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Stencil, its technology and other aspects

OVERVIEW

Athinsheetmaterial (metal) withacircuitland pattern cutintothe material. The mostcommon material
isbrassandstainless steel.

In surface mount assembly, the stencil is the gateway to accurate and repeatable solder paste
deposition. As solder paste is printed through the stencil apertures, it forms deposits that hold the
components in place and, when reflowed, secure them to the substrate, generally PCB. The stencil
design - its composition and thickness, the size and shape of its apertures - ultimately determines the
size, shape and positioning of the deposits, which are crucial to ensuring a high-yield assembly
process.

EVOLUTION AND HISTORY

Basicunderstanding of Stencil Technology and Termsrelatedtoit:

© The stencil serves two primary functions. The first is to ensure precise placement of a material,
suchassolderpaste, fluxorencapsulant, onasubstrate. The secondisto ensure the formation of
properlysizedand shapeddeposits.

© Stencil technology evolved to Chemically Etched, laser-cut, and electroformed foils as printing
requirements dictated performance enhancements.

© In the beginning, there were thick-film screens; however, the wire mesh weaving across the
aperture openings impeded paste transfer. Therefore Chemically Etched stencils were provided
forbetteropenareasandworked wellfor SMT devices withlead pitches downto 0.8 mm.

© The Chemically Etched trapezoidal aperture, along with enabling post processes of electropolish
and nickel plating, helped smooth aperture sidewalls, improving paste transfer. One process
problem for Chemically Etched apertures was difference between etch rates for small apertures
compared to large ones. Band etching help to resolve this problem, but had limitations for small
apertures.

© Now to overcome this problem, Laser stencils were used and they were introduced in mid - 90’s,
justintimetomeettheprintrequirements of 0.65-mm-pitch SMT devices.
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EVOLUTION AND HISTORY

© The small laser beam spot size cut small and large apertures with equal accuracy. Enabling post
processesofelectropolishandnickelplatingagainhelped smoothaperture sidewalls.

© Early laser-cut speeds were slow, so hybrid stencils were popular where large apertures were
Chemically Etchedand smallapertures werelaser-cut.

© Rubber squeegee blades worked well with screens, but scooped paste from larger apertures,
reducingpastevolumetransferred.

© Thustoovercomethisproblem, metalsqueegeeblades wereusedandbecamevery popular.
© With reference to this Contained paste-head delivery systems were also introduced. These
systems used pressure to push paste into the apertures, while wiper blades helped to contain the

pasteintheheadandwipecleanaftertraversingtheaperture.

© Design guide for stenciltechnology was determine by Aspectratio, defined as aperture width (W)
divided by stencilthickness (T)isgreaterthan1.5.

© Withthe helpofthisratio good pastetransferis performed.

© Aspectratioisagoodguideifthelength oftheapertureis greater (atleast5x)thanthe width.

© Butagainwiththeintroductionof BGA’sand QFN’s aspectratio has certainlimitations.

© So new design guide was introduced known as Area ratio, defined as the area of the aperture

opening divided by the area of aperture walls. The walls of the aperture are trying to hold the paste
inthe aperture, whilethe padundertheaperture openingtriesto pullthe paste away.
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FIGURE

A

Where,
W = Aperture Width
L = ApertureLength
T = Stencil Thickness

STENCIL TECHNOLOGIES

Basically, five stencil technologies are being used in the industry: laser-cut, electroformed,
chemically etched plastic and hybrid. Hybrid is a combination of chemically etched and laser-cut.
Chemically Etchedisveryusefulforstep stencils and hybrid stencils.

CHEMICAL ETCHING PROCESS

© Metal mask and flexible metal mask stencils are etched by chemical milling from both sides using
two positive images. During this process, etching proceeds not only in the desired vertical
direction but also laterally. This is called undercutting, the openings are larger than desired,
causingextrasolderdeposit. Because 50/50 etching proceedsfromboth sides, itresultsinalmost
astraightwalltaperingtoaslighthourglassshapeinthe center.

