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Important Terminology

« PCB Artist is a free PCB schematic & layout tool provided by Advanced
Circuits

* It can be downloaded from www.4pcb.com or www.download.com
 Pros:

— Free

— Intuitive and simple to use/install

— Autorouter

— Large libraries

— East to create new parts (schematic symbols & footprints)

— No minimum quantity for students (see website)
« Cons:

— No interactive DRC

— Boards are ~$33/ea (2-layer, 5 day turn) or $66/ea (4-layer, 5 day turn)

— You do not get the gerber files (i.e. you must fabricate designs with
Advanced Circuits)
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Important Terminology

° “milﬂ ”H“H E
— A “mil” is 1/1000t of an inch. A G
— 1mil=.001" B
 Layer o | F
— PCBs are made of ‘layers’
— Here are the common layers K
* Metal
— The actual C J
wires/conductors S
 Silkscreen D
— e —

— The white writing on the
PCB

* Soldermask
— The green stuff —

(2]

(2]
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Important Terminology

e Trace
— The width of a metal wire
e Space

— The minimum distance between traces
 “Trace/Space”

— “6 mil trace/space” means the traces must be at least 6 mils wide
and there must be at least 6 mils of space between traces

[1]
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Important Terminology

« Pad
— Surface mount (SM) and/or with hole

[1]

annular ring:

pad 1.20mm
sfinal hole  0.80mm

. 40mm

circumferential
annular ring:

0.40mm /2 = 0.20mm
= 200pm

(2]

solder-stop clearance (min. 50pm) [2]

FEARLESS engineering




Important Terminology

« Via
— A''via' is a metal-plated hole drilled in the PCB that connects metal
layers
— Four common types are ‘stub’, ‘through-hole’, ‘blind’, and ‘buried’
— Figures are from [3]

[ — ] | —
— — } Through — — } — —1 —— I l —
[ — — — Stub 1 — — — I ]
— — —= = — — L ' | !
— — — — } Through — — L '
— — Stub B — — | | — I l —
— — — — — — | —
— — — — Stub 2 _ _ | | | |

- | |
Stub Via A Stub Via B Blind Via Buried Via
Through
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Advanced Circuits (AC) Specials

 These selections will depend on your design needs.

« If interested in the $33 or $66 specials, be sure to adjust settings
appropriately

Full Spec 4-Layer Designs

Full Spec 2-Layer Designs Only $66 Each!

Only $33 Each!

To Order Now, Upload Your Zip Files
To Order Now, Upload Your Zipped Files

Click Here to Upload Files and Place Order Click Here to Upload Files and Place Order
$33 Each Specifications $66 Each Specific
3 3 3 Min. Qity 4 Boards White Legend (1 or 2 sides)
Min. gty. 4 Boards White Legend (1 or 2 sides)
1 Part Mumber per Order (extra $50
Lead Time 5 Days 1 Part Number Per Order (extra $50 charge for Lead Time 5 Days charge for multiple parts or step &
multiple parts or step & repeat) repeat)
2-Layers, FR-4, 0.0627, 1 0z cu. plate] Max. size 60 =q. inches "
Y P ' a ﬁLtayers, FR-4,0.062°1 0z cu Max. Size 30 sq. inches
Lead FREE Solder Finish Mo slots {or overlapping drill hits) pate
Min. 0.006" line/space No Internal routing (cutouts) Lead FREE Solder Finish Mo Slots (or aoverlapping drill hits)
- : Min. 0.006" line/space Mo Internal Routing (cutouts)
Min. 0.015 hole size r:: sacr:gtr:gﬁ,stab rout or drilled hole board . .
p Min. 0.015 hole size r;m Sdcurmg, tzl_b rout, or drilled hole
All Holes Plated Routed to overall dimensions CERIEEE B
Green LPTMask Maximum 25 drilled holes Per Sq. Inch All Holes Plated Routed to overall dimensions
Maximum 35 drilled holes per 5q.
Credit Card orders only please. inch Green LPI Mask

Credit Card orders only please. Does Mot Include Blind/Buried Vias.
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AC Capabilities

Mechanical Cap

Machining Drill Capabilities
| Primary Drilled Hole Location Tolerance to Datum (Hole) Zero (DTP)

2™ Drrill Hole Location Tolerance to Datum Zero (DTP) .0o5"
Minimum Clearance from Copper Canductor to Mechanical Drilled 007"
Hole :

Smallest Plated Thru Hole Size: (Finished Via Size with Finished
Hole Size — 1 mil Min. Ave. Copper Requirement)

| Plated Through Hole Capabilities

| Finished Panel Thickness .062" | .006" Drill .003" Finished |
| Plated Hole Tolerance | +/-.002"

| Plated hole Spacing Minimum (Drilled hole to hole) | .007" |
| Pad Diameter to Finished Hole Size ]

Conventional Drilling Drill size plus .015"

Minimum Pad / Drill / Plated Hole Drill size plus .008"

(Pad Size for Tangency. Add 2X minimum PAD/DRILL/HOLE
annular ring as needed)
.062 Thick Board 0147/ o008/ 003
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AC Tolerances

Inner Layer Clearances
We require a minimum of 0.010" inner layer clearance.

Copper to Edge of Printed Circuit Board

Minimum of 0.010" (outer layers) and 0.015" for inner layers (0.020" preferred for inner layers). For scoring, minimum of .015 for outer
layers and .020 for inner layers.

Pad Size/Annular Ring

Pad size should be at least + 0.010" over finished hole size for vias and + 0.014" over finished hole size for component holes. This
means the annular ring (radius of the pad) should be at least 005" for vias and a minimum of 0.007" for component holes.

Hole Size
+/- 0.005" Standard Spec (applies to holes up to .250", larger holes will be routed, see Rout tolerances below)

Copper Trace Width/Spacing (Trace and space)
Copper spacing is the minimum air gap between any two adjacent

copper features. Trace width is the minimum width of a copper feature,
usually traces.

Requirements: A premium is charged for trace width/spacing less than .007".

(We can process 004 for 1 oz, CU_fimisned (outer fayers) and .o oz. CU fimished (inner layers).
For 1 oz. finished copper weight (inner layers), the minimum trace width/space is 0.005"
For 2 oz. finished copper weight (inner & outer), the minimum trace width/space is 0.006"
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New Project

e File->New

» Select New Project and , wEa
- o newosson
specify path for *.prj file et D

| (1 Mew Schematic Design

| |use Template: default.stf ~|

") New PCB Design
'I_i Mew Project

MNew Project Name

C:\BEverything\MyDesigns\Tutorial\tutorial.prj

0K | | Cancel
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Add Schematic

* File->New e Sl
« Select New Schematic, assign e
file name and check Add to B Other Files
Open Project
New Design |_§:§_|
(@) News Schematic Design
[ ] use Template: default.stf - |

(") Mew PCB Design
(") New Project

New Design Name

C:\Everything\MyDesigns\Tutorial\schematic.sch

[#] Add To Open Project

| ok | | concel |
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Add PCB Layout

e File->New

 Select New PCB Design, assign
file name and check Add to
Open Project

« Selecting OK will launch the
PCB Wizard
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%tutoﬁal.prj

: o= ]
&l Schematic Designs
schematic.sch
O PCB Design
O Other Files
New Design | 2 |

(") New Schematic Design

| |use Template: default.stf

(@) Mew PCB Design
(") New Project

New Design Name

C:\Everything\MyDesigns\Tutorial\layout.pcb

[#] Add To Open Project

o ] [ concs

Browse...




