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Today's Topics

 PCB Materials

— Conductor Coating Material

— Laminate Material

» Impact of PCB Laminate on Signal Integrity Types of
PCB Laminates

— Based on Materials used
— Based on Application

* Properties of PCB laminates
— Soldering Materials

 Panel and Panelization

High Speed PCB Design: Lecture-2 © Rashad.M.Ramzan 20010-11 2




Terminology

Conductor

Material\

Core. — RN

Pre-Preg ——

Solder Joint
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Sample 10 Layers
(6 Signal Layers + 4 Plane

Solder mask-S 1 (Component side)
Li-Trace-Top 150z —rlmhad™. T |
L2-Plane-Gnd 100z . 0MilCore
[ e ey
Ld-Trace-Md i 6 mul Core
* [aminate Material L$-Plane-Gnd 100z > mil prepreg
L6-Plane-V,, 1.0vz 6 mil Core 0.06371

e Conductor Material L7-Trace-M7? 050z 5 milprepreg

- Al LS TraceMS 050 _ 6milCore
L9-Plane-Gnd 100z 5 mil prepreg

- L10-Trace-Btm 150z _ﬂci _
sttt (Solder side)
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Conductor Material

[

A -Prepreg method

B: Foil Methad
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Conductor Material Types [T

* One ounce of copper means one ounce (28.83 grams) of
copper spread over one square foot of laminate.

* Many Types

— Electro deposited, rolled, annealed, treated for stains proofing etc

One Cunce = 28,83 grams Relative conductivity of some metals
Weightin Cz/Sqft. | Foil thickness in microns Metal Relative
{approximate) Conductivity

1 35 Gold 100

0.5 18 Copper 98

0.25 10 Alurminum 60

0.125 5 Nickel 27

2 70 Iron 17

3 100 Lead 15
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Impact of PCB Laminate
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Impact of PCB Laminate

Medium

Air (radio wave)
Coax cable

FR-4 PCB, outer
FR-4 PCB, inner
Aluminum PCB

Delay (ps/in)
(1ps=10"%s)
85

113

140

180

240-270

Dielectric
constant
1.0

1.8
2.8
4.5
8-10
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System Level Performance

— Limits Rise Time

— Long rise time limits clock speed
— Results in tight noise budget

— Signal Distortion beyond recovery
in extreme cases

Distance signal travels with Signal

Integrity

— Impact to signal Integrity is
proportional to total net length
and material on which trace runs.

Rule of Thumb: 10ps degradation in
Rise Time for every inch of FR4
trace.
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‘\Aﬁer 4" an FR-4

7
I
i \Aﬂerﬂ' an FR-4
eed | ¥

Initial Rise Time 50ps, Timescale is
200ps, measured using Agilent 86100
TDR

[ [10inchesiong |

40 jnches long
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Jt_)fs bit stream, FR4 Material 9

Impact of PCB Laminate

e Feature Size and Control

— Wider lines are fast and
give better impedance
control and lower
resistance.

— Differential Signaling
helps but make 10 pad
design and routing a
challenging job.
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1420
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820 e
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420
220
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Voltage -mV-

-180
-380
-hB0

[u] 100 200 300 400 500
Time (ps)

2.5Gbps bit stream with 4mil and 8mil
Traces, FR4 Material

1 Gbps, 200 psec/div. - 2.5 Ghps, 80 peec/div

BEndpre
! 1
5 Ghps, 40 psec/div

15 Ghps, 27 psecidiv
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Impact of PCB Laminate

Board just run

Speed Materials

Eye Diagram of 2.5Gbps PRBS
signal through 26 inches trace on
FR4 through back-plane using
Agilent 7162 Bit Error Rate Tester

better on High s

Imput

== a= =
!3.
;
'!.

Outpue

= -

p =) am
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Impact of PCB Laminate

SYSTEM EYE PATTERNS (2.4 Gbps)

GETEK

Courtesy AMP Circuits and Design

FR-4:
Jitter = 01101
Cpening = 732 m

GETER.
Jitter = 0208 LI
Opening = 780 mv

ROGERS 4350:
Jitter = 0.07 LI
Opening = 888 my

ARLOMCLTE:
Jitter = 0.05 LN
Cpening = 820 m

The output waweforms shown
result from a 1 volt, 32 bit
inwverting K28.5 input bit pattern
(2.4 Gbps, 60 pS edges) thatis
applied to a system with bwo
through holes beo AMP HEX
connectors, and a 12 mil, 50
ohm stripline trace that is
approximately 18" long.




