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Additive Processing .......c.ccoceeeeereevienicneenennn. 7-36
Issue: Surface voids .......cccccocevievininicncnnne. 7-36
Issue: BIiStering .......cccccecceveeieniniencnnienennnn. 7-36
Issue: Background plating (extraneous

COPPET) eveeiteeiieeieenite et ettt ettt ebe e ere e 7-36
Issue: Poor thermal-shock resistance ............. 7-36
Issue: Poor insulation resistance .................... 7-37
Issue: Nodules in electroless deposit ............. 7-37
Semi-Additive Processing ..........ccccoeceeveeniennens 7-37
Issue: Surface voids ......ccccecevivvininiencnne. 7-37
Issue: Surface/hole voids .......ccceoevieieninnnen. 7-37
Issue: BIiStering ......cccceceevierieenciienienieeieenne 7-38
Issue: Poor insulation resistance .................... 7-38
Issue: Shorts or open Circuits ...........cccceeeene 7-38
Issue: Low adhesion of electroless copper .... 7-38
Issue: Electroless copper bubbles on

AdNESIVE oo 7-38
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7.12  Electroplating .........cccceeevereniereeieieieenenennens 7-38 8.1.2  Drilling and Deburring ..........cccoceeeverenerenecnnee 8-5
Issue: Electrolytic Copper peels from Issue: Residual burr around drilled hole
base metal .......cocooveiiiiiie e 7-38 causes poor dry-film resist conformation,
Issue: Partial plating of circuit pattern leading to ()lpeps in print-?q(li-etch, shorts
skip plating/step plating) .......c.cccceevevvveennucnnne 7-39 in pattern plating or tent fatlure in tent
(skip p gep P g and eteh .....ccociiiiiiii 8-5
Issue: Nonuniform plating distribution .
across surface of panel ...........cccccoeoeereeurnne. 7-39 8.1.3  Scrubbing Electroless Copper Surface
Before Pattern or Panel Plating .........c.cc..c....... 8-
Issue: Voids in holes (not seen after
€lectroless COPPET) .vevevevrveveveieiierereeeeeeeieveeaes 7-40 Issue: Removal of electroless copper
) from surface or around holes (dishing
Issue: Nodular copper plating ...........c.cccooooee 7-41 OF TINZ VOIAS) eveevevverereerereeceeieseeceererena i ... 85
Issue: Smear removal ..........cccooviiiinnnnn, 7-42 Issue: Step plating or poor adhesion of
Issue: Plating fold in PTH ........ccccccveviienins 7-42 plated COPPET ...eovvveeiieiiieieeiieriees et e 8-6
Issue: Through-hole barrel plating issues Issue: Electroless copper cerrosicn (oxidation)
due to insufficient resistance to thermal in the through-hole, lead1: ; to ~opper oxide
SIIESSES vevvenrerieenrenieerenteeerenteeieesteenresaesenennesaeens 7-43 removal during preelectropla®e cleaning and
Issue: Electroplated copper, corner or through-hole voids ... ...ccccoociviiniiiiiiiiice, 8-6
“KNEE™ ISSULS .vveveuiiiiiienieieieieieeeieeie e 7-44 8.1.4 Denoduling Pane'-place:’ Electroplated Copper
Issue: Burrs or nodules in PTH ooooveoreoeee. 7-45 Before Tent and Bt h o v, 8-6
Issue: Plating fold in PTH .......cccccceoiiniene 7-46 Issue: “Nenocling insufficient/incomplete ....... 8-6
Issue: Failure to meet copper mechanical Issue: Dist. iown of copper at through-
requirements (tensile/elongation/bend vole rim, leading to poor dry-film resist
LS, BLC.) vvrvereeereereereeeeeeeeeeeeeeeeeeeeeeeeeeseseeeeseeneees 7-46 conHrindtion, allowing etchant to get
Issue: Premature failure during thermal into tue hole, crefatlng copper voids ......c.......... 8-7
exposure/cyc]ing-p]ated deposit thinner 8.1.8 Surface Preparatlon of Panel-Plated
I . Columnar © orain structur 747 Electroplated Copper Before Tent and
ssue: Lolumnar copper grain Sructure —....... ) Etch (After Denoduling) .......cccceevveevieeniennennen. 8-7
(I:anliz:ctljf;ules or bumps in critical 7.48 Issue: Through-hole copper voids ................... 8-7
Issue: Excessive foam in plating solution g, %49 8.1.6  Surface Preparation Before Fusing ................... 8-8
Issue: Pits in plated metal ................ 7-49 Issue: Smearing of tin-lead on substrate ......... 8-8
SURFACE PREPARATION Issue: Tin or tin-lead slivers, sometimes
8 (CULE ANING STRUCTURING) 8-1 found as shorts during electrical test ................ 8-8
8.1  Mechanical Cleaning Surface f:=raration ....... 8-1 8.2 Chemical Surface Preparation ............c.ccccoene. 8-8
8.1.1 General ......cooooovveevevereecanil . APV 8-2 8.2.1  General ......cocooviiiiiiiiii e, 8-8
Issue: Surface is unifc mly rougher than Issue: Excessive foaming ... 8-8
desired for the appic o wovevveerivenieiiieieeee 8-2 Issue: Cleaning action less than normal or
Issue: Surface is u.#¥ormly less rough not up to Specifications .........cccceeceeveereeeieneeennene. 8-9
gézrlgb?\?zgen “or the application (insufficient 8.3 Issue: Equipment corroded ........ccccoceevveniennnene 8-9
Issue: Stefade roughness (and cleaning 822 Inne'rlayer S'urffdce Preparation Before
action) is NONUMEOTM. +..vvvvvveeoeeeoeoeoooosoooeeoeoee 8.3 Resist Application .........cccceeeenieriieniieenienieenne 8-10

Issc<: Tracking (streaky appearance) of panel
SIIFAC S i 8-4

issue: Innerlayer image dimensions distorted/
shrunk vs. nominal (CAD data, phototool)
AIMENSIONS .eovvieiieiieeiieeiieeie e e seee e aee e 8-5

Issue: High residual chromate conversion

coating level on copper surface, causing

poor resist adhesion and/or poor multilayer

bonder formation ........c..cccccceeevieiiiiiniinininenn 8-5

Issue: For micro-etchant chemistries,
copper surface not rough enough,
causing poor resist adhesion ........c..ccccceceeenne. 8-10

Issue: For acidic cleaner/micro-etchant,
residual organic contamination after
cleaning, causing poor resist adhesion ........... 8-10

Issue: For acidic cleaner/micro-etchant,
residual chromate conversion coating after
cleaning, causing poor resist adhesion ........... 8-10
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Issue: For persulfate micro-etch, residual
salts on the copper surface after cleaning

and rinsing cause poor resist adhesion ...........

8.2.3 Surface Preparation of Imaged Innerlayers

Before Multilayer Bonder Application ...........

Issue: Nonuniform, spotty bonder (oxide

or oxide alternative) formation .......................

8.2.4 Through-Hole Hole Wall Preparation

(Desmear) Before Electroless Cooper

Plating ..oooveeviiiiieieeieeeeeee e

Issue: Plated through-hole copper is not
well connected to the innerlayer copper
and/or hole-wall dielectric resin, causing
plated copper separation from the innerlayer

copper and hole-wall pull-away .....................

