ICS 31.180, 49.140 SLOVENSKA TECHNICKA NORMA

Januar 2020

Zabezpe €ovanie vyrobkov kozmického programu
Kvalifikacia a obstaravanie dosiek plosnych
spojov

STN

STN
EN 16602-70-60

31 0542

Space product assurance - Qualification and Procurement of printed circuit boards

Tato norma obsahuje anglicka verziu eurépskej normy.
This standard includes the English version of the European Standard.

Tato norma bola ozndmena vo Vestniku UNMS SR &. 12/19

Obsahuje: EN 16602-70-60:2019

Oznamenim tejto normy sa rusi
STN EN 16602-70-10 (31 0542) z augusta 2015

STN EN 16602-70-11 (31 0542) z augusta 2015

130142

Urad pre normalizaciu, metrolégiu a skasobnictvo Slovenskej republiky, 2020

Slovenska technicka norma a technicka normaliza¢na informécia je chranena zakonom ¢&. 60/2018 Z. z. o technickej normalizacii.



STN EN 16602-70-60: 2020 Urad pre normalizaciu, metroldgiu a skiSobnictvo Slovenskej republiky

EUROPEAN STANDARD EN 16602-70-60
NORME EUROPEENNE
EUROPAISCHE NORM July 2019

ICS 31.180; 49.140 Supersedes EN 16602-70-10:2015, EN 16602-70-
11:2015

English version

Space product assurance - Qualification and Procurement
of printed circuit boards

Assurance produit des projets spatiaux - Qualification Raumfahrtproduktsicherung - Qualifizierung und
et approvisionnement des circuits imprimés Beschaffung von Leiterplatten

This European Standard was approved by CEN on 9 November 2018.

CEN and CENELEC members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for
giving this European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical
references concerning such national standards may be obtained on application to the CEN-CENELEC Management Centre or to
any CEN and CENELEC member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by
translation under the responsibility of a CEN and CENELEC member into its own language and notified to the CEN-CENELEC
Management Centre has the same status as the official versions.

CEN and CENELEC members are the national standards bodies and national electrotechnical committees of Austria, Belgium,
Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany,
Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania,
Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and United Kingdom.

CENELEC

CEN-CENELEC Management Centre:
Rue de la Science 23, B-1040 Brussels

© 2019 CEN/CENELEC All rights of exploitation in any form and by any means Ref. No. EN 16602-70-60:2019 E
reserved worldwide for CEN national Members and for
CENELEC Members.



STN EN 16602-70-60: 2020 Urad pre normalizaciu, metroldgiu a skiSobnictvo Slovenskej republiky
EN 16602-70-60:2019 (E)

Table of contents

European FOreWOrd.............. i rrmess s s ssss s s s s s s s s s s s s s s s nmn s s nnnmnnas 13
INEroOdUCHION...... .. e 14
S e o PR 15
2 Normative referencCes.......cccuuecciiiiiiiiiriccss e e 16
3 Terms, definitions and abbreviated terms........ccooeciiiiiriiic i s 18
3.1 Terms from other standards............cooooiiiiiii 18
3.2 Terms specific to the present standard ..., 19
3.3 AbDreviated termMS. ... oo 27

K 2 (o] ¢ 1Y a1 F= 1 (1 = SO 29

L e o] = 30
g I €T o T - | 30
4.2 ROIES ..t e e e e et et aaaaeaaeaee 30
4.3 References to acceptance Criteria...........ooovviiiiiiiiiii e 30

5 QA for QUAlIfiCation ..........ooic e 31
5.1 QUANIfIEA PCBS ...ttt e e e e e e e e e e e e e e s s eaaee e e e e nnnnnes 31
5.2 Ceramic PCB teCchnolOgy ..ot 32
5.3 FIEXIDIE PCB......oeeeeeeeee ettt a e 32
5.3 GENEIAL ... 32

5.3.2 Qualification of flexible PCB ........cccoooviiiiiicce e 32

5.4  Qualification ProCESS ......ccoiiiiiiiiiii 34
5.5 Request for qualification ... 34
5.6  Quality StANAAIAS.........eeiiiiiiiii e 35
5.7 Description of qualification vehicle ...............ccccc 35
ST T Y = 111 o o 36
ST T U o [ SO PERRP 36
5.10 Qualification test programme ... 38
ST B B | OO PURTRRRRSPP 38
5.12 Qualification approval ............coooiiiiiiiii 39
B5.13 PrOCESS CRANGE ....iiiiii ittt e e et 39




