE 461/561 - Digital System Design

Module #4
Page 10

vias (Drilling)

- Ihes can be done using

4 EELE 461/561 - Digital System Dasign

PCB: Vias

A via 15 a siructure that electncally connects two diferent layers of copper in a PCB.

the firsl slep m crealing a via is to drill a hole where Ihe contact wil be made.

1) A mechancal process (.e., a regular drill bit), This is currently the most common approach.
o

2) A laser (for very small holes)

Nodule #4
Page 12




PCB: Vias

*  Vias (Electroless Plating)

Thes et Stup 0 Crudtng a via & 10 depost Copper ino the holes in order 1o Plate the inner
et oF I via with B ConOuwCtng matenal

PCB Ve plateay s accomphshed by an Electrukess Plating Process m whch a senes of chenical
feactons afe peromied to transler copper atonis fron a Sacnficial Copper Source 10 the
arreis of Ihe v holes

NOTE

Erctiogating s wherg tha migtal
MAFLE S XN @0 OTaw 10 The
Tyt uning o wcing ek

Erircans Plating uses & Clurmcal
I 1 TaaSr 1T U T
G AT G Gl @ gl
MU 0 ANACE e Dl e T
™ satime

4 EELE 4611561 - Digital System Design Module &
Page 13

PCB: Vias

* Vias
- The end resull is a structure that connects different layers of a PCB.

« The “via™ is also called & "Plsted Through Hole™

-=;[—»----————1. I v
i] o Tnc;mn
lﬂi R .

il

=l s ¥

Diwrten of
o
NOTE The Aspect Ratio is the ratio of the Thickness of the Hole (or Deplh) to be plated 1o the
Diameter of the Hole. I the aspect ratio is too large (i.e., deep & skinny holes), then
the copper piating will nol reach the center of the hole and resull in an open circuit,
Depih
Diamter

Via Aspect Ratwo =

PCB fab shops wil speciy the maximum aspect ratio they can achieve (typically ~4-5)

4 EELE 461/581 - Digital Sysiem Design Module #4
Page 14

PCB: Pattern Plating

+ Pattern Plating

+ the Coppel deposied lrom the Electroless Planng step apphes a thin layer of copper on the entire
surtace of the CORE in agdton to insige the drilled via holes

+ the platng i the va barrel 5 [ypcally not thick enough (1. <0.0017) 10 be rebable. To address
s a second Eleclrochenvoal plating s perormed

Ll bialing JeDUSTS & Malenal gved The CODDe! CrCutry thal wil Protect 2 Junng 3 SubSequent
wn stage A nalenal Suh 3s fin can be uSed 10 Cover e CODDEY Iraces 1u prolect them

e Cuppet & ST INChened USING an J00tunal £l trocnenminal DIAING DroCess

Ad e apiied e S QepusAed L tne Dattern

PCB: Solder Mask

Solder Mask

- solder mask is a prolective insulating layer that goes over the outer sides of the PCB,
NOTE: this is typically the green malerial you ses on boards,

= copper Is very susceplible handalhnwﬂmmmhmmhwomummﬂ.
they need lo receive additional plating to protect against oxidation,

- @X0ation i the feaction of oxygen with the copper. During this process, the copper is actually
consumed. &:Mhnldwunwumpmunﬁm into an insulator.

- scider mask 15 a layer of polymer that can be applied using either silk screening or a spray.
- the solder mask covers all conducting circuits on the board with the exception of any
wads that components will connect 1o

NOTE Tre werd et s Somco mamg
APCHS B caled e 8 shape of meud
1) il O b 10 comect 10 8 carmgenant

2j il 08 cowered iy okt math.
3) il receeew 2 srince hnest (nas siep)

4 EELE 481/561 - Digital System Design Module 84

afler the SICH e 100 Car D SI0pEG GN O kN 0N Jepending on the manulacturer
EELE 481561 - Dignat System Denign Module 5
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PCB: Surface Finish / Solder Coat
+ Surface Finish
- aise relerred o as Soloer Coal or Exposea Conguctor Plating
e pads 0! @ DOJE Mus! recewve o specal surlace sh 1o
1) st onoahon hom jong penods of Siorage whis wating for 6agug
2) prepate theim 101 ihe aDOCAION Of SO0
10 @LLOMDRST 11N & liye! O CONOUCING Materil § agpied 10 1w Dads aflér sokder masking
Ex) Ti-Leao Soier (NQusIry & Irying 10 move [a “kead Iree” plating)
Gowe
Sver (Leaa-Free comphant, ROHS)
178 SIBC S WAt Qe 1N DS 0N INE DA INe Shuny I00s 1N vOu See
EELE 461561 - Dignal System Design Module 84
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PCB: Silkscreen

