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With the traditional PCB design process, the 
designer executes each stage of the design in se-
quence. But, as designs become more complex 
and time-to-market schedules become more de-
manding, we must take advantage of pre-layout 
simulation, and simultaneous process design 
in order to beat the competition. The pressure 
is on engineering managers to achieve more 
with their existing resources, although the de-
sign tasks have become more complex with in-
creased levels of functional integration.

Concurrent design is the practice of devel-
oping products in which the different stages 
run simultaneously rather than consecutively. 
It decreases product development time and also 
the time-to-market, leading to improved pro-

ductivity and reduced costs. Concurrent design 
is a relatively new process strategy and although 
the initial implementation can be challenging, 
the competitive advantage means it is benefi-
cial in the long term. It eliminates the need to 
have multiple design iterations, by creating an 
environment for designing a product right-first-
time. 

Typically, a high-speed computer based 
product takes two to three iterations to develop 
a working prototype. However, these days the 
product life cycle is very short and therefore 
time-to-market is of the essence. One board it-
eration can be very costly, not only in engineer-
ing time, but also in the cost of delaying the 
product’s market launch. This missed opportu-
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nity could cost hundreds of thousands of dol-
lars. All of the above impact on company profit 
by increasing prototype costs and the time-to-
market. Computer-based products have a very 
small market window these days (e.g., one 
year). If the product is delayed by six months 
(e.g., two re-spins) then the company has lost 
half its projected return. 

Figure 1 illustrates the traditional design 
process compared to the simultaneous parallel 
design process. Pre-layout simulation can be 
done during design capture to establish the re-
quired design constraints. Functional sections 
of previously developed “golden” boards can be 
reused giving high confidence in performance 
and multiple designers can be employed on the 
same layout. Post-layout simulation and me-
chanical integration can be done towards the 
end on the layout to ensure compliance to spec-
ification prior to fabrication. This process can 
dramatically reduce development time.

The significant business benefits of concur-
rent engineering make it a compelling strategy. 
Introducing concurrent engineering results in:

s฀#OMPETITIVE฀ADVANTAGE�REDUCTION฀IN฀
   time-to-market means that the business 
   gains an edge over their competitors.
s฀%NHANCED฀PRODUCTIVITY�EARLIER฀
   identification of design problems means 
   potential issues can be corrected sooner, 
   rather than at a later stage in the 
   development process.
s฀2EDUCED฀DEVELOPMENT฀TIME�DEVELOPMENT฀
   of high-performance products, in less time 
   and at a reduced cost. 

Process improvement is a systematic ap-
proach to ensure a development team optimizes 
its underlying processes to achieve more efficient 
results. Process improvement is an aspect of or-
ganizational development in which a series of ac-
tions are taken to identify, analyze and improve 
existing design processes to meet new goals and 
objectives, such as increasing profits and perfor-
mance, reducing costs and accelerating sched-
ules. These actions often follow a specific meth-
odology or strategy to increase the likelihood of 
successful results. There are many ways to im-
prove efficiency in the PCB design process:

1. Simulation: stackup planning, PDN 
    analysis and signal integrity
2. Design reuse
3. Collaborative PCB design
4. Virtual prototyping: ECAD/MCAD 
    collaboration

1. Simulation
Pre-layout analysis allows a designer to iden-

tify and eliminate signal integrity, crosstalk and 
EMI issues early in the design process. This is 
the most cost-effective way to design a board 
with fewer iterations, rather than starting with 
the “find-and-fix” based post-layout simulation. 

There are multiple facets to pre-layout anal-
ysis including:

s฀3TACKUP฀PLANNING฀FOR฀CONTROLLED฀
   impedance, SI, crosstalk, and cost control.
s฀$IELECTRIC฀MATERIAL฀SELECTION฀FOR฀
   manufacturing yield, and high-frequency 
   operation.
s฀0$.฀OPTIMIZATION฀FOR฀PRODUCT฀RELIABILITY฀
   and cost reduction.
s฀)�/฀BUFFER฀AND฀DRIVE฀STRENGTH฀SELECTION�฀
s฀4OPOLOGY฀OPTIMIZATION�
s฀4ERMINATION฀STRATEGY�
s฀&LOOR฀PLANNING฀FOR฀CRITICAL฀COMPONENTS�
s฀$ERIVING฀LAYOUT฀ROUTING฀CONSTRAINTS, 
   including trace width, spacing and 
   length matching.
s฀3IGNAL฀)NTEGRITY฀ANALYSIS฀TO฀MEET฀THE฀
   design specifications, with respect to 
   noise margins, timing, skew, crosstalk, 
   and signal distortion.

