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*MOST IMPORTANT SLIDE* “

Today’s Circuit Engineer must meet 3
Competing Perspectives for Success

A skill set to solve the place and

Design For: route of all parts and connections

- DFSolvability often with complex High Density
Interconnect (HDI)

- DFPerformance

... and master this on your CAD Tool

- DFManufacturability Making

Revision
One
Work

DFX all considerations
producing high yield
and lower cost

Signal Integrity/EMC
Power Delivery
Thermal

DFP
Performance

Maximum placement and routing density, optimum electrical
2 THE RESULT performance and efficient, defect-free manufacturing



Understanding the End Goals at the Start of CAD “

Designing to the End Production Goals

« Yearly Quantities Development Cycle for Initial Build
and Subsequent Revisions

 Life Expectancies

. . ® Integrated Libr.

 Environmental-Usage Requirements R
i Schematic
W Layout

Proto — Pilot - Production Pt

_ i Assembly
* Proto - Pata Feature Size vs Mfg. 8 Test/Debug
Ca pa bil Ity Proto-type Builds u Software
* Pilot — Shop Floor Implementation Pilot Build +Ops Build

Production Build

- Production — Long Term Reliability

Issues from Usage, Operation or Images courtesy of San Diego PCB Designs, LLC.
Environment



Printed Circuit Engineering - Overview

Company procedures, conventions and best practices support
consistent methods with consistent high yield results.

File Naming Convention

All iterative modification while

in development between the
tools and the engineer and the
layout team are tracked with a
temporary-iteration schema to
ensure utmost accuracy.

i.e.

Filename-number _S3-P15.ext
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PCB Carolina 2022

Layer Naming
Conventions

Layers\Object Types

ayer B Plane PYWRMIC
l"'l 9 S’:‘:‘V‘

ayer 10 Plane GND
ayer 11 SIGNAL

Layee 15

BOARDER

SHEET 2

Layer 10

Laywr 19

Layer_20 Companent Courtyard
Selsel Mask Top

Paste Mask Bottom

Paste Mask Tep




Color Code Netlist
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Unrouted Connections,
No Color Code

PCB Carolina 2022
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Unrouted Connections, Color Coded Net-Classes - Placement Aid



Printed Circuit Engineering — Start Data

SMT Device Packaging: Discrete and Active

Common Discrete SMT Case

PCB Carolina 2022

Common Active SMT Case

Chip Gapacitor Chip Resistor Chip Inductor Chip Fuse
Chip Thesmistes Chip Varistor Polariced Chip Capacitor Chip Diode

012216 some SOTILI-Pin SOTILS-Pin
Sy L0 Ll el ‘ | = TR |
SOTFLG Pin SOTHLE Pin SOTFLE Pin . Transistor DFN 3 Pin
‘ 63
Oycliiator DFN 4-Pin Osclitator ) Lead Osciilator L-Lead 1 0w Comer Concave

&

¢

1 SOP with Thermal Tab

Small Outline I1C (SOX)

4

]
H
i
z
:
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h

" Chip Non polarized Small Outline Diode | Small Outline Diode Flat Chip LED
Diode (500) Lead ‘
Capatitors (CAPM) Molded Nea-pol Diode Fuses (FusM) Molded Bedy Inductor
Molded Precision Molded Body Polarlzed Malded Body Diode
Inductes Capacitor (CAPMP) {D0ON)
Molded Body LED MELF Resistor (RESMELF) | MELF Fuse (FUSEMELF) | MELF Diode (DIOMELF)

@

Aduminum Electredytic
Capaditor

¢

Crystal

e~

Side Concave Crystad

Side Concave Inductor

=

Coramic Flat Pack Quad Flat Package QP with Thermal Tab | Ceramic Quad Flat Pack
small Outline . Lead | Plastic Lead Chip Carries | Sasall Outline L-Lead | Leadiess Chip Carrier |

(

DFN Resistor, inductor,
Capacitor, Crptal, Fuse

©S01233

'