PCB Wizard

« Set units to “mils” and precision to “0”
— Precision is the number of places to the right of the decimal

— A value of “1” allows for measurements such as 15.8mils, but not
15.75mils. For 15.75mils, precision should be set to “2”

— Use ‘basic-minimums’ for board template
sams ] @ QI R |

W Start . . N
W Board Specify your units and board size
| Design Requirement
Units: | mil | Precision. 0
| Layers

| ! Board Parameters
() Define Board Size

Additional Requirements
Production Width: 5000 Height: {5000
W Finish

‘: /Use Pre-Defined Board Size

5.000 inches x 5.000 inches -

(@) Use Board Template

Unit Price: 52675 Subtotal: [$425.00 [ <Back | News | [ cancel | [ Hep |
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PCB Wizard

« Select appropriate board service (most will probably be 2 or 4 layer standard)

|
! Board Parameters

! Additional Requirements
Production

.-‘ Finish

MNote :

W Start
\ Choose your design requirement
.‘ Board Y 9 q
.‘ Design Requirement (@) Basic:
Layers

[2 Layer Standard - l

[

Basic Design Specification...

Two layer board with soldermask on both sides.
Silkscreen is included on the top side.

All Drill holes are plated on Basic Spec boards.

Cost options: Bottom Silkscreen, Electrical Test

Scoring andfor Tab Routing require Expanded Service, they are not allowed

in Basic Service.

No promotion codes are allowed with Basic service, the prices are already
heavily discounted. All Promotion Codes can be used in Expanded Service

| Expanded

Ifyou do notwish to use our standard service,
select "Expanded Service" to choose from a wider variety of options

Youwill need to use the "Get Quote" button on the Submit Order
dialog to get a quote from our website before ordering.

"Electrical Test" can be selected on the "Additional Requirements" wizard page.

UnitPrice: [$0.00  Subtotal: [$0.00
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J

Cancel

| |

Help




PCB Wizard

 For a 2-layer board the
parameters will be

straightforward oy e —

B Start 5
» What layers do you require?
ll Board
il Design Requirement Electrical Layers Powerplane Layers l‘
L Ao T
.| avers 2 Layer Board [JLayer2  Using Met -
Board Parameters o :
|
| Additional Reguirements I 'LayerS Wsing Met -
Production
l-! Finish Layerd  Using et -
[Layer5  Usifigy et -
Automatic Routing Bias Solder Mask
First Layer Routing Direction: Top Side Color -G-reen
(@) Horizontal (T Wertical [/]Bottom Side  Type: LPI
Allow Routes: [Clcover vias
[¥] Top Side
Inner Layers .
E Batiom Side Silkscreen
Top Side Color White

["|Battom Side
©eo| [000]=
TR
UnitPrice: [000  Subtotal: [50.00 sy (e e  p—re
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PCB Wizard

 For a 4-layer board you
can specify powerplane

layers e —

W Start
i_ Board

ll Design Reqguirement
|

What layers do you require?

Electrical Layers

Powerplane Layers

M Layers e
I Y 4 | ayer Board |[V|Layer2 UsingNet GND -
Board Parameters T
|
I Additional Requirements [V]Layer3  UsingNet VCC -
Production
| \ -
B Finish | lLayer4
| :Layer 5 -
Automatic Routing Bias Solder Mask
First Layer Routing Direction: [/]Top Side Color.  Green
(@) Horizontal () Vertical [/|Bottom Side ~ Type: LPI
Allow Routes: [TICoverVias
[¥] Top Side
[#]Inner Layers ;
E Bottom Side Silkscreen
: :Ter Side Color:  White
[ |Bottom Side
UnitPrice: [$000  Subtotal:[000
< Back ” Next > | ’ Cancel ] [ Help
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PCB Wizard

Board Paral _'.ers

B Design Requirement
| M Layers
| M Board Parameters

: Additional Requirements
B Production

[Goe] [Goa]-

Material Type: FR4
Finish Plating: Lead Free Solder

Beveled Gold Fingers: MNone

CNC Route Points: 4

MNumber of SMD Pads:
Top Side:
Bottom Side:

Min. SMD Fad Pitch:

Min. Track Width/Gap:| 0.007 inches

Minimum Hole Size: 0.015inches

Counter Sinks

MNumber of Holes: |0 Plated

Specify your required board parameters

Material Thickness:|ﬂ.{}62 inches VI
CopperWeight(Ou‘Ler}.‘|1 oz VI
=11 oz
| Parameter Definitions...
Currentvalues
from design:

Tab Routes V-Scoring
¢ Plated Slots Plated Edges
0 Controlled Dielectric
) | Controlled Impedance
7
a

Counter Bores

Mumber of Holes: |0 Plated

Unit Price: |$26.75  Subtotal: |$428.00

<Back | New> | [ cancel | | Help
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PCB Wizard

« Select whether or not
you want electrical
testing (probably not)

FEARLESS engineering

s |

B Start = o .
[ W B Specify your additional requirements
i. Design Requirement [ | Electrical Testing
B Layers
ll Board Parameters Price: $0.00
|
B Additional Requirements
|
| Production
B Finish
Special Requirements
Please specify any notes, special requirements, or considerations below.
(special materials, unique features, etc...}
-
Unit Price: |$0.00 Subtotal: |$0.00
< Back ” MNext > ] [ Cancel ] ’ Help




PCB Wizard

o Specify board part
number, revision, and
guantity

e Adjust turnaround time
as needed
— 3daysis
recommended

 Select Next, then
Finish.
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i ——

W Start . . =
| Specify board quantity and turnaround time
W Board
|
.I Design Requirement Board Part Number:  tutorial - Production:  Prototype
W Layers
B Board Parameters Reviiophlumber (A
|
.I Additional Requirements Turnaround Time: I3Days v] Quantity: 16 -
B Production
=S
B Finish I How Ta Place Your Order.. ‘ ’ Email A Question...
O] Aray =
A i 5] 12000.0 0.0
B 4ht [20000 Border 1000

Array Up: (0

Array Help...