Although the trace impedance is specified 
on the fabrication drawing, stackup planning 
is often left until Gerbers are produced and the 
deliverables are sent to the fab shop. However, 
generally, the virtual dielectric material selec-
tion and trace width and clearance provided do 
not match the desired controlled impedance. 
So, the CAM engineer returns the calculations 
that may require trace width and clearance 
changes. This is not what we need at the end 
of the design cycle. This flawed process can be 
attributed to the fact the PCB designers do not 
have access to field solvers during layout and 
either have to wait until an SI engineer analyses 
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the design, or—as commonly occurs—wait for 
the fab shop’s report.

ICD has responded to this challenge by re-
cently developing a bi-directional interface 
from the ICD Stackup Planner to Altium De-
signer 14. This new interface allows the design-
er to exact the rigid/flex stackup from the Alti-
um Layer Stack Manager into the Stackup Plan-
ner. High-speed materials (up to 40GHz) can be 
merged from the Dielectrics Materials Library, 
of over 8,800 materials, and the impedance of 
multiple differential pairs can be simulated on 
the same substrate. Once finalized, the design-
er simply exports the data, including PTH and 
blind and buried microvia spans, trace width 
and clearances and differential pair rules back 
into Altium Designer. This allows the designer 
to route to impedance. A fabrication drawing of 
the stackup specifying all HDI requirements is 
also exported to Excel. (Thus ends my shame-
less plug. But it does work well.)

Similarly, PDN analysis is often overlooked 
completely. I can’t stress enough how impor-
tant low AC impedance is for high-speed de-
signs that demand high-current drain at low 

core voltages. If the impedance is high at either 
the fundamental frequency or any of the odd 
harmonics, then higher levels of electromag-
netic radiation can be expected. This has a di-
rect impact on product reliability and the abil-
ity to pass EMC.

For years, application notes have recom-
mended the use of three decoupling capaci-
tors per power pin. This generally consisted of 
a 100nF, 10nF and a 47pF capacitor. The idea 
behind this was that different values provided 
current at different frequencies, but unfortu-
nately not the right frequencies, as all boards 
are different. As can be seen in Figure 3, mul-
tiple capacitors per decade are required to keep 
the effective impedance, of the PDN, below the 
target up to the required bandwidth. If too few 
capacitors are used, spread widely across the 
frequency domain, then there is a good chance 
that anti-resonance peaks in the PDN will exac-
erbate the problem. 

Also, in this case, I have incorporated the 
use of 3M Embedded Capacitance Material 
(ECM) which is the only practical way to pull 
the PDN low around the GHz region. This ma-
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terial provides 20nF/in2 which is an excellent 
way of amassing additional planar capacitance. 
The tight integration between the ICD Stackup 
Planner and PDN Planner allows the automatic 
transfer of the effects of different dielectric ma-
terials to the PDN for analysis.

2. Design Reuse
If the same switching regulator or proces-

sor and memory chips, for instance, are used 
on consecutive designs, creating a library of 
matching “reuse blocks or snippets” for sche-
matic and PCB makes the best use of existing 
design elements for future designs. Simply add 
a sub-circuit block to the schematic, transfer to 
the PCB database, and load a predefined layout 
block including component placement, tracks, 
copper and text. Whether it is used for multi-
ple channel designs, critical digital circuitry, RF 
circuit blocks, or just to replicate a commonly 
used layout pattern, design reuse will save time 
and ensure repeatability of design: a proven, 
tested, working solution to just drop into place.

3. Collaborative PCB Design
For many years designers have attempted 

team design, to avoid the seemingly unavoid-
able routing bottleneck, using multiple PCB de-
signers to route different sections of the board 
at the same time.

Schematics and layouts can be divided 
into function blocks for example: power sup-
ply, analog, digital, memory and SERDES. Or, 
multiple designers can work on the same sec-
tion simultaneously in different parts of the 
world. I have done this many times, providing 
an over-night design service for US based com-
panies. Co-design implies that a group of de-
signers can work on a design at the same time 
and all their design inputs are accepted. But 
obviously, this is full of traps and there has to 
be some form of priority when merging data-
bases. 

In recent years, some EDA companies have 
developed tools to enable designers to collabo-
rate, compare and merge designs and these ca-
pabilities include:

CONCURRENT DESIGN continues
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s฀4HE฀ABILITY฀FOR฀MULTIPLE฀DESIGNERS฀TO฀ACCESS฀
   and merge a PCB database.
s฀!฀MECHANISM฀TO฀ACCURATELY฀IDENTIFY฀AND฀
   compare databases.
s฀4HE฀CAPACITY฀TO฀DISPLAY฀THE฀DIFFERENCES฀AND฀
   allow the lead designer to informatively 
   select the best outcome of any conflicts.