DEN Diode and LED

TS01235

Diode Side Concave 4-
Pin

L

01236

L 2

LED Side Concave &-Pin

~

s0123 8

Non-collapsing DGA

&
&
e
&
2
3

Coloma Grid Arvay

=

Small Outfine No-lead

SON with Thesmal Tab

Quad 't No-bead | QFN with thermal Tab

&

¢

sona

oy

SOT140 Revenie

t 3

012714

»

S0r22S

»

Pull back Small Outline POFN with Ihesmal Tab Pull-Back Quad Flat
Mo lead @ No Lead
Concave Chip Mray Concave Chip Mray Coavex Chip Arcay Convex Chip Arcay
Resistor Inductes Typet Types

>

N N

Images courtesy of PCB Libraries, Inc.



Printed Circuit Engineering — Start Data P8 Caolne 202221
Libraries —

Land Patterns for Layout
A Land pattern is the best name to describe the library entry for PCB CAD. A footprintis the

impression a part would make if you pushed it into clay. There are several purposes for the

PCB land pattern. First and foremost, the land pattern purpose is to provide the parameters
for the component to be joined to the board using solder as the joining agent. Each type of
terminal must have a specific terminal land to ensure a robust solder attachment.

Small Outline Transistor SOT223 (SOT)

Ball Grid Array Bump Grid Array Land Grid Array Column Grid Array Pillar Grid Array Flat Lug SOT223.6 Land Pattern Land Pattern

% — Zero Rotation A Zero Rotation B

= |_| I8

E=ap Vi ===
@=sp O
Flat Side Convex Side Concave Side Corner Concave Inward L Flat Bottom ExaB
:IJ |
‘ R -
Flat Ribbon Land Gull-Wing Leads (unit: mm)
Gull Wing Qutward L J-Lead End Cap Under Body L No-Lead Seface Most Nominal Least
s Density Level A Density Level B Density Level C
Toe (}) 0.55 0.35 0.15
Heel (J,,)! 0.45 0.35 0.25
— side (Js) 0.05 0.03 0.01
| Round-off factor Round ol! to the nearest two glaccr(rk-rgilﬂnal,r i.e,1.00,1.01,1.02 103
| Courtyard excess 0.50 l 0.25 I 0.12

Images courtesy of PCB Libraries, Inc.



Prmted CII‘CUIt Engineering — Start Data \
B Mewton Graghecs PO TISE LD Woard P (ke Jonor - Bt (ol Aevay 354 - BABIO. - TPIBI0 ) - elioeae: T I Y -

T e IPC-7351
| e . Land Pattern Calculator
ey w3 '0000000000
S pressesseen * PCB Layout in it’s most simplistic
sesesesese form i ts interconnected
= 5 6 5 6 BB s orm is parts in .
: Name::
s @ o * 50% of that sentence is parts”,
e e e 800000 meaning it’s important.
O ¢ ¢ ¢ ¢ ¢ o ¢ @ 0
® & & ¢© & ¢ ®» ¢ ¢ O .
B * Do you want accuracy or tribal
knowledge in your parts libraries?

* Don’t accept libraries from any
unknown source, create them
from known formulas!



Printed Circuit Engineering — Start Data “

| || Sk T 1.0mm
Esune et (el | 100 Pin :
HEEEREE | b T | somm IC Packaging
s 00pin  Miniaturization
R E A 100 Pin * Area comparison
R R S R R L, = S50mm . )
R S R R R ST A B L= . Of (100 pm) BGA's
sririiiiiiiiaaiiaiiiaaiiianiiiiiiiiiii @ 100 Pin . . -
Seaassssssiasssssseseasessstrssassestanaraeses b | (— Wlth varled Pin
R I R I 33+ P 40mm _ :
ettt o PItCh S
/ sssssessesaseee | 20 Pin
e === .80mm
2116 Pin 1.0mm DDR
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PCB Carolina 2022
Routing HDI \W *