Add Tooling Holes per Advanced Circuits Standards
Add Fiducials per Advanced Circuits Standards

Cost

Unit Price: $21.50

Mote: Cost does notinclude shipping and applicable
taxes.

Board Subtotal: $344.00

Electrical Test $0.00

[Goe] [oo0]-

o 20" - 600

=

mJﬁJﬂ e
E =l lo [
2 i
6d ~ 0000 o
* Required Fields
** Scoring and/or Tab Routing are only allowed options for Expanded Service Orders

=5

Unit Price: [$21 50

Subtotal: [$344.00 “

<Back MNext > ] ’ Cancel ] ’

Help




PCB Settings

e Grid

e Units

o Styles

e Spacings
 Nets

 Net Classes
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PCB Settings-Grid

« Settings->Grids

Working Grid | Sereen Grid Working Grid | Screen Grid|
Step Size Step Size |¥| Same As Working Grid
1 il 1.0 mil
I | Different Y; 1.0 Different Y: 1.0
Snap Mode: Grid — Color and Visibility
Primary Colar: | | + [ |Lines
Secondary Color: D ~ [ Lines
W|Visible || Draw Grid First
Ok | | Cancel | | Apply | | Help | | Cancel | |
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PCB Settings-Units

e Settings->Units

LInits; il

Frecision: 0
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PCB Settings-Styles

o Settiﬂgs->8tyles [ | Design Technology
Pad Styles | Text Styles | Line Styles | Track Styles | Mets | MetClasses .Spaaings.l Rute&|
. Name shape Width Length Corner| Hole Size| Plated
Pad Round 60 0 0 35 Yes
SMD Pad Rectangle 22 40 0 o Mo
! X | Via Round 25 0 0 15 Yes
|

i | Design Technology

, # | Design Technology
| Fad Styles | Text Styles | Line Styles | Track Styles | Mets
| | Pad Styles | Text Styles | Line Styles | Track Styles
Mame Pattern Width| Dash Gap \
Board  Solid 6 0 Name Width
Bus Solid 20 0 | PowerMin | 20
Copper  Solid 25 0 g PowerHom | 25
Outlines  Solid 8 0 | X Signal Min 10
X | Signal Nom 15

FEARLESS engineering




PCB Settings-Spacings

e Settings->Spacings

® | Design Technology

| Pad Styles | Text Styles | Line Styles | Track Styles | Mets | MetClasses | Spacings |Rules

' Tracks Pads Vias Shapes i
Tracks 7 74 7 10
Pads 7 T. Fi 1[].
Vias 7 7 7 10 3

' Shapes 10 10 10 10
Text 10 10 10 10 —
Bnard 20 20 20 20 -
< | Il | »
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PCB Settings-Rules

# | Design Technology

| FPad Styles | Text Styles | Line Styles | Track Styles | Mets | NetClasses | Spacings | Rules

I Powerplanes

Isolation Gap: 10

Thermal Relief 10

Pads and Drills
Drill Spacing: 0

Min Pad Annular Ring: 7

Min Paste Size: 0

in Paste Size Tracks
Min Via Annular Ring: 5 Minimum Line Width: 3
Min Hole Size: 3
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PCB Settings-Nets & Net Classes

# | Design Technology

| Pad Styles | Text Styles | Line Styles | Track Styles | Nets

| Mame Class
GND Ground
VCC ' Power

® | Design Technology

| PadStylesl Text Styles | Line Styles | Track Styles | Nets | NetClasses | Spacings | Rules|

Name Type Min. Track Nom. Track Via
Signal Signal Signal Min Signal Mom Via
X |Power Power Power Min Power Nom Via

¥ Ground Power Power Min Power Nom Via
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Example Design

e Let’s create the schematic and PCB for the
following filter
— Active low-pass
— Fc=1kHz
— 4t order
— 2-stage
— Sallen-Key

« We can use TI's FilterPro to obtain a generic
schematic

« Then use TI's TINA-TI to verify in simulation
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FilterPro Design

14. 7K

Vin

Filter Staae:
Passband Gain(Aol:
Cutoff Frequencv(fn):
QualityFactor (Q):
Filter Response:

Circuit Topoloav:

FEARLESS engineering

147K

C1 ——1onF

1
1

1 kHz
0.54
Butterworth

SallenKey

Filter Staae:
Passband Gain(Ao):
Cutoff Frequencvifn):
QualityFactor (Q):
Filter Response:

Circuit Topoloay:

6.09K0

(C1 ——10nF

2
1

1 kHz
1.31
Butterworth

SallenKey

Vout




Amplifier Selection

o Let's implement this filter with the OPA141
— Single-supply, 10MHz, RRO, Low-noise, JFET input
(Ib=20pA max)
— Supply: 4.5V to 36V PIN ASSIGNMENTS

OPA141 OPA4141

— Packages "o
. Single (SO-8, MSOP-8)  *'[ s [0 g] ot
e Dual (SO-8, MSOP-8) josbe ”
» Quad (TSSOP-14, SO-14) 0o e R i e
— Vicm includes GND

“Ha sl

FEFE
= f]=]

FEFEERE

L= el =)= ]s]=]

FEEE
Qoo
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TINA-TI Simulation

V+
l C2 11.72n C368.3n
L || ||
V1i5=
V+
N R114.7k | R214.7k Vet
e A A
I q W\ VW\N—¢ NI\ Vout
| - R36.09k R4 6.09K ¢
V- Vin 5 /
C110n _— C4 10n V.
== Ul OPA141 I
= T U2 OPAl41
0
-40
g 80
f=
]
O -120—
-160
'200 \\\\\H‘ \\\HH‘ T \\\HH‘ \\\HH‘ T \\\\\H‘ T \\\HH‘
1 10 100 1k 10k 100k M
Frequency (Hz)
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New Schematic Symbol Library

 Let’'s create a new Library for custom schematic symbols
Open Library Manager (Ctrl-L)

