Creating High-Performance,
Cost-Effective PCBs




How can EDA tools be applied
to save board costs?

+ What are the concerns with new materials and
manufacturing techniques?
Functionality
Parasitics
Time to market
+ Number of board turns
+ Analyze before building
Put the new design into an analysis tool
Optimize the design
Sweep design parameters to check for trends
Generate Spice models.
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Outline of Presentation

+ Stack Up Choices
- High Density Interconnect Technologies

- Embedded Capacitance
+ Materials Choices

+ Board Area
+ Buried Passives
+ Micro Vias, Via in Pad




HDI and Why?

+ Three Major Application
platforms
Miniaturization

Performance

+ Low Parasitics = High
Performance

+ Reduce costs
Packaging

+ Flip-Chip

+ Chip Scale Packaging

© Telecom Base Station

ANSOFT
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Innovative Board Stack Ups

Layer 1

Layer 2

Layer 3
Layer 4

Layer 5

Layer 6

Layerl
Layer 2

Layer 3
Layer4

Layer 5
Layer 6

Component
Signal

Power

Ground
Signal

Solder

Traditional Stack-Up

Ground

Power
Signal
Signal

Power
Ground

New Approach

L 4

*

Put the Ground on
the outside

Use HDI to:

+ Use thinner lines

+ Minimize holes in
planes
+ Minimize parasitics
+ reduce noise

« Mminimize time to
market



HDI and Embedded Capacitance

+ High Density Interconnect
- Micro Vias
- Buried Vias
- Via-in-Pad

+ Embedded Capacitance
- New Materials

- Different Stack-up
Techniques



How field solvers can help




Benefits of High Density Interconnect

+ Lower Costs
Reduces Layers
Reduces Size

+ Faster time to market
Auto-routing is easier

+ Performance Improvements
Thinner Lighter Boards
Lower parasitics
Improved Power Distribution Impedance

ANSOFT
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Microstrip

microstrip : H="5amil

—_— = 2 mil
—e—— W= dmi
—— W= fmil
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———— W= |0 mil

—— W= 12 mil

microstrip Zo
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microstrip : Er=4.0

e H= 2 mil
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siripline Zo

Stripline

stripline : Er =4
L
i H= 2 mil
L i H = 3 mil
———— H= 4 mil
B0 —

—e H=5mil
e H = & mil
i H = 7 mil

———— H=Bmil

embedded microstrip Zo

L. L.

3

Embedded microstrip

embedded microstrip : H =5 mil




Impedance Molrix Elements
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Coupled microstrip

Coupled Microstrip : Er =4 ,H=5mil

E—
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———
W= 2mil
— W= 4mil
L W= Bmil
- W= Bmil
- W= 10 mil
e W= z2mil
- . W= 4mil
- 5. h W= bmil
W= 8mil
Tl W= 10 mil
Sl

Impedonce Motrix Elements

Coupled Microstrip @ Er =4, sep =2 mil




Characterizing Ground Plane
Discontinuities

Standard Diff-Pair over Slot in Graund

5%
common mode

reflection

Magnitude (dB)
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Improved Differential Pair Design

Narrow Diff-Pair aver Slat in Ground
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HDI Technology
Micro Vias, Via-in-Pad and Buried Vias

Vias--Blind, Buried and Through

~ Conventional Buried Via
Conventional Through Via HDI Blind Via

~—0.025" —m

000000

=001~ HD| Blried Via

«—0.025"—»

A\

ANSOFT Conventional Blind Via



HDI Technology :
Micro Vias, Via-in-Pad and Buried Vias

‘Blind and Buried Vias

- Gained Routing
or Component
Area

] Gained Routing
Area

Standard Blind Buried
Via Vias Vias




HDI Technology
New Via Structures

Via-In-Pad

Coincident vias

Adjacent vias

Inset vias

A
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Characterizing a Standard Via




Standard Via
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Characterizing a Micro Via

=

Ground
Signal 1
Signal 2
Power
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Electrical Performance of a Micro Via




Decoupling Rules of Thumb*
( * engineering dogma)

use smallest chip you can
| ace as close to Vcc pins as possible

: don’t use Z5U use 1 decoupler per Vcc pin
d cap close to ground pin
use .01uF separ ate power
use 1 decoupler per pin place decoupler under I1C
use film caps doesn’t matter where cap is .001uF work best

