Ciprc

IPC-9797

Press-Fit Standard for
Automotive Requirements
and Other High-Reliability
Applications

Developed by the Cold Joining Press-Fit Task Group (5-21m) of the
Assembly and Joining Committee (5-20) of IPC

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

Contact:

IPC



May 2020

Table of Contents

T SCOPE ..o
1.1 PUMOSE oo
1.2 Classification ........covviiiiieiiie e
1.3 Measurement UNitS .......oooovveeiiiiiiiiiieniiecee s
1.3.1  Verification of DIMeNSIoNS .........ccccveeeiiiiiiieeniiinen.
1.4 Definition of Requirements ..........ccccccvviiiieniinnnnn.
1.4.1  Acceptance Criteria .......ccoocvveveiiiiiiiiieiiiiiice e
1.5 Process Control Requirements .............ccooevvvvvvnnns
1.6 Order of Precedence .......cccccveviviiiiiieiiieci
1.6.1  ConfliCt wooiiiii
1.6.2  APPENAICES ooiiiiiiiiiiiiiiiiieie et
1.7 Use of “Lead’ ...
1.8 Abbreviations and ACroONYMS .......cccooviveeeiiiiiineeenne
1.9 Terms and Definitions ...
1.9.1  Compliant Press-Fit Pin Connection .............c........
1.9.2 Compliant Press-Fit Pin .......cccoviiiiiieiiiecceci
1.9.3 Compliant Press-Fit Zone ........ccccccciiiiiiiiiiiiiiiinnns
1.9.4  ContaCt Area ....coooiviiiiiiiiiice e
1.9.5 Deposition of Surface Finishes ..........ccccccovvviiinnnn
1.9.6  Pad Lifting oovvveeiiiiiiicc e
1.9.7  Pad BUIgiNg ..ooveeeiiiieiiee e
1.9.8 Laminate BUCKING ....coovveiiiiiiiiiiiiccc
1.9.9  WhIENING .ovvviiieiici e
1.9.10 Intimate Metal to Metal Connection ............cc.........
1.9.11  Jet-Effect Deformation | .......ccccoeviiiieiiiiiiieniinen.
1.9.12 Pin Shaft .o
1.9.13  PiN NECK i
1.9.14  Pin ShoUIdEr .vvvveiiiiiiieeceeee e
1.9.15 Compliant Press-Fit Zone Tip ...cccoveveiiiiiieeiiie.
1.9.16 Strip and Strip ThIiCKNESS .....oovvvviiiiiiiiiiic
1.9.17 Push-IN FOICe ..vvvviiiiiiiiiiiiiic e
1.9.18 Push-Out FOrce .....ccoovvveiiiiiiiieiee e
1.9.19 PUll-OUt FOICE ..oiiiiiiiiiiiiiiieeee e
1.9.20 Push-Through FOrce ......ccccoceveiiiiiiiieiiiiiice e
1.9.21 Electrical ClearanCe .........cccevvvviiiieeiiieiiiesiien
T.9.22  USEI i
1.9.23 Manufacturer (Assembler) .......cccccvvveiiiiiiiiieninnn,
1.9.24  SUPPHEr .oiiiiviiie e
1.10  Additional Requirements ........ccccevvvveriieeiiineninnnnn
1.10.1  Requirements FIOWdown ........ccccccovveiiiiiiiieeniiinnnn.
1.10.2 Personnel Proficiency .......cccccccviiiiiieiiiiiiiieiiin,
1.11 Inspection Methodology .........cccvvviiiieiiiieiiiiesineenn
1311 Lghting e
1.11.2  Magnification AidS ........cccoviiiiiiiiiiiciie
2 APPLICABLE DOCUMENTS ..........ccooovvviiiiiiiceiine

IPC-9797

2.1 IPC DOCUMENTS ..vviiiieeiiiiiiieecciie e 6
2.2 Joint Industry Documents ........ccccccvvviiiiiiieiiienenenn, 7
2.3 JEDEC ..o 7
2.4 International Electrotechnical Commission

DOCUMENTES ..t 7
2.5 ASTM e 7
2.6 Automotive Industry Action Group

DOCUMENTES .. 7
2.7 International Organization for Standardization

(ISO) oo 7
3 REQUIREMENTS .........cooiiiiiiiiic e 7
3.1 Compliant Press-Fit Pin Requirements ................. 7
3.1.1  Cleanliness Requirements ..........ccccoovieriiiiiiiennnns 7
3.1.2  Design Requirements .......cccccoovveiiiieniiiiiiiienineens 7
3.1.83  Compliant Press-Fit Pin Contact Finish

Requirements ......cceeieeiiiie e 8
3.2 Requirements for Printed Boards for Press-Fit

TECNOIOGY wvvvieiiiiiiiiei e 8
3.2.1  Printed Circuit Board Design Requirements ........... 8
3.2.2  Material Requirements ........cccccceiiiiiiiieeeiiiiiieeens 9
3.2.3  Surface FINiSh ......ccccoiiiiiiiic 9
3.2.4  Printed Board Requirements for Qualification

and Test of Compliant Press-Fit Zones ................. 9
4 TESTS .o 9
4.1 GENEIAL i 9
4.2 Unassembled Tests — Test Group A ..o 12
4.2.1  Examination of Pin and Test-Printed Board