Does it take longer to complete an HDI design?
Typically, “Yes” = You’re routing 3D, Z-Axis

HDI and Via Fanouts - Fine Pitch BGAs

* Fine pitch BGA - <.65mm, .5mm (must be used)

« Sequential lamination - multiple stacking options

« Thin materials - down to 50um [0.002 inch] dielectric

« 3D Routing is more challenging from a layout perspective.
« Improved signal and power integrity performance

« Don’t Stack Vias low reliability
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Printed Circuit Engineering — Start Data

Metric vs. Inches

As shown on a 1.0mm pitch BGA
Do you value accuracy?

Use Metric because the parts are metric in
their pitch, pad size and body dimensions.

Don’t us round offs because they’re
inaccurate! You're not solving for one, rather
you’re solving for many rows and columns.
Tolerance errors accumulate...

The imperial measurement system is based on
England’s King George IV in 1825 and his rule
of thumb.

Metric VS.

Via Data

Pad: 0.50

Hole: 0.25
Anti-Pad: 0.70
BGA Pad Size: 0.5

Trace/Space Data
Trace Width: 0.1
Trace/Trace Space: 0.1
Trace/Via Space: 0.1
Routing Grid: 0.1

Via Grid: 1

Part Place Grid: 0.5

PCB Carolina 2022 2

(Inches)

(0.01968498)
(0.00984249)
(0.02755897)
(0.01968498)

(0.003936996)
(0.003936996)
(0.003936996)
(0.003936996)
(0.03936996)
(0.01968498)
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Printed Circuit Engineering — Start Data \\

Mechanical Dimension Styles

Our Fab-Drawing should have no accumulation of tolerances (Relational style - accumulates
tolerances).

Positioning may be relative, but they are entered in an absolute format. Then
manufactured in absolute format known as NC (Numerical Control) referenced from 0/0 on

a Cartesians Plane.

Relational Dimensioning Style Datum Dimensioning Style

8 | 'f:’"i’»;ﬁ > 1) I A TT | | ‘I | |
e AGSEYPPR T 5.46 L 248 1M i

Relational style dimensions = Bad Datum style dimensions = Good
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Printed Circuit Engineering — Start Data

Mechanical Constraints Data Base or Drawing

o000 0090909090909090%0 50 L
© Usable Placement Area

o Primary & Secondary Sides

0:..::' : SRR S d

PCB Carolina 2022 i

Mechanical Constraint
as received by DXF,
Step-file or pdf:

Usable Board
Placement Area

Feasibility Study is
often done prior to
official CAD-start



Printed Circuit Engineering — Start Data First Effort... \\
Feasibility Placement Study

sl mic — : . : .
- :::ﬁ—: 0] oo | it 1 - Prlmary_ Side: Active Devices
Sr@rizsE *r—r——— Shown in Blue

TRPE L = e —
m“ T 4—’
et IS B -
f_‘r-]-‘ R (L) | tee— el o p
£ o I ] e S : : :
ggi:;:";".. J— . Secondary Side: Passive Devices
fom =z, ] Shown in Red
= o I 1o bl R R L . . ~
(:!o_.;gf - . | | . ]

R AR R A R R R R A AR O R R A ettt csrssssssssssesssmanssseEERER S QUICK Rooms component
?-Efffi{533;f{fﬁfﬁff?;EjE_fjiﬁfjfjf‘_ijj?jijffﬁf{f{ii}?;i;fgf{f}?{5}'{55':;3{3}?}53':555.7;2 SRR dispersement shows
Usable PlacementArea =~ | - some feasibility, thus
- Primary & Secondary Sides” |oiiit oo DFMIDFAready.
§~j;?;£f.;E;E;i;f;.‘;Z;Egf;i;?;:gfg:;f;_;'-.;;jE;-.;};ézi;S;i;5;5;&;23;5351;5;5;5;5;%;5;&;?;E;E{E;i;?;%i %%iﬁi%i"i:’?a’fi'2‘.";";";"’;";';3233“;?5';";;"3 Quickly observed, this is
Lo ;.;.:._.;.;.;.:.;.;.;.;.;.j.'._'.:..".':..'..".':..' e e R MK H KN W RRSUEUNELLICECSIRRWLEREREEETwLEREe N . ’y
Gl R (o ! O | Bmwemasann s aan e S8 s aweane  Probably “Not Feasible