Silk screening
- silk. screening 15 the process of adding documentation 1o the beard.
- the lerm silk screen refers o the process of ransferming a pattem using a special sfencil,

- @ slencil s a sheel of malerial thal has physical openings in it thal represent the patier to be
ranslerred.

-1 & sik screen slencil the openings are typically a set of small dots

., @ screen)

= the stencd 15 laxd on lop of the board and then a documentation malerial is applied Io the entire
board using a roer & squeegee or spray.

- when the siencil is removed, Ihe documentation malenal remans in the pattern of the openings
on the stencil

- the board is then baked 10 harden the documentation malenal.

4 EELE 461/561 - Digital System Design Module 84
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PCB: Silkscreen

Silk screening
s ey ol T S SoTe M il Atk SIaBe TN Ue: Lo G0k 10 e 1ESOMON

M e Sctermiy Drocess

when lookeg dt how sniall of a lie can be drawn usig & silk screen, manutacturers typcally
tak aboul LPY (lnes per ich). In general, the smabest sik screen lnes are ~0 008"

S SCreen maching

panerms emaning after silk screen

4 EELE 461/561 - Dignal Sysiem Design
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2 Layer PCB Example
+  Step 3 - Drilling
we now Orll INMDUGN NOlus Whete ¥ias afe GONg 10 be
Kcated
*  Step 4 - Electroless Plating of Vias
- we now pul ine poard througn an Electrokess plaling
PrOCESS Which D0eposts copper nside of the via arll
noles
4 EELE 461561 - Digral Sysiewn Design Moule B4
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2 Layer PCB Example

Step 7 - Strip & Etch

we 10w 3inp the DROTD resist layer off of ne Core exposing
e UIwWanled Copper

an eleh s perormed whah removes all of the wwanled

-
covi > 488
= “
~the Copper cacudry § Prolected Dy the n ang :"ﬁ
remains alter ine eich.

+ Step 8 - Solder mask
- an nsulaling layer of solder mask s apphed o the core

ine solder mask covers all of the conductors with the excepiion
ol any pads tnat are 10 De uSed 10 CONNEC! 10 COMPanents

IS kayer DOwOeS DIOIECUON AgANS! NAdverent shorling
t the CONIUCIONS

i EELE 461151 - Digai System Dusign

Module 84
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2 Layer PCB Example
+ Step 1~ Photomask

= we Creale our design i a CAD 100l (i.e., Mentor PADS)
which generates files 1o creale a photomask

Step 2 - Material Selection

- we now select a core thal meets our | &
needs (Dk. loss langent, copper weight, elc...)

- lhis core will be used 1o create our PCB.

NI Ly L B s P ey A,

4 EELE 461/561 - Digital System Design

Moduie 4
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2 Layer PCB Example

Step 5 - Apply Pattern

- we now transfer the patlern from our photomask 1o
the core by:

- applying photosensitive fim (photo resist) to the CORE.

- apply developing solution Lo make the exposed
photoresist soluble
Step 6 - Pattern Plating

- since the current copper pallems are going to be on the
outer sides of the board, they require additional steps lo
ensure thal axidation doesn't complelely consume the metal.

- the board an

plating
step that adds additional copper to the existing copper traces
and via barrels.

alayer of tin is then added Lo the surface 1o protect the copper
from the ensuing elch

4 EELE 461/561 - Digital System Design

Module 84
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2 Layer PCB Example

Step 9 - Surface Finish

- the pads thal are visible through the solder mask wil
ulimalely make contact lo components using solder,

~ In order lo prepare the pads lor the components, a kayer
of material is apphed 1o the pads thal:

- easdy soldered lo (i.e., Soider, Gold, or Siver)
- lhal prevents any oxidation on the pads so thal the
board can be stored while wailing for load,

Step 10 - Silk Screen

- documentation is now added 1o the board using a
sik screen matenal.