DIMENSsioNs — AT i 12
4.2.2  Optical Inspection of Surface Condition — A2 ...... 12
423 Adhesion Test — A3 ... 12
4.2.4  Spring-Force Measurement — A4 ... 13
425 Cross Sections of Pins and Printed Board — A5 .. 13
4.3 Assembled Tests — Test Group Bto F ................ 14
4.3.1  Push-In and Measurement of Push-In Force —

B1, C1, D1, E1, F1 e, 14
4.83.2 Storage - B2, C2, D2, E2 ....coocviiiiiiii 14
4.3.3  Optical Inspection on Protrusion and Insertion

Side — B3, C3+C6, D3+D10, E3+E7 ...ccocvvevinens 14
4.3.4  Contact Resistance — B4, C4+C7, D4+D11,

EA+ES oo 14
4.3.5 Push-Out and Measurement of Push-Out

Force = B5, C8, D12, E9 ...ieviiiiiiiiiiiec 15
4.3.6  Transverse and Longitudinal Cross-Sections —

B6, C9, D13, E10 i 15
4.4 Environmental Tests — Test Groups C, D, E ........ 17
4.4.1  Temperature Cycle — C5, D5, E5 ....ccovvveeeviinnnnn. 17
4.4.2 Climatic Sequence — D6 ........ccccceeeiiiiiiieeniiiiinen. 17
4.4.3  High Temperature Storage — D7 .....cooovvviinennnnn. 17
4.4.4  Flowing Mixed Gas Corrosion Test - D8 ............. 17




IPC-9797 May 2020
4.4.5 Vibration Test —EB ...ccccvvveiviiiiiiiiiiiiiiiieee, 18 FIQUIE 5-6 oo 21
4.5 Whisker TeSt ....oouveiiiiiie 18 FIQUrE B-7 21
451 2000 H Storage — E2 ...coooviviiiiiii 18 FIQUrE B5-8 oo 21
5 Acceptance Crteria ... 19 Egure 5_30 """"""""""""""""""""""""""""""""""""""" 22
54 TSt GIOUP A covvvveereeeeeeseeioeesseeeeee e 19 1GUIE ST0 v
511  Adhesion 19 Figure 5-11  Cracking of Solder Resist ........cccccooeveviinenns 22
5.2 Acceptance Criteria for Test Groups B-E ............ 20 Egure 5_12 """"""""""""""""""""""""""""""""""""" 23
521 Optical INSPECHON ... 20 'gure 518 e B e S
522 Gross-Sectional Criteria o8 Figure 5-14 Indications of Delamination (Whitening) ....... 23
N T FIQUIE 5-15  ovoeeeeceeee e 24
5.3 MechaniCal .........cccovuvieeiiiiiiieee e 36 )
FIQUrE B5-16 oo 24
5.83.1  PUSh-IN FOIrCE ...ovvvveiiiiieiiiieeee e, 36 .
532  Push-Out F e FIQUIE B-17 e 24
o HSITIUETOMEE v FIQUIE 518 ovoeoeeee oo 25
. Electrical B 37 FIGUIE 519 oo o5
5.4.1 Contact Resistance ..........cccccevvveeeiiiiiiiieeeiiiinenn, 37 FIGUIE 520 oo o5
Appendix A Abbreviations and Acronyms ............... 38 Figure 5-21 26
A dix B Reaul ts for A Figure 5-22 ..o 27
ppendix equirements for Aerospace )
APPICAtIONS ......ovvooovvveeoereeeeeeeee 39 Figure 5-23 27
FIQUIE 5-24 oo 27
Figures FIQUIE 525 oottt 28
Figure 1-1  Schematic of Longitudinal (a) and Transverse Figure 5-26 ..o 28
(g) Crosts.-Section of a Compliant Press-Fit . Figure 5-27 J=125 UM oo 28
OMMECHION. v FIQUIE 5-28  1orvoeoeeeeeeeeeeseseeeeeeeeeeseeseeee s 29
Figure 1-2  Examples of Interface Contacts, Compliant !
Press-Fit Pin and Plated-Through Hole. ........ 5 FIQUTE 529 oo 29
Figure 4-1  Elasticity Test Tool with Compliant Press-Fit FIQUIE 5-30 oo s 29
Pin on the Left and Closed Tool on the Right FIQUIrE B5-81 oo 30
(drawing is NOt 10 SCAIE). .....cvvvvriviiinienns 13 FIGUIE 5-32  cvvoereeeeeeeeeeeeeeeeeeee e 31
Figure 4-2  Typical lSpring Force Diagrams and A FIGUIE 5-33  eovoeveeeeeeeee e eeeee e see s 31
Corrective CUIVE. ..oovvvieiiiiiiieeceeeeee 13 )
: ) : : FIQUrE 5-34 oo 31
Figure 4-3  Regions of Interest for Visual Inspection )
of a Press-Fit JOINt wovvveee 14 Flgure D8 32
Figure 4-4  Test Setup for the 4-Point Resistance FIQUIE 586 oo 32
Measurement .......cccooovveviiieiiieee e 14 FIQUrE 5-37 o 33
Figure 4-5  Test Setup for the Push-Out Test ............... 15 FIgUre 5-38 oo 33
Figure 4-6  Schematic Force Versus Distance/ Figure 5-839 34
Displacement Graph Obtained in A FIGUrE 5-40  oiiiiiii et 34
Push-Out TeSt ....vvvviiiiiiiiiiiiiiieeeeeecceeii, 15 )
) o FIQUrE 5-41 o 35
Figure 4-7  Indication of Plane for Transverse )
Cross-Section . 15 FIQUIE 5-42 oo 35
Figure 4-8  Indication of Planes for Longitudinal FIQUrE 543 oo 35
Cross-SECtioNS ....coovvvvieeiiiiiiieee e 16 Tabl
Figure 4-9  Lateral PTH Deformation a and Remaining ables
Metallization b Cross-Sections .................... 16 Table 3-1 Examples of Common Press-Fit
Figure 4-10 Remaining Metallization b, Deformation APPIICAIONS oo ’
of Inner Layers (Jet Effect) j and Whitening Table 4-1 Test SEQUENCE .vvvvviiiiiiiiiiieeeecee s 10
of Printed Board w ..o 6 Taple 42  Qualification Tests Required for Initial
Figure 4-11  Cracks in Circles ....c.ccocceevieeiiiiieeiiens 17 Qualification and Changes in Production ..... 12
FIGUIE 51 oo 19 Table 4-3 Test Conditions for Temperature Cycle ....... 17
FIGUIE 52 oottt ettt 19 Table 5-1 Wisker Documentation ..............coceevvvvvinnns 26
FIQUIE 53 oottt 19 Table 5-2 Typical Minimum Push-Out Forces for
Fi Compliant Press-Fit Zone of Different
IQUIE 5-4 oo 20 Material Thickness Pertaining to Nominal
FIQUIE 55 oo 20 Hole SizeS ..o 36