STN EN 16602-70-60: 2020 Urad pre normalizaciu, metroldgiu a skiSobnictvo Slovenskej republiky
EN 16602-70-60:2019 (E)

514 QA TEPOIM ... 40
5.15 Qualification renewal ... 40
5.16 Nonconformances during qualification renewal..................ccciiiii e, 41
6 QA for manufacture and procurement............cccccccciiirrrinnnnnnn 43
Lt O A=Y o 43
LI o (o ToTN £ =T g =Y oL i o] o Yot =T S 43
6.2.1 OVEBIVIEW ...ttt e e e e ettt e e e e e e e e e ettt e e e e e e e e eeennnnnns 43

6.2.2  Procurement specification ...............coooiiiiiiiiiiii e 44

6.2.3  QUOLALION .. 44

6.2.4  PUIChAsE OFAEr ........uiiiiiii e 45

6.2.5 Design review (DR) ... 45

B.2.6  MRR . 45

6.3 Final and in-process iNSPECHON..........ouuiieiiiii e 46
6.4 Quality records for manufacture and procurement ..............oooviiiiiiiieiiice e, 47
6.5 Control of materials and chemistry...........cccoooo i, 48
6.6 Control of plating Chemistry ... 49
6.7 Cleanliness of PCB ProCESSES.......cciiiiiiiiiiiiiieeeieeeeee e 50
A B © Y=V =TT 50

6.7.2  Cleanliness CONtrol........ccooeeiieie i 51

6.8  Traceability .......ccoeeiiiiiiiiiiiiiiiiiiiiiii e 52
6.9 Operator and iNSpector traiNiNg..........ccuuueiiiii i 53
6.10 Repair of Bare PCBS.........couuiiiii e 54
B.10.1  OVEIVIBW ...ttt e e e e e e ettt a e e e e e e e eeaaanaaaaeaeeas 54
B.10.2  GENEIA ... 54

L I O = o 1= T | T S 56
6.12 Storage and baking of PCB and COUPONS .........cccvviiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeee 57
6.13 Shelf-life and relife teSting.........covvviviiiiiiiiiii 57
6.14 QA for PCB procurement in Space ProjectS...........cuvvvveeiiiiiiiiieeiiiiiieeeeeeeeeeeeeeeeeeeeeeen 58
7 Test and inspection for qualification ..., 61
A0 B © 1YY o = PSP 61
7.2 Test selection for qualification activities ..............cccccveiiiii 64
7.3 Initial qualification of PCB manufacturer ...............ccccoooviiiiiiiiiieeeeeeee 68
7.4 Initial qualification of PCB technology ... 68
7.5 Qualification renewal ..o 68
7.6 Delta qualification ..o 68
7.7 Project qualification and RFA ..o e 69
A A T © Y=V 1= TR 69




STN EN 16602-70-60: 2020 Urad pre normalizaciu, metroldgiu a skiSobnictvo Slovenskej republiky
EN 16602-70-60:2019 (E)

7.7.2 Requirements for project qualification and RFA ................coeeii . 69

8 Test and inspection for procurement ... 74
8.1 Outgoing iNSPection 0N PCB..........ccoiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee e 74
8.2  Outgoing iNSPECtiON ON COUPONS .......ceiiiiiiiiiiiiiiiiiiiiieieeeeeeeee ettt ettt ee e e eeeeeeeeeeees 75
S 02 B © V=T = R 75

8.2.2  Configuration of coupons for plated holes ..............cooviiiiiiiiiii 78

8.2.3  Configuration of dedicated COUPONS .........cooveiiiiiiiiiii e, 81

8.2.4  Evaluation of COUPONS.........coviiiiiiii e 82

8.2.5 Delivery of coupons, microsections and spare coupons.............ccccceeun.n.... 84

8.3 Reporting of outgoing inspection and delivery...........ccccccvvvviiiiiiiiiiiiiiiiiiiiiiiiiieeeee 85
8.4 Incoming inspection by procurement authority ..., 85
8.5 FAlon PCB by Microsectioning ..........couuuiiiiiiiiiiiiiecc e 86
9 Test desSCriptions.........ooiiiiiee i 88
LS IRt N O A=Y oo 88
9.2 AdAItIONAl TESTS ... e 88
9.2.1 ClEANIINESS ...ttt e e 88