aaT
_Laminate Impact on Signal Integrity TEEH

Attribute | Main Effect Cause

Skew Effects Timing Unequal Dk on
circuit
Rise/Fall time Effects Waveforms | Loss of high
Shape frequency
harmonics
Noise. X-talk Effects Waveforms | Mutual
’ Shape Coupling(Dk)
Jitter Effects Timing Micro Dk Control
Attenuation Effects Waveforms | Loss of full signal
Shape Energy, High Df
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Types of PCB Laminate

« All materials are basically composed of woven
glass, plastic(resin) and copper. The mixing
ratio enhanced the electrical properties.

e Three major Types
— Enhanced Glass (Std Glass)
* Dielectric Constant =6.6 Loss Tangent =.0012

— Silicon glass (electrically enhanced)
* Dielectric Constant = 4.4 Loss Tangent =.0006

— Epoxy Resin
* Dielectric Constant =3.7 Loss Tangent =.02
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Types of PCB Laminate

Different Types of Fiber Weaves

106
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Properties

 Electrical: Determines the speed and Signal
Integrity Properties

— Dielectric constant
— Loss tangent
e Mechanical: Determines the reliability of board
— Glass Transition Temperature
— Thermal coefficient
— Elasticity , brittleness, drilling qualities
e Manufacturability: Determines the yield and cost
— Stacking qualities, yield, Moister absorption

High Speed PCB Design: Lecture-2 © Rashad.M.Ramzan 20010-11 16




Dielectric constant (DK) T

— Is measure of how much charge two conductors can
hold at a certain fixed voltage. Low Dk hold less
charge and high Dk more charge. Its also measure of
the ratio of velocity in conductor and free space.

— Determines propagation velocity and amount of
capacitances during coupling

— Low Dk leads to large feature size
— Low Dk material support better impedance control

— Dk of most material drops with frequency , flattens
about 1.5 GHz
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Loss tangent or Dissipation factor (]

a=231tan (5) « Ve
Where: o - Attenuation in dB / inch.
f - Frequency in GHz
fan (3) - Loss fangent of matericl
eeff - Eifective relutive Er of material

— Is measure of how much electromagnetic energy is absorbed by
dielectric material. Like microwave oven, things that heat up
quickly has high loss tangent. Glass and ceramic are low Df
materials.

— Loss is frequency dependent, increases with frequency.
— Low loss improves signal integrity.
— Low loss allows more ringing from x-talk impedance mismatch.

— Low loss make more efficient wireless amplifier.
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GLASS TRANSITION TEMPERATURES FOR TYPICAL PCB LAMINATES

& Typical Z-axis Expansion Using Thermal Mechanical Analysis {TMA)

alpha 1= 50 x 10°In/iniC
5 alpha 2 = 275 x 10" IndiniC /1| PR 51
1 1
W TCE Copper = 16.5 x 10°infin/C / -2 Multifunct. §4.7%9
[74] | I . -3 Multitunct. {4.5%)
u . TCE Glass = 11 x 10"Infin{C Mieking Point of eutectic alpha 2 / / -6 Multifunct. (4%
5 sakier 188 [ f{ BIT Epoxy
|:I__: \ / / GETEK (3.8%
= 4
w 3 //A ad -2 Polyimide (3%
% / Cyanate Ester (2.3%9
MNote: Excessive Z axls Elpﬂﬂ'ﬂlﬂﬂ "
; z stresses plated copper in via /"' /, / / / 4 Polyimide (2%
holes oF barrels and can result in f / /
fractures that are Intermittent /
open circuits. ;: 'A
i i //J-’v/‘i: A
alpha 1 ______.A #‘
___.--,.)»--' Tg = Glass transition temperature, knee point on curves
’ — i e s S
[=] "] [=] [+ ] [=] ('=] (=] wr f=1 uwy =1 r =2
N ® ~ g 8 2 = ®§ N & & 8§
TEMPERATURE, DEGREES C
High Speed PCB Design: Lecture-2 © Rashad.M.Ramzan 20010-11 19
® g g B - )

f=.35/Tr
Where:  {- Frequency in GHz
Tr - Signal rise or fall time (Tf) in ns

Analog materials generally

— Lower Er that is more stable over frequency and
temperature.

— Tighter tolerance on dielectric thickness.

— Often offered with rolled or ED copper. Digital materials
come with ED copper only.

* Few analog/RF materials are for multilayer applications.

» All digital materials are for multilayer applications.

