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Final Project Problem

* Design a boost converter to step 5V up to 13V
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Final Project Problem

* The frequency of the PWM signal is adjustable with the
10k€2 potentiometer, but should have a duty cycle
between 50% and 80%. For testing purposes we will set
the frequency to 1kHz.

 The boost converter should be able to maintain at least
13V within 0.3% across a load consisting of an LED in
series with a 2.2kQ) resistor.
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Breaking the problem down

* Find the value of R3 based on the duty cycle
between 50% and 80%

Ton  Ra+Rp

Ttotal RA + 2RB
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Breaking the problem down

* Once we have R3, we can use the frequency
specification to set C2

T,, = 0.693(R, + R)C
Trotar = Ton + Tops = 0.693(R4 + 2R5)C

We have a range of O to

10k€2 for the pot; we

need to pick a capacitor
value in our kit that will

give us a 1ms period

with0 < R, < 10kQ
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Breaking the problem down

* To find C3 we need to calculate the power absorbed
by the load and make sure C3 is large enough to
maintain 13V when it has to supply the current to the

load.
* How much energy does t
* How much energy does t

* How much charge does t
off cycle?

This is very similar to
the problem in HW2e

ne resistor absorb?
ne LED absorb?

he capacitor lose during the
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Breaking the problem down

* To find the energy in the inductor, we need to know
the current when the switch is open.

* We can use KVL to find an equation for that:

_VCC +UL +lRL +vDS =0
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You will need to measure the resistance of your inductor with your multimeter



Measuring the inductor

* Measure your inductor properly! Do not just hold
the multimeter probes against the inductor leads!

* Your final calculations will be sensitive to this value.
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Breaking the problem down

* Now put in terms of the current to create a
differential equation which we can solve to find i(t)

_VCC +UL +lRL +vDS =0
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Breaking the problem down

* We also need to determine a value for vps so we
have values for all our variables. Since we are in the
triode region, we can use the equation:

= ( V,) + 1 ( V,) + L 1" _ 2Vop
Ups = (Ugs t R K, — Ugs t R K, R K,
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Breaking down the problem

* Once we have an equation for the current, we can
determine the energy the inductor stores during
each ‘on’ cycle and compare it to the amount of
energy the load uses each full cycle.

di(t) _di(?)
o i(t) v (t) =L 1t
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Project Milestone 1 Submission

e Calculate values for R3, C2, and C3 and submit to
Gradescope
* Show calculations and final values

* This should be typed up so that it is easy to read and so you
can just cut and paste it into your final report

* You should complete these calculations before laying
out your printed circuit board
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Multisim & Ultiboard

If you want to make your life hard when
setting up the project PCB, skip this lecture



Defining User Library in Multisim

* Download Library files from Collab and save them in a
folder where you will be able to locate them.

* Then open Multisim and select Options>Global Options
5M Design1 - Multisim - [Design1]
Eile Edit View Place MCU Simulate Transfer Iools Reports | Options Window Help

OEE L &[0 = Mrﬁ jUse List ---
S T A e S N R ] vsc Y aE W E Sheet properties i & Interac
Design Toolbox - | x| 0 1 Global restrictions
DL g Circuit restrictions
_.... Design1 ,_ Simplified version
™ Design1 + Lock toolbars
Customize interface
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Defining User Library in Multisim

Global Options X

Paths Message prompts Save Components General Simulation Preview

=
Design default path C:\Users\abBuy\OneDrive\DocumentsiNational In...
Templates default path C:\Wsers\abBuy\Onelrive\Documents\National In...
User button images path C:\Users\ab6uy\AppData‘iRoamingiNational Instr...
=
Configuration file C:\Users\abuy\AppDataiRoaming'National Instr...
New user configuration file <Select one>
=
Master database C:\ProgramData'National Instruments\Circuit De:
Corporate database C:\ProgramData\National Instruments\Circuit DesW
C:\WUsers\abBuy\AppData\Roaming\National InstrJ
=
User LabVIEW™ instruments path C:\Users\Public\Documents\National Instruments\...
Code models path C:\WUsers\Public\Documents'\National Instrumentsh...

Xilinx tools path

User database

Location of the user database.
Note: This setting will take effect the next time you start the program.