8.2.5 Electroless Copper Surface Preparation

Before Pattern or Panel Plating ......................

Issue: Poor dry film resist adhesion to the

(un-scrubbed) electroless copper surface .......

8.2.6

Issue: Equipment corroded by chemistry ......

8.2.7 Cleaning After Fusing or Hot-Air Solder

Leveling (HASL) .oooeeiiiiiiiieeeicieeeeee

Issue: Tin-lead still dark after solder

conditioning/brightening step .......c..cccceeerenee.

Issue: Flux residue .........cccooevvvvveiiviieeeeeiennnen.

Issue: White residue on board after

Cleaning ......ccocceevviienieniiiiieeeeee e

Issue: High ionic contamination levels,
as evidenced by solvent extract resistivity

EESTINE weevreenreeiieeie ettt ettt

8.3  Electrocleaning ........c..ccccocevveeveneecieneene e

Issue: Copper-to-copper peelers after

pattern plating ......occoeceeeeevenienenieeeite e

Issue: Resist breakdown, edge-lift'ng and

under-plating during pattern plating ... ........

Issue: Resist image stripped.in .2
electrocleaner .................:

Issue: Step plating ........ccccooivevierieneenienenne.

Notes for Section 8

9 INTERCONNECT FORMATION .........cc.coeenenee.

9.1 Imaging™.
9.1.1

Yssne: Tuotoresist under-exposure .................

rsue: Resist scum/residue on panels after

AeVeloOPMENt ......ccceeveviriineniiicneeeeee

Issue: Poor tenting (insufficient resist

bridging of PTHs) performance .....................

Solder Conditioning Before Fusing ................

Dry Filn. Phot resist .....cocovveererieriiniieienenne

9.1.2

Issue: Inability to completely develop-out
unexposed TeSISt Ar€aS ......evvvevveerveereerveerieeneens 9-5

Issue: Photoresist image damage during
development, image lifting and/or ragged
circuit lines after development ............ccceeueenee. 9-6

Issue: Resist breakdown and lifting
during etching .......ccocoeevencneiiiiiiiiieeeee 9-7

Issue: Resist breakdown, edge lifting and
under-plating during pattern electroplate

OPETALION .viiiiieiieiieeeete et 9-8
Issue: Copper-to-copper peelers after pattern
Plating .ooeiiiieiieeee e e 9-9
Issue: Skip and step plating in developed-

OUL CITCUIt PAETN .eveeneieireiiieiieeieeeireeees e 9-10
Issue: Photoresist residue on boas

after SrIPPING ...veeveevvierieeieerieeeieeees e 9-11
Total Aqueous ResiSt .....c.occeeicveveinircnnennee 9-12

Issue: Incomplete develoy ment « f
unexposed resist ........oiieee eeefoenieneeeeiene 9-12

Issue: Photoresi . 1ma, e soft, dull in
appearance, and eas’'v.uamaged after

development ..o 9-13
Issue: Resis breakdown during pattern

PIALING oottt 9-14
itsue . Incomplete stripping ........ccccceeeevenennene 9-15
issu: Redeposition of stripped resist

ba k onto circuit pattern ............coceeceeveeeennne. 9-16
Liquid Photoresist .......ccceeveeveervieeniieniieeieeieenns 9-17
Issue: Resist breakdown in plating ................ 9-17

Issue: Line width reduction or inability to
develop-out unexposed 1esiSt ........cccceevvverrueanne 9-17

Issue: Photoresist image damage during
development (image lifting and/or ragged

circuit lines after development) .............ccc.e.... 9-18
Issue: Copper-to-copper peelers after

pattern plating ......occeveveevienieiiiecene e 9-19
Issue: Skip plating in developed-out

CITCUIL PAMETTL ..eevvveireeiieireeieerieeeireeieeereeieenee 9-19
Issue: Photoresist residue on board

after StrpPINg «..cooceveevereriienieeieeeec e 9-19
Screen-Printed ReSist ......ccooceevvevieieninieieeas 9-20
Issue: Shadows or ghosts on screened

boards .......ccccioiiiiii 9-20
Issue: Ink deposit too heavy ......c.ccccecenennee. 9-20
Issue: Bubbles in screen-printed image ......... 9-21
Issue: Large voids in resist image (fish

€YES OF CTALEIS) uvverereeeierireeieereenreenieenneenseenns 9-21
Issue: Ink runs through screen ....................... 9-21
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Issue: Slow breakaway on printing ................. 9-22 Issue: Excess pinholes, opens, etc. ................. 9-29
Issue: Excessive pin-holing of screened 9.5 Copper Treatment to Improve Laminate
resist during pattern plating ..........c.cccccceceeeueenne 9-22 AdRESION .ot 9-29
Issue: Bleeding of plating resist onto 9.5.1 Double-Treated Copper/Laminator’s Oxide ..... 9-29
conductor and/or lands ........c..cccceevieiinieciinenne 9-23 .

Issue: Nonuniform treatment appearance

Issue: Very small voids in conductor prior to 1amination ...........cccceceevevieveivierieierenenn. 9-29
patterns, extending through copper
foil to SUDStrate ........ccoceeveeniriieninieienieieene 9-23 Issue: Poor resist adhesion ... 9-22
Issue: Ragged line definition ..........ccccccevvnenee 9-24 Issue: Un-etched coOpper ........cccccceveevvenieeeenne 929
Issue: Ink is soft and easily marred ................ 9-24 9.5.2 Black or Red/Brown Oxide Coatings ........... . 9-30
Issue: Resist failure in etching ........................ 9-24 Issue: Nonuniform oxide appearanc: ............. 9-30
Issue: Resist softens during plating Issue: Oxide coating t00 thin ... ..., 9-31
cycle and/or plating occurs on resist ............... 9-25 . . .

) ) o Issue: Oxide coating too thic™ ... ceeieenne. 9-31
Issue: Resist residue remaining on board )
surface after SiPPING «..ov..eveeoveeereeerereeereeereees 9.25 9.5.3 Oxide Bath Control ..........iicceeveiiiieiiiees 9-31
Issue: Nonuniform or inadequate cure Issue: Gray scum forn s on top of solution .... 9-31
on boards (resulting in plating or etching Issue: Solution cuncenu tion drops rapidly ... 9-31
PIODIEMS) oot 9-25

L oL C . Issue: Color va.:ation (of oxide coating)

Issue: Skips or .VOldS H.l print o 9-25 as bath asts oo e 9-32
Issue: Step platmg (S.W irled pattern in 9.5.4 Oxide Post-1-€atment .........cccoceceveereereennencne 9-32
copper) of printed resist panels in copper
electroplate ........ccccceviririiniiniieee e 9-26 Issu e~ Dost-treated coating nonuniform