© Because electroetched stencil walls may not be smooth, electropolishing, a microetching
process,isonemethodforachievingasmoothwall. Anotherwaytoachieve smootherside wallsin




ualiEco=

Circuits Ltd. ¥

PCB Supplier of the Best Quality, Lowest Price
and Reliable Lead Time

Stencil, its technology and other aspects

CHEMICAL ETCHING PROCESS

theapertureisnickelplating. Apolishedorsmoothsurfaceisgoodforpasterelease butmaycause
the paste to skip across the stencil surface rather than roll in front of the squeegee. This problem
can be avoided by selectively polishing the aperture walls without polishing the stencil surface.
Nickel plating further improves smoothness and printing performance. However, it does reduce
apertureopeningandrequiresartworkadjustment.
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Chemically Etched Stencil

LASER CUT PROCESS

© Laser-cutisasubtractive process. The Gerberdatais translatedinto a CNC-type language thatthe
laserunderstands. The apertureis cutout by moving the laser head only, moving the table holding
the stencil only ora combination of each. The laser beam enters inside the aperture boundary and
traversestothe perimeter where it completely cuts the aperture out of the metal, one aperture ata
time. The smoothness of cut depends on many parameters, including cut speed, beam spot size,
laser power and beam focus. The typical beam spotsizeis about 1.25 mils. The laser can cutvery
accurate aperture sizes over a wide range of size and shape requirements. As with Chemically
Etched, the laser-cut aperture size must be adjusted to the post-processing treatment employed
becauseaperture size change willoccurduringthisprocess.

© Laser-cut stencil thatis electropolished definitely has smootherinside aperture walls than a non-

electropolished laser-cut stencil. Therefore, the former will release a higher percentage of paste
thanthelatteratagivenarearatio.
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LASER CUT PROCESS

© Somelaser-cuttingmachines are homemade systems, some vintage lasers, and some are fine-cut
lasermachines. Electro-polishingandnickel-plating are alsousedto furthersmooth surface walls
andimprovesolderpasterelease.

Laser cut no surface treatment side wall Laser cut with electro-polish wall

© Stencil printing process can be divided into three categories: the aperture-fill process, the paste-
transferprocess, andthe positionallocation ofthe deposited paste. Allthree processes play a vital
role in achieving the desired result - a precise volume of paste (a brick) deposited to the correct
locationonthe substrate.

© Thefirststepinprinting solder pasteistofillthe stencil aperture with paste. Thisis achieved using
ametalsqueegeeblade. Severalfactors cancontributetothe aperture-fillprocess. The orientation
oftheaperture withrespecttothe squeegeeblade hasaneffectonthefillprocess.

®© Anaperture oriented withits long axis inthe same direction as the blade stroke does not fill as well
as an aperture oriented with its short axis to the blade stroke. Squeegee speed also influences
aperture fill. Squeegee speed must be reduced to fill the aperture with the long axis oriented
paralleltothe squeegee stroke.

© Thesqueegee-blade edge has aninfluence onhow wellthe paste fills a stencil aperture. The rule of
thumb is to print at the minimum squeegee pressure while still maintaining a clean wipe of the
solder paste onthe stencil surface. If squeegee pressure istoo high, both the squeegee blade and
the stencil may be damaged. Excessive squeegee pressure can also cause paste smearing under
the stencilsurface.
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LASER CUT PROCESS

© Ifthe pressureistoo low, one of two events may occur. Paste left on the squeegee side of a small
aperture will hold the paste, preventing its release to the PCB pad, resulting in insufficient solder.
Paste left on the squeegee side over large apertures will be pulled down through the aperture,
resultinginexcesssolder.

© Proper squeegee pressure is the minimum pressure that achieves a clean wipe of the paste.
Minimum pressureisafunctionofbladetype.