Defining User Library in Multisim

B8 Select a user database file

« v « ECE2630 F19 > MultisimFiles v O
Organize ~ New folder
A Name

s Quick access
I Desktop

¥
Ifl

| ==

Downloads
Documents
Pictures
HW_F19
Lect_F19
Lectures

MultisimFiles

@ This PC

_J 3D Objects

File name:

__| UsrComp_S_Harry.usr _

UsrComp_S_Harry.usr _ v

Search MultisimFiles

Date modified

10/12/2019 4:23 PM

User database (UsrComp_S_*.us v

Open

Cancel
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Defining User Library in Ultiboard

* Next, open Ultiboard and create a New Project

&8 Ultiboard 14.1

New Project
File View Options Help
] =: L= cf? Project name:
Untitled
Design Toolbox J—ﬂ ST
[ &= Create new file I} pcs desian
Project...
‘ Location:

Open recent file

OK Cancel

C:\Users\abbuy\OneDrive\Documents\Nal| ...




Defining User Library in Ultiboard

 Select Options>Global Options

Sm 1C_Coupler - Ultiboard - [IC_Coupler]

1F File Edit View Place Design Transfer TJools Autoroute| Options Window Help

O = = 5 S Ea OWIE Global options : £
?ﬂ ?‘p ?.ﬂ. "?'* Ny ? & Copper Top PCB properties il o | mil
Design Toolbox | x| | | T Lock toolbars
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Defining User Library in Ultiboard

Global Options X

General Paths Message prompts Save Colors PCB design Dimensions 3D options

=
Design default path C:\Users\ab6uy\OneDrive\DocumentsiNational Instrument...
Templates default path C:\UserslabBuy\OneDrive\DocumentsiNational Instrument...
User button images path C:\Users\ab6uyiAppDataiRoaming\National Instrumentsi\C...
=
Configuration file C:\Users\ab6uy\AppData\Roaming\National Instrumentsi\C...
New user configuration file <Select one=>
=)
Master database C:\ProgramData'National Instruments\Circuit Design Suit

Corporate database C:\ProgramData'\National Instruments\Circuit Design Sui
User database C:\Users\ab6uylAppData\Roaming\National Instruments\CJ

User database
Location of the user database.
Note: This setting will take effect the next time you start the program.
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Defining User Library in Ultiboard

&f Select a user database file
« o v 1

Organize ~ New folder
I Desktop ~
¥ Downloads

= Documents

(e

&= Pictures
HW _F19
Lect F19
Lectures
MultisimFiles
@ This PC
_J 3D Objects
I Desktop

5 Documents v <

File name;

|| UsrComp_S_Harry.usr

« ECE2630_F19 » MultisimFiles

Name

UsrComp_S_Harry.usr _

X
Search MultisimFiles P
=~ [N @
Date modified
10/12/2019 4:23 PM
>

User database (UsrComp_S_*.us v

Open Cancel
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One More Setting to change...

 Under the
Options menu,
select Global
Options

e Deselect Show
global fiducial
marks

Global Options

General Paths Message prompts Save Colors PCB design Dimensions 3D options

Show pin 1 marking on parts
Show copper areas
Show pin information in pins

[ Jshow global fiducial marlgs?_ine thickness; 5.00000 =

[ ]"Select entire trace" selects across layers

Re-route traces when part is moved
Include fixed traces

D Narrow traces during routing

[ ] Delete associated vias when deleting trace
Delete associated teardrops when deleting trace
D Add teardrop on trace placement

DRC & netlist check frequency: Full real-time check

When an action causes a DRC error: Overrule the error and continue

Follow-me router uses continuous placement
Crosshair snaps to nearest trace

Default jumper pin diameter: 7.00000 =
Default test point pin diameter: 7.00000 |5

Units| mil v

22 Help
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Template File

* Close both Multisim & Ultiboard

* Download the template file

(BoostConverterTemplate.mst14) to a folder where
you will be able to find it.

* Double-click on the template file to open it.

e Both the schematic (in Multisim) and the board
layout (in Ultiboard) should open. Eventually.



Circuit Schematic Fixed Parts

This bypass capacitor protects
the circuit from transients in
the power supply
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This ‘part’ is just a place
holder for header pins that
will connect the PCB to the
breadboard 24



Bypass Capacitor Basics

* Real capacitors have small inductance and
resistances associated with them. These non-
ideal values impact the impedance of the cap. c

* Ceramic caps are typically used for bypass -
caps because they have low inductance and
resistance compared with other types. Also Rseries

they are cheap. g

* The value of the bypass cap has to be large
enough so it can store the charge generated
by a transient — that is the high frequency _
voltage spikes caused by digital switching. Lseries
Typically 0.1uF is plenty big for this. Having a
larger cap just lowers the base impedance
which is nice by not necessarily critical.