Select New Lib

Give new library a name

Schematic Symbols | PCB Symbols | Components | Folders|

Library: [All Libraries] %
Part Creation | #® Select New Library File — L=

Library Contents Savein: | Library ~ @ r@Er
f\:_"{{dd‘_i:‘;’;t:}} L Name - Date modified pan
OV {discrete} LY g Tdls.ssl 9/17/2008 11:36 AM
10F2DSEL {74Is} : )
10F2DSLN {7415} hiecem e 4000.ss! 9/17/2008 839 AM  |=
TOF2DSP {74Is} -' actel.ssi 7/3/2006 457 PM
10F4DSEL {74/} i L4
10F4DSLP {74ls} ad.ssl 7/3/2006 457 PM
10FBDSEL {74Is} Desktop altera.ss! 2/15/2010 10:07 AM
1P {pl
1S gklu‘?} - ‘ atmel.ssl 7/2/2009 3:27 PM
1X2 {74Is} -l avx.ssl 7/3/2006 457 PM
XNV [741s) e :
1X2_1X3A [741s) kibtaries cypressssl 7/3/2006 4:57 PM
1X3A {7415} g diode.ss! 7/3/2006 4:57 PM
TX3ANV {7415} h : :
DRIXINV [FIs) : discrete.ss| 6/5/2009 3:56 PM
1_8X2TX {pralib} Computer fairchild.ssl 7/3/2006 457 PM
1_BX2THP {4000 N
2AND {gatés} ! fairchild1.ssl 2/10/2010 11:40 AM
2ANDP {74Is} I | aatac cel QM TIINNG R:20 AN
2ANSW {prolib} 1 LI}
ZANSWE (4000} Network
2BLATCH {prolib) T tutorial -
IBLATCHP {741}
2GLATCH {prolib} Save as type: ISr:hamatic Symbol Libraries {* ssl) - ‘ I Cancel J
2GLATCHP {74Is} ;
2NAND {gates}
INANDP {7415} [#]Close on
2NANDPSH {7415 gl Ed
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New Schematic Symbol

Library Manager —_— ewa e A .

Schematic Symbols |PCB Symbols I Components I Fo[ders.|

Library: tutorialssl [in "C:\Users\Public\Documents\PCB ArtistiLibrary"] -

Part Creation Tutorial... ] l Email A Question... J [ Download Online Library Components...

Library Contents: 0 [¥] Preview

Add File...

I Wizard...

Edit...

Find...
Delete...
Copy To...
Move To...

Rename...
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New Schematic Symbol

» For this device we will use the dual
version (our filter has 2 amplifiers)

 From a schematic perspective, we will
need 2 sub-symbols
— One will look like an ideal op-amp
— The second one will have power and ground
— Here is the idea using symbols from TINA

IOP1 OP1 IOPAMP
2 NS
6
3
 Note: Please don’t use the package
pinout as the schematic symbol! This

makes it difficult to read the
schematic.
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OUT A

-In A

+in A

OPA2141
S0-8, MSOP-8
(TOP VIEW)

V+

Qut B

-InB

+In B




New Schematic Symbol

» Create 2 separate symbols in the library
— Use “Add Pad” for the pins
— Use “Single Line” and “Triangle” for the symbol
— Move the symbol origin (S) to one of the pins
— The numbers correspond to the pins, “NX” is the pin name

« Save the symbols as myopamp3 and myopamp5

-
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New Schematic Symbol

Schematic Symbols |PCB Symbols I Components | Foldezsi

Library: ﬂltorial.ssl [in"CA\Users\Public\Documents\PCB Artist\Library"] -
l Part Creation Tutorial... H Email A Guestion... |[ Download Online Library Components...

Library Contents: 2 V] Preview

imyoparmp3____________________ e,

myopamp5b
MNew ftem...

| Wizard...
Edit..
Find... P
Delete...
Copy To...
Move To..

Rename...

Tech. Files... : ié

Report..

[¥]Close on
Edit
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New PCB Symbol Library

» Let’'s create a new Library for custom PCB symbols
— Open Library Manager (Ctrl-L)
— Select PCB Symbol tab
— Give new library a name
tiorory Manager o e . T x|

ISchemancSymbo?s PCB Symbols | Components Folders|
Library: [All Libraries] -

Part Creation | &% Select New Library File — — | wg | ‘

Library Contents Savein: | Library v @3 r@Er

1{discrete} -

1-145154-2 {prolib} e Name Date modified

il Eﬁ;g}:ﬁ% < altera.psl 5/20/2011 11:30 AM
Il 11451672 fprolioy Recent Places csm.ps! 9/17/2008 11:36 AM

1-145168-2 [prolib} : !

11451692 {prolib} - discrete.psl 6/5/2008 3:56 PM

1-175887-0 {prolib}] = dsm.psl 6/5/2009 3:56 PM

1-178239-0 {prolib}| Deskto i .

1-917736-7 [prolib] P fairchildL.psl 5/20/2011 11:30 AM

2 {discrete} == fiducial.psl 5/21/2007 1:41 PM

2-178239-8 {prolib} — : i

3 {discrete} i icpsl 6/26/2009 3:55 PM

3MHDR-10 {prolib Libraries 1t2.psl 5/20/2011 11:30 AM

3IMHDR-14 {prolib ’ .

IMHDR 16 {prolib & mylib.psl 5/22/2012 6:20 PM

3MHDR-20 {prolib == pralib.ps! 6/16/2010 2:59 PM

3MHDR-24 {prolib .

IMHDR-26 {prolib Computer gbsm.psl 3/1/1998 1:04 PM

3MHDR-30 {prolib e gcsm.psl 3/1/1998 1:.05 PM

SMHDR-34 {prcllb & nnnnn 1 2/1/1008% 1-N5 DAA

3MHDR-40 {prolib 4 1

3MHDR-50 {pralib Network :

3AMHDR-60 {prolib - . =

IMHDR 54 {prolib Ednare iofis| Save

gm:gsﬁ:g EE:E;: Save as type [PCB Symbol Libraries (™ psl) foe? | [ Cancel

3MHDR0-16 {prol|

3MHDR90-20 {prolib} ‘ [V TEToSEOT

3MHDR90-24 {prolib} ¥ Edit
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OPA2141 Packages

We need to determine which package we will use
The datasheet typically has all the information

required

We see the OPA2141 comes in two packages

— MSOP-8
— SO0O-8

Tl refers to these packages as “DGK” and “D”

PACKAGE INFORMATION"

OPA2141
S0-8, MSOP-8
(TOP VIEW)

OUTA | 1
-InA | 2 L /_{A}
— |

+nA |3
ayy
V- | 4 L —

PRODUCT PACKAGE-LEAD PACKAGE DESIGNATOR PACKAGE MARKING
SO-8 D O141A
OPA141
MSOP-8 DGK 141
SO-8 D 02141A
OPA2141
MSOP-8 DGK 2141
TSSOP-14 PW 04141A
OPA4141
SO-14 D 04141AG4
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OPA2141 Landing Patterns

 Let's compare the D and DGK packages
e Dis found in the PDS, but DGK is not!
e Hereis alink to a useful app note