vi



May 2020 IPC-9797

Press-Fit Standard for Automotive Requirements
and Other High-Reliability Applications

1 Scope This standard prescribes practices for the characterization, qualification and acceptance requirements of compliant
press-fit technology for printed boards that cover the manufacturability and reliability needs for high reliability applications intended
for use in harsh environments such as automotive and aerospace.

Additional requirements for aerospace applications in Appendix B may apply.

1.1 Purpose This standard prescribes practices for the characterization, qualification and acceptance requirements of compli-
ant press-fit technology for printed boards.

Standards may be updated at any time, including with the use of amendments. The use of an amendment or newer revision is not
automatically required. The revision in effect shall be as specified by the user.

1.2 Classification

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 tol-
erated, end-use environment may be uncommonly harsh, and the equipment must function when required, such as life support
or other critical systems.

All requirements in this standard pertain to IPC Class 3. When this standard is contractually required, IPC Class 3 requirements
shall be adopted for all other contractually required standards.

1.3 Measurement Units This standard uses International System of Units (SI units) per ASTM SI10, IEEE/ASTM SI 10, Section
3 [Imperial English equivalent units are in brackets for convenience]. The Sl units used in this standard are millimeters (mm) [in] for
dimensions and dimensional tolerances, Celsius (°C) [°F] for temperature and temperature tolerances, grams (g) [0z] for weight,
and lumens (Im) [footcandles] for illuminance.

Note: This standard uses other Sl prefixes (ASTM SI10, Section 3.2) to eliminate leading zeroes (for example, 0.0012 mm
becomes 1.2 um) or as an alternative to powers-of-ten (3.6 x 10°> mm becomes 3.6 m).

1.3.1 Verification of Dimensions \When an inspection is done on an assembly, measuring dimensions and determining
percentages listed in the standard are not required unless there is a doubt or a question is raised about the acceptance of the
product. When there is a doubt or a question is raised, then a referee determination should be implemented, at which time mea-
surements should be made or percentages calculated using the referee magnifications defined in the Standard. For determining
conformance to the specifications in this standard, round all observed or calculated values ‘‘to the nearest unit” in the last right-
hand digit used in expressing the specification limit, in accordance with the rounding method of ASTM Practice E29. For example,
specifications of 2.5 mm max, 2.50 mm max, or 2.500 mm max, round the measured value to the nearest 0.1 mm, 0.01 mm, or
0.001 mm, respectively, and then compare to the specification number cited.

1.4 Definition of Requirements The words “‘shall’”’ or ‘““‘shall not”’ are used in the text of this document wherever there is a
requirement for materials, preparation, process control or acceptance.
The word “‘should”’ reflects recommendations and is used to reflect general industry practices and procedures for guidance only.

Line drawings and illustrations are depicted herein to assist in the interpretation of the written requirements of this standard. The
text takes precedence over the figures.