Component Info

* Resistors

* 5% tolerance —
Carbon composition

* Footprint
Manufacturer/Type:
IPC-2221A/2222
RES1400-800X250

Select a Component

Database: Component:

Master Database ~ |1k [o
Group: 700 ~
" Basic ~  |715
Family: 732

.<AII families> A |750

B sasic_virTual 768

BB RATED_VIRTUAL 769

B 30 virTuaL 787

#E RPACK 800

— SWITCH 806

— 820

3£ TRANSFORMER 65

¥ NON_IDEAL_RLC

845

Z_LOAD 266

E RELAY

SOCRETS 887

£ SOCKETS 900

=¢ SCHEMATIC_SYMBOLS 000

== RESISTOR 910

- capaciTor 931

7~ INDUCTOR 053

& CAP_ELECTROLIT 976

AE ARTARIE CADACTTAR v 4 Nl v
< < >

Components: 1090 Searching:

0 x|
Symbol (ANSI Y32.2) |

Close
Search...
AN Detail report
View model
Help
Component type:

‘ Carbon Composition

Tolerance(%):
E

Model manufacturer/ID:

v

11T / VIRTUAL RESISTANCE

Package manufacturer/type:

IPC-2221A/2222 | RES1300-700X250
IPC-2221A/2222 | RES1400-800X250
IPC-2221A/2222 | RES1500-900X250

Hyperlink:

Filter: off
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Component Info

Capacitors

Tolerance: Unknown,
so leave at 0%

Ceramic

Footprint
Manufacturer/Type:
IPC-2221A/2222
CAPR500-
700X300X600

Select a Component

Database: Component:
Master Database ~ | 0.1p F =
Group: 0.068. A
‘% Basic ~ | [0.075
Family: 75n
.<AII families> ~ | |82000p
B sasic virTuaL 82n
BB RATED_VIRTUAL 0-082.
B -0 virTuaL 0.091
91in
I~E RPACK
E SWITCH 100000p
5E TRANSFORMER
100n
[ NON_IDEAL_RLC 0
Z_LOAD o
= 110n
£ RELAY
SOCKETS 012|J.
H SOCKETS 120n
& SCHEMATIC_SYMBOLS
130n
-ui- RESISTOR 0.134
|- cAPACITOR 150000p
27> INDUCTOR 0.151
- cAP_ELECTROLIT 1500
- VARIABLE_RESISTOR 160n
AEVARTARIE FADACTTAR ~ A as
< < >
Components: 575 Searching:

[ X

Symbol (ANSI ¥32.2) e

Close

Search...

>«—| l—x Detail report
View model

Help

Component type:

Ceramic ~

Tolerance(%): '
0 i

Model manufacturer/1D:

IIT / VIRTUAL_CAPACITANCE

Package manufacturer/type:

[PC-2221A/[2222 | CAPR500-1200X650X1650Q
IPC-2221A/2222 | CAPR500-700X300X600
IPC-2221A/2222 | CAPR508-381X254X584 Y

Hyperlink:

Filter: off

~w v
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Component Info

Flip vertically
2k Rotate 90° clockwise
+, g .
Y 50% vee — — — d. Rotate 90° counter clockwise
A e L1 Bus vector connect...
’ ‘aaal
| 33ml| Replace by hierarchical block...
. Vpwm
. U3 Replace by subcircuit...
e T Repl t
P ur L2 eplace components...
—_7 lpIs R1 Save component to database...
£ 1 1HR 100Q
| ) Edit symbol/title block
TRI
= con Lock name position
C1 GHD
£0 Reverse probe direction
: 1 555_VIRTUAI

q S S| Animation slowdown factor:

Flip horizontally

Save selection as snippet...

Color

Font

Alt+X
Alt+Y
Ctrl+R
Ctrl+Shift+R

Ctrl+Shift+H
Ctrl+Shift+B

* Right click on the inductor

* Select Properties

* Set Coil Resistance to the
value you measure with
your Multimeter

INDUCTOR_RATED

Label Display Value Pins

Inductance:

Coil resistance:
Current rating (Pk):

Initial conditions:

Variant
33m H
— o
A
o a



Run the Electrical Rules Check

& Design?2 - Multisim - [Design2 *]

File Edit View Place MCU Simulate Traﬂsfer"_fools Reports Options Window Help

DE‘@‘%&‘ H E,‘EJ@ ’EHE Component wizard [In—UseList——— v‘{}f i - afl ED",,@‘. Cg)
+ e bk T S 0 e [ msc § Database > 1 ’iﬁTransient [ONONO ':,_ti) @ oo

Design Toolbox B 0 Variant manager 4 | ; | - |

O = 5 2 | Set active variant...