9.1.5 Laser Imaglng Of PhotOoreSiSt .ovnvevenieeiiiiininninn, 0-26 TN COLUT it e e eans 9-32

9.1.6 Electrophoretically Deposited Photoresist ....... 9-26 wssae: Oxide coating does not react to

92 Inner-Layer Fabrication ... oo 9-27 pOSt—dip .............................................................. 9-32

9.2.1 Handling .......cccooveivverivieriierieieeiereeeveevee e 9-27 Issue: High consumption of post-dip

9.2.2 TInner Layer Problems oo 9-27 P16 (6 118 AN 9-32
Issue: Inner layers damaged in Issue: Low peel strengths on post-treated
conveyorized equipment _______________________________ Y27 multilayer DOATAS e, 9-32
Issue: Inner layers bow excessively [......... 9-27 Issue: Pink ring still evident after
Issue: Dimensional stability ... Bm..... 927 POSE-LIEALMENE ...cveeiniieiiiiieirericeree e 9-32

9.3 Print-and-Etch Inner Layers .4 ... 9.27 9.5.5 Conveyorized Oxide Systems ........c.cccceecveeenns 9-33

9.3.1 Cleaning ......ooceeeeveeereereeed eesers e 9-27 Issue: Conveyor wheel marks on panels ........ 9-33

9.3.2 Resist Residue on Innes Laycis ..oocooeeieienns 9-27 Issue: Oxide coating blotchy or nonuniform .. 9-33

933 Imaglng .......................................................... 9-27 Issue: Oxide toO thiN .e.eeoenoeoee e, 9-33

9.4 Inner Layers With vin. and/or 9.5.6 Delamination Relating to Application of
Buried Vias iy cooceeeee o 9-28 Oxide CORNG ovvvrreeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesesss 9-33

9.4.1 DrilliNg .ccci et 9-28 Issue: Surface contamination ... 9-33

0.4.2 Plating ..o oo 9-28 .

o ) Issue: Improper development of oxide ........... 9-34

Jssuc: Voids in through-hole copper plating ... 9-28 ) ) )
) ) 9.6  Metallic Protective Coatings ...........ceevvrveruennne 9-34
Yssue: Uneven plating thickness ...................... 9-28 961 TinLead Fusi 934

N 11 T 9-28 Ded HALLAG FUSIG covssrrvvmmmmsssssssssssnnnimmssssssesss )

Issue: Panels coming out of etcher skewed ... 9-28 Issue: Little or no edge coverage

) after reflow ... 9-34
Issue: Heavy excess copper on inner layers )
in SPOLS, SIEPS, ELC. evvvvrrirrierirreieierieeeeeeereereenes 9-28 Issue: White haze or residue on solder
Issue: Dish downs, scratches or other after reflow, often as lead or tin oxide ............ 9-34
damage to Pattern .........ccccovcervierenierieneeienienn 9-28 Issue: Nonfused tin-lead; cold spots ............... 9-35
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Issue: Blow holes occur in fused solder .........

Issue: Dewetted solder surface after fusing ...
Galvanized finish
Dull finish

White residue on board surface

Issue:

Issue:

Issue:

Issue: Plugged holes .......ccccccooevvvvieiiiiiiniiieinn,

Plugged holes

Issue: Flat reflow

Issue: Pumped reflow nodules (volcanoes) ....

Issue: Grittiness after reflow

9.6.2 Infrared Fusing ......cccccecceevieniinniiniiiieiieneene

Issue: Incomplete reflow ........ccccevieiiiincnne.
Issue: Dewetting/puddling .........cceceevvveniennnne
Issue: Delamination of multilayer panels
Hot-Oil Reflow

Issue: Boards not reflowing

9.6.3

Issue: Dewet/pull-back of reflowed solder

Issue: Delamination

9.6.4 Vapor-Phase Fusing

Issue: Boards not reflowing

Issue: White haze after reflow

Issue: Dewetting after reflow ..........ccccoeeeeenne.

9.7
9.7.1

Solder Leveling .........cccoceviniiiiniiiinieiincene.
Hot-Air Leveling
Webbing/balling of solder
PTH not soldered

Lands not completely soldered .............

Issue:

Issue:

Issue:

Issue: Poor coverage of surface or holes

Issue: Plugged holes

Issue: Dewetting of solder

Issue: Solder mask blisters/poor adhesion
after leveling

Issue: High ionic contamination levels/
poor electrical properties

Issue: Solder on leveled panel has a
grainy appearance

Issue: Solder on gold tabs
Machine/Material Problems ............c.ccccceeuenee.

9.72

Issue: Plugged air knives

Issue: Copper contamination builds up
rapidly in solder .........cccoocvviienininnenieeeee

Issue: Excessive smoke generated during
leveling operation

9.8
9.8.1

9.8.2

9.8.3

9.9
9.9.1

9.9.2

Issue: Flux density changes frequently ...........

Immersion Coatings

Immersion Tin ......oooovvveeiiiiiiiiiiieieec e

Issue: Solder on gold tabs/Poor coverage
or skip plating

Issue: Low tin thickness on part .........cc..c.......

Issue: Unusually low stannous
concentration in bath

Issue: Darkening or unusual color of bath

Issue: Dark spots on tin

Issue: Dark or stained deposits

Issue: Chipping, peeling on nonadherent
AEPOSILS .eeuveeeeiieiiete e

Immersion Gold

Issue: Poor coverage or skip plating

Issue: Slow plating rate ........cccceceeveverveeneennnen.

Immersion Tin-Lead

Issue: Thin deposit (< 4 um)

Issue: Wrong alloy composition in deposit ....

Issue: Deposit will not fuse ......ccccceeevvevneenennn.

Deposit will not fuse

Issue: Loss of deposit adhesion ......................

Loss of deposit adhesion

Issue: Nonuniform thickness of tin-lead

deposit

Electroless Coatings .........cccceevereeniesienveeseennene

Electroless Nickel

Issue: Lack of continuous plating or skip
plating (poor coverage)

Issue: Roughness of plating

Issue: Slow plating rate ..........ccccoceeceevvecvennene.

Issue: Nickel plate is peeling

Issue:

Issue:

Issue:

Issue: Frosted deposits

Electroless Tin

Issue: Thin tin deposit .......ccoceeveerverieenieennnenn

Issue: Poor fusing ........ccoeeeveviivvvvvveeeeeeeeeeeee,

Poor fusing

Issue: Bath has darkened .........cccoveevevvnnnnennnn.

Issue: Salts crystallizing

Issue: Skip plating/poor coverage ...................