“le o Yo | B e S et
@i " U To many components to

fit in circuit board area.
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All Split PWR Planes
can have dual usage;
PWRs & Traces

A

Split PWR Planes Under a BGA
Help to Balanced Copper

g ok

Split PWR Plane

Uninterrupted GND Return Plane



Balanced Copper Core - Split Planes & Uninterrupted Planes

)
.......

Balanced Core Pair of Layers — Signal with Back-filled PWR Flood (Left) and GND Return (Right)

Split Power Planes Uninterrupted GND Return Plane

17



Signal Energy in the Dielectric ‘*

Signal Propagation and Return (energy moving forward & back)
However, it is not forward and back, rather, the energy field is
iImmediate between trace and plane in the dielectric material

“Materials are part of the circuit”

Not forward and back Fields exist in the dielectric
y SINGLE ENDED LINE 3 i SINGLE ENDED LINE y
> — —b — ’ > 2 > SKIN EFFECT TRACE
C R H Y VOO @R Y e R
v, L — +
_.b

DIFFERENTIAL PAIR
+ -

4—- V
+V I\l +V
—P o —b
S > DIFFERENTIAL PAIR SKIN EFFECT
— 7 = p — () () ) () MAGNETIC FIELD —P TRACE RA
GROUND 1 ( GROUND [ \ |

ELECTRO FIELD—

6 6 ; | GROUND PLANE |




Understanding EM Theory ‘*

 Electro and magnetic fields, \Where does the
energy exist, in the trace? NOOOQOQ)! -=====--- >

* Energy fields exists between the trace and the plane
(return path) within the dielectric material. — m%

« Why this is important — you’re not just connecting a MAGNETIC FIELD —b ;ﬁ/
route, rather you are managing an EM field. reeto Rl 2L LU\ Ghowio pue
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Signal Integrity Issues

MEASURED
ns OR ps

Rise Time (Tr) —| —

1.2V---|--

0.0V wmd

CYCLE TIME

OPERATING ﬁ-— MEASURED IN Hz

FREQUENCY

Rise Time (Tr)
Fall Time (Tf)

SLEW RATE (RISE TIME)

Ideal vs. Actual

OVERSHOOT
_/—RINGING DROOD = .
t
100% AMPLITUDE X Broor’
90% AMPLITUDE v ;
50% AMPLITUDE e PULSE WIDTH o
10% AMPLITUDE e r-w% AMPLITUDE
PREPULSE FALLTIME
DISTORTION ﬁ (DECAY TIME) ) BACKSWING
RISE TIME 4
(ATTACK TIME)
POSITIVE PULSE WAVEFORM

. X =
I' 1 PCB Carolina 2022 '
v

Trace length equal to 4 of the Rise
Time (Tr) signal integrity issues such
as reflections start to occur with any
iImpedance discontinuities

Power
.
Blnary n1n - - ‘m
- - -
oov 2 O :
Binary "0~ 4 M -

Time

Eye Diagram
* One pulse - left image
 Billions of pulses per sec. - right image




_ Most Important Net

» Copper Sheets have Two Sides (Skin deep)
« Signal Energy is in the material

o
& S
Q\}{‘?_\\é’ ...’
SKIN EFFECT — S TRAE K9 Y ) Q&c,&;\
A

- / >
MAGNETIC FIELD — H

ELECTRO F ‘IELC > 1 GROUND PLANE | PLANE

No BLACK MAGIC Secret for Stack-ups

- GND (0:0V) reference every signal

reference every PWR

When defining a Stack-up:

« Sketch a resistor symbol from your signal layer to
an adjacent uninterrupted GND plane

« Sketch a capacitor symbol from your voltage
layer to an adjacent uninterrupted GND plane

21

PERMETER

PLHN

GR&UND PLANE T : \

GROUNDS P: ANE % : : s

- AN% /ﬁ'

3

L

T % YOLTAGE PLANE

AN[ |

;@\ il
GR U{iﬂ PLANET

WLR PLA
1
CROUND PLANE-T

L/

20!

