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Summary -

Signal Integrity Tools

— Simulation Tools: ... a lot of Manufacturers
— TDR (Time Domain Reflectometry)

DFM (Design For Manufacturability)
Thermal Analysis

Rule of Thumb, Every PCB Designer should
remember
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Altium Signal Integrity

» Perform signal integrity analysis at the
— capture stage and
— during board layout.
» How its Helpful?
— ldentify potential problem areas before moving to PCB layout.
» Capabilities
— Impedance determination
— Signal reflection and
— Crosstalk analysis
« Signal integrity screening is built into the Altium Designer
design rules system, allowing to check for potential signal
integrity violations as part of the normal board DRC process.

We will discuss more details in LAB sessions

High Speed PCB Desig: Lecture-10 © Rashad.M.Ramzan 2010-11 3

Altium Signal Integrity
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TDR(Time Domain Reflectometrﬂ/)

e Time Domain Reflectometry

— Initially Used for finding cable faults, Now
combined with Signal Integrity Analysis Tools, its
used for detecting faults in Boards, Packages,
Socket and Cable interconnects at Giga Bit rates.

— TDR oscilloscope is very popular for Sl and
Interconnect Characteristic. Its very visual and
Intuitive technology , its wave forms can be easily
correlated to Physical structure of Interconnect.
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TDR Oscilloscope
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TDR oscilloscope block diagram.

TDR oscilloscove is connected to the
device under fest via cables, probes and fixtures.

* TDR instruments are very wideband equivalent
sampling of 18-20GHz.
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TDR Waveforms e
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TDR Waveforms
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TDR Waveforms

L= IConnect[H] - Time
: Impedance
_ 4/ deconvolution
Open end _ T algorithms for
of the line :

separating the
responses at
different time.

The Probe has its
own impedance
that generates the
Ghost images

o

R
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Sl

True impedance profile minimizes the multiple
reflection effects and enables correlation between the TDR
trace and the physical structure of the DUT.
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Measurement of Input Packages and Die capacita
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Figure 5 - Compute input die ond package capacitance from
the TDR analysis. The capacitive value here is estimated to be
3.5 pf
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PCB Cost Factors
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Advance technologies
Laser Drilling

Increasing PCB Size (More Material Utilization)

Increasing no of Layers

Reducing Line width and Spacing

Increasing Drilled Hole

Count

Reducing Drill Hole Diameters

Adding Buried Cap and resistors

Adding Blind Vias

Gold Plating Requirements
Improved HF Material (>> FR4)

Controlled Impedance
Via Plugging
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Land Pattern Generation
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Comp.
Identifier
508

5014

5014

JEDEC L b1
Humber mm fin mm,in

min max min mox
W5-02 5.80 b.20 12 455
A 0228 0244 n1E e
Ms-012 5,80 6,20 32 455
B 022 0.244 nIze  0are
MS-012 5.80 b. 20 326 455
AC 0.2 D128 0179

0.244

g

Type | SMT components
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W T A B
mm,in mm fin mm /i mm in
min mox min max min max Min wax
033 0.51 40 1.H 180 400 480 500
0013 0020 no1s paosh 0050 DIS7 s 0w
033 0.51 040 LY 180 1.00 LT LY
0013 0020 0016 pash 0050 DIST 0337 0344
0.33 0.51 040 1.7 180 4.00 480 10,00
0 (014 [iil50 (180 1187 (0386 01394
Cormponent Ref. IPC  Z G X Y ¢ D E
Identifier  RLP Mo. mmfin - mmfin - mm/fin mm/in mmfin mm/in mmin
ref ref ref ref
508 J004R .60 .86 0.65 187 473 181 1.7
0.260 0113 0.026 0.074 0.186 015 0.050
5014 024K 6.60 286 0.65 1.87 473 7.67 1.7
0.260 0.113 0026 n.ord 0.186 0.30 0.050
5016 3044R 6.60 286 0.65 1.87 473 8.89 1.7
0.260 0.113 0026 0.074 0.186 0.35 0.050
e D ]
- E e —a-‘ X |4
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THD and Tooling Holes

P

|

» The finished hole size
should be 7 mil greater
then max pin width or
diameter.

» Tooling Holes
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Prefemed Dabel location

Component Spacing
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Figure 8 — SMD fo SMD. Note: Spacing relationship
from SOIC fo SOIC

*Beside Component
to component
spacing Component
to Via spacing
Should also be
considered to avoid
solder bridging and
secondary reflow.
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Figure 7 — Through-hcle to through-hole. Note:
Spacing relationship from DIF o DIF. DIF to AXIAL,
and DIP to RADIAL, efc.
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Component Spacing
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- SMD to THT. Note: Spacing relationship bebween
SMD and THT topside compenents via reflow and wave solder
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. Component Spacing to PCB via Holes™

1 0.90 mm (0.012) 3175 mm : 3175mm 3175 mm
5 T[llﬂd 1n (1267 !4# % .!ln',.' inched leod (135" {125
Sl ptmy - Qe -t~ 1.27mm " il
= (o) 2-e $ (0507
B o Tk
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. B M:;! 4 [lul]ll:l o [ ] -!r: [ ]
oA 030mm(00n2) | 9P
O 3 L [ET) . |
_ . 254 mm o e T[T
Via to SMT pad. N-C'fei 3175 mm (.1007) 254pm  &34mm
Secondary reflow of a fopside SMT — (125) (o (00
component could occur if the com- ) _ . .
ponent pad is foo close fo a via, or Via to THT pins (clinched and non-clinched)
f the bottomside is processed over a Note: Requirements to eliminate solder bridging
wave solder process.
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Inspect-ability Requirement

Camponent toa ¢lase.
Interferes with visual
inspection of odjocent
component solder joints

Line of ision o Line of vision ot
45 degress. Minimum spoting 45 degrees.

