The Journey: Evolution of Printed Circuit Boards

In the past 50 years, the PCB technologies grow tremendously in different aspects and find wide
applications in different areas. In the 2010 International Printed Circuit & Electronics Assembly
Fair held at Shenzhen Convention & Exhibition Center on Dec 1-3, 2010, a specially designed
pavilion showcased 44 pieces of printed circuit boards from 1950’s to 2000’s. It provided a good
chance for visitors to take a close look at these rare boards and got to know the development
history of PCB technologies. Below is the summary of the PCB characteristics at different decades.

1950’s

Technology: Printed circuit board conductor width and spacing was 1/8 of an inch. Spacing on a
connector was 5/32 of an inch (0.15625). Printed circuit boards were single sided cooper on
paper-based phenolic substrates called XXXP. No plated through holes. Artwork for printed circuit
boards was developed using black ink on cardboard or crepe tape on Mylar. Paste-down decals
were used to define lands.

Industry Issues: Dimensions and tolerances. Discrete thru-hole components drove PCB
performance.

1960’s

Technology: Printed circuit board conductor width and spacing was 0.060 inches. Metal eyelets
were used to connect the top and bottom of the printed circuit board creating a double sided PCB.
Connector pitch was 1/8th of an inch (0.125). Research began on plated through holes and
multilayer PCBs. Substrate was G10 epoxy and composite laminate. This decade marked the
beginning of the IC industry.

Industry Issues: Semiconductor package and mounting. The reliability of plated through holes
were questioned (etch back versus non etch back). Automated drilling was introduced making
registration critical between the artwork and the drilled holes.

1970’s

Technology: 0.100 inches became a standard measurement for the connector and component
pins (dual in line package). As a result, printed circuit board conductor width and spacing was
0.100 inch pitch. Precision artwork was created using a mechanical photo plotter. Conductors
ran mostly orthogonally — horizontal and vertical. For the first time, conductor routing was
between lands on 0.100 inch centers.

The substrate used was FR4 glass epoxy. Glass polyimide substrates were used for military
applications. Experimentation on multilayer boards and testing of multilayer and plated through
holes continued in this decade. Standard layer count was 12 layers. In the late 70’s, the pin grid
array was introduced to increase performance and began to replace the dual-in-line package.



Industry lIssues: Standardization of computer aided design artwork. Use of photo tools in
manufacturing improved registration problems. However, high precision and complex designs
required glass master artwork used to solve critical registration issues. It took the PCB
manufacturer 4 weeks to produce a multilayer board. Customers were concerned about the
throughput of multilayer board manufacturing.

1980’s

Technology: Printed circuit board conductor width and spacing was .008”. According to IPC data, a
majority of PCB produced were split evenly between 3-4 layers or 5-8 layers. A JPCA report in
March 1987 shows that 84% of the multilayers produced in Japan were 3-4 layers. Over 70% of
the PCBs produced in the U.S. were either one or two conductors between lands on 0.100”
centers. Liquid film solder mask in 1987 were used on nearly 70% of all printed circuit boards.

Surface mount applications for PCBs grew from 2% in 1984 to 30% in 1987. According to IPC
statistics only 12% of the PCBs had surface mount parts on both sides.

The global market for PCBs in 1980, as estimated by the IPC, was $265 million. The regional break
down was:

*  North America: $146 million

*  Europe: $30 million

*  Asia and Australia:  $75 million

*  Restof World: $14 million

Industry Issues: The difficulty and the cost of producing SMT PCBs. The shift in SMT dramatically
shifts the hole sizes in PCBs with some estimating that 30% of all holes in PCBs 1986 will be .029”
and under. As holes sizes decline, the cost of drilling goes up dramatically. In addition, reduced
width of PCB traces require more sophisticated solder mask material and equipment.

1990’s

Technology: The following table is reproduced from the IPC’s “National Technology Roadmap for
Electronic Interconnections” published in 1995.

. Leading
Conventional Threshold
L Edge/State-of-the-Art
ATTRIBUTE Technology Technology (Limited oo
. . (Limits of Today’s
(Production) Production)
Technology)
Line Width/Line Space 125 um/125 pm 100 um/100 pm 50 pm/50 pm
(min.)




