GEA Mission

About IPC
Standards by
Global Electronics
Association

Global Electronics
Association
Position Statement
on Specification
Revision Change

Standards
Improvement
Recommendations

The Global Electronics Association promotes industry growth and strengthens supply chain resilience.

IPC standards and publications by Global Electronics Association are designed to serve the public
interest through eliminating misunderstandings between manufacturers and purchasers, facilitating
interchangeability and improvement of products, and assisting the purchaser in selecting and obtaining
with minimum delay the proper product for their particular need. Existence of such standards and
publications shall not in any respect preclude any entity from manufacturing or selling products
not conforming to such standards and publications, nor shall the existence of such standards and
publications preclude their voluntary use.

IPC standards and publications by Global Electronics Association are approved by committees without
regard to whether the standards or publications may involve patents on articles, materials or processes.
By such action, Global Electronics Association does not assume any liability to any patent owner, nor
does Global Electronics Association assume any obligation whatsoever to parties adopting a standard
or publication. Users are wholly responsible for protecting themselves against all claims of liabilities
for patent infringement.

The use and implementation of IPC standards and publications by Global Electronics Association
are voluntary and part of a relationship entered into by customer and supplier. When a standard
or publication is revised or amended, the use of the latest revision or amendment as part of an
existing relationship is not automatic unless required by the contract. Global Electronics Association
recommends the use of the latest revision or amendment.

Global Electronics Association welcomes comments for improvements to any standard in its library.
All comments will be provided to the appropriate committee.

If a change to technical content is requested, data to support the request is recommended. Technical
comments to include new technologies or make changes to published requirements should be
accompanied by technical data to support the request. This information will be used by the committee
to resolve the comment.

To submit your comments, visit the Status of Standardization page at www.electronics.org/status.

©Copyright 2026. IPC International, Inc., Bannockburn, lllinois. All rights reserved under both international and Pan-American
copyright conventions. Any copying, scanning or other reproduction of these materials without the prior written consent of the
copyright holder is strictly prohibited and constitutes infringement under the Copyright Law of the United States.


https://www.electronics.org/status

C IPC

by Global Electronics Association

If a conflict occurs
between the English
language and translated
versions of this document,
the English version will
take precedence.

IPC-9242

Guidelines for Microsection
Evaluation

Developed by the IPC-9242 Microsection Subcommittee (7-12) of the Testing
Committee (7-10) of Global Electronics Association.

Global Electronics Association Standards and Artificial Intelligence (Al)
Statement

Global Electronics Association is the trading name of IPC International, Inc.,
which owns the copyright to all IPC Standards and other IPC materials.

The Global Electronics Association explicitly prohibits:

e The integration or transfer of any data whether in the form of IPC books,
standards, metadata, or other formats — into Al engines or algorithms by
any person or entity, including authorized distributors and their end users.

e Activities involving data harvesting, text and data mining, enrichment, or
the creation of derivative works based on this data, including the use of
automated data collection methods or artificial intelligence.

Any breach of these provisions is considered a copyright infringement
unless expressly authorized in advance in writing by the Global Electronics

Association.

Users of this publication are encouraged to participate in the development of
future revisions.

Contact:

Global Electronics Association
3000 Lakeside Drive, Suite 105N
Bannockburn, lllinois
60015-1249

Tel 847 615.7100

Fax 847 615.7105




May 2026 IPC-9242
Table of Contents

1.0 SCOPE. ... 1 4.2 EvaluationPlane .................................. 11
1.1 PURPOSE...... ... i 1 4.3 Magnification ....................... ... 12
1.2 Classification..................cooiiiiiiiiiiin., 1 44 Marking and Traceability .......................... 12
1.3 Measurement Units ................................ 1 4.5 Correct Hole Structures and Quantity............. 12
14 Abbreviations and Acronyms ...................... 1 4.6 Quality of the Microsection - Pre-Inspection
14.1 IEEE ..ottt 1 Cheeklist......oovr 12
142 ASTM. . 1 4.6.1 Center of the Hole Structure..................... 12
143 DIC .o 1 462 Shape/Straightness of the Hole .................. 12
1.4.4 ENIG oo 1 4.6.3 Flatness .....ooveenniin i 12
145 ENEPIG. ...t 1 464 Surface CONAItON ..o 13
15 Terms and Definitions . . .. .. ... 1 4.6.4.1 Polish ..o 13
151 ATTOWNEAAING ..o eeeeeeee e 1 4.6.4.2 Scratches ......oouviiii i 14

4.64.3 Debris and Residues ............cooveviiinnn.. 14
2.0 APPLICABLE DOCUMENTS ........................ 2

4.64.4 OXidation. . ....o.veniii i 14
2.1 IPC .. 2

4.6.5 Micro-etch .......coviiiii i 15
22 ASTM . . 2

4.7 As Polished (Prior to Micro-etch) Evaluation...... 16
2.3 Military ... 2

4.7.1 Inner Layer Separation.......................... 16
3.0 MICROSECTION EVALUATION ..................... 3 . . .

4.7.2 Microvias Separations at the Target Land........ 16
3.1 Equipment........... ... ... 3

) 5.0 IPC-A-600 INTERNALLY OBSERVABLE
3.1.1 Mlcroscope ...................................... 3 CHARACTERISTICS. . .. o oo, 17
3.1.2 Optical Magnification.......................oe. 3 b1 Dielectric Material ................................. 17
3.13 Lighting and Optical Contrast.................... 3 511 Thermal Zones 17
3.14 Illuminating Arrangements....................... 3 512 Laminate Voids 18
3.14.1 Brlght Field ... 4 5.1.2.1 Laminate Void (In-PrOCGSS Microsection) ........ 19
3.14.2 Dark Field........cooooiii 5 513 Laminate Cracks. . ... oom e 19
3.1.4.3 Polarized Light ................ooiiiiinnn 3 5.1.4 Delamination/Blister............................ 22
3.14.4 Differential Interference Contrast (DIC) .......... 6 5141 Delamination 20
3.145 Fluorescence ...........coooiiiviiiiiiniiniaen.. 6 5142 Blister 23
3.1.5 OptiCS ........................................... 7 515 Copper Penetration/Dielectric Removal ......... 23
3.1.6 Measurement System ..............c.ooooeeniinn, 7 5151 Positive EtChback. . ... .vvveeeeeeeeeee i 23
3.1.6.1 Reticle vs. Filar.............cociiiiiiiiiat 7 5152 Smear Removal (DeSmear). ..................... 25
3.1.6.2 Analog On-Screen Measurements ................ 7 5153 Wicking 26
3.1.6.3 Digital On-Screen Measurement ................. 8 5154 Copper Penetration ................c..vvvn... 26
3.1.7 Measurement Types..............ccoooeiiiniinn, 9 5155 Negative Etehback. ... .ovvvneeeeeeeeeeenin ., 28
3.1.7.1 Point-to-Point and Parallel Lines ................. 9 516 Dielectric Thickness 29
3.1.7.2 Automatic Multiple Measurements ............... 9 517 Hole Wall Diclectric/Plated Barrel Separation ... 31
3.1.7.3 Automatic Average Measurements .............. 10 5171 ReSin RECESSION - . v oo 31
3.1.74 Minimum, Maximum and Average .............. 10 5172 Hole Wall Pullaway 31
3.1.8 Measurement System Calibration/Validation..... 10 5.2 Registration 30
4.0 EVALUATION CONDITIONS AND TECHNIQUES. .. 11 52.1 Annular Ring, Internal Layers - Vertical
4.1 Evaluation Lighting ..............cocooevieiinn... 11 Microsection ... 32
©Copyright 2026. IPC International, Inc., Bannockburn, lllinois. v