+ documentation is important for:
- board wentification

- component locators
- component onentations.

4 EELE 4611561 - Digital System Dasign

Modube #4
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2 Layer PCB Example

Step 11 - De-Panelization

Ay R e Of e saite PCB are im0 ';_'{i&&
100 o R b2
s lbows T pretvously (escnbud Drouess Steps

00 bt IIOIpR DOATOS 1 e San e amioun of 1o

e 481 SteD & 10 de-panglize. of roule oul the
adivilual HOAns

NOTE  Some aulomated l0aang processes can ioad the boards wiide stil paneized

‘% EELE 461/561 - Digital System Design mﬂu
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Multi Layer PCBs

*  Multi Layer PCBs
-lmamemdumunwmﬂquaamPCB's-mmMzhmA

- In this case. muliple cores are patterned and then laminated together using an insulator
marerial caled a pre-preg

= the pre-preg serves as an nsulator but has an adhesive property 1o it that glues the cores
together.

- the pre-preg malerial can be the same insulating material as the core.

- b

NOTE: this construction process is why boards
always come with an EVEN number of
layers (i.e.. 2 ayer, 4 ayer, 6 layer, 8,...)

g i gy

com ——
Muli Layer PCB

EELE 461/561 - Digital System Design Module 84
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Muilti Layer PCBs

Multi Layer PCBs
e resultant sTack of laye’s S Called a “Slackup”

Uit Kyets Can Ue d00eC 10 the Stach Dy applyeg a Dre-preg 10 e COfe and then Bminating
@ Luppet 1ud o0 tup of 4

« Ihe entite SLaCh (CO%e ¢ Dre-DIEgS) afe DUl Nlo 3 press

e DIwss ADPheS DIESSUIE AN temperature W Order 10 DONG the Mmalenals logethet ntc
Ui 0 ASSENIDIy

o
4 Layer PCB
EELE 481/561 - Digitai System Oesign Module 54
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Multi Layer PCBs

+ Multi Layer PCBs
- Creating multi-Byer PCBs involves some changes to the fabrication process.
1) Driling occurs after the final lamination lakes place.

2) The inner layer Uraces are patietned prior to driling and lamination and
DO NOT need 1o undergo the paltern plating and surface finish step.
- notice that the through-hole vias wil extend e,
through the entire thickness of the board &,
even if the desired connectivity is between Ll
the top two layers

£ oo Az
¢ e prmm

S e =.rq
===t osim,

" oom Ry

. Module #4
4 EELE 481/561 - Digal System Design o

4 Layer PCB Example

Step 1 = Photomashk

A (w10 Crwale PROIO MASAS 104 830N Kiyer w -
e Qusay -

for ach ol Ihe 4 metal layers n aodion (o

100 @ 4 lay¥! DOAD. we "Eed IO Ndve Pholo Masks l
MISC layers (54, Mask. BIC.. auusru o)

Step 2 - Material Selection
'or a4 laver DOAD we wil use one CORE for tne

nnet [ayers ana then ianunalg lods 10 INg 100
Ana DOHOM 10 form Ing Quler iyers.

EELE 461151 - Digal System Dusign Module 84
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4 Layer PCB Example

+  Step 3 - Inner Layer Patterning
= we now lully pattern the nner yers of the PCB.

- Ihus step s sbghtly different from a 2 layer PCB because these iraces will not be on the outside
of the board so they aren't susceplible to oxidation (i.e., no need for pattern plating),

= in addition, since there will no components contacting these layers, there is no need for 8
surface finish or solder mask.

ok T

‘_
e ey

EELE 461/561 - Digital System Design ‘Module #4




4 Layer PCB Example

Step 4 - Lamination

T

<O d Dre-preg Malenal s apphed 10 o0 saes of the
CORE and lud & lamaated on Doth skes

i

WS STACR S DUt a0 @ DRSS 1O apply pressure and
erATrE a1 ORen 0 DO the foils to the CORE

LR

Step 5 - Through Hole Drillings

T eriines Stacs o a0 Gen]

Step 6 - Electroless Plating of Vias

A B e
e O TR e ThEn atea wih COpper using an

Eeclioiess alng process

7

EELE 4511561 - Digital System Design

4 Layer PCB Example

Step 7 - Apply Pattern

- the outer layers are now coaled with photoresist and
the pattem is ranslerred using the outer layer photo masks,

« Step B - Pattern Plating
- this boara an addi

piating
step thal acds additional copper 10 the existing copper races
and via plating.