Design1 Circuit wizards 4

Design1 : SPICE netlist viewer 4 U04

BoostConverter L1 D1 TP Wh

B Dnctraminrtar Advanced RefDes configuration... Lrnan P oVout

. Replace components... 33mH 1N4001G R4
The ERC will help you n
p y Update components... us c3 §2-2kn
fl a g pote nt i a | Update subsheet symbols _TTP Wh =
1F
. o T - Lemn
connection problems X, Clear ERC markers.. A ¥
N
H . . ¥ Toggle NC marker ZVN3306A
in your circuit. Always .
Symbol Editor
. . . , . TUAL
run it prior to laying TR v
4::2‘ Description Box Editor TP Wh
out the board; better ET—
to find errors here el o
. Online design resources >

than after the board is '@ Eduction webit

manufactured. 29



Run the Electrical Rules Check

Oh S#!+, errors!

w Place MCU Simulate Transfer Tools Reports Options Window Help

Completed; 15 error(s), 0 warning(s); Time: 0:00.14

NOW What? = I H G8 - In-Use List —— e e m- | DD =S EgEg
PRIy W0 3 Rl OO ORGP oO8 b # Transient
==
- ;c L1 I:I TTP Who vee U2
h h : - =>
Each error shows —T - ]
. . ST 2.2kQ vee ==
up in a little red Z e wi c3 | ¢t Jwi e
ter our |12 =_— 0.1uF — sv ﬁ +5
. R1 1F LED1 1z
C|rC|e on the 1000 H>°1 !;a{l q .
schematic vnasoos ) LT
ND =
— 1
1 1 1 555_VIRTUAL : |5
A brief description Lo s :
<]
1. TP Wh J>VEE
of the error shows . ,|: g
. ﬂm 1 Design1 l BoostConverter * @ Design2 *
in the Results
Connecting Power to Bidirectional: [A1 pin 8, Design2] to [U2 pin 11, Design2]
M Connecting Power to Bidirectional: [A1 pin 8, Design2] to [U2 pin 12, Design2]
WI n d OW' Connecting Power to Bidirectional: [V1 pin 1, Design2] to [U2 pin 9, Design2]
N T Connecting Power to Bidirectional: [V1 pin 1, Design2] to [U2 pin 10, Design2]
g Error: Connecting Power to Bidirectional: [V1 pin 1, Design2] to [U2 pin 11, Design2]
E Error: Connecting Power to Bidirectional: [V1 pin 1, Design2] to [U2 pin 12, Design?]
& 30
Ee]
o



Run the Electrical Rules Check

You can double click on
the error in the Results

window to highlightits — _ ——
. View Place MCU Simulate Transfer JTools Reports Options Window Help _ e

location in the circuit. R8& > EEREEE = =B —nueim—- v I n-an- 29| HmE QL
A BRI Eo=mY e WD || %l PEOEW@ 008 b m S Tonsn |
20X x|
In this case all of our

errors are mismatched
pin types. Typically this e
prevent you from
accidentally doing
something like

connecting the output

< >

p i n d i rect |y to t h e Mmm E Design1 I BoostConverter *l@ Design2 "| &

or: Connecting Bidirectional to Power: [Q1 pin S, Design2] to [V1 pin 2, Design2]

powe r S u p p Iy. ror: Connecting Bidirectional to Power: [LED1 pin K, Design2] to [V1 pin 2, Design2]
tor: Connecting Bidirectional to Power: [U1 pin 1, Design2] to [V1 pin 2, Design?2]
Error: Connecting Bidirectional to Power: [U2 pin 5, Design2] to [V1 pin 2, Design2]
Error: Connecting Bidirectional to Power: [U2 pin 6, Design2] to [V1 pin 2, Design2]
Error: Connecting Bidirectional to Power: [U2 pin 8, Design2] to [V1 pin 2, Design2] 31

Error: Connecting Bidirectional to Power: [U2 pin 7, Design2] to [V1 pin 2, Design2]

coooo

readsheet View

Frror: Connectina Power to Bidirectional: [A1 nin 8. Desian?1 to [U2 nin 9. Desian?]




Moving Multisim Data to Ultiboard

Simulate | Transfer Tools Reports Options Window Help

o B .
I O

=

Transfer to Uliiboard

#l Backward annotate from file...

4= %' - In-Use List ---

Forward annotate to Ultiboard P

Ir Forward annotate to Ultiboard file...

v -d k- B9
[ o et tiourd 41|

2 O VR -

Export to other PCB layout file...