0.2.2  BaKE-OUL ... 88

9.2.3 Plated copper tensile strength and elongation................co.oooiiiinn e 89

9.2.4  StEAM AQCING ..o oo 89

9.3 Group 1 — Visual inspection and non-destructive tests.............ccoceeeiiiiiiiiiennnen. 90
9.3.1  Visual inspection - general ... 90

9.3.2  Visual inspection for qualitative aspects............cccovviiiiiiiiiiiiiiiiceee e 90

9.3.3  Visual inspection for dimensional verification ................ccccooeiiiiiiiinn.l. 90

9.3.4  IMPEedanCe teSt ....coovii e 94

9.3.5 Dielectric constant and loss tangent................ooooiiiii 94

0.3.6  CleanliNESS ....ccoieeeiiiii e 94

9.3.7  High resistance electrical test............oooooiiiiiii 95

9.3.8  CoNntinUItY tEST ..o 97

9.4  Group 2 - Miscellaneous teStS .........ouvviiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeee e 99
9.4.1 OVEBIVIEW ...ttt e e e e e ettt e e e e e e e e ettt e e e e e e e eeareaan s 99

9.4.2  Peel Strength......ccoooeeee 100

9.4.3  Flexural fatiQUe .........cooooiiiiiiii e 101

9.4.4  Bendingtest......coooiiiiiii 102

9.4.5 Coating adhesion —tape test.........ccooiiiiiiiiiii 103

9.4.6  Analysis of tin-lead Coating............ccoouiiiiiiiiiiiii 104

9.4.7  OULGASSING .. cceiieieiite et 104

9.4.8  Thermal @nalySiS......ccciiieiiiiiiiicce e 105




STN EN 16602-70-60: 2020 Urad pre normalizaciu, metroldgiu a skiSobnictvo Slovenskej republiky
EN 16602-70-60:2019 (E)

9.4.9  Flammability.......cooooiiieeeeeeee 105

9.4.10  OffgaSSING .. .ccci it 106

9.4.11  Solderability .........oouuiiiiii 106

9.5 Group 3 — Thermal stress and as-received .............cooviiiiiiiiiiiiiiiie e, 110

S T B © V=T = TR 110

9.5.2  MICrOSECHONING ...cvttiiiii e 110

9.5.3  Solder bath float........ccooooriiiie 115

9.5.4  Rework Simulation...........ooooiiiiiiiii 115

9.5.5 Interconnect stress test (IST) ...ueiiiiiiiiiiiiice e 117

9.6 Group 4 — Assembly and life test - extended................ooooiiiiiii 124
9.6.1 OVEBIVIEW ...ttt a e e e e e e ettt e e e e e e e e e e aetaaaaaeaaaaeeennnes 124

9.6.2 Testflow for groUup 4 ... 124

9.6.3  Insulation resistancCe ..o 126

9.6.4 Dielectric withstanding voltage (DWV).......cooooriiii, 127

9.7 Group 5 — ECM eSS oo 128

S A B © V=1 = TR 128

9.7.2  Temperature, Humidity, Bias (THB) ......ccoooiiiiii, 128

9.7.3  Conductive Anodic Filament (CAF) .....coooeiiiiii 134

9.8 Group 6 — Assembly and life test - short ... 140
S B © Y= =TT 140

9.8.2  Testflow fOr group 6 ......ccoeeeeiieieeeeeeeee e 140

9.8.3  Reflow simulation...........ccooeeii i 141

9.8.4  Thermal CYCIING ...c.uuu e 141

10 Acceptance Criteria ... 143
L0 Rt O 1= o 143
10.2 Inspection by microsectioning for dimensional verification ...............cccccccccininnnnn. 143
10.3 Inspection by microsectioning for qualitative aspects.........cccccceeeeiiiiiiiiiiiieene, 164
10.4 ViSUAI INSPECHION. ... e e e e e e e e e e 194
10.5 Visual inspection of sculptured fleX PCB.............uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeieiieenenennnns 210
10.6 Additional requirement to the tables.............ooooriiii 229
10.6.1  ANNUIAE FING.ciiiiiiieeeee e 229