§ PLATING

Determining a Stack-up

PLRIMETER
GROUND

W 12 Layer Stack- up
D— -

LAYER-I

LAYER-2

LAYER-J

LAYER-4

LAYER-S

LAYER-6

LAYER-7

LAYER-8

LAYER-S

LAYER-K

LAYER-1

LAYER-12



Reversed Treated Copper Clad Cores Determining a Stack-up

PIRIMETER

Signal Energy is in the Material, Plan EM Field Locations = "%5" 12 [ ayer Stack-up "
using Low Tooth Profile, Reversed Treated, Copper Clad O— —

Cores i.e.; L2-3, L4-5, L8-9, L10-11 (As shown ‘ ) 8 — LAYER-1
crz&u;«n PLANE | 5 \ .
T

LAYER-2

ui_%% g
: GROUND\ PLANE T
MAGNETIC FIELD —9 re LAYER -4

]|
ELECTRO FELD — - , ‘\ GRWW WER PLANE ﬁ( > I(;;Puu(
Prepreg — % L LAYER-6
. . 1 [ vorace prane . LAYER-7
oW | Il'll

Reversed Treated "
Coppef Clad Core Copper Clad Core

SKIN EFFECT TRA vy |

LAYER-S

POWIR FLANL ] LAYER-8

LAYER-S

T CR! LAﬂ PLANE-T }
EM Field is Better T % pwﬁ_}:’”
Suited Between | T cfoulp pLANET e
Reverse Treated ? % % /
Core

BAL TR LAYER-12

"Reverse Treated R PLANE PLATING LA L
22 Copper Clad Core > -y




Printed Circuit Engineering — Start Data "

Stackup Design

Design-Request vs. Fabricator Stack-up with Manufacturing Tolerance Allowances

CAD Design by:

12layer Class 2 Customer Lyrs 1.12 Lyrs 112
FR370HR RoHS Pat # Ling 52 Lee 38 Space 62
Part Rev Zo 50 | To & 2d 100 Tel 10
; Bac /Ay X
Overall board thickness to be 1.57mm (.062) as required. 1SU Too! b : 80 X 240 Trs 35810 s 35880
Surface finish NUAU SU Rev = Cust The [ 62 « [ [tne3s Lme 325 |Spece 475
Y2 0z CU on all layers, plate outers 1.4mils, and plate drill layers as required Date Cal Fin Thi 623 Overat 20 50 | Yo % 28 100 Tl 0
Name 58 69 ..
Mech. Thru via L1-L12 .020pad/.010drill
Via in Pad, non-conductive fill, coplanar finish [_Type [ O | [ F JType] ™k [ Er |
Zo | Une 24 | Loe | Space| Lime |
Impedance designed features: routed on .1mm grid Sas ; io —
* 50 ohm +/- 10% .00394 Trace & space Layers 3, 5, 8, 10 @ 1) " 501 [520 997 [380 | 620 [380 ] "
* 50 ohm +/- 10% .005 Trace & space Layers 1, 12 FRE0G 12 Preg 298 344
Differential pairs routed on .1mm grid with a .2mm differential pitch " . [ 80 P 60
e 100 ohm +/- 10% Differential Pairs - approximately .0033 Trace & .0046 space e 4 o IC:'I 3:33
e Used on Layers 3,5,8,10 FR406 60 Preg 465
* 100 ohm +/- 10% Differential Pairs - approximately .0045 Trace & xxxx space } 8 _Pin &
v X FR406 & Core 383
e Used on Layers 1, 12| P Se] ®
FRIQG 60 Preg 468
12 Laver Stack-up Single-Stripline 8 Pin__ 80 %
Layer 1 Top GND/PWR & -.00_ trace-via fanout, a few diff-pairs FR406 Core 1161 3
Layer 2 GND . 9 w6 )7 '
Liysw o SigualEWE. N 2 [5g] & " 501 [3%] w01 [ 3% 415 [3%] %
Layer 4 GND FRA06 B [__Coe 383 381]
Layer 5 Signal/PWR [0 P o0 1% [ I 3
Layer 6 GND FR06 60 Preg 465 340 ) )
Layer 7 PWR - [ 2 cSog 3&3; 10 501 | 3% - IL?-M [326] 475 [ 326 1 "o
Layer 8 Signal PWR D p?n ° % ] [" ¥
Layer 9 GND ERE06 12 Preg 296 3
Layer 10 Signal/PWR &0 %2 501 [ £20 997 [ 380 | 620 [ 380 ] M2
Layer 11 GND 130