Export SPICE netlist...

Highlight selection in Ultiboard

Do NOT use the “Transfer to Ultiboard” — that
will reset everything in your Ultiboard file

Use “Forward Annotate” to update

your Ultiboard file with new info

vuulL

CON

1 555_VIRTUAL

&
R4 This will create a

.ewnet file that has

v the netlist and
component info
and open up

"% Ultiboard where

e Pi
33mH 1N4001G
. Vpwm
vee C3 2.2kQ
TP Wh _
i 1 rst our |2 =
7| s R1 1F LED1
S . 100Q Q1
J 2 ""')
TRI
g ZVN3306A
| C1

TP Wh ]
you will be

prompted for your
project file. .,



Ultiboard

How to lay out a PCB



Ultiboard

{F File Edit View Place Design Transfer Tools Autoroute Options Window Help JE X
O 2 & 5 S T HE &8 &\ EEE R S VS AR
T T Vi Vg % YT | ¥, i |Board Outline v ‘Automatic (10.0000 mil) ~ ~ \ mil  ~ ¥ B E g £

Design Toolbox = x| ] L

PCB A
w| | Copper Top
w][JJ] Copper Bottom
v | Keep-in/keep-out
:
w| Silkscreen Top
| vl Silkscreen Bottom
.3D—[nfo Top
3D-Info Bottom
[l solder Mask Top
[l solder Mask Bottom
Board assembly
[l Paste Mask Top
[l Paste Mask Bottom
[l Glue Mask Top
[ Glue Mask Bottom
Information
v| Ratsnest
w| [ Desian Rule Check -
v| Comment v




Before you get started with the layout

* Check to make sure your lower left corner is at the origin

{F File Edit View Place Design Transfer Tools Autoroute Options Window Help

=|=x
|

DE & H S TiEeaaaQ |BWEEE DYk F T N ?
T, TV Y % YL Y, Ty Board Outline v | Automatic (10.0000 mil) | mil T HEA D
Design Toolbox =] =] \ e | |

PCB

w| Copper Top

v| [l Copper Bottom
w| Keep-in/keep-out
v
v Silkscreen Top
|| Il Silkscreen Bottom
[li3D-Info Top
3D-Info Bottom
[l solder Mask Top
[l solder Mask Bottom
Board assembly
[l Paste Mask Top
[l paste Mask Bottom
B Glue Mask Top
B Glue Mask Bottom
Information
v| Ratsnest
w] [ Design Rule Check
v| Comment




Before you get started with the layout

* Right click on the border and select Properties (you might
have to zoom in to do so)

e Make sure border with is 10 mil or so

Transfer Tools Autoroute Options Window Help M Cut Ctrl+X |
B 2B ® a8 Q) % R B By copy clsC o of 95 | 4
L5 | Silkscreen Top v ‘Automatic (10.0000 mil) ~ ~ ‘ ¢ A Delete Delete |m= - 4&
L Select entire trace
5% Select none Rectangle Properties
EG[oup selection Attributes General Position Rectangle
Ungroup selection Outline Area
B Lock Style: - v Style: | b
ek Cobor: I S—
Orientation >
Width: 10.00000 -3 mil v
Align
Vertex

In-place part edit

Properties




Ultiboard

* Enable selecting parts, so you can move them
e Disable the rest of the selection tools, so you don’t grab

the wrong thing

1F File Edit View Place Design Transfer Tools Autoroute Options Window
D2 e & & & By b Q DE ® a8 A S
‘ ?ﬂ ?[ ?lJ_"-._ ?t g ?_ﬁ_ & Silkscreen Top v | Automatic (10.1

De ﬂ ||||||||||||||

Enable selecting parts

PCB E
Copper Top E
v| [l Copper Bottom
Keep-in/keep-out

[




PCB Parts Layout

* Bypass caps should be as
close a possible to the IC
they are protecting to
minimize stray inductance.

* Group parts by their
function in the circuit to
minimize trace lengths.
Shorter traces means
easier wire routing, less Here bypass cap C2 is near
inductance, and less noise the power pin (pin 8 in this
since a trace can act like an case) of the IC it is shielding
antenna.