10.6.2 Pad lift and associated laminate cracks...........ccccevvvevviviiiiiiiiiiiiiiieeeeeeee 230

10.6.3  MiSCEIIANEOUS ......oiiieeiiieeeiee e e e et e e e e e eeannes 232

Annex A (normative) Qualification letter — DRD ...........coooeviiiiiieiieeeeieeeeeeeeeeee 235
Annex B (normative) CoC for PCB — DRD ..o s e e 236
Annex C (normative) Qualification test report — DRD ............cccciiiiiiiiiiiiiiiiinnn, 250




STN EN 16602-70-60: 2020 Urad pre normalizaciu, metroldgiu a skiSobnictvo Slovenskej republiky
EN 16602-70-60:2019 (E)

Annex D (normative) Process Identification Document (PID) for PCB

manufacturing — DRD.........cccooi s 251
Annex E (normative) Process change notice (PCN) —DRD. .............ceerrrrmmnnnee. 254
Annex F (normative) QA report = DRD ... 255
Annex G (normative) PCB approval sheet — DRD...........ccoerremcccciiiierireecee, 256
Annex H (informative) Example of plated-through hole microsection ............. 261

Annex | (informative) Cleanliness requirements for laminate and prepreg......262

Annex J (informative) Example qualification programme............ccccceiiiiiiiiinnnn, 265
=10 1o o | Yo o V7% 268
Figures
Figure 3-1: Example of material supplier treatment side of foil (white arrows) and PCB

manufacturer treatment side of foil (opposite side) ... 25
Figure 7-1: Test flow for qUalifiCation ................uuuiiiiiiiiiiiiii e 62
Figure 8-1: Flow for preparation, test and inspection of procurement coupons..................... 78
Figure 8-2: Example of Bn coupon with 3 holes per drilling sequence ...........cccccooevvviiiiinnnnn.. 79
Figure 8-3: Example of placement of coupons and PCB in usable area of

manufacturing Panel............oooo 80
Figure 8-4: Example of vias manufactured at different plating and drilling sequences .......... 81
Figure 8-5: Example of target quality of microsection of rigid-flex interface with UV

fluorescent resin and polarised light .............cccooiiiiiie 84
Figure 9-1: Conductor width (w) measured at the foot as seen in a cross-section. ............... 9
LT T LT A AT = o T 92
FIGUIE O3 TWIST. ..ttt 93
Figure 9-4: Horizontal adjacency on layer Ln and vertical adjacency on the layers

AbOVE AN DEIOW. ....vveiiiii e 97
Figure 9-5: Midpoint ClasSifiCation ................uuuuuiiiiiiiiiiiiiiii e 97

Figure 9-6: Setting of test point assignments. The numbers 1 to 7 correspond to the
conditions of requirement 9.3.8.29. .......ooiiiiiiiiii e 99

Figure 9-7: Example of target quality of microsection of innerlayer (top) and knee of the
hole (bottom), as-polished (left) and after micro-etch (right). .............cccooinie 113

Figure 9-8: Examples of inadequate quality of microsection showing in the top image
inadequate polishing, leaving scratches on surface, in the middle image
over-etched sample and in the bottom image inadequate lighting, revealing

no detail on metallisation, nor on laminate by transparency.......................o..... 114
Figure 9-9: Examples of barrel cracks after IST testing showing a nominal crack size

(left) and a large crack filled with SnPb (right) .........coooriiiiii 123
Figure 9-10: THB teSt Pattern ............uuiiiiiiiiiiiiiiiie e 130




STN EN 16602-70-60: 2020 Urad pre normalizaciu, metroldgiu a skiSobnictvo Slovenskej republiky
EN 16602-70-60:2019 (E)