IPC-9242 May 2026
522 Annular Ring, Internal Layers - Hole Breakout, 53.11.5 Plating Crack - Copper Barrel (Wall),
Vertical Microsection ..............c.oeuvenenn... 33 “E”Crack . oooeei i 53
523 Annular Ring, Internal Layers - Horizontal 5.3.11.6 Plating Crack - Corner, “F” Crack............... 54
Microsection - Non-Modified Land Shape........ 33 5312 Lifted Lands 54
5.24 Annular Ring, Internal Layers - Horizontal 5.3.13 Copper Plating Thickness, Hole Wall............ 55
Microsection - Modified Land Shape ............ 34
5.3.13.1 Copper Plating Thickness, Average.............. 55
525 Clearance Hole, Unsupported to Power/
Ground Planes. .. ... 35 5.3.13.2 Copper Plating, Controlled Depth Via ........... 56
526 Dielectric Material, Clearance Metal Plane for 5.3.133 Copper Plating Thickness Minimum............. 56
Supported Holes ..., 35 53.14 Copper Wrap Plating. . .......................... 57
5.3 Conductors............cooiiiniiiiiiniiiiiiaann., 36 53.15 Copper Cap Plating of Filled Holes. ............. 58
5.3.1 External Conductor Thickness 5.4 MICIOVIAS . . ..ottt 60
Foil Plus Plating) .............ooviiiiinneinn... 36 . . .
(Foil Plus Plating) 54.1 Annular Ring, Microvia to Target Land.......... 60
32 -P1 L Foil Thickness........ . . .
33 Non-Plated Layer Copper Foil Thickness 36 54.2 Microvia Target Land Contact Dimension ....... 61
3. hang. ......ooviii i . . .
533 Overhang 38 543 Separation of Microvia to Target Land........... 63
534 Copper Plating Voids ................coooiiant 38 sa4 Contact Dimension, Unintentional Pierced
5.34.1 Size of the Void. ... 39 Microvia Target Land . .......................... 64
53.4.2 Void at Interconnect ...l 39 545 Mechanical Drill Microvia, Intentionally
5.3.4.3 Circumferential Void....................cooeens 40 Pierced Target Land. ... 64
535 Plating Nodules. .. .....o.ovueeeeeieeeienenn., 40 54.5.1 Target Land Penetration......................... 65
5.3.6 BUITS . oottt 42 5.4.6 Plated Copper Filled Microvias (Blind and
) ) Buried)......ooiiii 66
5.3.7 Plating Folds/Inclusions. ........................ 42
5.5 Back-DrilledHole .................. ...l 67
5.3.7.1 Non-Enclosed Folds .................c.oooe.. 42
5372 Enclosed Folds - With D tion Li 43 5.6 Material Fill of Through, Blind, Buried and Microvia
B nelosed FOIAS - WIth Lemarcation LIe ... Structures (Other than Copper Plating)........... 67
5373 Enclosed Folds - With No Demarcation Line ... 44 5.7 FinishMetals........................oiiiit, 69
5.3.8 InClusion ......ovvuiiii i 45
fetusion 5.7.1 Solder Coating Thickness
5.3.8.1 Platlng Inclusions...........cooovviiiiiii.. 45 (Only when Speciﬁed) ___________________________ 69
5.3.8.2 Innerlayer Inclusions............................ 45 5.7.2 Electrodeposited Gold and Nickel Finish ... ..... 69
539 Innerlayer Separation ........................... 46 5.7.2.1 ENIG See IPC-4552 for ENIG finish........... 69
5.3.9.1 Innerlayer Separation, Vertical Microsection... .. 46 5722 ENEPIG See IPC-4556 for ENEPIG finish. . . .. 69
5392 Innerlayer Separation, Horizontal (Transverse) 5.8 Solder MaskThickness............................ 70
MICIOSECLION v eee et e e eeeeaenn 47
5.3.10 Plating Separation ..............ccooeeiieinenn... 48
5.3.10.1 Microanomalies .............coeuiiiiiniinenn... 48
5.3.10.2 Plating Separation .............cooeiieniiinn... 49
5.3.10.3 Nailheading ...........cooiiiiiiiiiiinenenn... 50
5.3.11 Cracks. . .ove e 51
5.3.11.1 Foil Crack - External Foil, “A” Crack ........... 52
5.3.11.2 Foil Crack - External Foil and Extends
Partially into the Surface Copper Plating,
“B”Crack....oooviniiiiiiiii i 52
5.3.11.3 Foil Crack - Internal Foil, “C” Crack ............ 52
53.114 Foil Crack-External Foil and Extends
Completely Through Surface Copper Plating,
B D A T 53
Vi ©Copyright 2026. IPC International, Inc., Bannockburn, lllinois.