Also, live collaboration is now possible. Each 
designer defines a work region and this is dis-
played clearly on each designer’s database view, 
enabling the avoidance of conflicts. Other tools 
allow designers to work with the one 
database in real time with no need 
to partition and re-assemble the 
design. The tool manages edits 
from all users and continually 
sends updates to the entire 
team. Team collaboration can 
result in extreme reductions 
in design time with a typical 
13 week complex design be-
ing reduced to five weeks and 
in some cases, providing a 
60% increase in productivity.

4. Virtual Prototyping: 
ECAD/MCAD Collaboration

Like simulation, the in-
tegration of mechanical as-
pects of the design process is 
generally not considered un-
til late in the design process. 
This leaves the design open to 
change once the mechanical 
issues have been identified—
hence delay.

With stylish housings, how do 
designers fit the tightly packed, complex shaped 
electronics into the box? Traditionally, design-
ers assumed there was no problem and simply 
handed over the CAD drawing to be manufac-
tured. But after years of denial, it has been con-
cluded that this approach did not work too well.

The challenges that many companies face 
when they use both 2D and 3D solutions is 
that these tools are fundamentally disconnect-
ed. A design that is created in 2D, in order to 
be reused in 3D, has to either be imported or 
recreated into the 3D tool. This disconnection 

causes inefficiencies in the design process. Also, 
any changes that are made in the 2D environ-
ment are not automatically reflected in 3D. This 
means that the user either has to go through the 
re-import process or create the change twice. 

However, this issue has been overcome by 
some tools that bridge the gap between elec-
tronics and mechanical design so that you can 
be assured that your product fits together every 
time. This is accomplished by using 3D DRC in-
terference checking at the PCB design level and 
dynamically linking the 2D back into the 3D 

design space. This is a great solution 
to the problem—a native 3D en-

vironment.
In conclusion, concurrent 

design offers significant ben-
efits to product development 
teams providing a competi-
tive advantage by reducing 
time-to-market, and cost 
while providing high-perfor-
mance, reliable products on 
time. Delivering a product 
on schedule provides higher 
returns due to a longer pres-
ence in the market. This all 
of course leads to higher 
profits.

Points to Remember
s฀ 4HE฀ TRADITIONAL฀ 0#"฀

design process is to execute 
each stage of the design in 
sequence.

s฀#ONCURRENT฀DESIGN฀IS฀THE฀
practice of developing prod-

ucts, in which the different stages 
run simultaneously.

s฀ 4YPICALLY�฀ A฀ HIGH
SPEED฀ COMPUTER฀ BASED฀
product takes two to three iterations to develop 
a working prototype. This impacts company 
profit by increasing prototype costs and the 
time-to-market.

s฀#ONCURRENT฀ENGINEERING฀GIVES฀A฀ COMPETI-
tive advantage, enhances productivity and de-
creases development time.

s฀0ROCESS฀IMPROVEMENT฀IS฀A฀SERIES฀OF฀ACTIONS฀
taken to identify, analyze and improve existing 
design processes.

With stylish housings, 

how do designers fit the 

tightly packed, complex 

shaped electronics into 

the box? Traditionally, 

designers assumed there 

was no problem and 

simply handed over the 

CAD drawing to be 

manufactured. But after 

years of denial, it has 

been concluded that 

this approach did not 

work too well.
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s฀)#$�S฀BI
DIRECTIONAL฀!LTIUM฀$ESIGNER฀INTER-
face allows early detection of stackup and PDN 
issues.

s฀4HE฀EFlCIENCY฀OF฀ THE฀0#"฀DESIGN฀PROCESS฀
can be improved by simulation, design reuse, 
co-design and virtual prototyping.

s฀ 0RE
LAYOUT฀ ANALYSIS฀ ALLOWS฀ A฀ DESIGNER฀ TO฀
identify and eliminate issues early in the design 
process.

s฀$ESIGN฀REUSE฀WILL฀SAVE฀TIME฀AND฀ENSURE฀RE-
peatability of design: a proven, tested, working 
solution to just drop into place.

s฀4EAM฀COLLABORATION฀CAN฀RESULT฀IN฀EXTREME฀
reductions in design time with a typical 13 week 
complex design being reduced to five weeks.

s฀ 6IRTUAL฀ PROTOTYPING฀ ENSURES฀ THAT฀ YOUR฀
product fits together every time by using 3D 
DRC interference checking at the PCB design 
level.  PCBDESIGN
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