-a layer of tin (o sokder) is then added 1o the surface lo
protect the copper from the ensuing elch.

—a

EELE 461/561 = Dsgital System Design

Module 84
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4 Layer PCB Example
Step 9 - Strip & Etch AR R SR
we (0w SINp he DROIG resiSt layer Off 0! Ihe Core exposing
e WWAMed CODDE!
a el s DeGrmed which femoves all Of e uwanted S
et
froe LDt CHLUITY & DIUTELTED Dy e B0 (f Sulder | &g ARoE D
feies afle e sicn
e =it sutace & et stuAn) kavng unty e JeSieg
Ll T 0 LDt i
 — Snm——
R R TR
e
EELE 487/56" - Dignial System Design Module B4
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4 Layer PCB Example
Step 12 - Silk Screen
Kaslly J0CUTENalon & 30080 I INe Duter @yers of 1N
Dt 0y o
e ¢ —
*  Step 1] - De-panelization
o hllihe Anages ware TaDrCAlRg O 1T Saie Danel
e [Ne DODIOS dfe (OW 'GUlBO $HD ¥ Kvdudl DOXS.
EELE 461/561 - Dignal System n Module §4
i Dl System Deng e

4 Layer PCB Example

Step 10 - Solder mask

- how a solder mask is appled over the outer layers leaving
openings for the pads to which components will be
soldered.

~"SMOBC" stands for “Solder Mask Over Bare Copper”
and refers 10 3 process in which the tin patten plating
WAS removed.

*  Step 11 - Surface Finish

- naw the pads are coaled with a material that protects
them from oxidation and allows them to be easily !
soldered 10

THALT T

+"HAL" stands for “Hol Air Surface Leverl (aka HASL)
and refers 1o a process of adding solder to the surface
of the board using hot air 1o mel! and blow the sokder
onto the pads.

- a more modern process is called Emersion Silver and
refers 10 dipping the board in Siver. This process is Lead-Free. =

—n

EELE 461561 - Digital System Design Nodule 84
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PCB CAD
CAD = Computer Aided Drawing

v
-a PCB CAD tool allows us lo enter our design and ultimately produce information that a PCB Fab
shop can use lo creale the PCB.

- the files that the tool produces are called "Computer Aided Manufacturing (CAM) fles.
~he design flow for PCB CAD consists of:

1) Pan Library Development - A ibrary contains all of the pans in your design, Each
part contains a schematic, a physical layoul, and
infarmaton about the vendor that can be used 1o create
a "Build of Materials™

2) Schematic Entry .Amm-lﬂmmmmwmm

are connected. “Parts” will drive forward the pad

configuration in the Byout and “nets” wil drive forward

the traces and plane shapes.

3) Layout - A physical layout is then performed in which all of the

jparts are placed and connected with traces.

4) CAM = The final step is to create the Gerbers, DrilFiles, and

Drawings 1o be sent to the fab shop.

EELE 461/561 - s i Module &4
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PCB CAD (GERBER)

* GERBERs
- the PCB CAD tool. each desgn snage s assigned a Layer
- every metal layer wil be assigned ts own yer
+Byers are numbered o ascending order from 10p to botton (ex L1, L2 L3, L4)
iyers are AlSO uSea 10 GesCnbe e 10p and bollom sde Soider Mask
- BYSrE are AIS0 uSed 10 descrbe the 1op and boftom side Sl Screen
11w CAM files. trom the: CAD 1001 are produced 1 an mdustiy s1andarg formal caled GERBER
eftenSOns for GERBERS can ne " GBR * PHO * ART (Mentor Pads uses * PHO)
A GERBER the aescrities the amage patlens hat are prasent on thal @yer

AN apeture” e & 4 way 10 0ESCNDe 10 Ihe pholo Mofng machnes how 10 mierpret the shapes
fAescnbed n the GERBER