May 2026 IPC-9242
Figures Figure 4-4 ~ Smeared Microsection Due to
Over Polishing ..............ocoiiiiiint, 13
Figure 3-1 Inverted Metallurgical Microscope ... 3 Figure 4-5  Microsection with a Scratch.................... 14
Figure 3-2 Standard Upright Microscope ................. 3 Figure 4-6  Microsection Showing Oxidation .............. 14
Figure 3-3a Br}ght Field Image Pf Microsection Prior to Figure 4-7a  Under Etched Condition ....................... 15
Micro-Etch (As Polished)....................... 4
. . . . . Figure 4-7b  Proper Etch Condition ......................... 15
Figure 3-3b  Bright Field Image of a Microsection After
MiCLO-Etch. . o oo oo oo 4 Figure 4-7c  Over Etched Condition ........................ 15
Figure 3-4a  Dark Field Image of Microsection Prior to Figure 4-8a  Inner Layer Separation, Prior to Micro-etch .... 16
Micro-Etch (As Polished)....................... 5 Figure 4-8b Inner Layer Separation, After Micro-etch. .... .. 16
Figure 3-4b  Dark Field Image of Microsection After Micro- Figure 4-9a  Target Land, Prior to Micro-etch ............... 16
Etch. ..o 5 .
¢ Figure 4-9b  Target Land, After Micro-etch.................. 16
Fi 3-5a  Polarized Lighting I f Mi tion Pri )
igure ama o ar.lze 1shting fmage of Mierosection Frior Figure 5-1a  Thermal Zone Using the Radially Extended
to Micro-Etch ... 5
Internal Lands............coooiiiiiiiiiit 17
Figure 3-5b  Polarized Lighting with Image of Microsection ) .
After Micro-Etch ..o 5 Figure 5-1b - Thermal Zone Surrounding a PTH ... 17
Figure 3-6a  Differential Tnterference Contrast (DIC) Gives Figure 5-2a  Structures of a Printed Board................... 17
a Three-Dimensional Perspective of an Image Figure 5-2b  Thermal Zone Surrounding the Various
Prior to Micro-Etch (As Polished)............... 6 Structures of a Printed Board................... 17
Figure 3-6b  Differential Interference Contrast (DIC) Gives Figure 5-3 ~ Thermal Zone with Laminate Voids ............ 18
a Three-pimensional Perspective of an Image Figure 5-4a  Overview of a PTH In-Process Microsection
After Micro-Etch ...t 6 Exhibiting a Laminate Void .................... 19
Figure 3-7  Fluorescence Detecting the Presence of Figure 5-4b  Laminate Void Extending into Evaluation Zone
Residual Photoresist on a Semiconductor......... 6 (In-Process Microsection)...................... 19
Figure 3-8 A Measurement System Showing the Sample Figure 5-5  Laminate Cracks Inside Thermal Zone ......... 19
Under Inspection ..............coooviiiiiain. 7 ) ] )
Figure 5-6a  Laminate Cracks Extending Out of the
Figure3-9  Fixed Reticle with Lines that are Thermal Zone ...........oooviiiiiiniiin. 20
not Adjustable................oo 7 . . .
Figure 5-6b  Laminate Cracks Extending Out of the
Figure 3-10  Analog On-Screen Measurement System Using Thermal Zone .........ovveiiineeiiinieinnnan. 20
aCamera. ...l 7 ) .
Figure 5-7a  Laminate Crack Inside the Thermal Zone....... 20
Figure 3-11 A Microscope with On-Screen Measurement ) .
S Figure 5-7b  Laminate Crack Inside the Thermal Zone....... 20
D411 11 P 8
Figure 3-12  Example of Digital On-Screen Measurements . .. 8 Figure 5-8a  Laminate Crack in the Thermal Zon............ 21
Figure 3-13  Point-to-Point and Parallel Line Measurements.. 9 Figure 5-8b  Dark Field View of the Laminate Crack ......... 21
Figure 3-14 Example of Software-Based Automatic Figure 5-9a  Laminate Cracks Bridging Conductors ......... 21
Measurement System...........c..covueenenn... 9  Figure 5-9b Laminate Crack Bridging Conductors .......... 21
Figure 3-15  Automated Measurement System .............. 10 Figure 5-10 Laminate Crack Near the Surface of
Figure 3-16 Example of the Generated Measurements, Printed Board ... 21
Calculated Averages, From the Automated Figure 5-11a Delamination within the Base Material and
Measurement System with a Single Click ...... 10 Internal Conductive Layer ..................... 22
Figure 3-17  Stage Micrometer .............c.c.ocvvennienn.. 11 Figure 5-11b Delamination within the Base Material ......... 22
Figure 4-1  Example Showing In-Focus vs. Out of Focus Figure 5-12  Delamination on a Rigid-Flex Within the Plies
Measurements . . ........ueerunneenunneeennnnns 11 of Material ..........coooviiiiiiiiin it 22
Figure 4-2a  Off axis Microsection...................ouuu... 12 Figure 5-13a Blistering Between the Base Material and
Figure 4-2b  Properly Prepared Perpendicular Microsection.. 12 External Surface Conductor.................... 23
Figure 4-3a  Flat, in focus sample........................... 13 F igure 5-13b Blistering Between tl}e External Foil and
External Copper Plating of the
Figure 4-3b  Rounded, out of focus sample.................. 13 Surface Conductor. . . . ..o oo 23

©Copyright 2026. IPC International, Inc., Bannockburn, lllinois. Vii



IPC-9242 May 2026
Figure 5-14  Etchback Measurement Taken on the Figure 5-32b Greater than 90° But Less than 180°............ 34
Foil Surface ..., 24 Figure 5-33  Hole Breakout Showing No Annular Ring at
Figure 5-15  Etchback Measurement Taken on the the Conductor to Land Junction ................ 34
Foil Surface ..o 24 Figure 5-34 Hole Breakout with Modified Land............. 34
Figure 5-16 Internathand with Proper Des;near That s Figure 5-35 Power/Ground Plane to Unsupported Hole ..... 35
Even with the Plane of the Drilled Hole ......... 25
. ) . Figure 5-36  Power/Ground Plane to Supported Hole.......... 35
Figure 5-17a Internal Land with Insufficient Desmear
Causing Post Separation ....................... 25  Figure 5-37a External Conductor Thickness is Comprised
. . . of External Foil (Black Line) and the Surface
Figure 5-17b Internal Land with Insufficient Desmear . .
. . Plating (Red Line)...............coooiiin... 36
Causing Post Separation ....................... 25
. ki 5 Figure 5-37b External Conductor Thickness is Comprised of
Figure 5-18 Measurement of Wicking ...................... 6 External Foil (Blue Line) and Multiple Surface
Figure 5-19a Wicking..........ooiiiiiiiiiiiiiiiiiiin . 26 Plating (Red Line).......coovvivieineinao.. 36
Figure 5-19b Wicking Reducing the Spacing Between Figure 5-38a Non-Plated Layer Thickness ................... 36
ConduCOTS .+« e vttt 26 Figure 5-38b Minimum Internal Foil Thickness
Figure 5-20a Total Copper Penetration ...................... 27 Measurement. . .....o.ueeeeneeneinennannenaanns 37
Figure 5-20b Measurement of Dielectric Removal ........... 27  Figure 5-38¢c Measurement of Foil Thickness ................ 37
Figure 5-20c Measurement of Overall Dielectric Removal ... 27  Figure 5-38d Measurement of Foil Thickness ................ 37
Figure 5-21a Arrowheading of the Internal Copper Land...... 27  Figure 5-39a Overhang ............oooeiiiviiiineiinnnennnn. 38
Figure 5-21b Arrowheading of the Internal Copper Land...... 28  Figure 5-39b Overhang ............oooeviiiiiiiniiinnaenn., 38
Figure 5-22a Negative Etchback......................o.ooi. 28  Figure 5-40a Copper Plating Voids ..................ooooin 39
Figure 5-22b Measurement of Negative Etchback............ 28  Figure 5-40b Measurement for Copper Plating Void Size..... 39
Figure 5-22¢ Negative Etchback with Arrowheading Figure 5-41  Copper Plating Void at the Interconnect ........ 39
(Penciltipping) of the Internal Layer............ 29 Figure 5-42a Copper Plating Voids, Minimum of 180°
Figure 5-22d Measurement of Negative Etchback with of the Circumference .......................... 40
irrowheadmg (Penciltipping) of the Internal 20 Figure 5-42b Circumferential Plating Void Micro Via Hole . .. 40
L) S
. Figure 5-43a Plated Through Hole with Nodule.............. 40
Figure 5-23a Board Lay-Up............cooiiiiiiiiiiiiinian 29
. olectri . Figure 5-43b Plating Nodules Reducing the Plated Hole
Figure 5-23b Dielectric Thickness....................oooeit 30 Diameter . .. ..o 41
Figure 5-23¢ Highest Point of Each Foil ..................... 30 Figure 5-43c PTH with Plating Nodules ... .................. 41
Figure 5-23d Me.asurement for Minimum Dielectric 30 Figure 5-43d Measurement of Reduced Hole Diameter Due
Thickness .......c.oooeiiiiiiiiii i t0 Plating Nodules . .....vvvveeeeeeeeeee. 41
Figure 5-24 Resin Recession...............ccooovviiiiinnn 31 Figure 5-43¢ Reduced Hole Diameter Due to Plating
Figure 5-25 Hole Wall Pullaway ..............ccooeeiinn. 31 NOAUIES . .o vve e 41
Figure 5-26 Hole Wall Pullaway ....................coeenn 31 Figure 5-44a BUIT........oviiiiiiiiii it 42
Figure 5-27 Hole Wall Pullaway from the Plane of the Figure 5-44b Plating Burrs Causing a Reduction of
Drilled Hole (red lines) ........................ 32 the Hole Diameter.....................oeen... 42
Figure 5-28a Internal Annular Ring....................... .. 32 Figure 5-45a Non-Enclosed Plating Fold .................... 42
Figure 5-28b Measurement of Internal Annular Ring......... 32 Figure 5-45b Measurement Location on Non-Enclosed
Figure 5-29a Hole Breakout - No Internal Annular Ring...... 33 Plating Fold ..., 42
Figure 5-29b Hole Breakout - No Internal Annular Ring. .. ... 33  Figure 5-45¢ Non-Enclosed Copper Plating Fold............. 43
Figure 5-30  Horizontal Microsection Showing 360° Land Figure 5-46a Enclose.d Plating Fold with a Demarcation Line
Surrounding the Plated Hole . .................. 33 after Micro-etch ............cooviiiiiien, 43
Figure 5-31  Horizontal Microsection of Hole with Breakout Figure 5-46b Measur.ement Locatioln on ].Enclosed Plating
on Internal Layers and Measurement of Angle Fold with a Demarcation Line.................. 43
(90°) . 33 Figure 5-47a Plating Fold with no Demarcation Line......... 44
Figure 5-32a Less than 90° Breakout ........................ 34