Part Labels

e Use the Text Selection tool to move part labels

* Be sure labels are placed all in the same orientation so the
board is easy to read

* Don’t place labels under the part if you can avoid it

* |t should be clear which part is associated with each label —
don’t crowd them or move them too far apart.

e Orientation of polarized parts and ICs should be clear.
{F File Edit View Place Design Tral
D E‘? ﬁ __J .;% on By

AN A

i




du Cut Ctrl+X
Copy Ctrl+C
Pa rt La b e | S K Delete Delete
Select entire trace
:"-};fﬁﬁelect none
* Print component values on 2 G oup selection
the board instead of (or in ¥ Ungrou selection
addition to) their net list 3 Lodk
reference — this allows N
anyone to populate the orontation
board with or without .
access to the original o b
SChematIC iy In-place part edit
* To have the values show up Properties
on the Silkscreen Top layer,
. . Part Properties
right click on the
component and select “‘“”'““‘*5 Position| Part | 30 dta
Pro pe rties. Attribute list:
* On the attributes tab, R R T
double-click on Value -
PACKAGE IPC-2221A/22 None
REFDES R3 Vﬁlge
‘ VALUE 10 5% None




Part Labels

Select Visible so that
the label shows up.

Set the Value to the
component value

For capacitors, just use
the 3 digit cap code

(e.g. 105 for a 1puF cap)E

: |
For resistors, use a

numerical value, but
with R, K, or M instead
of a decimal point
which is hard to see.

e 820 =>8R2

e 4.7KQ => 4K7

e 1.0MQ =>1MO0

Attribute

The label for the value will probably need
to be moved so it is close to the
component with which it is associated

Tag: VALUE Alignment
(O Top
Value: 471 -
(@) Center
Visibility () Bottom
(O Invisible
(®) Value
O value & tag Oleft @ Center (O Right
Fint Height: 41.66665 = mil
(@) Line:
Rotation: |ELMMMMDE ~ || @
() Thin
(:) Normal Layer: Silkscreen Top
@8 color: [ [
() Windows:
Font...




Adding a Ground Plane

A Ground Plane is a layer of copper across one side of the board

that is used as the ground node.

* Ground Planes improve performance of most boards and make

routing traces easier.

{F File Edit View Place Design Transfer Tools Au

When not to use a O &2 & 4] JE+ From database... Ctrl+W

ground plane: when | 2% & % .4 Line Ctrl+Shift+L
you have SO many Design Toolbox %, Select Ctrl+ShiftsS
a_ Follow me Ctrl+T

traces on the bottom
of the board that the

c-_!; Connection Machine

.. opper Top

v/l Copper Bottom Dimension )

Set the Copper Bottom
layer as your ground plane
by linking it to the Net
reference for ground in
your circuit (typically 0)

. Keep-in/keep-oL
Board Outline

ground plane gets Graphics

sectioned into
‘islands’ which
prevent easy current
flow.

[wIR Silkscreen Botto

|:|=3D Info Top Fﬂﬁ_j Bus Ctrl+B

1/ 3D-Info Bottom
1 Solder Mask Tor

D.Solder Mask Bot ﬁ? Group array box...
Board assembly

[]jiPaste Mask Top

1 Paste Mask Bot & via

D.Glue Mask Top TR Tact noint

Keep-in/keep-out area

Pins...

Choose N:im Layer for Powerplane X

Net: 0

Layer: Copper Bottom

OK

s

Cangel



Routing Traces

* Route the traces by first selecting the layer they will go
on; start with Copper Top.

 Next select the Line Tool to draw them in.

* Traces carrying power are generally wider than signal
traces; these are set for you in the template

* If you can’t route two different traces without them
crossing, route one on the Copper Top layer and the
other on the Copper Bottom layer.

* Ultiboard will automatically cut a path through the ground
plane for anything on the bottom of the board.

{EF File Edit View Place Design Transfer Tools Autoroute Options Window Help l
¥

=R il A E & e e Q WEE S W TR S

Vo YV Y % VT Yy & Copper Top v | Automatic (10.0000 mil)  ~ |mil v




Routing Traces: General Guidelines

* Don’t use right angles when laying
traces. The exceptions are at
through-holes or T-junctions.

* Keep traces that cut through the
ground plane to a minimum.

* Avoid running traces in parallel so
they don’t pick up noise from each
other and create parasitic
capacitance. The exception is
clock traces since they have the
same signal timing.

* Minimize the number of vias
(holes in the board to go from top
to bottom). They increase the
cost of the board and add
inductance to the trace.




Adding Notes

* Select Silkscreen Top Layer

* Use the Text tool to put notes/comments on your
board

* Include Group Name, Date, and Class

* Make sure your traces were in a copper layer and
not in the Silkscreen layer!