Vs Inspectabiliy ' a5
reqliremeants
Repair tool

— ., 4. B3 mm (0. 190")

A 2983 mm (0375

F.‘..... M _"'i

00 D000 00 00 o0
P [] SHE
B R8T !- D0 o0

SMT chip
Repair fool/spacing
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Testing After Assembly

i Assembly testobilit
Companent height Gl

3.20 mm T,E:}Eml .
(0.125% & | S 1

1.27 mm {0.050%)
o o5 campanent Free Areo
127 man {00507

Wave solder direction oo -

|_ 1D1s .
S0T23 e Axials

e
lgliF Radials

SMID L
/1 L‘hiI!& ’ PWE [N

Top Side

Componenis on
hottom side

Considerations for both topside THT and bof-
tomside SMDs for wave soldering process.
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Via in SMT Pads
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This dlcs.'-gn allawes
ST pads wave soldering in both directions.

Wove solder divections
Vias in SMT pads

In conventional Design via were not allowed in SMD pads (Reflow
Soldering Sucks the Solder paste inside the via hole)

In micro-via this is possible.
Conventional Via is allowed when wave soldering is used for SMD
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Grounded Mounting Holes

Yome required hole size, but non-plated

Metalfized ring Metollized londs

Conventional: Topside Hedeinad Tagii TR Eee
and bottomzide [FTH) A 10 esign; Bottomside

* The conventional Hole is filled by solder during Wave soldering.

» The Hole is redesigned to avoid that, but still provides the GND connection
through Vias.
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Thermal Analysis

» For very high/Low Temperature Environments ,the
Thermal Profiling of Board is Necessary.

» For Simulation purposes simulation software's are
available

» For Practical measurements THERMAL CAMERS
are used with Pseudo Coloring Schemes.
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. @900, 1800 and 3600 S and Steady State—
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PCB Design
Approach and
Rules of Thumb
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PCB Design Approach =i

Self inductance ~ 25 nHlinch

 Life is constant balancing act between
value received at what cost in time and
money.

* The signal Integrity Problem is no
exception, there are three ways ........

* Rule of Thumb

— Your intuition, order of magnitude correct
answer.

 First Order Approximation
— Quick estimate for early analysis

o Computer Simulation
— Field Solver, SPICE and IBIS Models etc
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Rule of Thumb-1 —

Band width of CLK waveform

Band width of Signal just based on frequency
with Rise time t BW = 5xF
BW = 0.35/1 Assume rise time to be 7% of
CLK frequency

- - Amplitude of first three odd
Rise time t harmonics of Square wave

T = 10%F, 0.6,0.2,0.12
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Rule of Thumb-2

50Q2 Characteristic Impedance
Microstrip in FR4

W/H =2
W = Line width
H= Dielectric Thickness

50Q2 Characteristic Impedance
Stripline in FR4

W/B =1
W = Line width

B= Dielectric Thickness
between plates

Speed of Light in most
Polymers

6 In/ns

Interconnect wiring
delay in most
Polymers

160 psec/in
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Rule of Thumb-3

Maximum Length of Un-
terminated Line in FR4

L<2t

Maximum Length of Stub in
FR4

I—STUB < tr

Cross Talk < 3% in next
FR4 Microstrip

S ~ 3xH
S= Separation in Traces
H= Thickness of Dielectric

Cross Talk < 3% in next
FR4 Stripline

S~ 2/3xB

S= Separation in Traces
B= Total thickness of Dielectric

High Speed PCB Desig: Lecture-10
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Rule of Thumb-4

Capacitance of 50Q2 line in
FR4

3.5pF/in

Inductance of 50Q2 line In
FR4

9nH/In

Maximum Capacitance
discontinuity before SI
problems arise

3pFx t, (nsec)

Capacitive Load associated
with Corner of Trace, 10 mil
wide

20fF
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© Rashad.M.Ramzan 2010-11

Rule of Thumb-5

Maximum Inductive
discontinuity before SI
problems arise

9nHXx t, (nsec)

Mutual Inductance
between two Traces

9nH/in
When s <length

Sheet Resistance of 10Z
of Copper

0.5mQ/[

Skin Depth of Copper at
1Ghz

2 um
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o &7,

Rule of Thumb-6 —
Maximum Inductive Mutual Inductance
discontinuity before SI between two Traces
problems arise onH/in
9nHx t. (nsec) When s <length

Sheet Resistance of 10Z Skin Depth of Copper at

of Copper 1Ghz
0.5mQ/C 2 um
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Today's Topic -

Signal Integrity Tools

— Simulation Tools: ... a lot of Manufacturers
— TDR (Time Domain Reflectometry)

DFM (Design For Manufacturability)
Thermal Analysis

Rule of Thumb, Every PCB Designer should
remember
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Wakeup Please lets have =

Some Food....
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