vii

©Copyright 2026. IPC International, Inc., Bannockburn, lllinois.



May 2026

IPC-9242

Figure 5-47b Measurement Locations for Plating Fold with Figure 5-68 Measurement of the Controlled Depth of a
no Demarcation Line .......................... 44 Microvia to the Target Land.................... 56
Figure 5-48  Plating Inclusion ...............c..coooiiiian 45  Figure 5-69 Minimum Copper Plating Measurement........ 56
Figure 5-49  Plating Surrounding Material Located at the Figure 5-70  Measurement Example of Copper
Interconnect..........oovvevinininennennnnnn. 45 Wrap Plating ...........cooiiiiiiniinininnn., 57
Figure 5-50a Inclusions at the Interconnect .................. 46  Figure 5-71  Wrap Plating with Multiple Platings............ 57
Figure 5-50b Inclusions at the Interconnect .................. 46  Figure 5-72  Missing Copper Wrap ..........cccovveienaen... 58
Figure 5-51 Innerlayer Separation Prior to Micro-etch ...... 46  Figure 5-73  Cap Plating Separated From the Barrel and
Figure 5-52a Innerlayer Separations Prior to Micro-etch ..... 47 Cracked Across the Copper Wrap ... 58
Figure 5-52b Innerlayer Separations After Micro-etch........ 47 Figure 5-74a Copper Cap Plating. ..........cccccooeeennnnny 58
Figure 5-53a No Innerlayer Separation Prior to Figure 5-74b Cap Plating Measurement...................... 58
Micro-etch ...... ... 47  Figure 5-75 Residual Via Fill Material Due to Incomplete
Figure 5-53b Example of Smear Circumference Prior to Sanding of Button Plating. ..................... 59
Micro-etch........c.oooiiiiiii 47  Figure 5-76  Residual Via Fill Material Beyond Hole Wall
Figure 5-54a Circumferential Innerlayer Separation Prior to Due to Incomplete Sanding ..................... 39
Micro-etch, Exhibiting Hole Breakout. ......... 48  Figure 5-77a Via Fill Material Between Two Cap
Figure 5-54b Circumferential Innerlayer Separation Prior Plated Layers............cccooooieiiiiiininnns 60
to Micro-etch...............oooiiiiiiLL, 48  Figure 5-77b Via Fill Material Between Two Cap
Figure 5-55a Microanomalies Prior to Micro-etch............ 48 Plated Layers...........ooovvrriiiiiiiiniinnnn, 60
Figure 5-55b Microanomalies After Micro-etch.............. 48 Figure 5-77¢  Via Fill Mate'rlal Betiweer? Two Cap Platefd
Layers Showing Verification of Cap Plating
Figure 5-55¢ Microanamoly in a Microvia................... 49 ThICKNESS o v v oo oo 60
Figure 5-56a  Close up of the Separation Between the Copper Figure 5-78  Microvia Definition. ................ccovun... 60
Plating (Strikes) ........cooooviiiiiiiiiiaan.. 49 ) ) )
Figure 5-79a Microvia Centered on Target Land ............. 61
Figure 5-56b Separation Between the External Foil and ) ) )
. Figure 5-79b Microvia Not Centered on Target Land......... 61
Copper Surface Plating ........................ 49
Figure 5-56¢ Separation in the Copper ofa Via .............. 50 Figure 5-79¢ Microvia with Breakou'F f.rom Target Lar'ld
and Measurement of Minimum Dielectric
Figure 5-57a Nailheading .............ccooviiiiiiiiiniinann, 50 SPACING oo 61
Figure 5-57b Excessive Nailheading......................... 50 Figure 5-80 Microvia Contact Land Target Dimension . ... 62
Figure 5-58a Type of Cracks ...t 51 Figure 5-81a Microvia with Offset Contact Dimension......... 62
Figure 5-58b A Fine Line Crack..............c..coooiiiiin 51 Figure 5-81b Microvia with tangency of the Contact
Figure 5-59  External Foil Crack...................cooei.n. 52 Dimension ... 62
Figure 5-60  External Foil Crack Extending Partially Figure 5-82a Fine Line Separation of the Microvia to the
Through the Plating.......................oo. . 52 Target Land Prior to Micro-etch................ 63
Figure 5-61  Internal Foil Crack ...............ccoovvunnn.. 52 Figure 5-82b Fine line Separation of the Microvia to the
T: L Pri Micro-etch................
Figure 5-62  External Foil Crack Extending Completely arget Land Prior to Micro-etc 63
Through the Plating.....................oooo.. 53  Figure 5-83a Separation of Microvia to Target Land After
. . Micro-etch ........oooiiiiiiii i
Figure 5-63a Plating Crack - Copper Barrel “Wall” .......... 53 fero-ete 63
. . Fi 5-83b S tion Target Land After Micro-etch ....... 63
Figure 5-63b Plating Crack - Copper Barrel “Wall” .......... 53 1gure cparation larget Lan er viero-ete
. . . Fi 5-84  Pierced Target Land ofa L Mi a....... 64
Figure 5-63c Partial Copper Barrel Plating Crack ............ 53 1gure fercec Target Land of a Laser Muctovia
Figure 5-64 Corner Crack.............cooiiiiiiiiiiiiinn 54 Figure 5-85  Intentional Pierced Target Land ... 64
. . Fi - Target L Penetration, Shallow Depth........
Figure 5-65  Lifted Land After Thermal Stress .............. 54 igure 5-86a Target Land Penctration, Shallow Dep 65
. . L Fi 5-86b Target Land Penetration, Shallow Depth
Figure 5-66  Lifted Land Determination, 1gure N?;i: re?tlllent enetration, Shatiow Lep 65
After Thermal Stress. ..........oovviiineeen... 55 HEEIEHE o
Figure 5-67a ViaHole ...........oooiiiiiiiiiiiiiiniiiint 55 Figure 5-86c Target Land Penetration, Ideal Depth. ... 63
Fi - T L P ion, Ideal Depth
Figure 5-67b Measurement Locations on a ViaHole ......... 55 igure 5-86d Target Land Penctration, Ideal Dept
Measurement. .........oveuniinniiniiiinnnen. 65
©Copyright 2026. IPC International, Inc., Bannockburn, lllinois. ix