NOTE Ine term Gerber comes rom a s1andard lormat for photo plotiers published by
e Gerter Systems Comxiaton n 1980

4 EELE 4611561 - Dignal System Design Module 84
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PCB CAD (GERBER)

+ GERBERs
- each lyer in the design will produce its own GERBER fila.
Ex) for a4 layer board, we wil have:
L1.pho

L2pho
L3.pho

aperture_report rep

4 EELE 461/561 - Digital System Design Module #4
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PCB CAD (GERBER Example)

+ Example : GERBERS for a 4 layer PCB (Metal Layers)

L2 pno

b b2 e ke

L3 pno

[

L4 pro

4 EELE 461/561 - Digral System Design Moduke 84

PCB CAD (GERBER Example)

Example : GERBERS for a 4 layer PCB (Top Silk & Top Mask)

L1.pho
(shown again or reerence)

top_mask.pho

<10lu tht this layer rs negalive,
that the shapes represents where
mask will NOT be

- nate thal every pad on L1 must have
2 soider mask opening 30 that
Compongnts can meke contact,

PCB CAD (GERBER Example)

Example | GERBERS for a 4 layer PCB (Bottom Silk & Bottom Mask}

L4 pho
IShown agan ke rekence]

DONOM_mask pho
“nke il e e s eyl Vg

L

mass ad NOT v

it Tl ey pund (31 L st v
A s s oy 3 it
UTLOUly Cal Mt Contmt

BOUOM_sdn pro

L T R T )
St e

4 EELE 4611561 - Digaal System Design Module 54

top_sik.pho
4 EELE 481/581 - Digital System Design Module 84
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PCB CAD (Drill Data)
Drill Data
- miormation for anll sizes and localions are contained within a separale sel of fies,
- these files are called “Numerically Controlled Drill (NCD) Files” or "Excellon” fies.
- the information in these files is a Ist of XY coordinates for where each drill hole will be made,
Ex) lor @ 4 layer board done in Menlor PADS, we generate
dril.drl * the NCD dril file thal is read by the driling machine
drill.ist <@ kst of drill coordinales in a user-Iriendly format for manual checking
drillrep kst of all drill sizes in 3 user-friendly formal for manual chod-ng
_4. EELE 461/561 - Digital System Design Moduls #4
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PCB CAD (Drill Data Example)

Example . Drill files for a 4 layer PCB

arll.an

1O s 050
s

wZMs e

| 1100 v exce
A711000 ¥ 737000
’mm vameo

X ZM800 ¥ 241000
| x 721000 v 2aveoe

SE |

EELE 481/561 - Digital System Design

e =

PCB CAD (Drill Data Example)

Example : Drill plot for a 4 layer PCB

- We €an plot our drill data over the top of our GERBERS in order to see if the holes line up
1o check that everything is accurate.

EELE 451/581 - Digital System Design Module 84

PCB CAD (Drawings)

Fab & Drill Drawings

< 23000 10 the CAM files that you send 10 @ PCB manufacturer, you also need 10 generale
Qrawings SO that the 13D engneers Can understand what you are Iryng 1o accomphsh,

fis DIUVIDKS a1 A00MLNAl yer uf Creching

Mere dte o M fyDes of Arawing that 3CCompany you CAM fles

E 1t gw - Contans LOArg outhng QM ensIONS.
- gives stackup dimensions. matenals. surface firish
- Provides any specal nformation about the board that the lab
5hop needs 1o know

Dt Drawing - contains 3 plol showing the location of each dnll hole on the board

~containg a drill table lsting the different dril szes and their quantity

- @ MOre COMMON apRroach 1S 10 Combing the two into a

Combined DrilVFab Drawing

EELE 461/561 - Dignal System Design Module #4
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PCB CAD (Drawing Example)

Combined Fab/Orill Drawings

s - " ly Inkanaten
+

EELE 461/561 - Digital System Design -

PCB CAD (Example)

Final Result

- The Gerber. Drll. and Drawing files were seni o a fab shop and 1 week laler the PCB arrived,

EELE 461/561 - Digital System Design Module #4
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Design for Manufacturability

Design for Manufacturability (DFM)
- The physical sizes thal we use in 8 PCB design are nol arbitrary.
- The minsmum sizes and spacing are diclaled by the Fabrication Vendor.