Plated Hole Diameter
L 350 um 250 pm 150 um
(minimum)
Board Thickness @ 6
0.6 mm 0.4 mm 0.4 mm
Layer
FR-4/Polyimide C.E./Polyimide
Laminate Type Teflon
Surface Mount Pitch 0.5 mm 0.4 mm/0.3 mm 0.25 mm
Glass Transition
25°C 140-150°C 170-185°C
Temperature

The world market for Rigid PCBs in 1995 according to the IPC was $24 billion. The regional break
down was:

*  Americas: $6.9 billion

* Japan: $6.5 billion

*  Asia and Australia: $5.8 billion

*  Europe: $4.4 billion

*  Restof World: $.4 billion

Industry Issues: Continued integration of surface mount technology. Elimination of CFCs
prompted the industry to develop cleaning alternatives including “no clean” operations. Ball grid
array (BGA) drives miniaturization and PCB density. Multichip modules and direct chip
attachment were also developed to increase signal speed and reduce interconnection area.

Future requirements for PCB were predicted to be:

*  Silicon packaging determines PCB design.

. Finer and finer pitch would lead to finer and finer lines.

*  High clock speed would drive electrically sound designs.

*  Would totally dry processing of PCBs replace wet chemistry?

2000’s

Technology: The Table represents the status of technology in the rigid board industry for 2010.
Conductor (line) width and spacing of 40 um on conventional FR-4 processes are available in
limited production quantities; 35 um lines and spaces are available only from very selected
fabricators. Microvia technology is used on most of the package and module substrates; however,
it is not used on conventional printed boards, because products in those markets, allow more
liberal tolerances.

This fact is changing as designers find that they can reduce layer count by adding High Density
Interconnect (HDI) layers. Microvias today show up in threshold and state of the art products, as
exemplified by their use in high-end laptop computers and video recorders, and in special niche




markets. These products are being produced with >75 um lines and spaces.

CONVENTIONAL LEADING-EDGE STATE OF THE ART
Available from 85% of (Limited Production) Available from less than
the industry fabricators | Available from 15% of the 1% of industry fabricators
industry fabricators
Rigid Board Microvia | Rigid Board Microvia Rigid Microvia
Board
Conductor 75 um /75um | N/A 50 um/60um | 40um/45um | 35um/35um | 30um/30um
width/
Line space
PTH hole size | 200-150 um N/A 150 um 75 um 100 um 40 um
(un-plated)
Drill Capture 350 um N/A 250 um 175 um 150 um 70 um
Land Size
Buried No No Very limited | Yes Yes Yes
passive
components

For the first time in 2008, China/Hong Kong with $12 billion in production became the world’s
largest producer of PCBs surpassing Japan. China/Hong Kong continues to be the world’s largest
producer today. The world market/production for rigid PCBs in 2009 was $37.4 billion.

Industry Issues: The issues for rigid printed boards relate mainly to the conductor, spacing and
plated hole geometries. In addition, environmental directives and regulations gain a prominent
role in the PCB industry.

The Directive on the restriction of the use of certain hazardous substances in electrical and
electronic equipment 2002/95/EC (Commonly referred to as the Restriction of Hazardous
Substances Directive or RoHS) was adopted in February 2003 by the European Union. The RoHS
directive took effect on 1 July 2006, and is required to be enforced and become law in each
member state. This directive restricts the use of six hazardous materials in the manufacture of
various types of electronic and electrical equipment. The key impact of RoHS to the PCB and
electronics assembly industry was/ is the ban on lead and its impact on electronic grade solder.
The ban on lead forced the introduction of lead free solders as well as the development of new
materials which can withstand the higher processing temperatures required by lead free
soldering. Many in the electronic interconnection industry are still concerned about the
performance of lead free solders in high reliability applications.

More and more materials and processes in the electronic interconnection industry will be
impacted by environmental regulations and legislation.
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Single-sided, hand-taped cut conductors Single-sided, with solder mask; paper-based
board for Tuner (1960) phenolic radio board (1982)
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Video Card Assembly (2005) Pin Grid Arrays, Quad Flat Packs, Multilayer
AT (2005) Automation Control Board (2004)
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