Issue: Slow plating rate ..........cccceeveverieeneennnen.
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10 ETCHING ... 10-1 Issue: Over-etching ........cccccevvvivinincnenncnee 10-9
10.1  Equipment-Related Effects and Effects Issue: Under-etching ..........cccoovevieieierennnn. 10-10
From Other Processes ......ooueveeieeeeeeeeeeeeeeeeennens 10-1 . .
10.4  Peroxide-Sulfuric Etchants ...........ccccoceenernee. 10-10
Issue: Nonuniform etch from side-to-side
OF PANEL oo 10-1 10.4.1 Bath Control ........ooooveimmmeeeeeeeeeeeeeeeen 10-10
Issue: Nonuniform etch (copper left on Issue: Excessive peroxide consumption ...... 10-10
some areas of panel while other areas Issue: Blackening of tin-lead solder
are etched properly) ... 10-1 during etching ...........ccooveeueveeveveeieeeeeeeenennns 10-11
Issue: Excessive undercut (over-etching Issue: Slow, but uniform etch rate ............... 10-11
CONAUCTOT) ..eeieeiiiieee e et 10-2 . .
Issue: Etchant solution temperature rises .... 10-11
Issue: Panels skewing on conveyor ............... 10-2
Issue: Etchant temperature loss .................. 10-11
I : C left d circuit patterns ..... 10-3
Ssties T-opper Tet around Creult patierns Issue: Excessive foam blanket ..................... 10-11
Issue: Etch rate SIows .......ccoccevviiniinienncene 10-3
) ) Issue: Crystals (copper sulfate) not
Issue: Etchant attacks resist (on print-and- precipitating readily in immersion equipment;
etch WOrk) ..cvveeeiiiiiiee e, 10-3 instead, very fine partic]es form a ge]_like
Issue: Front of panel etches differently mass in the chill and/or settling tanks .......... 10-12
from back of panel ........cccocevveviiiniiniiiniee 10-3 Issue: Building solution volume ................. 10-12
10.2  Cupric Chloride .....c..cccceeveviniieniiieneiieicees 10-4 Issue: Etchant solution volume drop ........... 10-12
10.2.1 Bath Control ..........coooviiiiviiiiieiieeeeeeeeeeeeeeeeas 10-4 10.4.2 Improper Etchlng .......................................... 10-12
Issue.: O.ver-chlormatlon causing fref: Issue: Nonuniform etch (copper left
chlorine in atmosphere around machine ......... 10-4 in some areas of panel while others
Issue: Sudden slowdown in etch rate ............ 10-4 are etched properly) ......ccocevvveveninieninienee. 10-12
Issue: Slow etching/Etch rate is not as fast Issue: Nonuniform etch on very thick
as it should be but seems fairly steady .......... 10-5 copper-clad panels = 200 um/Variation
. . in line width from bottom to top of
10.2.2 Improper Etchmg ............................................. 10-6 vertically positioned {races. —................... 10-12
Issue: Over-etchlr?g ........................................ 10-6 Issue: Fast etch rate, over-etch ... 10-12
Issue: UNder-etehing st 107105 Fettic CIOMAE oo 10-13
10.3  Alkaline (Ammonial) Etchants ........................ 10-7
10.5.1 Bath Control ........ccccceevieviiiieiiienieeeeeeee, 10-13
10.3.1 Bath Control .......ccccoceveviieninveeninienienecienens 10-7
) o Issue: Etch rate very SIow .......ccccocevieeiennene 10-13
Issue: Excessive crystallization in etcher ...... 10-7 )
. Issue: Excess foaming of etchant ................ 10-13
Issue: Etchant no longer etches/Alkaline
salts precipitate out of etchant and fall to Issue: Muddy-brown etchant color .............. 10-13
bottom of etch sump (sludging) ................c..... 10-8 Issue: Sudden slowdown in etch rate .......... 10-13
Issue: Etch rate slows as boards are being 10.5.2 Improper Etching ......c..ccccocvvininiininianennn. 10-14
PIOCESSEA vt 10-8 Issue: OVer-etching ........oooecovevevevevsveereenenn. 10-14
Issue: Resist coming off in etcher Issue: Under-etching .........cccoovviiiviuenrinnnne. 10-14
(when using dry-film or screened ) )
INK aS €tCh TESISt) wovvveeeieieeeeeeeeeeeeeeee e 10-8 10.6  Ammonium or Sodium Persulfate ................ 10-14
10.3.2 Improper Etching ..........ccooovveevvrverereereernennn. 10-9 Issue: Slow etch rate ..., 10-14
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11
11.1
11.1.1

11.1.2

11.1.3
11.1.4
I1.1.5

11.1.6
11.1.7
11.1.8

11.1.9

11.2
11.2.1

11.2.2

11.2.3

11.2.4

11.3
11.3.1

11.3.2

11.3.3

LAYERING AND LAMINATION ........................

General .......coocieeiiiiiin e
MiSTegistration .........cccceceeevvevuecveveieieenennns
Issue: Breakout due to no annular ring .......

Blisters/Delamination and Inter-laminate
AdheSIoN .......ooovvvviii e

BOW/TWISE .evveiieeiiieiieeecieeee e
Laminate Voids ......cccceeeevevienienieeiienieeeeenne.
Resin Starvation .......cccccecceeveevieniieeneeneenne.
Issue: Resin starvation ...........cccccceeeveeeenne.
Panel/Board Thickness .........ccccceevveecvveennnnnn.
Surface Imperfections
PitS oo

Issue: PitS .....ccccooveviniiiiniiiiiicicceeeces
Measling .....cocceverievieninienieeeee e
Issue: Measling .......cccceceevieniienciieniennennne,
Handling .....ccooeniiviiniiiieceeee
MiSTegiStration .........coceeevereeeeeneeeieneeeeeneennes

Issue: Misalignment of the innerlayers
on one piece of core to the innerlayers
on another piece of COre .......cccvvervrvvenuennen.
Blisters/Delamination ......c..ccccececeevereennennee.
Issue: Resin fractures after lamination ........
Issue: Delamination .........ccccccecenerveenennee.

Laminate VOids .......ccccoevvvviiiiiiiiiieeceiiieeeeenn,

Issue: A random series or line of voids,
particularly a problem in spacing with
one or two plies of low-flow prepreg ...........

Surface Imperfections

Issue: Scratches on surface of panels after
lamination or post-bake ..........cccceecueervennennne.

Equipment ......cc.ccocceveniniininieieceeeen
MiSTegiStration ..........cceceeeveerieeneensieeneeneennnes
Issue: Misregistration ............cccceceevervenuennee.

Issue: Controlled-depth drill too deep,
violating minimum dielectric spacing
TEQUITEIMENT nveeureiiiiieieeireieeeteteeieeee e

Issue: Innerlayer image not aligned with
drilled-hole pattern ..........cccecceveeveencreenennen.

Blisters/Delamination ...........ccccccceeeeeveeeeeennnn.

Issue: Blisters or delamination at the
oxide or laminate interface with the
CUTEd PIEPIEE ..evevvverrieiieniieeieenieeete et

Laminate Voids .........cccoevvveeiieiiiiieeececirieee e,

11.4
11.4.1

11.4.2

1143

1144

11.4.5

11.4.6

11.4.7

11.5
11.5.1

11.5.2

Issue: Holes in blind or buried via layers
are not filled to the extent required by