IPC-9242 May 2026

Figure 5-86e Target Land Penetration, Excessive Depth...... 66  Figure 5-92  Void in the Back-Drill Hole Fill Material........ 68
Figure 5-86f Target Land Penetration, Excessive Depth Figure 5-93  Via Fill Material Between Hole
Measurement. . . ....o.veeeeneenenneneaeannns 66 and Cap Plating ................ocoiiiiiiin. 68
Figure 5-87a Copper Filled Microvia witha Void ............ 66  Figure 5-94a Measurement of Locations of Unfused Solder
Figure 5-87b Large Void in a Copper Filled Microvia .......... 66 Finish......oooooi 69
Figure 5-87¢ Calculation of the Void in a Microvia. .......... 66 Figure 5-94b Me:.asurhement Locations of Unfused Solder
FinishinaPTH......................oo 69
Figure 5-88 Measurement of Stub Length .................. 67 ) o
Figure 5-94c Measurement of HASL Finish ................. 69
Figure 5-89 Back-Drill Depth ...t 67 . .
Figure 5-95 Measurement of Solder Mask Thickness........ 70
Figure 5-90  Measurement of Void in Via Fill Material....... 68

Figure 5-91 Mechanical Microvia Plating Void and Void in
the ViaFill ... 68

X ©Copyright 2026. IPC International, Inc., Bannockburn, lllinois.



May 2026 IPC-9242

Guidelines for Microsection Evaluation

1.0 SCOPE This document describes the methods used to evaluate and measure internally observable characteristics as
referenced in IPC-A-600. The purpose of this document is to demonstrate methods and not give acceptability criteria.

Microsection evaluation is performed after the printed board coupons are prepared in accordance with IPC-TM-650 Method 2.1.1.
Evaluation is performed on the visible surface of the polished microsection. This technique can be used for in-process checks
but may not be applicable for final acceptance as referenced in the performance specifications.

1.1 PURPOSE This documentis intended to be used by the Microsection Evaluation Technician as a guide to help understand the
techniques used in the measurement and evaluation of a Printed Board Microsection. The user should understand the acceptability
requirements that are called out in the applicable performance specification or customer procurement documentation. As this
document is a companion document to IPC-A-600, the evaluation and measurement techniques described herein can be applied
to other applicable documents, such as customer drawing requirements.

Acceptability of actual microsections (also referred to as cross sections) should not be solely based on these or any photographs
but through actual observation and interpretation of requirements. The text takes precedence over the images.

1.2 Classification This document does not use classification as this is a guideline document.

CLASS 1 General Electronic Products

Includes products suitable for applications where the major requirement is function of the completed assembly.

CLASS 2 Dedicated Service Electronic Products

Includes products where continued performance and extended life is required, and for which uninterrupted service is desired
but not critical. Typically, the end-use environment would not cause failures.

CLASS 3 High Performance/Harsh Environment Electronic Products

Includes products where continued high performance or performance-on-demand is critical, equipment downtime cannot be
tolerated, end-use environment may be uncommonly harsh, and the equipment must function when required, such as life
support or other critical systems.

1.3 Measurement Units All dimensions greater than or equal to 1.0 mm (0.0394 in) will be expressed in millimeters and inches.
All dimensions less than 1.0 mm (0.0394 in) will be expressed in micrometers and microinches.

Note: This Standard uses other Sl prefixes (IEEE/ASTM Sl 10, Section 3.2) to eliminate leading zeroes (for example, 0.0012 mm
becomes 1.2 um) or as alternative to powers-of-ten (3.6 x 10> mm becomes 3.6 m).

1.4 Abbreviations and Acronyms Periodic table elements are abbreviated in the standard.
1.4.1 IEEE Institute of Electrical and Electronics Engineers

1.4.2 ASTM American Society for Testing and Materials

1.4.3 DIC Differential Interference Contrast Microscopy

1.4.4 ENIG Electroless Nickel Immersion Gold

1.45 ENEPIG Electroless Nickel Electroless Palladium Immersion Gold

1.5 Terms and Definitions Other than those terms listed below, the definitions of terms used in this standard are in accordance
with IPC-T-50.

1.5.1 Arrowheading Arrowheading, also known as penciltipping, is a condition where the inner layer copper is tapered at the
hole wall plating interconnection.
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	2.0 APPLICABLE DOCUMENTS
	2.1 IPC
	2.2 ASTM
	2.3 Military

