
Such advancements bring with them new design challenges.
Among the most daunting is the need for high-density electrical
functions in isolated or far-flung places, usually joined by
expanses of flexible interconnect with lower processing require-
ments. The issue for engineers is how to accommodate these dis-
crete areas of high density without specifying needless process-
ing power elsewhere.

New manufacturing technologies have produced a practical,
reliable and cost-effective answer. By lap-soldering a high-perfor-
mance electrical Density Patch™ to a lower density substrate, a
localized area of high-density function can be achieved at a lower
cost. The process results in a strong, stable, multipurpose solution
that can handle a variety of configurations and deployments.

While this kind of patch holds promise for many industries
and products — including the appliance industry where “smart”
appliances such as cooktops, microwaves, and clothes washers
and dryers are requiring new microprocessor functions — it is
most suited for the automotive industry where new and dis-
persed capabilities are being added seemingly with each model
iteration. Density patches are a simple, innovative and affordable
answer to a thorny design problem.

Reliability and Versatility
In the early 1990s, the task of placing a patch circuit on a larg-

er flexible substrate was achieved by bonding high-density inte-
grated circuitry to the substrate using a Z-axis anisotropic adhe-
sive. Mechanical and electrical performance limitations, however,
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prevented such a solution from achieving widespread use. 
To d a y ’s density patch alternative aff o rds a far greater degree of

design freedom and re l i a b i l i t y. By employing durable lap solder tech-
niques, as many as 40 components or more can populate a larg e - a re a
c i rcuit without the need of a high-density substrate.

Using a density patch, electrical function can be placed precisely at
the point where the capability is needed, thus avoiding the cost asso-
ciated with large, fine-line printed wiring boards (PWBs), wire bundles
or other high-density solutions. Not only does a density patch make
distribution of electrical function easier, but it also gives designers
g reater compositional freedom, as even the highest-level instru m e n t a-
tion can be installed without the need for clustering in a limited num-
ber of locations.

Overall, users can typically save 10 to 25 percent in cost compare d
to larg e - a rea high-density circ u i t ry, depending on specific application
re q u i rements. New applications using density patches have alre a d y
met Ford Motor Company’s industry - s t a n d a rd automotive testing
re q u i rements, and automated optical inspection (AOI) ensures that
quality is maintained throughout the manufacturing and assembly
p rocess. 

Also, because the technology typically uses off-the-shelf compo-
nents, a wide variety of custom configurations can be assembled to
user specifications with no incremental increase in design or assembly
c o s t s .

Lap Solder As s e m b l y
To create a density patch, high-density circuits are first manufac-

t u red using an extremely efficient, ro l l - t o - roll production process to
keep unit costs low. Patches are populated with surface mount com-
ponents in multiple-up panels then pre-tested and separated for use. 

T h e p a t c h i s a l i g n e d t o t h e b a s e c i rc u i t u s i n g a p i n n i n g t e m p l a t e ,
a f t e rw h i c ht h ej o i n ti sl a ps o l d e re d . A h o tb a rp ro c e s si su s e dt o re f l o w
t h es o l d e ri nt h ej o i n t .B e c a u s et h eh o tb a rm a k e sc o n t a c tw i t ht h eh i g h -
d e n s i t y p o l y i m i d e c i rc u i t o n l y, i t e l i m i n a t e s t h e n e e d f o r m o re e x p e n-
s i v ef i l mu s e di nt h em a n u f a c t u re o ft h eb a s e .

T h e re s u l t i n g c o n n e c t i o n i s a p e rm a n e n t , d u r a b l e a n d h i g h l y re l i-
a b l e i n t e rc o n n e c t . E ff e c t i v e t e m p e r a t u re a n d h u m i d i t y r a n g e s f o r a
d e n s i t y p a t c h a l l o w i t t o b e s p e c i f i e di n a l a rg e v a r i e t y o f a p p l i c a t i o n s
( Ta b l e 1 ) ; b e c a u s e t h e p a t c h o c c u r s o n a f l e x i b l e h o s t , i t a l s o i s n o t a s
v u l n e r a b l e t o e x t re m e v i b r a t i o n o r s h o c k . T h e d e s i g n m a x i m i z e s t h e
o v e r a l l s t re n g t h o f t h e j o i n t a n d m i n i m i z e s t h e c h a n c e o f m e c h a n i c a l
f a i l u re o v e r t h e l i f e o f t h e i n s t a l l a t i o n ( F i g u re 1 ) .

Design Co n s i d e rat i o n s
Patches can be placed on a variety of polyimide and polyester sub-

strates in a myriad of conductor widths and spaces. Depending on
power and space re q u i rements, specifiers can choose from a standard
single-layer screen print density flexible interconnect offering up to
two-layer printed circuits with 50-µm conductor capability.

Beyond the standard considerations of shielding and cross-talk pre-
vention, density patches enjoy relatively few design limitations. They
can be placed on either or both sides of the flexible interconnect, in as
many locations as needed, and patches of differing densities can be
easily populated on a single base circuit. In all cases, however, care
should be taken to avoid flexing the substrate at the patch site.

Because stock interconnect components are used, prototypes can
generally be built to user specification in conveniently small quanti-
ties. Tu rn a round is in the range of two to four weeks depending on
complexity and quantity, and shorter lead times can often be accom-
m o d a t e d .

Ch ange Demands Innovation 
As automobiles become more populated with high technology

devices to improve owner convenience, fuel economy, safety and
re l i a b i l i t y, demands on the vehicle’s electronic infrastru c t u re will
inevitably increase. Engineers will be called upon to find more inno-
vative solutions to keep manufacturing costs in line while delivering
practical and high-quality electronic connectivity.

In this stringent design environment, the density patch
becomes a valuable alternative for turning low-density circ u i t s
into high-perf o rmance assemblies. It gives users a new option for
p roducing cost-effective electronics in a dependable, custom-manu-
f a c t u red form a t . ■

Bruce Lindahl is product manager for flexible circuitry with Sheldahl Inc.,

Northfield, MN,(507) 663-8318,e-mail: bruce.lindahl@sheldahl.com.
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High temperature and humidity 75°C at 95% RH for 24 hr
Extended humidity 38°C at 98% RH for 100 hr
Temperature cycling 25 temperature cycles

• 1 hour at -30°C
• 1 hour at 22°C
• 1 hour at 80°C

TABLE 1: Effective temperature and humidity ranges for a density patch.

F I G U R E1 : De s i g n re q u i re m e nt s fo rt h ef l ex - to - f l ex i nte rf a ce.
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