SPECIfICAION ...evvuvieiieiieeiceiee e 11-8
Material ....c.coecevieniiniiniiiceeeeeee 11-8
MiSTe@iStration .......c.ceveeverveeeererenienrenienneneen 11-9
Issue: Circuits moved during lamination .... 11-9
Issue: Misalignment of holes to innerlayer
IMAZE oot 11-9
Issue: Dielectric spacing violation .............. 11-9
Issue: Conductive anodic filament (CAF) ... 11-9
Blisters/Delamination ............coccceeeeveeeneenne 11-10
Issue: Separation of the prepreg and the
innerlayer laminate or oxide surface .......... 11-10
Bow and Twist (Warped) .......cccceceveeiennenne 11-10
Issue: Panel or board warped or twisted

after lamination or final routing ................. 11-10
Laminate Voids ......ccccocceviriencnienicniencicnene 11-10
Issue: Entrapped air in prepreg ................. 11-10
Issue: Holes in a heat sink or restraining

core do not fill during lamination ............... 11-10
Resin Starvation ......c...cccceceeeeveeviencniencne. 11-10
Issue: Internal frosty appearance (seen

mostly in areas with little circuitry) ........... 11-10
Panel Thickness .......cccccocveevverieeiniienienieenne. 11-11
Issue: Panel overall and dielectric

thicknesses too thin/Excessive amount

of cured resin framing panel ....................... 11-11
Issue: Panel is thicker or thinner than
SPECIfICAION .eovveeiieiieieeieeiceee e 11-11
Issue: Dielectric thickness is violated ....... 11-11
Surface Imperfections ........cccccoeceevvieeneennene 11-11
Issue: Pits, dents, epoxy or scratches

on panel surface .........cocvevvevienciienieneennnenn 11-11
TOOLNG .o e 11-11
MiSTegiStration ...........cecceevverreeeneenveenieenneens 11-12
Issue: MisSregistration ...........ccccecceeeeeeenenne. 11-12
Issue: Internal layers reversed backwards,

upside dOWN ..ccceeeveirieriiinieiieeeeeeceeene 11-12
Issue: Inner-layer images smaller or

larger than drilled-hole pattern ................... 11-12
Issue: Innerlayer(s) randomly

misregistered in localized areas .................. 11-12
Bow and Twist (Warped) ......c.cccccevvreennrnne. 11-13
Issue: Panel will not lay flat after

[amination ........cocceevieriieineenieeeeeeeeee 11-13

Xvi



February 2016 IPC-9121
11.5.3 Surface Imperfections ...........cccceevereecuenncne 11-13 Issue: Lighter colored areas (stains)
. . . over the innerlayer oxide surface that
Issue: Depressions in copper surface RO —
after lamination ........cccceecevieiienneeniienneee 11-13 ca.nnot be dlstmgmshed. as delamination
) ) without destructive testing by cross-
11.6 Multilayer Design .......cccccceovevieiniiininnnene. 11-13 section analysis for separation .................... 11-20
11.6.1 Misregistration ............................................. 11-13 Issue: Delamination of prepreg and
Issue: Innerlayer images smaller or larger constraining cores, such as copper-invar-
than drilled-hole pattern .............ccccecervevenen. 11-13 copper and copper-molybdenum-copper ... 11-20
Issue: Misregistration of layers on Issue: Micro-voids in laminated
different Cores .......covvvvemviieiviieeniieeeree e, 11-14 multilayer boards .........ccoceeviiiiiiiiinieniee 11-20
Issue: Circuits moved during lamination .. 11-14 11.8 Prepreg (B-Stage) Preparation .................... 11-20
11.6.2 Blisters/Delamination ...........cccccceeeeeuveeennenn.. 11-14 11.8.1 Blisters/Delamination ............cccceceeeeverueennene. 11-20
Issue: Blisters appear between boards Issue: White areas of air entrapment
on a panel ....occeciviiiiiii e 11-14 TN PIEPIEE weonvveirererieiieniieeteerieeseeebeesieenieeens 11-20
Issue: Separation occurs over large Issue: Blisters and delamination at
COPPEL ATCA weveenveiienieiienienieerenteeieeneeeaeenee e 11-14 the oxide or laminate interface with
11.6.3 Bow and Twist (Warped) ........cccooevvrrunnn.. 11-15 the cured Prepreg ...o.cevcveveveeveencieeieeneeniens 11-21
Issue: Panel or board warped or twisted Issue: Fractures visible after lamination ... 11-21
after lamination or final routing ................. 11-15 11.8.2  Laminate Voids ......c..ccceevvievriecrieiieereeneeae, 11-22
11.6.4 Laminate Voids ......c.ccccocevevievininiinininennne 11-15 Issue: Voids — air or moisture in prepreg
Issue: Micro-voids in laminated ATEAS cevveenreereeniteenteeeite et e st e e te et e st eeee e 11-22
multilayer boards ..., 11-15 11.8.3  Panel Thickness .........ccocoveeeerreeeererreeennen 11-22
11.6.5 Resin Starvation .......c.cccceceeveneevenencnennenne 11-15 Issue: Excess bead of flow around panel
Issue: Internal frosty appearance edges/Panel has excessive taper (thicker
OF PIEPIEE oo 11-15 at center, thinner at edges) .........cocconeueence 11-22
11.6.6  Panel Thickness ........cccoecevveeieeeieereenennn. 11-15 11.9 Copper Foil Preparation .........c..cccoceeeneenee. 11-22
Issue: Panel is thicker or thinner than 11.9.1 Blisters/Delamination ............cccceeceeeverveennene. 11-22
spemﬁcatlon ................................................. 11-15 Issue: Lifted circuits or low foil bond
Issue: Panel is thinner at the edges than Strength ..o, 11-22
the CENEr ....oceoveeieniirieierieiciececceeeee e 11-15 Issue: Localized separation at copper
Issue: Panel is thinner than specification .. 11-15 foil/prepreg interface ..........ccccoceveevienueenenne 11-22
Issue: High spots within a panel ............... 11-16 11.9.2  Surface Imperfections ..........cccccevvrverurennnne. 11-22
11.7 Innerlayer Preparation ...........cccccecevenienene. 11-16 Issue: Epoxy present on surface after
11.7.1  MiSTe@ISation «........mvveeeeereeeeereeeessseeeee 11-16 1aMINALON oo 11-22
Issue: Improper etch leading to spacing 11.10 Lay-Up ......................................................... 11-22
VIOLAtION .eeeveeiiieiieeieeee e 11-16 11.10.1 Blisters/Delamination .......cccceeeeeeeeevveeeveeennnn. 11-22
Issue: Innerlayer images smaller or larger Issue: White areas of air entrapment in
than drilled-hole pattern ..............c.ccccc.... 11-16 the PrEPIeg ..oovvvceeeeveeceeeeeeeeeeeeeeee e, 11-22
Issue: Etched image on innerlayers 11.10.2 Bow and Twist (Warped) ..........cccoorrernnre. 11-23
randomly misregistered to drilled- ) )
hole pattern .........ccceeeeveeinecenccnccincinenens 11-17 Issue: Panel or board is warped or twisted
1172 Blisters/Delamination .............o..oooo..... 11-17 after lamination or final roUtng .............. H-23
. . 11.10.3 Panel ThicKness .......ccoceeeveerieirieinieenienenas 11-23
Issue: Localized separation at prepreg/
oxide interface ..........ccooveveevniccninccnennn. 11-17 Issue: Panel overall thickness incorrect .... 11-23
Issue: Separation at prepreg/innerlayer Issue: Some boards/panels are thick,
oxide interface .........ccccoevveevenieiiincniienenne. 11-18 and some are thin ........c.ccceevvencncncnnenn 11-23

Xvii



IPC-9121

February 2016

11.10.4

11.11
11.11.1

11.11.2

11.11.3

11.11.4

11.11.5

11.11.6

Surface Imperfections

Issue: Cured epoxy present on copper
surface following lamination

Issue: After cleaning, black spots of oxide
seen on surface

Pressing c..ooceeeeeeenenieneiieceeeee

Misregistration

Issue: Circuits moved during lamination ..