- Priot to designing a PCB, you must look at the Design Rules for polential vendors and
setect the Design Rules thal meel your appication,

-Ona PCB, the smaller the fealures, the more circuilry that can fit on a board.
- However. the smaller Ihe lealure, the higher the cost of the board.

- In acdition, when designing Iransmission ines, we select our malerial, widths, and spacing
n order 1o achweve a i . Not the minimum geomelry.

- We are constantly ading off:

Electrical Performance vs. Mechanical Performance vs. Cost

Module 84

4 EELE 461/561 - Digital System Design « Papesn




Design for Manufacturability
PC

“nstute b interconnecting and Packaging Electrone Crrcuts'

Thas ruAnZatun Mt deluws PCB stamlans

PCB Fab anmiois will typeally adtere 1 a parts st IPC staraigig

Thus ABOWS vt 10 0ESGN YOl Do using wIS/Spacing om an IPC standara that

= aaiependert ol 3 PCB Fab venaon

Thu wily you Gesgn Can e Sent 10 any Fab Shop that supports. that particular IPC standard
L Wl wok with & group of experts i the fiid ana define the dimensions thal can be

a

clueved 1o @ gven stangam Thes way a standard s achevable by the majority of Fab Shops
hat are reguary mproving Ihew processes.

4 EELE 4611561 - Digital System Design
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Design for Manufacturability
* Vendor Specific Capabilities
Tefe ® an eamphe of spechcatons rom PCByapivss com
| ‘
I
4 EELE 451/561 - Digital System Design Modube 54
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Component Loading
Loading
-0 g volumes. PCBS are baded using aulomal assembly machnes
< res 8 tybically calleo “Pick and Place” which relers 10 the r0bolic arms pecking up @
component irom a o ol parts ana placing 1 on the PCB
- Di i Module #4
4 EELE 461/551 - Digital System Design o

Design for Manufacturability ‘

PE Spasitication Trss
+ IPC —
==

- IPC specs all aspects of electronic
interconnect (PCB, Assembly, Materials. elc.)

- The dimensions we are inerested in

are found i the “Printed Board / Acceptance”™
section

4 EELE 461/581 - Digital System Design

Design for Manufacturability

Vendor Specific Capabilities (pcaapss.com cont..)

- nOBce that we Can use race widths as

small as 0.006"

- however. f we want to design a 50 ohm

transmission line (i.e.. @ microstrip or stripline)

we need 10 kook al the stackup and materials

in ordef 1o choose a width that gives us our

desired impedance.

EELE 461/561 - ] Module #4

4 Digital System Design e

Through-Hole Component Loading
+  Through Hole
- Through-Hole Technology refers to components that have kads that extend all the way through
the PCB.
- When designing a PCB, a plaled through-hole is crealed thal is large enough lo accepl the
leads of the part.
- The leads of Ihe part are then inserted inlo the holes,
- The entire board is then ran through a Wave Soigening process which applies soider 1o the
backside of the board.
- The leads are then Inmmed from the backside of the board.
| cr———]

Thedagd +icim
Comprment

Wave Sokser

4 EELE 4611561 - Digital Systern Design Module 84




SMT Component Loading

*  Surface Mount Technology
+ SMT relers 1o components that only contact the surface of the board
ey aBuws COMPONENts 10 bi aded wihout having 10 drll hokes in the board
<t ABOWS Nioch STl COMpOoneNs 10 be used

SMT technology can be used on both the top and boftom of he PCB {1e.. coubled sided PCAs)

SMT Component Loading

¢+ Solder Paste
- the first step in using automated SMT assembly is 1o apply soider paste.
- sokler pasle is a mixture of solder and fux.
- flux is an acid solution that eats through oxdation.

- by mixng solder and flux together, a thick, viscous material is create v
(about the same viscosity as toothpaste).

- this material is called soider paste and has some attractive properties:
1)t can be appled to the pads of a PCB using a stencil since it is viscous
2) h contains flux so any oxidation on the pads will be eiminated
J}Hammﬁﬁgmmmmmmpummmnu.
Thasouerpa:te'nsud.yernughsomauPCBranbewmdmnidcdmnmh
components will nat fall off.