	3.0 Microsection Evaluation
	3.1 Equipment The equipment utilized in microsection preparation are essential tools for creation and evaluation of internal components of the printed board. They provide a capability to obtain critical measurements of the printed boards structural and wo
	3.1.1 Microscope A metallurgical, high-magnification microscope can be either an inverted (Figure 3-1) or upright (Figure 3-2) type. The stage utilized depends on the application; inverted reflected scopes are useful for large or thick mounts that may not
	3.1.2 Optical Magnification Optical magnification of a compound microscope is a calculation of eyepiece magnification times the objective magnification. Therefore, a microscope with a 10x eyepiece and a 10x objective produces 100x total magnification. Whe
	3.1.3 Lighting and Optical Contrast Depending on the type of mounts, the end application and type of sample, light is either reflected from the object surface (reflected-light microscopy) or passes through the object (transmission-light microscopy). Refle
	3.1.4 Illuminating Arrangements The placement of the lighting source can dramatically accentuate any anomalies in the sample. The illumination sources can include ring lighting and externally manipulated fiber optic lighting.
	3.1.4.1 Bright Field The most used technique for the evaluation of printed boards. Bright field in reflected light the source light is parallel with the optical axis of the microscope. The reflected light reflected directly back into the objective. The sa
	3.1.4.2 Dark Field This type of microscopy uses diffracted or scattered light for image formation, which makes low, sloped surfaces bright and makes high, flat surfaces dark. This illumination accentuates surface irregularities on etched mounts. It is use
	3.1.4.3 Polarized Light Polarized light is light in which the electric field of the waves vibrates in a single plane. Polarized light has filters that are placed in the optical path between the light source and the objective (polarizer) and between the ob
	3.1.4.4 Differential Interference Contrast (DIC) Differential interference contrast (DIC), also known as Nomarski, is an extension of polarization contrast, this method also allows the visualization of minute elevation differences in surfaces. A birefring
	3.1.4.5 Fluorescence Fluorescence is a specialized method not commonly used for the conformance evaluation of printed board microsection. In fluorescence microscopy, specimen are treated with special reagents. Their individual molecules are able to absorb
	3.1.5 Optics The light source, objective, eyepiece, and optical technique make up the optics in a microscope. The light source can be halogen or LED. The objective and eyepieces each have a fixed magnification. To achieve the total optical magnification t
	3.1.6 Measurement System The measurement system, see Figure 3-8, is a key tool in the microsection analysis as the quality and accuracy of the measurements could mean the difference between an acceptable product and a defective product. There are several 
	3.1.6.1 Reticle vs. Filar A reticle is one of the most basic types of measurement systems. This is a fixed graduated scale that is usually built into or placed on the surface of the eyepiece as shown in Figure 3-9. A filar is a moveable scale which consis
	3.1.6.2 Analog On-Screen Measurements When cameras are used, measurements can be taken live on-screen from a monitor. This type of system allows the sample to be displayed and can be moved in real time as shown in Figure 3-10. In some systems, the measure
	3.1.6.3 Digital On-Screen Measurement Digital on-screen cameras, similar to the Analog cameras, can be used to project images of the polished microsection onto a monitor where measurements can be made using the camera control software as shown in Figure 3
	3.1.7 Measurement Types Different types of measurement techniques include using point-to-point, parallel line, multiple measurements from one reference line and Automatic Measurements with one click when using appropriate software.
	3.1.7.1 Point-to-Point and Parallel Lines Point-to-point, as shown in Figure 3-13, is typically used for measurements taken in isolated areas as shown in Note 2. Parallel measurements use lines to define the edges of the measurement which is taken between
	3.1.7.2 Automatic Multiple Measurements Multiple measurements are a set of singular measurements taken from one reference line as shown in Figure 3-14. This technique can be used for in-process checks but may not be applicable for final acceptance for all
	3.1.7.3 Automatic Average Measurements Automatic measurements are obtained with one click when using the appropriate software as shown in Figure 3-15. The automatic calculated measurements are shown in Figure 3-16 which are obtained from Figure 3-15 utili
	3.1.7.4 Minimum, Maximum and Average If required by the performance specification or procurement document, the individual measurements for copper plating may consists of a minimum, maximum, average or a combination of the copper plating thickness measurem
	3.1.8 Measurement System Calibration/Validation Calibration and validation of the measurement system should be documented (see ASTM E1951) and the equipment used should be calibrated and traceable to NIST (National Institute of Standards and Technology).


	4.0 Evaluation Conditions and Techniques
	4.1 Evaluation Lighting Bright field contrast only should be used for making all quantitative measurements of the polished microsection. Other lighting methods such as dark field and polarization may be used for trouble shooting and should be avoided as p
	4.2 Evaluation Plane The evaluation plane is the flat polished surface of the microsectioning to which all measurements are to be made. When measuring attributes, ensure the points of measurement are within the field of focus. If the edges you are measuri
	4.3 Magnification Magnification is used for assessment and referee should follow the requirement as specified in the performance specification or procurement document. If a defect cannot be determined at the listed magnification, then the allowable refere
	4.4 Marking and Traceability For Marking, Traceability and Orientation refer to IPC-9241 standard.
	4.5 Correct Hole Structures and Quantity Prior to microsection preparation and evaluation, assure the various plated hole structures that are contained within the printed board are captured in the microsection sample i.e. plated thru holes, microvia, blin
	4.6 Quality of the Microsection - Pre-Inspection Checklist The quality of the microsection should not obscure defects. A well-polished sample does not contain scratches larger than 1 micron, smearing, rounding, air bubbles and/or gaps. While some may be a
	4.6.1 Center of the Hole Structure Verify that the section is in the center of the hole within +/- 10% as described in IPC-9241. Holes not polished to the center may distort observations and measurements giving inaccurate results.
	4.6.2 Shape/Straightness of the Hole Verify the coupons are oriented perpendicular to the polished plane of the microsection as shown in Figure 4-2b. Tilted/off-axis coupons will produce a V-shaped plated hole as shown in Figure 4-2a and may provide erron
	4.6.3 Flatness The entire area to be viewed and measured shall be in focus. Out of focus areas will be difficult to examine and can produce inaccurate measurements.
	4.6.4 Surface Condition The final surface of the polished mount should be in a condition to not disrupt the measurement or evaluation zones and possible defects. Care should be taken to protect the final mount sample surface as to not disrupt or damage th
	4.6.4.1 Polish Final polish of the sample should be flat and scratch free. An over-polish condition could lead to rounding and smearing of the surface features. See Figure 4-3b and Figure 4-4. Evidence of over polish may show a thick dark area along the e
	4.6.4.2 Scratches Scratches or gouges in the sample surface after preparation may disrupt areas to be evaluated and, in some instances, may be mistakenly evaluated as a defect such as a crack or a separation. Scratches as shown in Figure 4-5 usually occur
	4.6.4.3 Debris and Residues Debris on the surface can affect evaluation due to focus and lighting as well as could cause scratches or damage if disturbed. Common sources of debris and residues include protective measures such as cotton swab fibers, and ta
	4.6.4.4 Oxidation Oxidation can form on an unprotected sample surface particularly after final polish and before micro-etch. Oxidation is evident in the form of discolored surfaces or darkened areas, particularly in the metal as shown in Figure 4-6. This 
	4.6.5 Micro-etch The micro-etch is used to reveal grain structure, demarcation lines, and remove any polishing smear as shown in Figure 4-7b. Some performance documents require an initial evaluation for certain attributes prior to micro-etch.

	4.7 As Polished (Prior to Micro-etch) Evaluation Some performance documents such as IPC-601X series and MIL-PRF-31032 require initial evaluation of the microsection prior to micro-etch. Evaluation in the as polished condition looks for non-conformances su
	4.7.1 Inner Layer Separation Also known as separation at the interconnect or post separation is located between the plating in the hole and the inner layer pad (internal annular ring) is often not possible to determine after micro-etch, as shown in Figure
	4.7.2 Microvias Separations at the Target Land Separation between the plating in the microvia and the target land pad is often not possible to determine after micro-etch and shall be evaluated in the prior to micro-etch condition. Fine line separations as