{F File Edit View Place Design Transfer Tools Autoroute Options Window Help

O =2 & L S i 2B &6 W EBES o e S & af

w %
Vg VeV, Ve VG VL Y, Silkscreen Top v | Automatic (10.0000 mil)  ~ |mil  ~ * @ iE g g

Design Toolbox Jﬂ‘ Il T T T e T



Design Rule & Connectivity Checks

* Run the Design Rule Check (DRC) and Connectivity checks to
catch basic routing errors or misconnections.

* Errors will display in the window at the bottom of the screen.

i File Edit View Place| Design Transfer Tools Autoroute Options Window Help

2= L S %% DRC and netlist check =) & O (&Y B E & e e o S A
7, Vs 7, LA G T Connectivity check... i #E g 2

ssign Toolbox Error filter manager

Copper area splitter

lllCB Q.o Swap pins
Copper Top T,
IICopper Bottom @+ Swap gates

| Keep-in/keep-out
| Board Outline

| @¥g Part shoving
|.5i|kscreen Bottom
|.3D—Info Top
|F|3D-Info Bottom Shield nets...
IISOIder Mask Top

Automatic pin/gate swap

§$ Set reference point

Fanout SMD...
IISOIder Mask Bottom -
Board assembly w Add teardrops...
|.Pa5te Mask Top .
[l Paste Mask Bottom -ﬁ LB TLETTL
|.Glue Mask Top 7S' Remove unused vias
IlGlue Mask Bottom Ea—— @4/ | EE
REEnEa Group replica place... 9 e
| Ratsnest By Copy route...

Highlight selected net

‘ojects Layers [ ¥ omTTEd

} Ultiboard - Sunday, October 24, 2021, 8:27:52 PM

Connectivity check [Untitled] - Sunday, October 24, 2021, 8:28:41 PM
Net(VEE): U2 pin3 --- U2 pin 4




Exporting Gerber Files

File Edit View Place Design Transfe
New design... Ctrl+N
+| New project... Co

Open... Ctrl+O

ITRNTAN N

Open samples...

Close
Close project

Close all

4] Save

Save as...

_jl Save all

Ctrl+S

Import | 4

Load technology settings...

Save technology settings...

j Print...

Recent designs 4

Ctrl+P

File information Ctrl+Alt+1

Exit
MeCTantcar TTT

Download the UVA Class CAM Export file from

Collab into your Multisim folder so it will
appear here:

Export

Exports  Qutput configuration

Scheme: ‘U\H\ Class CAM Export-HR

Exports Uncheck all

Board manufacturing

Gerber RS-274X

[] Gerber RS-274D
NC drill

[ ] Part centroids
Mechanical CAD

[] DxF
[] svG

[] 3DDXF

] 3DIGES

Board testing

[] IPC-D-356A netlist
[] Test points
Reports

[ ] Board statistics

[] Bill of materials
[] Copper amounts
[] Layer stack-up

Gerber RS-274X properties

Exported layers:

[v]Copper A
[] Copper Top

[v] Copper Bottom

[ ]pcB

[]Keep-in/keep-out

[v]Board Outline

Silkscreen Top

[]Silkscreen Bottom

[_]3D-Info Top

[ ]3D-Info Bottom

Solder Mask Top

Solder Mask Bottom

[|Board assembly

[ ]Paste Mask Top

[ ]Paste Mask Bottom

[ ]Glue Mask Top

[ ]Glue Mask Bottom

[ |Mechanical v

Create merged = Delete merged

?

Qutput units: Coordinate format:
(® Imperial (inches) Integer:  Decimal place:
() Metric (mm) 2 v 6 v
Options:
D Open pad holes
[]Reflection

[v]Incude board outline
D Negative image

Oversize:

[v] Top soldermask: 6.00000 =
[v] Bottom soldermask: 6.00000 =

[ ] Solderpaste: 0.00000 =

Units:  mil s

Customize D-Codes...
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Exporting Gerber Files

File Edit View Place Design Transfe

[ New design... Ctrl+N

»] New project... Co
%' Open Ctr+0 |
= Open samples...

Close

Close project

Close all

'] Save Ctrl+S
Save as...

_jl Save all
Import | 4

Load technology settings...