© Arecent study demonstrated that the minimum squeegee pressure for one squeegee blade* was
about 40% of that of the teflon/nickel-coated blade for lead-free solder paste. Tests have
confirmed that lead-free solder pastes typically require about 25% more squeegee pressure than
tin/lead pastes.

TECHNICAL EXPLANATION OF STENCIL TECHNOLOGY

© Before understanding technical aspect of stencil technology, it is necessary to know the
performanceissuesrelatedtosolderpasteprinting.

Therearethree majorperformanceissues,andtheyareasfollow:

© The aperture size (width and length of the aperture) and stencil foil thickness determine the
potentialvolume of solderpasteappliedtothe printed circuitboard (PCB) or substrate.

© Theability ofthe solder pastetorelease fromthe stencil aperture walls.

© Positionalaccuracy ofexactly wherethe solderbrickis printedonthe PCB or substrate.

© Asthesqueegeebladetravelsacrossthe stencil duringthe printcycle, solder paste fills the stencil
apertures. The paste then releases to the pads on the board during the board/stencil separation
cycle. Ideally, 100 percent of the paste that filled the aperture during the print process releases
fromthe aperture wallsandattachestothe padsontheboard,formingacomplete solderbrick.
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THE STATE OF STENCIL TECHNOLOGY

© In surface mount assembly, the stencil is the gateway to accurate, repeatable solder paste
deposition.

© Assolderpasteisprintedthroughthe stencilapertures,itformsdepositsthatholdthe components
inplaceand, whenreflowed, securesthemtothe substrate.

© Thestencil design - its composition and thickness, the size and shape of its apertures - ultimately
determines the size, shape and positioning of the deposits, which are crucial to ensuring a high-
yieldassemblyprocess.

© Today, a wide variety of materials and fabrication techniques enable QualiEco Circuits Ltd. to
design stencils that meet the assembly challenges of fine-pitch technology, miniaturized
componentsanddensely packedboards.

© Stenciltechnology now servesafullrange of massimaging materials.

© Stencil designers have gained depth knowledge about how aperture size and shape affects
deposition. New technologies extend the capabilities of printing platforms and stencils into
applicationsasvariedas adhesive depositionand waferbumping.

IMPORTANCE OF ASPECT AND AREA RATIO FOR
DESIGING STENCIL APERTURES

© The ability of the paste to release from the inner aperture walls depends primarily on three major
factors:
1. arearatio/aspectratioforstencildesign
2. aperturesidewallgeometry
3. aperturewallsmoothness

The first factor is aperture design-related while the other two factors are stencil technology-
related.
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IMPORTANCE OF ASPECT AND AREA RATIO FOR
DESIGING STENCIL APERTURES

© The arearatio is the area beneath the aperture opening divided by the area of the inside aperture
wall; Arearatio = [(LXW)/(2(L+W)T)].

© Historically, the aspect ratio is the width of the aperture divided by the thickness of the stencil;
Aspect ratio = W/T. The generally accepted design guideline for acceptable paste release is
[greaterthan] 0.66forthearearatioand [greaterthan] 1.5forthe aspectratio.

© Theaspectratioisreally aone-dimensional simplification of the arearatio. When the length (L) is
muchlargerthanthe width (W), the arearatioisthe sameastheaspectratio.

© Whenthestencilseparatesfromthe substrate, paste release encountersacompeting process.

® This again creates doubt, Will it transfer to the pad on the substrate or will it stick to the side
aperturewalls?

© And the solution for this is, when the area of the pad is greater than two-thirds of the area of the
inside aperture wall,the paste willprobably achieve 80 percentorbetterpasterelease.

© Theaspectratioandthe arearatioareimportantconsiderations when designing stencil apertures.
Forexample,a20-mil pitchquadflatpack (QFP) withan aperture designof 10 milX60 milina 5-mil
stencilhasanaspectratioof2.0andanarearatioof0.86.

© Sohereyoucanseethe Aspectratiois greaterthan1.5and also the Arearatiois greaterthan 0.66.
Hencegoodprintperformance canbeexpected withthisdesignusingagood quality laser stencil.