» Loss tangent lower in analog materials, often by a factor of 10
or more.
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Materials intended for

digital applications

Material Er (* at Thickness Copper Multilayer  Loss
1.0 MHz) tolerance style compatible tangent

EH 3.9 -4.6* +/-1-2 miks El only Yes 02-.03
FR408 34 -4.1* +/-1-2 mil ED only Yes 01-.015
BT Epoxy 3.9 -4.46" +/-1-2 mik ED only Yes 015 - .02
Cyanate Ester 351 +/-TZmis— EDonly Tes 009
Polyimide 40-45  +/1-Imk___ EDonly Ves 0
GETEK 3541 +/- 1-2 miks ED only Yes 012
Nelco 4000-13 3.7 (1GHz) +/- 1 mil ED only Yes 01
Telco 2000- T3 3.5 {1GHz) +/- 1 mil ED only Yes 007
Nelco 6000 3.5 (1GHz) +/- 1 mil E] anly Yes 008
Neleo 60005 3.2 (1GHz) +/- 1 mil ED only Yes 005
Speedboord N 30° +/- 1 mil Prepreg Yes 02
Speedboard .6-1T +/- T mil Prepreg Tes 004
Alon 25 / Rogers 4003 34 (10GH)  +/- 1 mil ED only Ves 0027

ED = Electrically Deposited
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Materials for Analog Applications

Materials for analog applications
Material Er (10.0 GHz) Thickness Copper Multilayer  Loss
tolerance style compafible  tangent
Rogers Ultrolom 2000 2.4 - 2.6 +/-.5 mil ED / rolled No 0019
Rogers 5870 2.3 +/-.5 mil ED / rolled No 0012
Rogers 5880 21 +/-.5 mil ED / rolled No 0009
Rogers 6002 2.9 +/-.5 mil ED / rolled Yes 0012
Rogers 3003 3.0 +/- 1 mil ED / rolled Yes 0013
Rogers 6006 6.15 +/-.5 mil ED / rolled No 0019
Rogers 6010 10.2 +/-.5 mil ED / rolled No 0023
Rogers 3006 6.15 +/- 1 mil ED / rolled Yes 0025
Rogers 3010 10.2 +/- 1 mil ED / rolled Yes 0035
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Material Reference List
Material le (" Tan(hy DBV (V/imi)| WA, %
Standard FR-4 Epoxy Glass 125C 4.1 0.02 1100 0.14
Multifunctional FR-4 145C 4.1 0.022 1050 0.13
Tetra Functional FR-4 150C 4.1 0.022 1050 0.13
Neleo N40O(0-6 170C 4 0.012 1300 0,10
GETEK 180C 3.9 0.008 1100 0.12
BT Epoxy Glass 185C 4.1 0.023 1350 0.20
Cyanate Fster M5C 3.8 0.005 800 0.70
Polyimide Glass I85C 4.1 0.015 1200 0.43
Teflon N/A 22 0.0002 450 0.01

# Measured with a TDR using velocity method.

Resin content 3574

Te = glass transition temperature DBV = dielectric breakdown voltage

e, = relative dielectric constant WA = water absorption

Tan (f) = loss tanvent

All materials with woven glass reinforeement exeept teflon,

NMote: Teflon is not a multilayver PCB material,

. .
When to use high Frequency Lamlnatef-.?:-_f;__ it

When trace is very long, signal attenuation becomes
a major issue at high speed.

Improved impedance control i.e RF PCB Design

When future upgrades to higher speed are required,
to avoid board swap.

Back plane of giga bit communication system

Space and military application, for more mechanical
strength, temperature tolerances and fire resistant.

Special application: Wireless base station amplifier
and interface board, laser driver and serial driver
board for optical communication
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. Application That Lead to High Frequency %

 Optical networks _
. i Serial ATA 1.25 Gbps
— 10gbit/sec system are in market now. Hypertranspon 15 Gbps
— This operates 0.6ghz to 3ghz on every AGPSx 2.1 Ghps
channel. Infiniband 2.5 Ghps
— Very fast compared to 125-600 GHz PCIExpress 25 Bbps
para”el bUS. Serial ATA I 25 Ghps
. Xaul 3.125 Ghps
¢ Para”el Compu“ng PCIExpress Il 5.0 Ghps
— Large parallel buses switching at same | ac-12 9953 Ghps
time 10 GhE 10 Ghps
— Still uses single ended circuitry Ae-7ee 81 Ghps
compared to differential circuits, makes Some current and next
design much harder. generation High Speed
Buses are getting close to
100Gbps
High Speed PCB Design: Lecture-2 © Rashad.M.Ramzan 20010-11 25

Cost vs Material Type

+ B8000-21 Si

Rogers 4350

6000-21
1S ‘”T\ " 400013 si
-
Megtron V 4000-13
R ~ Megtron
M - FR 408
IS 620 FR-4

&>

Cost

] 0.002 0.004 0.008 0.008 0.01 0.012 0.014 0.016 0018
Loss Tangent at 10GHz
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Moral of Story

* Most digital circuits today (0.2 to 2.0 ns rise
and fall times) can use FR4 as a base
material without concern of circuit
malfunction.