Issue: Innerlayer images smaller or
larger than drilled-hole pattern

Issue: Innerlayers randomly

misregistered in localized areas,
or each layer is different in each
laminated panel

Blisters/Delamination

Issue: Entrapped air between circuit
boards, in low-pressure areas ......................

Issue: Entrapped air or volatiles
following lamination

Issue: Blisters and delamination at the
oxide or laminate interface with cured

prepreg
Bow and Twist (Warped)

Issue: Panel or board warped or twisted
after lamination or final rout ............c..c.......

Issue: Panel will not lay flat — baking
panels do not remove warp, indicating
stresses induced during lamination cycle ...

Laminate Voids

Issue: Small laminate voids seen from
the surface or when back-lighted ................

Issue: Incomplete hole fill of blind vias
or heavy-metal planes during lamination ...

Resin Starvation

Issue: Weave eXpoSUIe .........ccceevcveeveeenueenne

Issue: Overall dry appearance of prepreg,
possibly including exposed glass weave ....

Panel Thickness

Issue: Panel overall and dielectric
thicknesses too thin, excessive amount
of cured resin framing panel .......................

Issue: Panel overall thickness too thick
or too thin

Issue: Panel is thinner on one edge and
thicker on the opposite edge

Issue: Panel is much thinner on edges
than in the center ..........cocccveveveeniieencneenen.

11.12
11.12.1

11.12.2

11.12.3

11.13
11.13.1

11.13.2

11.13.3

11.13.4

11.14

Issue: Panel is thinner in the center than

at the edges «..oocevveeverieninici e 11-30
Issue: Some boards/panels thick,

SOME thin ...oceeiiiiiiiiieee e 11-30
Issue: Circuit image transfer (from

second conductor layer to package

surface layer) creating nonuniform

thickness within a panel .........cc.ccoocveeveennenn. 11-31
Post-Lamination Bake ..........cccccooeninenncne 11-31
Blisters/Delamination ...........ccceceeeeeenncnne. 11-31
Issue: Separation of prepreg to the

innerlayer laminate or oxide surfaces ......... 11-31
Issue: Fractures after lamination ............... 11-31
Bow and Twist (Warped) ......cccceeveevvenneenne 11-31
Issue: Panel will not lay flat ...................... 11-31
Surface Imperfections ..........ccccceevveevvennnenne 11-31
Issue: Panels stained after post-bake ......... 11-31
Issue: Dents in copper surface after

POSE-bAKE ..o 11-31
Subsequent Processing .........ccocceeveerveenneene 11-32
MiSregiStration .........cceceevereereneerieneeriennenne 11-32
Issue: Holes drilled after lamination

are skewed or rotated to the innerlayer

IMNAZE eeeeieiieiieieeiereee e 11-32
Issue: Holes do not match innerlayer

CITCUIL IMAZE -eeveeeeeeeeieieeieeieeieeee e 11-32
Blisters/Delamination ..........cecceceeeeceennenne. 11-32
Issue: Drilling, routing, post-curing/fusing

or solder coating cause delamination or

DIIStETING .eeevvvieiieiieiieeiieree e 11-32
Issue: Fractures in material after drill ....... 11-32
Issue: Delamination is present in cross-

sections, visual examination shows no
delamination, boards pass solder shock ..... 11-32
Bow and Twist (Warped) ......ccccoeeevvenuennne 11-33
Issue: Board bows and distorts during

reflow and bake ........cccoeiriininiiiiiniiniinee 11-33
Voids in PTHS ...cccoooiiiiiiiiiiieeeee 11-33
Issue: Voids in PTHs visible at

MICTOSECHION .vvveiveeniieeiieeieeniee e eiee e 11-33
Electrical .....cccccovevieniniininiciiiicicnieeiciee 11-33
Issue: Dielectric thickness did not

meet deSiZN ....ooevveeverienienieieneeeeeeeee e 11-33
Issue: Impedance values on finished

board do not match design ...........cccceeeeee 11-33
Issue: Whiskers extending into the open

beyond the recessed edge-plating area ....... 11-34

Xviii



February 2016 IPC-9121
12 FINAL FINISHES ... 12-1 Issue: Solder on leveled panel has a
12.1 Tin-Lead FUsing ......ccccevveevieeiiiniiiiiecenen 12-1 ETAINY APPCATANCE rvvvovrvvrsserssssrvsss e 126
Issue: Little or no edge coverage Issue: Solder on gold tabs ..........ccccceceeuene 12-6
after reflow oo 12-1 12.2.2  Machine/Material Problems ..............c.......... 12-7
Issue: White haze or residue on solder Issue: Plugged air knives ..........ccccceveeeencnne 12-7
after reflow, often as lead or tin oxide ......... 12-1 Issue: Copper contamination builds up
Issue: Nonfused tin-lead/Cold spots ............ 12-1 rapidly in solder .........cccevviiviinieniiinienene 12-7
Issue: Blow holes occur in fused solder ..... 12-1 Issue: Excessive smoke generated during
Issue: Dewetted solder surface after the leveling operation ...........coccceveevveenieennenne 12-7
FUSINE v 12-2 Issue: Flux density changes frequently ....... 12-7
Issue: Galvanized finish ...ooeooeooeeooeeo 12-2 12.3 Immersion Coatings ........ccoceeveeveenverneennnens 12-8
Issue: Dull A0S oo 12-2 12.3.1  Immersion Tin ..oooooeeeemiemeeeeeeeeeeeeeeeee, 12-8
Issue: White residue on board surface ........ 12-2 Issue: Poor coverage or skip plating ........... 12-8
Issue: Plugged holes ........ooooveooeeveerereee. 12-2 Issue: Low tin thickness on part ............... 12-8
Issue: Flat reflow .....cccooovviniiiiiiniiiee 12-2 Issue: Unusual low stannous concentration
N bath .o 12-8
Issue: Pumped reflow noldules .
(VOLCANOECS) .eeveeeieiieieeiiee e 12-3 Issue: Darkening or unusual color
O Of bath ...cocoviiiiiiiicc 12-9
Issue: Grittiness after reflow ..o 12-3 )
) Issue: Dark spots on tin .........ccceceveeeennenne 12-9
12.1.1  Infra-red Fusing ......ccccccoomvninincnienncnenenn 12-3 . .
Issue: Dark or stained deposits ...........c...... 12-9
Issue: Incomplete reflow ......ccccoovveiieninennnnn. 12-3 o .
) ) Issue: Chipping, peeling on nonadherent
Issue: Dewetting/Puddling ............cccccco.c. 12-3 AEPOSILS evovveeieieeeteeeeceeee e 12-9
Issue: Delamination of multilayer 12.3.2  Immersion Gold ........cccooenirieniiiienenieene 12-9
PANCIS oot 12-3 . .
Issue: Poor coverage or skip plating ........... 12-9
12.1.2  Hot-O1l REIOW oo, 12-3 .
) Issue: Slow plating rate ............cccccceeeeenne 12-9
Issue: Boards not reflowing .......ccovere 12-3 12.4 Electroless Coatings .........cceceeveveerieenvennueenne 12-10
Issne: Dewet/Pull-back of reflowed 12.4.1 Electroless Nickel ......ccccccceeveninienieneencnnn. 12-10
SOIACT et 12-3 ) ) '
Issue: Delamination ............ccccecceveveierueenenne. 12-4 Issqe: Lack of continuous plating or skip
plating (POOI COVETrage) ........cceceevueeneenueenne 12-10
12.1.3  Vapor-Phase Fusing ........ccccoccevirieneninncnenns 12-4 Issue: Roughness of plating ..................... 12-11
Issue: Boards not reflowing ...................... 12-4 Issue: Slow plating rate ...........c.ccecevueeneee. 12-11
Issue: White haze after reflow .................... 12-4 Issue: Nickel plate is peeling ................... 12-11
Issue: Dewetting after reflow .............. 12-4 Issue: Stray plating ..........ccccooeeeeeevveveennenne. 12-12
12.2 Solder Leveling ........ccccoceviiiiiiiiiniiicnne 12-4 ISSUE: PtiNg weoovveeoeeeeeeeeeereeeeseeeeeeeeeeeeesseone 12-12
12.2.1 Hot-Air Leveling ......ccoceverveninieniniinenens 12-4 Issue: Streaked deposit ........ccccocoeevneee 12-12
Issue: Webbing/Balling of solder ................ 12-4 Issue: Dull deposit .......ccocooovveveeveveeeeennan. 12-12
Issue: PTH not soldered .........ccccocovrninc. 12-5 Issue: Frosted deposits .........cccccceevieeennnne. 12-12
Issue: Lands not completely soldered ......... 12-5 12.4.2  Electroless Tin ......c.cccceevverieveeereeveeeeeeeeneenen 12-13
Issue: Poor coverage of surface Issue: Thin tin deposit ......c..ccceceveverennennee 12-13
OF hOIES ..ouviiiiiiieiirccccee 12-5 ISSUE: POOT FUSING oo 12-13
Issue: Plugged holes ..........ccoceiiiiiiinnnnne 12-5 Issue: Bath has darkened ... 12-13
Issue: Solder mask blisters/poor adhesion Issue: Salt wallizi 12-13
after [eveling ......ccoovevveeevienieiceicceeeen 12-6 B )
Issue: High ionic contamination levels/ Issue: Skip plating; poor coverage ............ 12-13
poor electrical properties .........c.ccoceeveererueee 12-6 Issue: Slow plating rate .........cccceceeveennenne. 12-13