- ______

Sample Stack-up Request to be Submitted to Sample Stack-up provided by
Production Fabricator Production Fabricator

Layer 12 Bottom PWR/GND & .00_via fanout, a few diff-pairs
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Parts Placement - Review & Approval

schematic or application note. Shown on right

All relative components should be included in

Unions build up as a placement grouping from the

these groupings. Replicated with Multichannel

Placement functionality.

Build about a Metric VIA GRID Routing usage with
consistent characterization and repeatability. As

shown below

li S
—

F

B ,
iEs ' S L 11T SN0 5 0, @
o . i (TN TAERRT FFURTTRRRFRTEOURE S/ .
.
i - " i
T OB
n 1 2 = ne
L g
@ sveessecsesesnanares @ ceescescsssestsciens L
— o 2
L =
. :
- '."" “' LR B L L :-
. ™ =" E
2 e "R e "‘v‘f!;"'--"" : -
$7 311 =2E . Hessssssssssses sswesbssnnss -SL- wedasone Hess messssese -H
s | K. SRNRNANNNANNNNL SRRARRUNRNAE SRARARRETIIIS R
=.'0 . . * .
-

Unions Create

d Outside Board Outline, Floorplanning




Parts Placement - Review & Approval SCEGuehe i o

— 3
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.
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. i ~~ . . .

R v st
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4
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Hiran
5 |
t“_. Las
"y
[uu&
'l!l am

7

: B
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Y

WV ame

EEXE

A

i
i

> ’288338333883388’!“828-»... csevscssssess |=::: [eececssss W=
o l i . ®
Floorplan Placement of Union Groupings Color Coded Net-Classes

- Placement Aid



Parts Placement - Review & Approval

PCB Carolina 2022 ' &

iisistatateniisiiteiiny Create UNIONs (Groups of associated Parts)
i :.:- Sew ox.uu. o Srraeaty .. o.uo n‘uux’n g
'n 4 . ... 3 - oo n . W|l‘ " .". ..o g - i.:.: :: :: §
23 AT s e ':"}'.'.:'." b i e e A O
» . - H, q’:’?’:’m’ 'n m.io X "'io e o:.\‘°:.'.:
..!‘. TR - Y. G- - '
Basnnes Cnde s e .: o .. .‘ ..: T ie @ .i 'l"‘& “‘L 'S i 9! ... '
.................... o P s ;. 20’0.“0 ! _}- ) :. ——
’:1 - }“oo 3 | v :‘\1 ': “‘-:
Marvel CPU ..f.-c.xg - 1o
|
One component Q.|
grouping called by 3 v L ..:;.
5 unctonal IS et
name Marvel CPU ° .-
114 Unions placed 2 629 Individual
as functional Which would you prefer to do, sit with your engineer and place R -
blocks 114 Unions or 2,629 individual components ? pe
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Routing — Planning & Overview =EEe -
e
* Stack-up == |- .
— e
e Constraint rules (DFS — DFP — DFM) L4 M@ &l |
* Planning and feasibility during placement T ey T |
ﬂd?.“'; | }“‘l ‘;" s [
* Solving the surface with SMT: e
o Pin escape T :

‘mmi  immi
o Short pin to pin :

o Power source

i
™ .