Figure 9-11: Build-up for THB test VEhICle ... 130

Figure 9-12: Insulation resistance during THB Ambient (until sample nr 1000) and THB
ECM showing continuous breach of insulation on 4 patterns in the lower

graph. The top graph shows stable insulation. ...............ccooooiiii s 133
Figure 9-13: Horizontal microsection showing fibre contamination on tracks in prepreg

resin causing breach of insulation. ............cccccciiiiii 133
Figure 9-14: Lay-out of CAF Pattern .............uuuuiiiiiiiiiiiiiiiiiiiiii e 137
Figure 9-15: Schematic for CAF growWth..............uueiiiieiiiiiiiiiiiiiiiiii s 137
Figure 10-1: Annular ring internal ..o 145
Figure 10-2: Annular ring eXternal ............couuiuiiiiiii i 146
Figure 10-3: Copper foil thiCKNESS ......ccciieeeee e 147
Figure 10-4: Three measurements of copper plating thickness at locations that are at 25

%, 50 % and 75 % of the heightofthe hole ... 149
Figure 10-5: Measurement “average on resin” is performed on zone A. Measurement

“on any local thin areas on resin or glass” is performed on Zone B .................. 149
Figure 10-6: Glass fibre protrusion in case of negative etchback (left) and positive

L2y 0ed gl o= Yol [q (T | o1 IR 150
Figure 10-7: Example of negative etchback (left) and approximately neutral etchback

(NG e e 150

Figure 10-8: Wicking is measured from resin of hole wall (red arrows). In case it
exceeds the annular ring, the insulation distance to adjacent circuitry (blue

=T oY) I o= 1 I o =N =T (Uo7 =T o 151
Figure 10-9: Example Of WiCKING.......uuuuuiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeneeeneennennnennnnnes 151
Figure 10-10: Wrap target CONAItION ............uuuuiiiiiiiiiiiiiiiiiiiiiiiiiii e 152
Figure 10-11: Wrap thickness below requirement, not acceptable..............cccccceeeiiiiinnnnn. 152
Figure 10-12:Projected-peak-to-peak insulation ... 153
Figure 10-13: Example of glass COMPreSSION .........uuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiiieeeeeeeeeeeeeeaaes 153
Figure 10-14: MiCrovia iNSUIATION ..........uuuuiiiiiiiiiiiiiiiiieiiiiiiii i eeeeeeaneanes 154
Figure 10-15: Penetration of capture pad for pvia, not acceptable..............ccccccviiiiiinnnnnnn. 154
Figure 10-16: Microvia aspect ratio, X = Z........ccooi oo 155
Figure 10-17: DIMPIE iN MICTOVI .......uuuetiiiiiiiiiiiiiiieiiiiieeieeiieeeaaesenseaeesseeneeeensseesnesssnnssssnnnnnnne 155
Figure 10-18: ICD on capture pad (pictures are unetched).............cccuveieiiiiiiiiiiiiiiiiieeeeeee 155
Figure 10-19: Microvia plating, target condition ...................eeuiiiiiiiiiiiiiiiiee 156
Figure 10-20: Example of void in microvia plating................uuueueiimiiiiiiiiiiiiiiiiiiiiiieieneeeen. 156
Figure 10-21: Tin-lead thickness in PTH schematic (left) and a typical microsection

(FIGNE) et e e 158
Figure 10-22: Tin-lead thickness on PTH corner — target thickness (left), coverage of less

than 1 ym (middle), absence of SnPb on IMC (right) ...........cccccoiiiiiiiies 158
Figure 10-23: Tin-lead thickness 0N Pad.............uuuuiiiiiiiiiiiiiiiiiiiiiie e 158
FIQUIE 10-24: UNGEICUL.......eiiiiiiiiiiiteeeeeeee et 161
Figure 10-25: Example Of SPUMOUS COPPET . .uuuiiiieeeiieeeiee et e e e e e e e e e e eeanees 161




STN EN 16602-70-60: 2020

EN 16602-70-60:2019 (E)