D (R—PD30O-G14) PLASTIC SMALL OUTLINE
D —d
Example Boord Layout Ste"ﬁoﬂ"?}."gs
(Note C) - -4
= 12¢1,27 —= |=—14x0,55
* — 12027
HHHUDDD 1,95 HDDHHD : Tz
4,80 4,80
| |
(MANAAAR nonnnan | ‘
'-;\I_II_I/LII_ILIUI_I gutuuoot l
j E - % J,-—
i FIGURE 4. Pad Dimensions
i
H Example ExE z z = z ® x v Cic o E
| Mon Seldermask Defined Pad Exampgle FACHAGE # MIN MAAX ] MAX MH MAX mE= =S =z SaM
F;:e ?Ieoct‘:eé? B0 152 213 n2rr = 2083 0.018 o022 o084 L= 0150 0.0503
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l=—0,07 EOT.235 3z 0147 D51 ooa4 D038 LT oo D=8 n.oaz 0.07E 00374
All Around EOT:23E 48 0.147 0,151 OME 2.018 0.018 0.0 1.5 0.083 T 0.8
MEDF.E =7 nzes 0,230 <. -1 0.4 [10F oame b= 0958 aorT n.n2ss
EEOF-22 334 0.351 0.385 o1 0.181 [1E] o7 0.088 D288 0z 1028
EEOF.2L il 0351 0.385 0177 0181 03 ooir EEES oass oz n.o28s
EE0P.28 38 0.351 0.355 o1 0181 o3 oo 0088 0.2E5 o33 1025
421283-3/0  08/11
EZOF.1E 2z 0zma o277 el n.0Es an omE L =TS 0.0E3 oTE o2
KOTES: A All lineor dimensions are in millimeters, EEOF-LE 33 D48 D.352 027E n.ars o2 ooE El=E) B 0578 0.0250
B. This drawing is subject to chonge without notice. EEOF.ES 48 048 D.852 027E nams o2 ooE EEES o3 0&TE 0.8250
C. Publication IPC=7351 is for alternate designs. N
D. Loser cutling apertures with trapezoidal walls and also rounding comers will offer betler paste relesse. Customers should TABLE IV. Pad Dimensiona—inches.

contoct their boord ossembly site for stencil design recommendations. Refer to IPC-7525 for other stencil recommendations.
E. Customers should conloct ther board fabrication site for solder mask tolerances between and around signal pads.
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New PCB Symbol

o Let's use the DGK (MSOP-8) for it is smaller

* Create a new Library for custom PCB symbols
— Open Library Manager (Ctrl-L)
— Select PCB Symbol tab
— Give new library a name
— Let’s use the Wizard Technoloay

H HP W Start ;
— Use m|IS1 preC|S|On 1 B Technology What technology would you like to use?
Type
Pads ["use Technology File:
Silkscreen Shape
Defaultptf -
Placemen it Qutline
M- Finish WS
P— EEEEE
() Metric: mm v
Precision £ 1 = §
l < Back ]I Next > ] l Cancel ] l Help ]
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New PCB Symbol

Footprint T_vpel - . - — — — -
W Start i i i
What kind of footprint do you wish to create?

M Technology

M Type

| 7 : i Aissia Origin

M Pads ﬁ :

. ] i N w -

. Silkscreen Shape m . 1@ Center

. DIP 'SOIC- SOJ SON CHPA CHP QFP CQFP o
. Placement Outline| | I_JPin1

W Finish u - 8RN @ e, ww o

QFN LCC PGA BGA CAN AXAL SIP MELF Somponant b I I I I I I
Position

m B @

SOD SOT ‘ _

<Back | Next> | | Cancel | | Help
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New PCB Symbol

e=E=25.6
E=7=230
L=Y=66

o 2 v BBHEE St

PCB Artist->App Note T P
*Set H=T=0 m AARAR
-

C
b=X=18 o e ol F
—_ A\ - ] b
H
-F—L b+ *_
&[] H
1 v PL _I L
i _f T
Pl
E -
FIGURE 4. Pad Dimensions.
PKG z Z G G X X Y cliC D E
PACKAGE # MIN MAX MIN MAX MIN MAX REF REF REF NOM
S0O-8 182 0.273 0.277 0.089 0.093 0.018 0.022 0.094 0.183 0.150 0.0500
SO-14 235 0.273 0.277 0.089 0.093 0.018 0.022 0.094 0.183 0.300 0.0500
SO-16 265 0.273 0.277 0.089 0.093 0.018 0.022 0.094 0.183 0.350 0.0500
SO-16W 211 0.447 0.451 0.254 0.258 0.018 0.022 0.099 0.353 0.350 0.0500
SO-18W 219 0.447 0.451 0.254 0.258 0.018 0.022 0.099 0.353 0.400 0.0500
S0-20W 221 0.447 0.451 0.254 0.258 0.018 0.022 0.099 0.353 0.450 0.0500
SO-24W 239 0.447 0.451 0.254 0.258 0.018 0.022 0.099 0.353 0.550 0.0500
S0O-28W 217 0.448 0.451 0.278 0.282 0.018 0.022 0.099 0.365 0.850 0.0500
SOT-23-5 331 0.147 0.151 0.034 0.038 0.017 0.021 0.058 0.093 0.075 0.0374
SOT-23-6 332 0.147 0.151 0.034 0.038 0.017 0.021 0.058 0.093 0.075 0.0374
SOT-23-8 348 0.147 0.151 0.015 0.019 0.016 0.020 0.068 0.083 0.077 0.0256
MSOP-8 337 0.226 0.230 0.097 0.101 0.014 0.018 0.066 0.164 0.077 0.0256

TABLE |V. Pad Dimensions—Inches.
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New PCB Symbol

TT—
Pads
W Start . .
- Specify the pads for your SOIC footprint
M Technology
. W Type Pad Counts Pin 1 Position
W Pads Total: 8 =
Silkscreen Shape
) Pad Style
Placement Outline or —— I} §
ape: Rectangle v @ @
B Finish P e
Style: il
Measurements FinNimbére
e 256 [ (C)show
AHARA @ Hide
E 2300 =
E Pin Numbering
PW- 180 [ Clockwise .
H IEI IEI IEI n Q@) Counter-clockwise
PL. 660 T e ol -
b
L 660 = "y
+ |k
LE T Ex Bt
H: 20 = PL e
b: 18.0 = e t
< Back ” MNext > ] l Cancel ] l Help
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New Component

« Now we have the schematic and PCB .. comonen = )
symbols, we can combine them to | comgenen:  cpazia
create a component Packege: M -

Default Referance: u -

« Create a new component library (make | @scencicsyme

sure Component tab |S Selected) Library: wtarialssl [in"C:\Users\Public\DocumentsPCE Aristilibrany] | [W

Marne: myopamp3

e Click New Item
* Only select one of the schematic
symbols, we will add the other one later ™ ° S
[¥] PCEB Symbal
Library: ’tutorial.psl [in "ChiUsers\PubliciDocumentsPCE AristiLibran"] v] Find Symbal..
Name: mymsopd
lﬁ
Fins: 8
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New Component

Add Gate b X

° CliCk Add Gate icon D'; Library: [tutorial.ssl [in "C:hUsersy. ALibrary"] VI Add
« Add 5-pin schematic symbol (EndSmbol| (. Garesl. |