© However, consider a 20-mil micro ball grid array (microBGA) with a 10-mil aperture in a 5-mil-
thick stencil. Becausetheapertureisroundorisasquare withroundedcorners,thearearatioisthe
deciding factor. In this case, the arearatio is 0.5, which is well below the recommended value of
0.66. The aperture design can be changed by reducing the stencil thickness or increasing the
aperture size, or a stencil technology can be chosen that gives better paste release at this area
ratio.
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IMPORTANCE OF ASPECT AND AREA RATIO FOR
DESIGING STENCIL APERTURES

© Forasquare aperture, arearatio = S/4T, where Sis the side of the square. Fora circular aperture,
arearatio=D/4T,whereDisthe diameterofthecircle.

DESIGN RULES AND CAPABILITIES

© The size and shape of stencil apertures determine the volume, uniformity and definition of the
material deposited onto substrates. Rigorous control of aperture quality therefore is critical to
successful stencil design, particularly for fine and ultra-fine pitch applications where small
amounts of materialmustbe deposited with greatprecision.

© Measuressuchasarearatio (the areaunderthe aperture opening divided by the surface area ofthe
aperture wall) and aspect ratio (aperture width divided by stencil thickness) can be used to
determine appropriate aperture sizes.

© Thegeneralruleisthat, foracceptable paste release, the arearatio should be greaterthan 0.66 and
the aspect ratio greater than 1.5. When designing apertures that adhere to these rules, it is
necessary to consider each stencil manufacturing technique on its own merits. For example, itis
challenging for the chemical etching process to drop below a 1.5 aspect ratio while, with laser
cutting, aperturescanbeproducedthathavea1:1aspectratiotothe stencilthickness.

© During the printing process, when the stencil separates from the substrate, competing surface
tension forces dictate whether the solder paste will transfer to the pad it has been printed on or
remainadheredtothe stencilaperture walls.

© When the pad area is greater than 66 percent of the aperture wall surface area, the probability of
achieving efficient paste transfer is increased. As the ratio decreases below 66 percent, paste
transferefficiency decreasesandprintqualitybecomeserratic.

© Thefinish of the aperture walls can have an impact at these levels. Laser-cut apertures that have
been electropolished and/or electroplated during manufacture promote improved paste transfer
efficiency.
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DESIGN RULES AND CAPABILITIES

© Thefinalaperture sizes. This determines the volume of solder paste that will be printed onthe PCB.
Three dimensions (onrectangular apertures), the length, width and the wall height of the aperture
determine the volume of the solder brick printed onthe board. The height, or stencil thickness, will
have a significant effect on the performance of the stencil and subsequently the product defect
rate. Correct specification will minimize product defects and rework. The final aperture sizes will
also take into account any reductions required to be made. Reductions will also be discussed in
more detail.

© Whetherthe stencil obeys certainlaws of physics that will guarantee successful transfer of solder
pastefromthe stenciltothe PCB. During printing, there existsanadhesion ofthe pastetothe padon
the PCB and to the aperture walls of the stencil. The adhesion to the pad must be greater than the
adhesion to the stencil to ensure a good transfer. Therefore it can be deduced that the printability
will depend on aratio of the stencil wall areato the openface area. Thisis of course ignoring other
minorinfluencessuchaswallroughnessanddraftangle.

© Stencil dimensional accuracy and printing positional accuracy. Stencil dimensional accuracy is
dependentonthe quality oftransferred cad data, methods andtechnology usedto manufacturethe
stencil, and the conditions of use (i.e. the stencil is not being used at higher than normal
temperatures). The printing positional accuracy will be determined by the alignment methods
used.

STENCIL DESIGN GUIDELINES

Considerations with Stencil Design:
Aperture Size vs Pad Size, Aperture Shape, Stencil Thickness, Adhesives Printing, Stencil
Manufacturing Method, Stencil Thickness, Aperture Design, etc.