Save technology settings...

j Print... Ctrl+P
Recent designs 4
File information Ctrl+Alt+1

Exit
MeCTantcar T

Choose a destination folder and Export the

Gerber files

Export

Exports Output configuration

Destination folder:

\Users\abbuy\OneDrive\Documents\UVA\ECE2630_F19\MultisimFiles\GerberFiles\

Preview:
C:\Users\ab6uy\OneDrive\Documents\UVA\ECE2630_F19\MultisimFiles\GerberFiles\

File name options:
(®) Save all outputs with default names
Replace existing files

(O prompt for file names

Close

15]0)

Help




Renaming Gerber Files

* Before the Gerber files can be checked using Design
For Manufacturing (DFM) criteria, the Gerber files
from Ultiboard need to be renamed, so as to
conform to industry-standard naming conventions

* Download the Rename Gerber Files installer from
Collab, and install it on your computer

* Then, use the DFM Submission document to submit
the zip file produced by the CamFileConverter
program to http://freedfm.com



Please enter your contact information below:

Company Mame: | University of Virginia Phone: |434-924-6108
First Name: Adam LastName: |Barnes
Email 1: abbuy@virginia.edu
Please enter your quote specs and atinbutes below:
Part# ECE2630 - Bevision # 1 _ Layer Count 2 - ~
X Dimension 1.5 - ¥ Dimension  |2.0 - Array
Array X Dim Array Y Dim Array Up
Tab-Rout? Scoring?
Material Type FR4 _ ~
Finish Thickness | 0.062" - Finish Plating | Lead Free Solder v | Gold Fingers None W
Soldermask Sides | Both Sides ~ | Soldermask Color | Green v | CopperWt (Quter) | 1 oz w
Silkscreen Sides | Top Side ~ | Silkscreen Color White v |  CopperWt (Inner) | Mone w
Certifications & | 1pc class 2-A600 v | (Pricing Subject To Fie Review)
Qualifications: AS9100? =
Vias: Blind/Buried Vias? | None v Via-In-Pad? | None v
Microvias? | MNone ~ | (Finished hole size <= 006")
Soldermask Plugged Vias?
Additional Controlled Dielectric?
Atinbutes: Controlled Impedance? (Pricing Subject To File Review)
Plated Slots?
Plated Edges? (Pricing Subject To File Review)
Counterbores? # Plated # MNon-Plated
Countersinks? # Plated # Non-Plated
Castellated Holes? Min. Castellated Hole Size
Quantities: 5 10 50 150 ITAR ()Yes @ No

Design for
Manufacturing
(DFM)

Design parameters:
 Set Part # & Revision
* Layer Count=2
* Dimensions:
e X=1.5
e Y=20
 Soldermask on both
sides
* Silkscreen on Top side
* NoITAR



DFM Results

Receive 50 Dollars off your PCB order from FreeDFM.com! Promo Code: DFM5@

Your Advanced Circuits quote number is: 4796675.

Click to view Quote and then click the link: FreeDFM Viewer 2.8 - to view the New Interactive FreeDFM Results for
design TestTemplateFilel170707134514ZippedGerberszip:

https://www.mydpchb.com/Net35/Login.aspx Please note, accessing your quote has been modified. Clicking on the
above link will take you to our login page. Please enter your user name and password and you will be able to
retrieve your quote from the section -Existing PCB Quotes Without Orders-.

Click to view PLOTS for design TestTemplateFilel1170707134514ZippedGerberszip:
https://www.freedfm.com/freedfm/0025451604796675/results/plots.htm

Click to view DFM results for design TestTemplateFilel170707134514ZippedGgrberszip:
https://www.freedfm.com/freedfm/8025451604796675/results/summary2. htm h

Click here for a callback from our CAM department: https://www.freedfm.com/callback.htm
We need your feedback to improve. Click here for a quick survey: https://www.freedfm.com/feedback.htm

Multilayer pdf output results for design TestTemplateFilel170707134514ZippedGerberszip:
https://www.freedfm.com/freedfm/00925451604796675/FreeDFM-v2.8/freeDFM. pdf

Advanced Circuits FreeDFM

Your email from the freeDFM.com site will contain a link
to your DFM results
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DFM Results

o What FreeDFM found on your design

We Found None!

Insufficient Soldermask Clearance (6 violations) 12345

Insufficient Silkscreen Line Width (248 violations) 12345




PCB Layout Submission

* This submission will consist of 3 files
1. Your Ultiboard file (BoostConverter_yourComputinglD_.ewprij)
2. The zip file that contains the renamed Gerber files
3. Afile containing:

A screenshot showing the Electrical Rules Check passed in Multisim

A screenshot showing the Design Rules Check passed in Ultiboard

The results link in the email from freedfm.com
A screenshot of the No Showstoppers page

* This submission will be to Canvas and not Gradescope!
Gradescope only accepts pdfs so we will be using Canvas
for this part of the project.

* Your full report will be submitted to Gradescope after you
have populated the board and tested it.