	5.0 IPC-A-600 Internally Observable Characteristics
	5.1 Dielectric Material Dielectric materials are non-conductive substrates inserted between the conductive layers of a printed board (PB). They provide an insulating layer between the conductive layers and contain traces and plated holes on the surface wh
	5.1.1 Thermal Zones An evaluation zone defined by a perimeter dimension around the entirety of a via or through-hole structure (including internal and external lands) in a microsection sample or other plated structure as shown in Figure 5-1a and 5-2b. For
	5.1.2 Laminate Voids A Laminate void is the absence of resin or adhesive in an area that normally contains them.
	5.1.2.1 Laminate Void (In-Process Microsection) Laminate void extending into the evaluation zone (in-process microsection).
	5.1.3 Laminate Cracks A splitting in the surface or subsurface of the laminate materials.
	5.1.4 Delamination/Blister
	5.1.4.1 Delamination Delamination is a separation between plies within a base material, between a base material and a conductive foil, between a cover-coat and a surface, or any other planar separation. Figure 5-11 shows a delamination occurring as a sepa
	5.1.4.2 Blister A blister is a delamination in the form of a localized swelling and separation between any of the layers of a laminated base material, or between base material and conductive foil or protective coating, such as cover coat or solder mask.
	5.1.5 Copper Penetration/Dielectric Removal Dielectric removal or copper penetration is defined as the combination removal from etchback or smear removal processes plus any wicking and random tears or drill gouges. This removal occurs during drilling and 
	5.1.5.1 Positive Etchback The etchback process is used to remove dielectric material around the innerlayer metal pads in the holes. Positive etchback is when the innerlayer copper extends into the plating and allows copper to plate onto the horizontal sur
	5.1.5.2 Smear Removal (Desmear) The elimination of friction-melted resin and drilling debris from the hole wall formation process (drilling). While similar to etchback, this process does not need to create connections on horizontal surfaces of the inner l
	5.1.5.3 Wicking Wicking is the lateral plating deposited along printed board fibers or material layers caused by penetration of the plating chemistry. If a measurement is required by the performance specification, the wicking is measured on the polished s
	5.1.5.4 Copper Penetration Formerly known as overall (total or maximum) copper penetration or dielectric removal. The overall copper penetration measurement is any combination of combination of etchback, wicking and/or drill anomalies (e.g., gouging, tear
	5.1.5.5 Negative Etchback Negative Etchback is a condition in which the inner conductor layer material is recessed relative to the surrounding base material as shown in Figure 5-22a.
	5.1.6 Dielectric Thickness Dielectric Thickness (also known as dielectric spacing or layer-to-layer spacing) is the thickness of dielectric material between adjacent layers of conductive patterns in a printed board.
	5.1.7 Hole Wall Dielectric/Plated Barrel Separation The bond between the hole wall and the plated barrel can sometimes be broken, resulting in either resin recession or hole wall pull away. It can sometimes be difficult to determine which has occurred. Th
	5.1.7.1 Resin Recession Resin recession is the separation of the resin portion of the dielectric from the metallization of a plated-through hole. Condition is normally seen if the resin is uncured. This can occur when the board is exposed to high temperat
	5.1.7.2 Hole Wall Pullaway Hole wall pullaway is the separation between the copper plated barrel wall and the surrounding resin where the resin has not receded, and the copper has pulled away from the hole wall. Hole wall pullaway typically occurs after e

	5.2 Registration In a microsection, registration of conductors is typically determined using PTH or via lands (A.K.A. pad). Conformance is established through minimum internal annular ring.
	5.2.1 Annular Ring, Internal Layers - Vertical Microsection The minimum internal annular ring is performed by taking the furthest point of the smallest annular ring and measuring it to the demarcation line at the pad to plating interface (plated hole wall
	5.2.2 Annular Ring, Internal Layers - Hole Breakout, Vertical Microsection Hole breakout of the internal layer is a condition in which the internal land is misregistered to the plated hole wall. This misregistered internal land can result in an inadequate
	5.2.3 Annular Ring, Internal Layers - Horizontal Microsection - Non-Modified Land Shape The horizontal microsection is performed on those test specimens that exhibit hole breakout as observed in the vertical microsection. This type of microsection evaluat
	5.2.4 Annular Ring, Internal Layers - Horizontal Microsection - Modified Land Shape
	5.2.5 Clearance Hole, Unsupported to Power/Ground Planes The clearance setback of the ground/power plane from an unsupported hole is shown in Figure 5-35.
	5.2.6 Dielectric Material, Clearance Metal Plane for Supported Holes The clearance setback of the ground/power plane from a supported hole is shown in Figure 5-36.