‘ 1 . ) . méoeam?
e ‘a will zoom to all in schematic and
PCB windows

Gate Sch Symbol | Sch Symbol Sch Terminal| Pcb Symbol [ omponent Pin| Net (Class)
Name Name Terminal Nam Number| Pad Number|lame/Number| Name
a myopamp3 1
2
s Pins 5 Add T Gates
b myopamp5 1
2
3 .
; \ You may have to right-
5 . . -
click in top window to
see spreadsheet
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New Component

» Fill out spreadsheet according to datasheet block diagram & save component

FEARLESS engineering

Gate Sch Symbol | Sch Symbol Sch Terminal| Pcb Symbol| Component Pin Net (Class)
Name Name Terminal Narr Number| Pad Number| Name/Number Name
a myopamp3 1 2 2
+ 2 3 3
OUTA 3 1 1
b myopamp5 1 6 6
+ 2 5 5
OUTB 3 7 7
W+ 4 8 8
V- 5 4

OUT A

-In A

+In A

OPA2141
S0-8, MSOP-8
(TOP VIEW)

O

8 | V+
L ;.A\+ 7 | OutB
| —

*BJ 6 | -InB
L —{s]:ms




Create Schematic

« Create Schematic in project % |
omponent

* Use Add Component to inStantiate % l;li:;j:.cml [in';C:.\Users\.Pub.iic\D“ocuments\.PCElAmst.\l._\l.arary“.] -
OPA2141 ' :

CHmEpnat PAZ‘ Find. || Add |
* Note you can place each symbol I ., (e
separately S -

e Add Component->Find is very useful |
— R’sarein library ‘resistor’
— C’sare in library ‘capacitor’ 7 Preview

i : " 4 = 2
Find » 9 -8 i -~ _ -
]
[VIMame |Stasith =R
!_7| Number of terminals/pads is 2 3 1
[ Ivalue ~|contains  + 1h+
— Fis2Z 1
[Cvalue  |[Is Exacly - =g
[ ]+alue w ||ls Exactly - Claar
EI Walue - ||Is Exactly b 3
I ]

R [5M/discrete]

R 0.063W SMTF 0 [SMDB03/resistar]

R 0.063W SMTF 1.0K [SMOB03/resistor]
FL0.063W SMTF 1 2K [SMOB03/resistor]
R 0.063W SMTF 1 5K [SMOB03/resistor]
FL0.063W SMTF 1 8K [SMOB03/resistar] 5
R 0.063W SMTF 10 [SMOB03/resistor]

R 0,063 SMTF 100 [SMOB03/resistor]

R 0.063W SMTF 100K [SMOG03/ resistor]

FL0.063W SMTF 10K [SMIG03 resistor]

R 0,063 SMTF 12 [3M0603/resistar]

R 0,063 SMTF 120 [SMOB03/resistor]

R 0.0B3W SMTF 120K [SMOB03/ resistor]

R 0.063W SMTF 12K [SMIG03 resistor] o
BN AEMASCRATE 1R MSRANEN 3 fracictm]

Close

[TNES

| sl

=

Matching iters found: B30
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Create Schematic

« Common passive sizes are 0402, 0603, 0805, and 1206
* Probably want size 0805 at least for hand soldering

—» T

SOLDER PAD DIMENSIONS in millimeters
SIZE DIMENSIONS in millimeters

REFLOW SOLDERING WAVE SOLDERING
INCH | METRIC L w H T1 T2 a b I a b I
0402 | 1005 | 1.00.05 | 0.5+0.05 | 0.35+0.05|0.25+0.05| 0.2+0.1 | 0.4 0.6 0.5
0603 | 1608 | 1.55*219 | 0.85+0.1 |045+005| 03+02 | 03x02 | 05 0.9 1.0 0.9 0.9 1.0
0805 | 2012 20920 1125+015|045+005| 03722 | 03+02 | 07 1.3 12 0.9 13 1.3
1206 | 3216 | 32+%1016+0.15 | 05500504502 | 04x02 | 08 1.7 2.0 1.1 1.7 2.3
1210 | 3225 | 32+02 | 25:02 |055+0.05| 04502 | 04x02 | 08 25 2.0 1.1 25 2.2
1218 | 3246 | 32*%° |46+0.15 |055+005|045+02 | 04+02 | 1.05 | 49 19 | 125 | 48 1.9
2010 | 5025 |5.0%0.15 | 25+0.15 | 06+01 | 0.6+02 | 0602 [ 1.0 25 3.9 1.2 25 3.9
2512 | 6332 | 6.3x02 [3.15:0.15| 0601 | 0.6x02 | 06x02 [ 1.0 3.2 5.2 1.2 3.2 5.2

FEARLESS engineering
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Create Schematic

 Use ‘schema’ library for border (e.g. Letter) and power/ground
» Use ‘resistor’ and ‘capacitor’ libraries for R's and C'’s

Add Component [ |

Add Component | Y |
Library: Librany:
resistor.cml [in"ChUsers\PublicDocuments PCE AristyLibran] - schemacml [in"ChUsers\PubliciDocurments\PCE AdistiLilbran] -
Component  R.01W SMTFD [ Fnd. |[  Ama ] Component LETTER Fnd. || add |
4608-102 100 - A2 - — =
4608X102 100K o A3 | concel |
4R08102 150 = ; A4 ==
4B08X-102 220 PEEEE ANSIA BAckanp
4608>-102 220K SMOB05 - ANSIB MISC v
4B08%-102 270 ANSIC
4608102 330 . AMNSID — }
JE0B-102 470 Feference Narme: EARTH Reference Mame:
4608102 470K RE FROM Al
4608102 650 GMND L
LETTER I
TO
Vo
R 01w SMTF 184 Yd L
Preview  |RO1W SMTF1.2K - Freview |Vss -

P~
RS
R @8.1W SMTF @
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Create Schematic

« Use ‘connector’ library to add connectors or make your own

l C211.72n C368.3n
* I |
= 1

||
W]
Vis=
V+
N R114.7k | R214.7k V+
1+ L A A
I f W\ MA— NI\ Vout
| - R36.09k R4 6.09K (
V- Vin /
V_

_ V-
Cl10n —— C4 10n

= Ul OPA141 I

= T U2 OPA141
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Create Schematic

* Are we missing anything?
» Check datasheets for layout recommendations
 From the OPA141 PDS.:

The OPA141, OPA2141, and OPA4141 are unity-gain
stable, operational amplifiers with very low noise,
input bias current, and input offset voltage.
Applications with noisy or high-impedance power
supplies require decoupling capacitors placed close
to the device pins. In most cases, 0.1uF capacitors
are adequate. Figure 1 shows a simplified schematic
of the OPA141.