APERTURE SIZEVERSUS PAD SIZE:
Itisrecommendedthatfinerpitch aperture openings be slightly smallerthanthe landing pad size. This
isprimarily for:

© Improved gasketingbetweenthelanding pad andthe underside ofthe stencil.

© Preventbridgingonfine pitchcomponent.
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STENCIL DESIGN GUIDELINES

RecommendedPad and Aperture Size

Component Pitch Industry Standard Industry Standard
Pad Width Aperture Width
50 mil 25 mil 25 mil
40 mil 20 mil 20 mil
31 mil 17 mil 16 mil
25 mil 15 mil 12 mil
20 mil 12 mil 10 mil
16 mil 10 mil 08 mil
12 mil 08 mil 06 mil

© Aperture widthreductions must be taken equally from each side sothatapertureis centered onthe
pad. (Fig 1.). Aperture lengths can be reduced by similar dimensions to reduce the potential of
solderballing.

Pad —»——

Pad —» I
[3— Aperture Aperture —— L Termination

Figure 1 Figure 2

© Apertures can be shifted to the outside edge of a pad to reduce potential for "under chip" solder
balls. (Fig. 2).

APERTURE SHAPES

© Differentaperture shapes have been found to offerthe benefits of less paste utilization, consistent
pastereleaseandreducedoreliminated solderballing. Shapestoconsiderinclude:

Oval Home V-Shaped
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STENCIL THICKNESS

© Stencil or "foil" thickness is an important part of stencil design. Optimal paste deposition onto a
PCB is impacted by the relationship that exists between the pad size, aperture opening and foil
thickness. Whilethe aperture may be appropriately sizedforapad, astencilthatis eithertoothin or
toothickmay stillcauselessthanoptimaldepositionofsolder paste.

© Thisrelationshipis also known as "aspect." Aspectis the difference in forces that either pull paste
froman aperture and onto apadorcause paste to be held withinan aperture. These forces can be
quantified and represented as ameasurement called the Aspect Ratio. In simple terms, for a paste
to be adequately deposited on a pad, the paste surface tension must be stronger that the surface
tensionofthe pastetotheaperture wall.

© Abroadsetofrules has been adopted that help us design stencils with appropriate Aspect Ratios
depending onthetype of stencil ordered. Itis important thatthe smallest aperture onthe board be
usedforthiscalculation.

Stencil Type Pitch Ratio of Foil Thickness to Minimum
Aperture Width

Chemically Etched 1:1.5

Laser-Cut 1:1.2

© Forexample:
Alaser-cut stencil witha 16 mil leaded component (8 mil aperture width) should have a maximum
foilthicknessof6 mil* [6x 1.2 = 8]

© AstencilshouldalwayshaveaPaste Pulling Tensionof0.2 orgreater:

Pad Pulling Tension (P) Aperture (Length (L) ~ Width (W))

= > 0.6
Retaining Wall tension (R) Stencil Thickness (T) x
Aperture Perimeter (2 x (L + W))
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STENCIL THICKNESS

2 mm

0.3 mm
;

Stencil

STENCIL FRAME
(Also called "Glue-in" or Mounted Stencils)

Framed stencils are the strongest form of laser-cut stencils available in the market today, which are
designedforhighvolume screen-printing.

KeyFeaturesand Advantages:

© UniqueProcessforSmooth Aperture Walls.

© VeryCleanLaser-CutApertures.

© ExcellentPrintPerformance.

© ExcellentforHigh-Volume Stencil Printing.

® UniqueProcessCreates PermanentNon-removable Non-fading Fiducial

CONCLUSION

Chemical etching and laser cutting are subtractive processes for making stencils. The chemical-etch
processistheoldestand mostwidely used. Lasercutis arelative newcomer. To achieve good printing
results, a combination of the right paste material (viscosity, metal content, largest powder size and
lowestfluxactivity possible), therighttools (printer, stenciland squeegee blade) andtheright process
(goodregistration, cleansweep) arenecessary.
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