}tcb

o Testability
* Power (Source —Distribution — Usage)
* Route critical (constraints driven)

* Route bulk (is auto-routing acceptable?)
* Route clean-up (DFS — DFP — DFM)
* Route review (DFS — DFP — DFM)




Routing HSD/RF - Review & Approval

Via Fanouts - BGAs

Number of I/O signals on a BGA can determine the layer count
Fanout

* Use a via-grid with factor of pin-pitch that matches each BGA,
reset origin to pin.

* Simplifies fanouts, makes them consistent.

* Wagon wheel fanout from BGA center - Allows power rails more
robust entry to core power, as shown on bottom image.

 Wagon wheel route-away from BGA center in a quadrant manner

to minimize cross over and layer usage.

Pin Swap
* Make routing more direct, fewer layers

“No Micron Left Behind”
optimal 1mm pitch BGA

\: two track routing
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Via Fan-out, Power Dist., Completion, & Clean-up “

Power Delivery — The Source

(Follow the app note)

29

Isolate GND Return to the
main device, to best localize
and filter noise

Ensure sufficient current
carrying capacity in all traces,

surface planes & vias

Any High-speed or sensitive
circuity should avoid this area

Use Shields and Via Fencing to
isolate all directions XY & Z

 —

A
+—IN OUT
+]C11 GND + | C2 C3

o ==
100uF ‘10uF 100nF
2 4

(A7 (Je
r@‘\-- Wﬁn

UL e lealca (’_-]



Via Fan-out, Power Dist., Completion, & Clean-up

30

Power Delivery Challenges

- When you talk about routing you should consider your

power delivery early.

- Don’t reduce plane areas with choke points, same layer or

layer to layer. On each layer consider the anti-pads that
will add openings, making it look like Swiss cheese.
Consider the amount of vias required from layer to layer.

- Always associate voltage planes with ground planes in a

multilayer stack-up for capacitive/inductive coupling.

PCB Carolina 2022 _ '




Power Delivery: Source — Distribution & Usage 72 Cuolie 20223

. 3
Wlﬁfé:,,.l' =L |
3 ’u ‘_-] T i Tomeo F ph !

P T,

PWR Supply Layout and Schematic - Source
L# Solid GND

Distribution Pair —{ “'g Split VCC

L# SplitvcC |
L# Solid GND

L# Bottom

Usage Pair —{

Distribution and Usage Pairs

Uninterrupted GND Return Plane - Split PWR Planes

Distribution
31



Via Fan-out, Power Dist., Completion, & Clean-up \\

Solving the outer Layers first

Route the outer layers: SMT pins to via-fanout using a via grid. Then route surface only connections.
Once completed the outer layers should be DRC'd and locked down as unmovable.

.
2222 Ae

: - <
The outer layers A R i 2 ! .
now may be used i i |

for power flooding
areas, assuming
next layer down oy

(Layer 2) GND plane

i

'r e

(Un-routes shown)

.~ £l
"ll H -
. 111 , g e
ibéki 1. )
@
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Signal Layer Usage: \\

* Once outer layers are solved and DRC'd — Which internal layer
should | start routing on? Most people conclude a top-down
approach and that is wrong. It leaves the most via stubs.

......

[ Yoadusn pa ¢\
@T L3 Y V=& L] ‘?"'