S0 we need to add decoupling capacitors near the device’s supply
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Create Schematic

ThesearebadlI\/Iustusewwetoconnect'
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Create Schematic

FEARLESS engineering




Create Schematic

* Finally, we need to ensure that our power and ground nets are set
appropriately

— Right-click a ground symbol Change Net R |
- Se|eCt “Change Net" Choose From All Nets In Project:

. Met Mame: -bY aK
— Make sure net name and net class are set appropriately = L ox |

GND [
— Also do this for +5V and -5V oot 4
Mooz 3
MO003

RG]

MN000G g

Change Net

Choose From All Mets In Project:

| 38
NetMName: GND oK

|| Change Name Of Sulinet Onby

Met Clags:  Power

GMND

™ooon
Moot
moooz
[RUTK]
[RUINE]
MO0os
MO015

Signal

Change Net

m_ |

Choose From All Mets In Project:

1]

MNethame: +BY
Change Mame Of Subnet Only

Met Class:  Ground
(Grownd ]

Poweer
Signal

| Change Mame Of Subnet Only

MetClags:  Power
Ground ‘

Fowet

Signal
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Create PCB

» Save and close schematic
 QOpen Layout

* Import footprints from Schematic

— Tools->[Schematic<->PCB]->Consistency
Check

| recommend performing Consistency Checks
frequently during a design

— Yes
- OK
— ‘a’tozoom all

— Select all footprints and move them outside
PCB border

— ‘a’'to zoom all
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Create PCB

e Yellow lines are connections that need to be made
—  Sometimes called ‘rubber bands’

» Place components inside green PCB border
— PCB Artist has an ‘autoplace components’ feature, but it doesn’t seem to work well
— Place the OPA2141, power connector, input connector, output connector, and decoupling caps
— In general, place inputs on left side of board, outputs on right, and power at top or bottom
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Create PCB

Notice lack of bands for supplies? This is because they
weren’t connected in schematic! (Remember the ‘X’s?)
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Create PCB

Supply nets and grounds are now connected. Also fit board
outline. *Run DRC often!* Tools->DRC (check Spacing and
Manufacturing)
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Create PCB

* Since we have 2 layers, let's make the bottom layer GND

 Need to perform a ‘pour’
— Add->Copper Pour->Rectangle
— Press “L” to change layer to ‘bottom’
— Create rectangle inside board outline
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Layers

[¥] Top Silkscreen
Create PCB
[¥]Top Solder Mask
[¥|Documentatianl
[¥]Bottom Silkscreen
[WlIEottom Copper
[¥|Battom Salder Mask
[¥|Documentationz

* Right click copper pour outline and select ‘Pour Copper’
e Assign to GND net and click OK

« To hide bottom layer, press F9, select Layers tab, and uncheck
‘Bottom Copper’

e Now we can use vias to connect to GND

0K

4By iz | Cancel |

Min. Copper Area: 2500 S, mil

Spoke Style: 1 -
Spoke Width: 100

Isolation Gap 100

lzolated lslands
V| Remme [] Thermals on Pads
Highlight [¥] Thermals on Vias

-gLay... d#hGoto | ™ Ad...
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Create PCB

« We know C3, C4, and C5 are all grounded

 We can place a via to connect them to the ground plane
— Add->Via
— ‘Esc’ stops placement

* Once placed, right-click via and add to GND net (Net->Change Net)

Choose From All Mets In Design;

GMND

+5Y
- —‘ | Cancel |

MetMName:

GHO
a00o0
0001 —
a00z
O003
O004

Change Mame Of Subnet Only

Met Clags:  Ground

Grownd |

Power
=ignal
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Create PCB

 Toroute a trace to the via, double-click the pad of the footprint (notice the
trace is 25mils wide)

« Drag trace to via and double-click again

* Do this for all GND nets

 Bands didn’t disappear, press ‘ctrl-d’ to ‘optimize nets’ (in tools menu)

* You can left-click band and press delete

* If bands are missing, try performing a ‘consistency check’ from tools menu
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Create PCB

* You may get a join nets box
 The order depends on where you start and end your trace
« To switch the order, route in the reverse order

This operation will cause the following twa nets to
be joined:

MO023

GMND

WARNING: This will make one net:
GMND

Cancel
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Create PCB

* | would hand-route power and GND first.

* Since power traces are wider than MSOP-8 pads, route as close to pad as
possible with thick trace. Then route from pad to thick trace. While routing from
pad to thick trace, press S and change width to 18

« Run DRC often! Don’t forget Ctrl-D and Consistency Checks!
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Create PCB

* You can try autorouting (3 methods)
— Right click a band and select ‘autoroute’ to route 1 trace at a time
— Tools->Autoroute Nets->All Nets to route all nets (it will remove your existing routes)
— Tools->Autoroute Nets->Browse Nets (we will do this since we already routed power and GND)

0K
Cancel

e This didn't work well for me, and | prefer to do it by hand anyways
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Create PCB

 Almost done
e Are we stuck??
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Create PCB

 Nopel
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Create PCB -Reflection

« Some of the traces were long
 We could have looked at using a 4-layer board

 We also didn’t have to devote an entire routing plane to
ground

 We could also have separated V+, V-, and GND connectors
and moved them to more convenient locations.
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Fabricate PCB

e Be sure to run a DRC with all boxes checked
o Output->Submit Order

» Follow the directions
— You will need to setup an AC account

o Alternately, | could submit the order for you.
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UT DALLAS Erik Jonsson School of Engineering & Computer Science

PCB Layout Tips from TI
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YT |All Materials have a Finite Resistance

Y For 1 oz. Copper:
For PCB Trace ._w R | \_. p=1.724x10° cm forY =0.0038cm
|
I R =0.45 Z/X m= number of “squares”
R = pZ/XY

—W— ——| R = sheet resistance for 1 “square”
(Z=X)=0.45m0square

L d _0.0219L

R
) A d?
d .
Y L In meters

din mm
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P 1 inch

1.3uV

10pA

e 1inch (7 mil) trace of 1/2 oz copper with
10pA of current => voltage drop of 1.3uV

e 4 LSBs (298nV) at 24 bits!
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¥ |PCB Inductance

PCB:
2L W+H
le L .| | Inductance = 0.0002L ( —— ) 0.2235 ( —_— )+ 0.5 |H
/d I W+H L

W - Example:
|/ I L = 10cm
H W = 0.25mm

I H = 0.038mm
This PC track has 141nH of inductance

Wire:
|: L > 2L
' | . Inductance = 0.0002L |: (?) 0.75 ] (H
. ) 2'R Example:
L =10cm
2R = 0.5mm

This wire has 105nH of inductance

FEARLESS engineering i3 Texas @@
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PCB Capacitance

 Two Cu plates with PCB material dielectric
— Two 10 mil traces on a multi layer PCB, 10 mil between layers

A=0.25mm x 0.25 mm C=8RXEOXA
{
___________ Permittivity of FR4 = 4.7
/ [/
/)’ S Y, =8.84x10 12

