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Moore’s Law and Design

In 1972 Gordon Moore, co-founder of Intel Corporation predicted that
the performance of computers would double every 18 months'. Over
the last 21 years, the rate of development of computers based on
that prediction has held firm.

At the time of Mr. Moore’s prediction, the first Intel 4004™
microprocessor slogged along at a 108 KHz rate and contained 2300
transistors. On May 6, 2002 IBM™ announced its latest Intel Pentium
IV® driven Computer. Its clock rate is 2400 MHz, and it is reported to
contain over 10 million transistors. It is apparent that the
progression of computer development up to the present day has
closely followed Mr. Moore’s prediction. In fact, by the late fall of
2002 Dell ™ and others began offering Pentium IV’s® operating at
2670 MHz.

The rate of electronic design complexity is accelerating too. New
designs must incorporate new features in order to allow them to
operate at ever increasing speeds. Signal Integrity and
Electromagnetic Compatibility are key elements in the feature

development process.

‘ Page 4, "High Speed Digital System Design—A handbook of Interconnect theory and Design”,
Hall, Hall and McCall, Copyright 2000 by Wiley and Sons, ISBN 0-471-36080-2
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Moore’s Law in Action
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Semiconductor Device Speed-Where Are We Today?1

One Example of Leading Edge Integrated Circuit Technology is
composed of Heterojunction Bipolar transistors

e Device Technology: Silicon-Germanium (SiGe) Heterojunction Bipolar
transistors (HBT)

Process: 0.13 um with copper interconnects and 50 Ohm internal T-Lines

Vendor: IBM Microelectronics

HBT Transistor/Circuit Capabilities:

HBT Transistor F¢ 285 GHz
Equivalent Gate Delay 4.23 ps
Demonstrated Toggle Rate: 110 GHz

NOTE: this technology will be available commercially before the end of 2002

1 .
April 1,2002, Electronic Design Magazine (US Edition). page 27
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PRINCIPAL PRINTED WIRING BOARD
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PWB Power Supply Noise Ripple Comparison for Surface
Mount (SM) and Embedded Capacitor Decouplers*
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Curves based on numerical analysis of Idealized board using Partial Element Equivalent Circuit (PEEC)

formulation— K
In
PWB Length: 4 inches (1 cm)
PWE Width: 4 inches (1 cm) » .3
Via Length: 1 mm (to Vece), 0.5 mm (to Common) g ot
SMT Capacitor: 0.96 nF (1208) e .
C-Ply Capacitor: 0.96 nF (embedded)
Driving Signal: 1 nS duration 250 pS rise and fall time szﬂ L‘- 25n T
Logic Family: 3.3 Volt supply with five deep 0.5 um CMOS Cells followed by simple inverter

‘D'\az‘.ﬂl\rael el al. MODELING AND SIMULATION OF INTEGRATED CAPACITORS, pages 811-618,
IEEE Transadions on Comp and Packaging T X ber 2000
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PWB RESONANCE ILLUSTRATION
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(3] Dockey cal Mode from Multi-layer Printed Circuit Boards', pages 247 - 251, Conference
Proceedir lgs rJ!EMCfESDr Wemational Symposium, Denver Colorado, April 22-24, 1992, published by Cardiff Publishing
Company
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Surface Mount (SM) Decoupling Capacitor PCB
Mounting Techniques—Shortened Trace Length and
Via Location—used to Reduce Equivalent Series
Inductance (ESL)’

“meandering” tracey
5 2=? ) 1995 1996
4 4 8 1997
earlier designs
3 EE] 1993
2 ?
1 all vias are 0.063 inches long (Buried Vias perhaps)
all capacitors are 0603
0 T T T T T it §

—Time—-

' Adopted from "ESR and ESL of Ceramic Capacitor Applied to Decoupling Applications”. Tanmoy Roy, Larry Smith, and John Prymak;
|EEE Elecirical Parformance of Electronic Packaging Conference; August 1998
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Reducing SM Decoupling Capacitor PCB Assembly
Equivalent Inductance by Minimizing Via Separation
and Via Length’
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SM Capacitor PCB SM Capacitor PCB
M Capacitor PCB
rsnounl:i:ag tacrhnlque mounting technique mounting technique

'Adopled from “Power Distribution System Design Methodology and Capacitor Selection for Modern CMOS Technology™, Larry Smith, el al , IEEE
Transadtions on Advanced Packaging, Vol 22, No. 3, August 1998
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Visualization Sketch of Typical
Decoupling Capacitor Circuit
Showing Parasitic
Inductance Effects
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Inductance for Various Via Diameters
and Lengths®
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7 g // /3 75}
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"Es from AVX C ion Document: INTERCONNECT SCHEMES FOR LOW INDUCTANCE
CERAMIC CAPACITORS, Publishad April 1999 (available from www.avxcorp.com)
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PWB Power Supply Noise Ripple Comparison for Surface
Mount (SM) and Embedded Capacitor Decouplers*