Xix



IPC-91

21

February 2016

13
13.1
13.1.1

13.1.2

13.1.3

NONMETALLIC COATINGS

Permanent Solder Resist

Screen-Printable Solder Resists
(Thermal and UV Cure)

Issue: Misregistration

Issue: Incomplete cure (thermal-cure
inks)

Issue:

Incomplete cure (UV-cure inks)

Issue: Adhesion failure

Issue: Solder resist on lands or in holes

Issue: Solder mask adhesion failure after
hot-air leveling

Issue: Over-cure of solder mask

Issue: Insufficient moisture/insulation
resistance

Issue: SKipping ......cccecoveviniievcniiecieniennenn.
Issue: Boards sticking to screen
Dry-Film Solder Resist

Issue: Air entrapment during lamination ...

Issue: Wrinkles in solder resist after
vacuum lamination

Issue: Resist on lands

Issue: Exposure time too long ..........c.........

Exposure time too long

Issue: Development time too long ............

Development time too long

Issue: Solder resist breakdown during
post-soldering operations

Issue: White residues on solder resist .......

Issue: Bleed-through exposure (ghosting
or shoot-thru), where ink is exposed

by light from the other side of the

board through the laminate

Issue: Under-cutting or over-
development

Issue: Residue (scum or tracking) left
on panel after development

Issue: Adhesion failure at solder-
leveling operation

Liquid Photoimageable (LPI) Solder
Resist

Issue: Uneven coating (machine
application)

Issue: Exposed features (traces, pads)
on board after solder resist (skipping
screen-print operation)

13.2
13.2.1

13.2.2

Issue: Final film thickness too thin ........... 13-15
Issue: Final film too thick ..., 13-15
Issue: Pinholes or light areas in

TESISt COANG .eevvevieniiriieienieeienieeieseee e 13-15
Issue: Resist still tacky after drying

(taCK-AIY) .eoeeieeiieieeieeeeceeeeee e 13-16
Issue: Bubbles or craters in dried

resist film (usually in thickest areas

Of the TeSISt) .oovviiieiiiicciee e, 13-17
Issue: Phototool sticks to panel/Solder

resist film marring ..........cccocevveiiiiiiinnn 13-17
Issue: Excessive sidewall growth .............. 13-18
Issue: Incomplete development ................. 13-18
Issue: Bleed-through exposure (also

called ghosting or shoot-through), where

ink is exposed by light from the other

side of the board, through the laminate ..... 13-18
Issue: Under-cutting or over-

development ........c.ccocevevieiiinieiiinienienenne, 13-18
Issue: Residue (scum or tracking)

remains on panel after development .......... 13-19
Issue: Film surface marring .......c..ccccoeeeeee. 13-19
Issue: Solder resist remaining in holes

after development .........ccccceeveeveieinccncnenne. 13-20
Issue: Adhesion failure at solder

leveling Operation ............cceceeeeeeenieenieneeenne 13-21
Issue: Unsoldered lands after solder

leveling operation resist on lands ............... 13-22
Temporary Protective Coatings ..........c........ 13-22
Inhibitor Coatings .........cccecevieiinieccncnnnn. 13-22
Issue: Insufficient anti-tarnish protection,

as evidenced by tarnishing or poor

solderability ........ccccceciviiiiiniiiiniiieces 13-22
Issue: Difficulty removing coating ............ 13-23
Rosin-/Resin-Based Coatings

(Pre-fluXes) .ooovveeeecveeeriieerieeeee e 13-23
Issue: Poor solderability ..........cccceeenueenne. 13-23
Issue: Water Spots ......ccccevvevcveeriienienneenne 13-23
Issue: Spotting or tarnishing prior

t0 AIYING eveveveiiiieieiieeeeeee e 13-23
Issue: Excessive haloing around lands ...... 13-23
Issue: Dark deposit on coating .................. 13-23
Issue: Skipping of deposit .........ccccecerueeee. 13-23

XX



February 2016

IPC-9121

13.2.3

13.2.4

13.3
13.3.1

Chromate-Inhibitor Coatings .........cc..c........ 13-24
Issue: Insufficient anti-tarnish protection,
tarnishing solderability poor ...................... 13-24
Issue: Difficulty removing coating ............ 13-24
Copper OXidation ..........cccevceeeereeneereeneennn. 13-24
Issue: Nonuniform appearance after

0X1dation PrOCESS ....eevvervveerirerieerieerienieenne 13-24
Issue: Unacceptable bonding of solder

resist to oxide COatiNG .....cceecveerveerveerieeninenns 13-24

Issue: Difficulty removing copper
oxidation from areas not required
to be coated ........cccociriiiiiiiiiiie, 13-24

Issue: Creepage along conductor traces
where copper oxide has been erroneously

TEMOVEA .ooiiiiiiieiieiieieiceeee e 13-24
Temporary Solder Resists .........cccceceevuenene 13-25
TaPE e 13-25
Issue: Tape does not adhere to surface ..... 13-25
Issue: Adhesive (gum) squeeze-out .......... 13-25
Issue: Inadequate residue removal ............ 13-25
Issue: Edges ragged and not uniform ....... 13-25