1uF is preferred

. X7R preferred
connect directly to Vcc and gnd P

e decouplers by factor of 2

ten-to-one rule  useredundant vias

tantalum is closest ideal

A

ANSOFT

always use solid Vcc and ground plane use 4 decouplers per IC

always follow manufactures guidelines

your rule here



Characterizing a Standard Bypass

ANSOFT



Electrical Performance of a
Standard Bypass

Standard Bypass , Pads and Vias

N~ \
\\ \
L Inductance = 1 nH

Phose [degrees:

Induciive Reactonce |

\ Standard Bypass , Pads and Vias |
100

/ /
/ /
/ /

Frequency (GHz)

Imaginary part of Input Impedance (Chms)

Frequency (GHz)



I Characterizing a Micro Via Bypass
[—II—

— Ground

PPPPP

A
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Electrical Performance of a
Micro Via Bypass

micravia Bypass , Pad-fo—Ground

90

Inductance = 40 pH

Phose [degrees}

micravia Bypass , Pad-to-Ground |

-3

Frequency (GHz)

factor of 25

Imoginary port of Input Impedance (Chms}

less Inductance

Frequency (GHz)

ANSOFT



Embedded Capacitance Technology

Power Plane

4

1 oz. Copper

Embedded Dielectric /

A Ground Plane

ANSOFT



Buried Passives
Percentage of capacitors used for decoupling

Source: Various cards used in a high performance disk array

CMI2 Cache Memory Interface

@ #decouplers

B Other

ICE1 Escon Channel Card

O #decouplers
@ Other

CMC Cache Memory Controller

@ #decouplers
@ Other

IEA3 Data Path Adapter

@ #decouplers
B\ Other




Benefits of Embedded Capacitance

Increased packaging density

Frees up valuable real estate
occupied by discretes.

Potential for reducing size and
number of layers.

Lower inductance

Improved electrical
performance.

Reduces power bus noise and
electromagnetic interference.

Quality and Reliability improvement

Reduces the number of
capacitors.

Reduces the number of solder
joints

Note For more details contact Richard Charbonneau at
email CharbRA@LOUISVILLE.STORTEK.COM



Embedded Capacitance

PKG Dlscrete.SMT
_qizr Decoupling
L—) /VSMFC ‘\
: VDD
PWB 1, II
— T [— T T L VSS
Integrated

% Decoupling

i h ] Embedded Capacitance Layer

PWB
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Measurement Set-up

HP8753D Network Analyzer



Swept Frequency Data - FR4

7 Sep 1999 11:56:89
CH1L Z:R |in MAG ZUs REF B U 1: 16.111 U
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Swept Frequency Data - 44Dk Material

7 Sep 1999 12:81:8S
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Swept Frequency Data - 22Dk Material

| mpedance

Phase

11 Oct 1999 13:14:36

CHL Z2R 1in MAG 2.001 U/ REF B U 1: 21.862 mU
™ 51.683 148 MHz
PRm
Cor | MARKER 1
Dal 51| 68314 MHz
6 ~ —— vv‘v "A -
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PRm |}
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START 1.800 908 MHz STOP 3 0PQ. 000 ©P@ MHz
Frequency

Fabricated by:
3M subcontractor



FR4 Simulation results

? lrobetal Impedance Matrix
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Simulating High Dk Materials
In EXisting Board Designs

Signal Line

Power Plane

Upper dielectric FR4

T IL T P TS

Lower digelectric FR4
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Simulating High Dk Materials
In Standard Board Designs

Via Load Capacitance

Analyze capacitance loading

Via Characteristic Impedance

Dilectric Constant

70

60

50 ~

40

Impedance (ohms)

Characteristic Impedance

0 5 10 15 20 25 30 35 40 45

Dilectric Constanct




Crosstalk Evaluation
for High Dielectric Materials

Signal Lines p
g\ Power Plane

Ground Plane

ANSOFT



Spice Crosstalk Evaluation

Near End Xtalk
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The Perfect Via?

Signal Line

Power Plane

Ground Plane

Via Impedance Matching

Impedance
R >
N w

/r
v

0 50 100 150 200 250 300 350

MS»OFI- Relief Diameter
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Reduce Board Area and
Save Manufacturing Cost

+ 43% cost
reduction by
Honeywell

« What design
parameters are
affected?

+ Buried Passives




Surface Mounted Chip

Surface Mounted Chip

A

ANSOFT

Benefits of Buried Passives

Passive components
placed between the
Interconnecting structure
of board.

Frees up valuable board
real estate

Minimizes parasitics
Reduces noise and
crosstalk.