	5.3 Conductors
	5.3.1 External Conductor Thickness (Foil Plus Plating) The outer layer on the surface of a printed board consisting of the starting foil and all plated copper layers as shown in Figure 5-37a and Figure 5-37b. The external conductor thickness measurement d
	5.3.2 Non-Plated Layer Copper Foil Thickness Internal layer foil thickness (or conductor thickness) is the maximum continuous coplanar thickness. The measurement is taken at the narrowest points not including isolated anomalies, such as striations, create
	5.3.3 Overhang Overhang is when the surface finish metal is used as an etch resist, overhang can result in the surface finish metal not being supported by the underlying copper and can create slivers. Overhang as shown in Figure 5-39a and Figure 5-39b is 
	5.3.4 Copper Plating Voids The absence or reduction of copper in a localized area of the plated copper (including surface copper, knee, and hole wall). Plating voids in a PTH can be a result of:
	5.3.4.1 Size of the Void The size of the void as shown in Figure 5-40a is relative to the total printed board thickness. Plating voids are measured by taking the total length of the board as measured over copper metal from layer 1 to layer N and measuring
	5.3.4.2 Void at Interconnect A copper plating void that is located at the intersection of an inner layer and the plated hole wall. These types of voids can create reliability concerns due to potential intermittent or high resistance opens. Figure 5-41 sho
	5.3.4.3 Circumferential Void A copper plating void that extends 360° around the hole circumference. A void that is in the same plane on each side of a PTH is evidence of a circumferential plating void as shown in Figure 5-42a. Micro Via holes can also exh
	5.3.5 Plating Nodules Nodules are areas of protruding copper or material that has been copper plated into the plated through hole potentially reducing the finished hole diameter as shown in Figure 5-43a, Figure 5-43b, Figure 5-43c and Figure 5-43d. Some i
	5.3.6 Burrs Burrs are small lumps or masses with an irregular shape, convex to a surface, which occur as a result of a machine process such as drilling or gouging. Surface plating nodules caused by drilling burrs are as shown in Figure 5-44a. A drilling b
	5.3.7 Plating Folds/Inclusions Folds or inclusions can be caused by rough hole walls created during the hole formation process (drilling, hole cleaning, etchback). A fold can occur in the plating as it’s deposited on a rough hole wall and an inclusion can
	5.3.7.1 Non-Enclosed Folds Non-enclosed plating folds are folds where the copper plating has not completely closed leaving an opening as shown in Figure 5-45a and 5-45c. This could be the result of a tear-out, gouge, or other gap in the sidewall of the ho
	5.3.7.2 Enclosed Folds - With Demarcation Line Enclosed copper plating folds are folds that exhibits copper which has completely closed and exhibits a demarcation line, after micro-etch, where the plating meets. This type of fold is shown in Figure 5-46a 
	5.3.7.3 Enclosed Folds - With No Demarcation Line Enclosed plating folds with no demarcation lines are folds where the copper has completely closed. This type of fold could be the result of a tear-out, gouge, or other gap in the sidewall of the hole. This
	5.3.8 Inclusion
	5.3.8.1 Plating Inclusions Plating inclusions are foreign bodies or particles embedded in the copper plating. Examples are broken glass fibers, dielectric materials, etc.
	5.3.8.2 Innerlayer Inclusions Foreign material/debris remaining on the vertical foil surface in the hole and gets plated over or around. This is normally created during the hole formation process (drilling, hole cleaning) which can result in epoxy smear, 
	5.3.9 lnnerlayer Separation Innerlayer separation (also known as separation at the interconnect or post separation) is usually evident prior to micro-etching of the polished surface as shown in Figure 5-52a. After micro-etch the separation can have an enh
	5.3.9.1 Innerlayer Separation, Vertical Microsection Any separation occurring at the interface of an internal foil and the copper wall plating as shown in Figure 5-51, Figure 5-52a and Figure 5-52b. The separation can occur due to thermal or mechanical st
	5.3.9.2 lnnerlayer Separation, Horizontal (Transverse) Microsection Horizontal microsections are performed to evaluate to determine the extent of or if the separation is circumferential.
	5.3.10 Plating Separation  The following are examples of plating separations. If there is an inclusion, it is evaluated against the inclusion requirements (section 5.3.8.2), not for separation.
	5.3.10.1 Microanomalies Inclusions not otherwise described or prohibited at the interface of plating and foil (excluding interconnects) or between plated layers, that do not propagate as a result of thermal stress as shown in Figure 5-55a, Figure 5-55b an
	5.3.10.2 Plating Separation Any separation occurring at the interface of any plating layers in the hole as shown in Figure 5-56a or on the surface as shown in Figure 5-56b. This includes copper to copper surface as shown in Figure 5-56c. If there is an in
	5.3.10.3 Nailheading Naiheading is a process indicator caused during the drilling process where inner layer foils get distorted and damaged as shown in Figure 5-57a. This condition can impact the quality of the bond of copper plating to the inner layer fo
	5.3.11 Cracks Cracks are splits in the copper plating or foil which can cause electrical discontinuity (opens). Cracks can be the result of thermal excursions or mechanical flexure. Cracks can also be a product of other conditions such as plating folds, n
	5.3.11.1 Foil Crack - External Foil, “A” Crack An external foil crack or “A” crack is a break or separation that extends partially or completely through the external metallic foil as shown in Figure 5-59.
	5.3.11.2 Foil Crack - External Foil and Extends Partially into the Surface Copper Plating, “B” Crack An external foil crack or “B” crack is a break or separation that extends completely through the external metallic foil and into the surface copper platin
	5.3.11.3 Foil Crack - Internal Foil, “C” Crack An internal foil crack or “C” crack is a break or separation that extends partially or completely through the internal metallic foil as shown in Figure 5-61.
	5.3.11.4 Foil Crack-External Foil and Extends Completely Through Surface Copper Plating, “D” Crack An external foil crack or “D” crack is a break or separation that extends completely through the external metallic foil and the surface copper plating as sh
	5.3.11.5 Plating Crack - Copper Barrel (Wall), “E” Crack A plating crack (barrel) or “E” crack is a break or separation that extends partially or completely through the plated through hole wall as shown in Figure 5-63a, Figure 5-63b and Figure 5-63c.
	5.3.11.6 Plating Crack - Corner, “F” Crack Similar to a barrel crack, the corner, or “F” crack is a break or separation only in the plating (does not include the foil) and is located at the knee of the hole as shown in Figure 5-64.
	5.3.12 Lifted Lands For most performance specifications lifted lands are not evaluated after thermal stress, however the lifting of the land may create other anomalies such as foil cracks, plating cracks, delamination, etc. that will need evaluated for ac
	5.3.13 Copper Plating Thickness, Hole Wall Copper plating thickness of the plated hole wall is evaluated for both average and minimum. The copper hole wall plating is also known as the copper barrel plating. There may also be maximum and minimum copper th
	5.3.13.1 Copper Plating Thickness, Average Measurements are taken at three locations on each side of the plated hole. Average copper thickness in the plated hole should be reported as an average thickness of three measurements per side of the hole as show
	5.3.13.2 Copper Plating, Controlled Depth Via Copper thickness measurements on controlled depth vias should be made at and above the target layer as shown in Figure 5-68.
	5.3.13.3 Copper Plating Thickness Minimum Inspect each hole wall in its entirety to determine the thinnest locations for copper plating thickness minimum evaluation. This may be locations of glass fiber protrusions, inclusions, or plating folds. Measure t
	5.3.14 Copper Wrap Plating Copper wrap plating is the copper plating that extends from the plated hole onto the external surface of any plated structure as shown in Figure 5-70 through Figure 5-73. The copper thickness measurement for the wrap plating doe
	5.3.15 Copper Cap Plating of Filled Holes A copper cap plating of filled holes is typically specified on the procurement documentation. It is a copper plating that covers the via fill material and encompasses the external pad. This type of plating is used

	5.4 Microvias Microvias are blind structures (as plated) with a maximum aspect ratio of 1:1 when measured in accordance with Figure 5-78, terminating on or penetrating a target land, with a total depth (X) of no more than 0.25 mm [0.00984 in] measured fro
	5.4.1 Annular Ring, Microvia to Target Land The microvia shown in Figure 5-79a is an example centered on the target land. The buried microvia shown in Figure 5-79b is an example not centered on the target land with a remaining annular ring. The microvia s
	5.4.2 Microvia Target Land Contact Dimension The target land contact measurement is the width of the microvia that is in contact with the top surface of the target land as shown in Figure 5-80.
	5.4.3 Separation of Microvia to Target Land Areas of separation are not included in the measurement of the target land contact dimension. Separation can be seen prior to micro-etch as shown in Figure 5-82a and Figure 5-82b and after micro-etch as shown in
	5.4.4 Contact Dimension, Unintentional Pierced Microvia Target Land For laser drilled microvias, the area of piercing should not be evaluated as a reduction in the microvia target land contact dimension. Piercing of the target land should not reduce the c
	5.4.5 Mechanical Drill Microvia, Intentionally Pierced Target Land When mechanically drilling the microvia, the target land is intentionally meant to be pierced. The connection to the target land is made along the vertical surface of the target land as sh
	5.4.5.1 Target Land Penetration When piercing through the target land, the dielectric spacing between the tip of the pierced area and the adjacent layer below the target land should be verified. If the penetration is too shallow, the target land contact d
	5.4.6 Plated Copper Filled Microvias (Blind and Buried) A via that connects an outer layer to one or more inner layers but does not go through the entire printed board and is filled with copper plating as shown in Figure 5-87a and Figure 5-87b. Must meet 

	5.5 Back-Drilled Hole A method of reducing the overall length of any plated hole by drilling out a portion of the plated hole from either side to a predetermined depth, for purposes of signal integrity or circuit isolation. The stub length measurement is 
	5.6 Material Fill of Through, Blind, Buried and Microvia Structures (Other than Copper Plating) When specified, material fill (other than copper plating) in through, blind, buried and microvia structures are typically evaluated for the following:
	5.7 Finish Metals
	5.7.1 Solder Coating Thickness (only when specified) In some applications, a minimum solder thickness may be required. Measurement of unfused solder is shown in Figure 5-94a and Figure 5-94b. The measurement of HASL solder thickness is shown in Figure 5-9
	5.7.2 Electrodeposited Gold and Nickel Finish For evaluation of immersion gold finishes are per the governing specification. 
	5.7.2.1 ENIG See IPC-4552 for ENIG finish.
	5.7.2.2 ENEPIG See IPC-4556 for ENEPIG finish.

	5.8 Solder Mask Thickness If specified, a minimum solder mask thickness may be required over laminate or over conductor as shown in Figure 5-95. Please note that the photograph is dark field as it facilitates solder mask measurements.
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