Issue: Difficult tape removal ..................... 13-25
134 Nomenclature (Legend) — Nonmetallic
Materials .....cceevveeeriieeie e 13-26
13.4.1 Screen-Printed .........ccooevivievieieieieieeenen, 13-26
Issue: Ink smearing or squishing .............. 13-26
Issue: Legend skipping ........cc.cccceveeveennennee 13-26
Issue: Poor or changing registration ......... 13-27
Issue: Boards stick to screen ..................... 13-27
Tables
Table 6-1  Drilling Variables and Effects .............ccccooueeee. 6-1
Table 6-2  Punching Variables and Effects ....................... 6-9
Table 6-3  Scoring Variables and Effects ..........c.c.cccoceu... 6-15
Table 7-1  Electroless Copper Process—Problem
Sources and Subsequent Effects .................. 7-15
Table 7-2  Critical Contaminants for Electroless
Copper Working Bath and Their
Symptoms than expected .........cccccvevveennnenn. 7-21
Table 11-1 Laminate Process — Problem Sources and
Subsequent Effects .....ococveviieviieviiiiiieeee 11-1

XXi



February 2016 IPC-9121

Table of Contents

Section 1

1 GENERAL INTRODUCTION.........cceeceninininieienens 1-1
1.1 TPC-9121 Format Example.......c.cccocevveerirvencnnen. 1-1

Issue: Photoresist under-exposure ..................... 1-1
1.2 Guidelines for Effective Troubleshooting and

Process Control ........c..cocevevieiiinienineeineeceee 1-1
1.3 Parameter AnalysiS.......cccoceevvenireeneneenieneniennenne 1-2
1.3.1 BrainStorming.......ccccceceeeeerueeeenieeeeneeeeeneseeneenneas 1-2
1.3.2 Process Audit........ccccoeevvenircieninieniinienieneeiennees 1-3
1.3.3 Initial Capability Study......cccccocevveererencneenennns 1-3
1.3.4 Optimization ..........cceceeevrerienieneeieeeeeeeeneneneenne 1-3
1.3.5 Confirmation and Final Capability Assessment.. 1-3
1.3.6 Parameter Control ...........ccceecvenieieninieneneeennen. 1-3
1.3.7 Corrective Action Plan.........c.ccocceevieniiiinennnennne. 1-3
1.4 Applicable Documents...........ccocveeveereerieeneennnen. 1-3
L4.1 TPC e 1-3




February 2016 IPC-9121

Troubleshooting for Printed Board Fabrication Processes
Section 1 - General Introduction

1 GENERAL INTRODUCTION

This handbook provides problems, causes and possible corrective actions related to PWB manufacturing processes. To keep
this document current, readers are encouraged to submit process problems with photos as well as proposed causes and solu-
tions to the IPC 7-24 Printed Board Process Effects Handbook Subcommittee. Submissions will be considered for document
revisions.

1.1 IPC-9121 Format Example This document follows the general format seen below. In instances where there is no
photo, a photo is not necessary or one could not be found. Readers are encouraged to submit photos which they feel best
describe an adverse process effect. Potential test methods for discovery and verification are included in tables where
applicable.

== -

Issue: Photoresist under-exposure

Figure 1-1

CAUSE ACTION

UV source inadequate Check exposure intensity/wavelength/duration

Expose intensity inadequate Review, reinstated exposure control procedures

Expose time inadequate Review, reinstated exposure control procedures

Oxygen exposure of photoresist prior to exposure Review photoresist shelf life

Potential test methods (discover) Potential test method (verification)

AOQI (line/space reproduction) AOI

Etch-outs Periodic UV photometer and step tablet exposure checks

1.2 Guidelines for Effective Troubleshooting and Process Control One of the keys to effective problem solving is a
structured routine that addresses key points each time a major problem is encountered. This section suggests steps to effec-
tively find the cause of a problem and to solve it permanently. Refer to IPC-9191 for suggested methodology for statistical
process control (SPC).

1. Before beginning a detailed troubleshooting project, use common sense in defining the problem.
* Verify there is a problem.
* Observe the defective product and compare it to the standard.

¢ [dentify the standard process and product, and then determine any present deviation from the standard or any change
in the product.

1-1
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2. Establish whether operating procedures were followed and whether an assignable cause can be quickly identified as the
reason behind the problem.

* Only continue into more detailed analysis if the initial questions do not lead to an obvious answer.
* Even if the answer appears to be obvious, confirm the answer by operation of the process before closing the project.

3. Develop a clear, concise problem statement that quantifies the problem whenever possible and reduces the scope of the
investigation to a manageable size.

4. Gather all pertinent data and facts.
» Use SPC, historical data, records, logs, etc.
e This includes temperature charts, analysis records, maintenance logs, etc.
5. Perform a causal analysis:
* Producing out-of-specification parts requires immediate action (i.e., shut down the process).
* Out-of-control processes require determination whether the process can continue to operate.
* Severe process variation requires evaluation of the severity and effect of the problem on the final product.

6. Develop an action plan which includes the procedures for addressing products produced during out-of-specification or
out-of-control conditions. The plan should also indicate who should make those decisions. These issues include but are
not limited to:

* Disposition of the defective material (repair, scrap, replace, etc.).

* Checking the effect on scheduled delivery.

¢ Informing the effect on scheduled delivery.

* Request for nonconformance authority or Material Review Board (MRB) action.

* Establish a corrective action plan to reduce or eliminate the likelihood of recurrence.

7. Conduct a Measurement System Evaluation, which is a means used to detect and identify the problem. This includes not
only the measuring apparatus, but also:

* The sampling method.

* The operator (and his/her instructions).

e Accuracy and calibration of equipment.

* Environmental factors (e.g., lighting, temperature, and relative humidity (RH))

8. The variation inherent in the measurement of attribute data and responses that are subjective in nature can be addressed.
The evaluation is more complex in nature, but it is still an essential part of the analysis of the problem. IPC-9191 dis-
cusses this subject in greater detail.

1.3 Parameter Analysis The purpose of parameter analysis, as detailed in IPC-9191, is to establish cause-effect relation-
ships and to identify, isolate and rank major sources of variation. Common sources are:

* Positional variation (within a piece).
e Cyclical variation (piece to piece).

e Temporal variation (over time).

1.3.1 Brainstorming The development of a cause-and-effect diagram by a cross-functional problem-solving team is criti-
cal to the identification of variables to be studied. Care should be taken to include representatives of the disciplines that are
part of the process being studied, such as engineering, quality, manufacturing operators, analysis laboratory, etc.

Identify all possible causes of the problem, including process steps, raw materials, materials handling, inspection and per-
sonnel (i.e., “fishbone’” diagram for root cause analysis). The ranking of these factors by the problem-solving team should
be used to establish those factors that will be studied experimentally. The problem-solving team should, at a minimum,
include manufacturing engineers, quality engineering and operators who are intimate with the process. The team should take
care to openly consider new ideas on the problem.

Situations may occur in which the formation of a brainstorming team is inappropriate. Only someone with troubleshooting
experience should make the decision to approach a problem alone. Considerable time and effort can be wasted by failure to
get input from all knowledgeable sources.
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