Concentrated on
capacitors and resistors



Buried Passives
Resistor Value Distribution

Distribution of Ohmega-Ply®™ Resistor Values

40% -

35%- @ 10 OHMS

30% | 30 OHMS

25%: 050 OHMS

202’5‘ 0 100 OHMS

g We
- s fonn
0% T @ 10 Kohm

Resistor Type (ohms) 100 K ohm

ANSOFT



Characterizing Buried Resistors

Ohms Per Square

Sheet resistivity (stated in Ohms per square) is dimensionless

* A square area of resistive material = sheet resistivity of resistive material

E.g.,a 25 Q/ (Ohms/Square) sheet resistance _]

Ll=WI L2 = W2 L3 =W3
Ni=1 N2 =2 N3 =3
R1= 25 Ohms R2 =25 Ohms R3 =25 Ohms

. Resistor value = sheet resistivity X ratio of element length to width (R =Rs X L/W)
E.g.,a25€Q/ sheet resistivity Longth
Length = 0.030 (30 mils)

Width = 0.015 * (15mils)
Resistor value =25 Q/ X (30mils/15mils)
=25/ X 2 squares =50 ohms

Width

Copper Resistor Copper

Trace Trace

/

Note: (1) Please click on the Design Guidelines to learn more detail about resistor design on the web site.
{2} A spread sheet program for Microsoft® Excel 97 nses to design the resistors and rec ommend their sizes and footprints can be downloaded from

our web site at Wtp:www ohmega com/Dest anRecommend.btiml or it can be loaded directly from here with Ohmega Presentation CD insert in your I drive.




Notable Quote

+ “ All of this Is exacerbated by the lack
of design software to predict the
electrical performance of embedded
passives”

William Borland
Printed Circuit Design August 2001

ANSOFT



Buried Resistors

ANSOFT



Why worry about a simple resistor?

/ “AC” Return Path

Circuit Model
. Cp
di
v = - L | |
dt R i =V
—-\AAN— R
Ip
e dt
_j— - TIT° %RL




Frequency Domain Characterization

Full-Wave
characterization of buried
resistor

E— S-parameters

A What about the time domain response?
ANSOFT




Time Domain Characterization

ﬂ_ T
7

frequency domain time domain
Guess at circuit topology?

Full-Wave Circuit Export

P

Frequency and Time Domain
Circuit Simulators

SPICE
orcad

a Cadence product family \\
Star-HSPICE PSpice !
Maxwell Spice

A\

ANSOFT



Single Buried Resistor
Full-Wave Frequency Domain

| |S11] Single Buried Resistor

D_

-

-10 F

| .
W/
{

Magnitude (dB)

-40

-50 |

-0 C ooy by by b

Frequency (GHz)
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Single Buried Resistor
Time Domain Spice Simulation

Voltage (V)

B A

Time Domain Response of Single Buried Resistor

05 B

Input wavelorm
Signal af Resistor
Input Signol

IE-009



Two Buried Resistors
Full-Wave Frequency Domain Results

S Parameters Two Buried Resistors

Magnitude (dB)

ANSOFT Frequency (GHz)



Two Buried Resistors
Time Domain Spice Simulation

Time Domain Response of Differential Pair

Input_n
input_p
load |

load 2

T T T S T T T T T T T T S T T T T T T A S Y S T N SO MO M N L
0 [E-010 cE-010 JE-0I0 AE-010 BE-0I0

05

\

Voltoge (V)

Time (s)




Buried Resistor Field Animation

ANSOFT
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Summary

Layerl
Layer 2

Layer 3

Layerd

+ New Board Stack-ups

Layer 6

- Qutside grounds/power planes New Approach
+ Allows new micro via bypass

- Embedded Capacitance
+ Predict behavior with excellent measurement match
+ Huge time and equipment savings

« Transmission Lines

- Design curves for single and coupled lines
- Improved differential pair behavior

Ground

Signal

Signal

Power
Ground



Su m m ary Via-In-Pad %
Coincident vias ﬁ

Adjacent vias i i
+ Vias

Characterization of standard via " = ﬁ
Characterization of much improved micro vias
Automated techniques for improving standard vias

4

Bypass Structures
Characterization of standard bypass

R New micro via bypass - 25x improvement!

ILFGCE Rt I-=

Buried Components
Characterization of a new manufacturing technology

*




Wrap-Up

HDI benefits

- reduced cost
- Increased performance

HDI required for future designs

Ansoft tools provide decision
criteria
- When to transition to HDI?

Overcoming inertia
- Board manufacturers promoting HDI
- Ansoft enables effective HDI design