* Therefore, maximize lower layers first when routing. This will | e g e o
allow for Power Distribution layer-pairs positioned higher in the |tz
stack-up and closer to the device of use (Reduced Inductance). ] iy (e |
* Fabrication allowances should be made for plating, if routed on = [ e ee i
outer layers. Digital signals when routed stripline (inside of GND s @ ;:m;L
planes) will better contain emissions. N ’

» Digital signals perform best when they use the maximum depth &=+ —=2
of every via, leaving a short stub on the via. e

Thru-Hole Via w/ Backdrilling

Traces

Via Stub




POTOUY UV Al v
900 S90000OGOO SOOBeY
090000000 000000000
9000000 000000000 00O
©030 900000000 0000 OY

9000090000 0009009004

0000 00 000

o8ae

oosesavse

000 000000000
VB0000BB0 aud

oo0ooee

)OS0 00000OR0S o0eo0ee
000000000000
o ROSSSSsENS
000000000
AAAAAA 40000
08000000000
000009000000
oS00 OBDBOIORNSY
20000009

All Split PWR Planes
can have dual usage;
PWRs & Traces

A

Split PWR Planes Under a BGA
Help to Balanced Copper

g ok

Split PWR Plane

Uninterrupted GND Return Plane



Via Fan-out, Power Dist., Completion, & Clean-up \\

Solving the Inner Layers next...
Prior to routing the inner layers, the outer layers and all vias are locked down.

The inner layers are a resource to solve all remaining signal and power connections.

Insure a GND return path is adjacent to every signal layer on at least one side.
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Electrical Performance of Advanced Routing

Improved Routing Software Enables Productivity

36

» Take advantage of automation

e Auto-interactive

Q

L
o 0
LR J
Q
LR
Q a
LR

* Does it allow designer control?

* Does it produce manual quality?
* After careful via fanout

* Quickly solve large amounts of rules-controlled busses
* Gloss & Retrace

* Better diff. pair quality and implemented faster

* Pad entry, change width gap, etc.
* Routing Cleanup

 Every layer, every trace

Never Auto-Route the Entire Board Inner & Outer Layers

PCB Carolina 2022




Routing HSD/RF - Review & Approval \\
Routing — RF style

The RF circuit is often lower in volume of routing, but it is extremely more sensitive to
every feature in its routing topology.

Wider traces provide a less lossy transmission and require increased dielectric thickness

to maintain 50-ohm impedance. “Welling down” to a lower layer may be rqu
Reduce Signal Loss (Df): wide traces, low loss material, low profile copper.

Vias on transmission lines are problematic because they often leave radiating stubs. ]

Coplanar waveguides are often utilized to control EM (Electro-Magnetic) signature \ ]

with shield GND vias along the way. (3 Images) —_— s (B
Isola’s ASTRA®MT77 g

!3.22??'
s a great RF laminate with low loss
performance points similar to PTFE
material but it's not dissimilar to other
epoxy materials in the stack-up, will

improve long term product reliability. - | v ___
(Mostly neat resin w/ a thin weave) o €, |

37
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PCB Caro/ma 2022

Routing — RF Circuits

Design Practices to Reducing Loss . . .

RF Keep-outs & Ground-wells on:

3 Factors Contribute to Insertion Loss (Df):

1. Wide Traces = with matching dielectric thickness
2. Copper Profile = Rz .7um - 18um (.1-.2 dB loss/cm)
3. Material Dissipation Factor = Df .0009 to .020

At 10Ghz - 80% of all loss, dominated by trace width
and copper roughness, measured (dB/cm)
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Layout — Summary “

Technically Appropriate Materials

* Don’t Let someone select your component values,
don’t let them select your Material Values

Solvability:

« Capture Circuit & Mechanical, w/ Appropriate Rules

« Co-Engineer with Fabrication & Assembly Supply Chain
* Place & Route with correct by construction DRC’s
Performance:

* High-Speed, RF and Antenna - Signal Integrity, Thermal,
EMI/EMC, & Power Delivery

Manufacturability:

 High Yield = Low Cost
* High Process Producibility
« High Quality and Reliability
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