- The entire board is then heated up in a reflow oven. Trisbumthsluouollfepamhn#g
only molten solder. When the board is cooled, a solid solder joint is formed.

EELE 451/561 - Digital System Design Module #4
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SMT Component Loading
» Solder Paste
-1 d DOAD S 10 be I0a0L uSNg automated SMT pick and place technolagy. the CAD tool
MuSt DFoduCe Jala for the paste stencil
op_paste pho
bufiom_paste pno
)
L pha
106_paste oo
IR 1]
4 EELE 451/561 - Digitai System Design Modube #4
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SMT Component Loading

SMT Process

4 EELE 481/561 - Digital System Design Module 54
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PCB Transmission Lines

+ Transmission Lines

< We ve seen that a e s n lerms of and Prop Delay

- We ve aiso seen (hal the Charactenstic Impedance and Prop Delay are only functions
of the nductance and capactance ol the kne

T, =VLC

nductance ang are Irequency
geomeines ana malenals

and tunctons of the structure

Tres means (hat 107 a ransmisson wne. Z, and T, are only dependent on Ine pnysical shape
ang matenal propenes

- We use the term Ci 1o describe T-ne where we aeline a geometry
1 WIKCH we hnow exactly where (he signal and return current propogale.

‘¢ EELE 461/561 - Digital System Design u:::.;

PCB Transmission Lines

Microstrip
- A microstrip transmission ne consists of a signal trace residing over an infinite ground plane.

-OnaPCE.u-numwdonn:em!mmyuumlmwlarbmfnrl'nrﬂlmm
and then pul a plane beneath (lypically directly beneath, L2)

- The return path is the ground plane beneath the trace. o

= NOTE: There are Iwo importani things lo nolice aboul @ Microstrip:

1) The field ines are NOT within a medium so
there is no FEXT canceling,

2) The field ines extend upward from the signal trace and can coupled 1o adjacent boards.

- -
=i R i
Y M
| —— e e Y
2 Module #4
@ EELE 461/561 - Digital Systsm Design ey
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PCB Transmission Lines

Embedded Microstrip
This o savily @ MRTUSIG that & Duied within the deRectne

+ Thes. type uf Strature ATEMPES 10 contan al of the fekd Ines within the same diekctric materal

4 EELE 461/561 - Dignal System Design Module &4
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PCB Transmission Lines

Stripline
-Asumummhﬁwlselummﬁmmmmﬂm

- On a PCB. these transmission Ines exist on inner layers if you are able to put planes above and
beneath the signal layer (typically reyuires al least 6 layers)

« The retwin path is sph between the two ground planes.
« NOTE: nmzwetmmmmhmmmhmlsmh:

1) The field ines ARE ined within a medium so
there is FEXT canceling.

Z)Mﬁuum-mmumbhmgmpm\ﬁmMD
adjacent neighbors is minimized,
w

" <
! ‘3' [P £
- & B $ i'e ox i R ‘8
' te w2, [}
s L - - —
Symmetric Swiping Asymmetric Stripine

EELE 4611561 - Digital System Design Module #4

PCB Transmission Lines

Coplanar
A CODIANG! ranSNISSIOnN e USes e SaMe Melal ki of the PCB for both the. Sgnal and felurn.

s s commonly used on PCE's with very tew layers

_4. EELE 481/561 - Digital System Design Module #4
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Signal Integrity on PCBs

Impedance Discontinuities in PCB's

- sources ol impedance discontinuities on PCB's

1) Vias (typically larger than the traces we use)

2)Pads (typically larger than the traces we use)

3) Cross-tak (coupling to other races causes Z, to change)

4) Return Path (switch routing layers also requires a change in the retumn path)

{Dk can change from one region of the board to another)

6) Etching Tolerance  (Trace widths will have tolerances, +I-x%, that changes Z;)

7) Etching Variance ﬂmnﬁﬂumdﬂwﬂuheﬁ:hgvﬂumhhn}
8) Plating Variance (The thickness of a trace can chance across the board due to plating)
9) Thickness Variance (The lamination may result in different board thicknesses vs. kocation)

~each of these noise sources must be analyzed in the noise budget.

% Module 84
4 EELE 461/561 - Dighal System Design e
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