« Always analyze analog circuits to compare
the operating parameters of the material with
the acceptable losses in the circuit.

 Then choose the material most suited to the
application, looking at cost as only one of the
driving factors.
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Soldering Materials

e Traditional Solder is an amalgam of Tin and Lead.

%Tin  %Lead Use
60 40 Good for all electrical and mechanical work
45 55 Very liquid used in plumbing . Flux
* RoHS Directive (Reduction of Harzadous Solder
Substances) —bans Pb is Electronics Products
Lead Solders: Lead-free solders:
* SnPb37T « Sn93,5-Ag3.5-Bi3 » Snd2-Bi58
* SnPb36Ag2 *« Sn95,5-Ag3. B-Cul,7  »Sn%6,5-Ap3 5

* Sn91,9-Ag3 3-BidR » Sn9. 3-Cul), 7
* Sn96-Ag2 5-Cull5-Bil  +» Sn89-Zn8-Bi3
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gl
Pro-Cons of Pb-Free Solders -3_?_ 2

USA populatlon Source: American Scientist

Measured
_Fa i boog
in humans

* Pros: Health Safety

« Cons: Sn whiskers, High temp
soldering, At high temp low mechanical
strength, low reflow soldering window
(20C-40C), patent issues, Corrosion in
unmodified wave soldering equipment
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Solder Joints and Reliability

Reliability
Mechanical Electrical Thermal Radiation Altitude
Cause Cause Cause Cause Cause
Mechanical High humidity, High temperature | Alpha particles, Pressure,
shock vibration, voltage, current, | storage, thermal | beta or gamma temperature,
drop, twist contamination, cycling & Ultra violet condensation
power cycling shock, high

operating

temperature
Effect Effect Effect Effect Effect
Solder joint Corrosion, Intermetallic Data loss, Deformation,
failure, interface | electromigration, | growth, solder embrittlement, embrittlement,
degradation, Degraded Joint fatigue, discoloration Corrosion
physical damage | interfaces popcoming
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Panel and Penelization

 Panel

— The raw size of laminate known as core come in standard sizes called
panels.

e Panelize

— To lay up more than one (usually identical) printed circuits on a panels
is called penalization The modules can then be separated after assembly
into discrete printed circuits.

Image areain X dimension/(board size in X + spacing) * Image area in Y dimension/(board size in Y + spacing).

Panel size Image area
127 % 127 107 x 107
127 x 18" 107 x 16”7
16" x 18" 14" x 16"
18" x 24" 16" x22”
24" x 36" 227 x 347
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Importance of Penelization

. . . —
Margins are required to ‘ | g o
hOId the boal'd dUI’Ing e e e ip}i:;ss_zxtendﬂn{i:imder;{u
. . . anly B piaces wil fit the usable
fabrlcatlon (platlng, 54 uteunfplhnpraduﬂionﬂunelw

drilling..) j ¢ T I
To facilitate automated

soldering and assembly 19500 21000
process

To reduce the cost in

high volume production .
Pr\ndn:;raim:!,B

Panel Barcer

Better to size the board |
] 18.000 :1 Wy

in advance so that X

; ; Given: An 18" X 21" production panel. The PCB fabricator requires a 0.75"
mUItIple boards fits on border for tooling and coupons.

one Wlth approprlate Find: The usable area of the panel.

; ; Solution: The 0.75" border requirement reduces the production panel by
margins and inter board 1.5% in both the X and Y dimensions.

SpaC|ng Result: The usable panel size is 16.5" X 19.5”,
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Penelization Example  JIE]

 Modified plata dimensions: 8.063" x .87 ‘
Altowis 10 pieces per ponel

_I_ A
19.500

-
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no0 Change: PCB' Y dimension by -0.180". This will
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Given: Inifial PCB with dimensions 7.700" X
4.000" fo be supplied as individual pieces. NC
roufe lane required befween pieces for singula- |
tion" into separate boards = 0.100". Usable panel
area: 16.5" x 19.5", currently af 8 pieces per
panel. See Figure 1.

cllow exactly 5 pieces on the Y axis. Change the X
dimension by +0.363". This still allows 2 pieces on
the X axis. [Assumes the same 0.100" NC route
lane for singulation]

Result: 10 pieces per panel, a 20% improvement
The original route area per piece of 30.8 in2 is sfill
available.
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Summary

 PCB Materials

— Conductor Coating Material

— Laminate Material

» Impact of PCB Laminate on Signal Integrity Types of
PCB Laminates

— Based on Materials used
— Based on Application

 Properties of PCB laminates
— Soldering Materials

* Panel and Panelization

High Speed PCB Design: Lecture-2 © Rashad.M.Ramzan 20010-11 35

Wakeup Please lets have JiE}

Some Food....

36