_(@1.9x107 ) 4
t

C

o (1.9x1077 )(0.25x107 )
Note: 10 mil = 0.25 mm. 0.25x107

C =001 pF

FEARLESS engineering i3 Texas @@
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PCB Vias

Component: Vias
Purpose: Interconnect traces on different layers

Problem: Inductance and Capacitance

TOP LAYER h 4h \
rRACE L("H)"'g 1+In 7}—
A
MIDDLE LAYER 0.0555 8 h d]
i) d (mm)(GNDPLANE) C(pl) =~ d :1
|:EM LiYER 2 - 1
Yy TP e 7,(Q)- 31.6.\/ LC((ZIP? T,( ps/cm ) = 31.6,/L(nH)C(pF)

—)l d (mm) |<—
0.4mm (0.01577) via with 1.6mm (0.063”) thick PCB has = 1.2nH

1.6mm (0.063”) Clearance hole around 0.8mm (0.031") p ad on FR-4 has = 0.4pF
e, = PCB material permeability (FR-4 =4.5)

FEARLESS engineering I3 TEXAS @@

INSTRUMENTS




e Used In all analog applications

e Used for bypassing (cleaning up) power
supplies

 Most op amp applications use two types
for the two roles they must fill

FEARLESS engineering
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| Bypass Capacitors

« DO NOT have vias between
bypass caps and active device —
Visualize the high frequency
current flow !

 Ensure Bypass caps are on
same layer as active component
for best results.

* Route vias into the bypass caps —
and then into the active oih:

component.
« The more vias the better. Q

e The wider the traces the better. o
* The closer the better Good Bypassing

FEARLESS engineering @@
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Balanced analog and digital circuit

Balanced digital logic: LVDS, PECL, HSTL

L [ L
Balanced - Balanced -
traces over GND Rt traces over GND Rt s
processor >
G1

Rt
Rt

Balanced differential analog circuitry

OPA1632 diff-in/diff-out OPA1632 diff-in/diff-out

Balanced Line
ADS
Balanced Balanced
traces over GND traces over GND
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Strive for a zero
impedance ground

Design for a
differential signal
environment, both
logic and analog

Minimize PCB loops
that act as EMI
antennas

Use X2Y capacitors
for filtering and
decoupling

Make use of
common-mode
transformers

Use balanced lines
and traces

FEARLESS engineering

A plan 1o reduce digital circuit EMI generation

= Soid plans GND —
. Rt Rt
Balanced microstrip [ L Balanced microstrip
ar striplire traces " or stripline fraces

processor —\
G1

L i 4 .

} N N ) Mt
. Ft | bt
AH==H" 3l

e s
Vdd K2Y cep

X2Y cap decouplng

decoupling
at each Vdd pin

Low inductance
supply traces

A plan to minimize analog circuit EMI susceptibility

Ri Rf

_EM'vW

Comman-mode X2Y input -
Filter cap
- ~ = Stnphne or
- |I E | ] || {\E_ Microstiip
- yr‘/ L =
—1 _ y
Salic plana GND .||_%_||.
shared by digital | o
and analag - No Slots! X2¥ cap vso O Low inductanze
decoupling supaly traces
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b @il Enemy #3: Poor Grounds

« A good grounding scheme helps reduce the
values of the “hidden” components.

 The key to good ground plane design is
managing return currents

* Requires good floorplanning first.
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Block Diagram

TO TERMINAL _ ‘ LCD SWITCHES ‘
BLOCK - [
_HZ [
INFUT . <P
— w  ADS1232 MSP430F449
FILTERING 5P
T A ART
¥
T
LOAD CELL BOWER 1JSB-SERIAL
CONNECTORS SUPPLY INTERFACE
33y ¢
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Analog  Digital
|

TE5ES HETRMENTS ‘@
LEl_I_Lt_I_l_I_l_I_I_LI_I_LI_I_LI_t_

L
oo |
il || CAMTRAST
= | E » IERERR RS RRRRRRERNE
o) z 8 |- I
i L ey
2 ) _,i ='=Hj_,_ rﬂj_f'i.:”:.:‘:_ E;‘Im o R 0
e RN T Kl
SN N -1 ImMmsp430] .
PIRT s FEEFER P 0 o
= - - i !:‘: !
ce T e L | o R
o ; ! 'Eﬂ:‘ﬁ'ﬁpﬂmlj i I;J_n * l“"i-:j
' r L * =
m?ﬂ'mh'w [”DHLJ " : ", i
= —

L)

I

o« IF or

« F
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Series Parallel

1 2 3 1 2 3
v - — v -
« Simple wiring o Complicated wiring
« Common impedance * Low differential potentials
causes different at low frequencies
potentials « High impedance at high

« High impedance at high frequency (>10 kHz)
frequency (>10 kHz)
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Ground Plane

SLSSSSSSSSSS

 Ground plane provides low impedance between circuits
to minimize potential differences

 Also, reduces inductance of circuit traces

 Goal is to contain high frequency currents in individual
circuits and keep out of ground plane
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ba\): total signal current
Pcﬁw pelght of trace

P = distance from
race (Scm)

—D —

* lllustrates Return Current Flow is directly below the signal trace. This

creates the path of least impedance.

* Must have Solid return path (i.e. Solid Ground Plane) under the signal trace
to maintain homogeneous nature of current density.
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Slots in Ground Plane

Circuit trace

Criving
gate
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 Must have Return Path Vias
next to Signal Path Vias.

* Notice Large Current
Density Area flow in return
path.

* Will have a change in
impedance with this
configuration.

2-Layer PCB showing Current Density of
PCB trace and Single Return Path Via.
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L4, | Controlled Impedance Vias

 Better Solution is to add
Multiple Return Path
Vias.

 Notice minimal Current
Density Area Flow at
vias.

 Improved impedance —
reduces reflections.

2-Layer PCB showing Current Density of
PCB trace and Multiple Return Path Vias.
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Split Grounds

A/D
Analog Ground

?

Digital Ground

L]
REARR

AGND DGND
M

T

Power Supply
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e (&0 Split Ground Connected Under ADC

A/D

Analog Ground Digital Ground

ol [[T]

AREEE

AGND DGND

)

| Power Supply |
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Connecting Both to Analog Ground

A/D

Analog Ground Digital Ground

ofl 1111

AGND DGND|

L]

‘ Power Supply \
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Ground Plane overlap

DIGITAL+ ANALOG+

DIGITAL- ANALOG-

DIGITAL+ ANALOG+

DIGITAL- ANALOG-
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Analog Portion of Ground Plane

I
I
I Digital Portion of Ground Plane
I

L]

A/D

ol [ 1]

AGND DGND

Power Supply
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ADS1232REF Layout: Top
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UT DALLAS Erik Jonsson School of Engineering & Computer Science

Thank You!
Any Questions?
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