Simultaneous Switching Noise Allowable Max
. Ripple (Pk to Pk):
i f 1 f,-3.325 =5% Vcc
- 250 500 250 =150 mv
> suy i
8 a3 B Indicated Ripple:
2 =3.325 - 3.284
S sl CRY =041V
E =41 mV
329
VV‘-SMT u_ 3.28¢ For 20 Amp Load:
328 - - Zpds=41 mV/20 A
o 0.2 0.4 08 08 1 1.2 1.4 22 l‘I]Ohrn

Curves based on numerical analysis of ldealized board using Partial Element Equivalent Circuit (PEEC)

formulation— Ind
PWB Length: 4 inches (1 cm) "
PWB Width: 4 inches (1 cm) ™

" x
Via Length: 1 mm (to Vec), 0.5 mm (to Commen) g P
SMT Capacitor: 0.96 nF (1206)
C-Ply Capacitor: 0.96 nF (embedded)
Driving Signal: 1 nS duration 250 pS rise and fall time '“-:i'l L" 25n s
Logic Family: 3.3 Volt supply with five deep 0.5 um CMOS Cellis followed by simple inverter

‘Diﬁz-mmu el al: MODELING AND SIMULATION OF INTEGRATED CAPACITORS, pages 611-618,
IFEE T fions on Comy iz and Packaging T D iber 2000
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Conceptual Sketch Showing Surface Mount
Capacitor Parasitic Inductance Effects
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Two Via Simulation Model

Via diameter: 15 mils .
Via height: 62 mils : . i
Via separation: variable 1 '

Simulation model of two
vias embedded in a plane
— Note absence of pads.

--_“‘—-—__'.

/ém."_ . / \
SeparationE 7
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Inductance (H)

Via Common-Mode Current Scenario'

4 8E-QI0 5
£ ¢-"s" does not i
4BE-0I0 B~ o
14600 F-
Calculation of combined
42£-000 - inductance of two parallel vias
driven by equal common-mode
4010 - ‘(.H' currents as separation “s” is varied.
386010 i Concept: As the value of "s" Increases
3 past "a", the combined parallel Inductance
3 . of the two CM current driven vias is
16E-010 ;_ ““«—hw reduced and approaches the value of one
§ "a=0.062 inches for ———_ half of the Inductance of a singleVia,
£ this example \\H’“m___“
342010 - ———
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| Qatuttions and Figene Coumivsy o

A
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Inductonce{H}

Via Differential Current Scenario'

|IE-D09

IE-008

K-OIO x

Calculation of combined
inductance of two parallel vias

driven by equal differential-mode

BE-0I0
currents as separation “s” is varied
7E-0I10 i
W Concept: as the value of "s" Increases
a past "a", the comblined parallelinductance
5E-0I0 of the two DM current driven vias
Increases from a very low number and
approaches the value of the two vias in
4£-010 *a"=0,062 inches for L1=1L2 serles.
this example L_ e]
3-010 s
"s" does not go to zero
b S [ =SS T T T T S T [ S S S Y N T T S S Y S VN S S T T S S ) T T T T T |
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Separalion
| Gatitations ant Figeme Gountesy of:
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Single “Stand-Alone” Via Scenario'

b.2E-0I0 -
6.IE-010 -ET_ Partial inductance =0. 61nH
; J%f /‘/
6E-00 E-
596-000 F-
T 58600
= 3 No Injected
E 5.7E-010 E— current Concept: This is the calculation
E of the stand-alone or “partial”
c inductance of a single via in free
5.66-010 space as it is moved away from
E L1 L2 an adjacent but none current
5.56-010 E L’S—)‘ carrying conductor
E "g"=0.062 inches for
5.4E-010 % this example
5.3E-0I0 Ea P SIS B o wear o i | O Ry v 1 PR WO U S ST
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Seopcmrlon
F \\
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Sketch dimensions in mils (.001")

Surface Mounting Guide FAV/XS

MLC Chip Capacitors
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Component Pad Design

Component pads shoukd be designed 1o achieve good
sokder flets and mindmiz movement during

wiren o mofiow solcering The beesis of Mo Oesigns is
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“Standard” SM Capacitor Mounting

¢, ¢, ¢, d& Looginductance’ nH
% 5 5 15 1.10

5 27 15 1.54
113 5 5 15 0.83

Caloadations M 4:
AN
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“Enhanced” SM Capacitor Mounting
¢ €y ¢, & dsoginductance’, nH
<
o~ 56 50 5 15 074
27 15 0.60
5 15 0.60

léMm (Poantesy of
M
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“Optimized” SM Capacitor Mounting
¢, ¢, ¢, « Loog Inductance ', nH

5 S50 5 15 0.55
34 5 27 15 0.42
113 5 5 15 0.23

A
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