Urad pre normalizaciu, metroldgiu a skiSobnictvo Slovenskej republiky

Figure 10-26: Overhang of €leCtrolytiCc AU ..ot 162
Figure 10-27: Example of dimensional verification of rigid-flex interface............................. 163
Figure 10-28: Examples of acceptable VOIdS ............ooouiiiiiiiiiiiiiccee e 167
Figure 10-29: Examples of unacceptable VOIdS .............uiiiiiiiiiiiici e 167
Figure 10-30: Examples of separation between hole wall and resin inside blind via ........... 167
Figure 10-31: Example of acceptable thin line separation...............ccccoooiiiiiiiiiiii e, 168
Figure 10-32: Example of non-acceptable bulging..................uuuiiiiiiiiiiiiiiiiiiiiis 168
Figure 10-33: Example of dimple on blind Via ...........ooouiiiiiii i 169
Figure 10-34: Example of bump on blind via.............oiiiii e 169
Figure 10-35: Example of plating Nodule ... 170
Figure 10-36: Example of burrs reducing hole diameter ...............cccooiiiiiiiiiiiiiiiie 170
Figure 10-37: Example of voids — top image shows etch-out and bottom image shows

an encapsulated void or INCIUSION............ooiiiiiii e 172
Figure 10-38: Skip plating on flex laminate as-polished (top) and after micro-etch

({0010 o ) TP PPPPPPPPP 172
Figure 10-39: Skip plating on glass fibres...............uuueiiiiiiiiiiiiiiieees 172
Figure 10-40: Open wedge void (top), enclosed wedge void (middle), copper filled

wedge (DOHOM) ... 174
Figure 10-41: Schematic of wedge void dimensions.............cccoooiiiiiiiiiiiiiieecee e 174
Figure 10-42: Example of Wedge VOIdS...........uuuuuuurimueiiiiiiiiiiiiiiiiieiiiineeiennnnnnnnnnnnnnnnnnnnnnnnnnnes 174
Figure 10-43: Example of resin VOId ..........oouuuiiiiiiiiiicce e 175
Figure 10-44: Example of delamination .................euuueiiiiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeenenennnnnnes 176
Figure 10-45: Pad lift SCheMALIC ........uvueiiiiiiiiiiiiiiiiiiiiiiii e eeeennnnes 177
Figure 10-46: Examples of pad lift cracks. The right image is unacceptable because

cracks continue until the hole wall ..............ccccoiii i 178
Figure 10-47: Acceptable (green) and non-acceptable (red) dielectric cracks..................... 180
Figure 10-48: Examples of [aminate Cracks...............uuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeaes 180
Figure 10-49: Example of C foil separation as-polished and after micro-etch ..................... 182
Figure 10-50: Example of interface line between plated copper layers on a non-etched

(g1 e oS =T o o] o [ 182
Figure 10-51: Interconnect after stress, target condition, after microetch (top) and as-

Polished (DOtTOM) ......ooiii e 183
Figure 10-52: EXampPles Of ICD .......ooiiiiiiiiiiii e 183
Figure 10-53: EXample Of SMEAT .........uuiiiiiiiiiiiiiiiiiiiiiiiii i eeeeeeeeannnees 184
Figure 10-54: Example of hole wall pull away - showing separation of copper in a straight

line (left) or slightly bulging outward (right)............cccciiiiii 185
Figure 10-55: Example of resin recession - showing concave retraction of resin................ 185
Figure 10-56: Target CONAItION..........uuuuuiiiiiiiiiiiiiiiiiiiiiiiieiie bbb eaeeneeennnnnnes 186
Figure 10-57: Acceptable nail Neading ................uuuiiiiiiiiiiiiiiiiiii s 186




STN EN 16602-70-60: 2020 Urad pre normalizaciu, metroldgiu a skiSobnictvo Slovenskej republiky

EN 16602-70-60:2019 (E)

Figure 10-58:Unacceptable nail heading, exceeding 50 % of innerlayer copper
ENICKNESS ... 186

Figure 10-59: Examples of CIC connection, target condition (left), nailheading (middle),

separation t0 CIC (FGNT) .......ueeiiiiiiiiiiiiiiiiii e 187

Figure 10-60:

Examples of swirl (15t and 2" image) and demarcation line (3rd). In the

2" picture the difference between no-flow prepreg (top) and laminate

(bottom) is Noticeable ............oooovviiiiiiiiiiii 189
Figure 10-61: Example of dotted interface line observed in dark field out of focus (right),

which is not visible in focus (middle) and in bright field (left)................cccc...e.... 189
Figure 10-62: Example of metallic contamination in laminate ...................cccccoviiieii . 190
Figure 10-63: Acceptable adhesion between coverlay and prepreg............ccccevvvvevieininnnnes 191
Figure 10-64: Delamination between coverlay and prepreg......ccccevevvveiiieveiiinieeeiineeeevinn, 191
Figure 10-65 Example of voids in acrylic adhesive in rigid-to-flex interface......................... 192
Figure 10-66: Example of adhesive filet recession into rigid section as observed in

(a1 e o< =T o i o] o [ 193
Figure 10-67: Conductor Width ..o 195
Figure 10-68: CONAUCLOr SPACING ......uuuuuuuriiiiiiiiiiitiitienuiieiiaeeeaeeaaeeaeeesaaeeaenaeseeaaeeeeaeeeeaeeennane 196
Figure 10-69: Example of lifted [and .................uuuiiiiiiiiiiiiiiiiiiiiiee 197

Figure 10-70:

Example of visible copper on top surface (left) and on side of track (right) ...197

Figure 10-71: Example of MeaSsIiNg ..........couuiuiiiiiiiii e 198
Figure 10-72: EXamples Of Crazing ............uuuuuuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiaiiseeeeieeensseenaeenenneeeneeeneanes 198
Figure 10-73: Examples of contamination and inhomogeneity.............ccccccoveieiiiiinninnnnnnnnn. 199
Figure 10-74: Example of scratches on conductors and dielectric ..............ccccccvvuiniinnnnnnnn. 200
Figure 10-75: HaloiNg @t ©@dg€ .......uuuiiiiiiiiiiiiiiiiiiiiiiiiii e eeeannenes 202
Figure 10-76: Haloing from non-plated hole to footprint for stiffener ............ccccccccooo. 202
Figure 10-77: Granular @SPECL...........uuuuuuuerueueeiiiieieueeeeeeaeanennnnnnnnnnneennennnnnannnnnnnnnnnnnnnnnnnnnnnnns 203
FIgure 10-78: DEWETING ......uuiiiiiiiiiiiiiiiiiiiiiiiiiiiie bbb seeesnnnnne 203
Figure 10-79: Example of unclear Marking ..................ueeeeeeeiemimiieiiiiiiiiiiiiiiiieeeeeeeeees 204
Figure 10-80: Example of resin SQUEEZE OUL .............uuiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeennnees 205
Figure 10-81: Example of adhesive filet recession into rigid section as observed in

VISUAI INSPECHION ... 205
Figure 10-82: Examples of fibre protrusion ..................eeeeiiiiiiiiiiiiiiiiiiiieeaees 206
Figure 10-83: Example of acceptable incidental haloing < 1 mm into rigid section.............. 207
Figure 10-84: Example of an acceptable superficial scratch ... 209
Figure 10-85: Examples of non-acceptable cut and blister, evident by a sharp

INAENTALION ... 209
Figure 10-86: Examples of burrs on edge of fleX ...........c..oeeiiiiiiiiiiii e 209
Figure 10-87: Misregistration of top and bottom coverlay .............cccccuveiiiiiiiiiiiiiiies 212
Figure 10-88: Misregistration of hole in coverlay to the conductor .............c.cccciiiiiiinnn. 212
Figure 10-89: Examples of white spot configurations and black spot contamination........... 214




STN EN 16602-70-60: 2020 Urad pre normalizaciu, metroldgiu a skiSobnictvo Slovenskej republiky
EN 16602-70-60:2019 (E)

Figure 10-90: Examples of fibre contamination.................ceiiiiiiiii e 214
Figure 10-91: Examples of SnPb infiltration on sculptured pad (left) and on tracks

(e | a1 TSP PPSPPP 215
Figure 10-92: Bare copper ON fINGEIS ..........uuuuiuuiiiiiiiiiiiiiiiiiiiiiiiiee e 216
Figure 10-93: Misregistration of pads ............ccooiiiiiiiiiii e 217
Figure 10-94: Hole misregistration causing reduced annular ring .............ccccccvvveeeeieeeneienn, 218
Figure 10-95: Schematic of conductor width and spacing and local defects ....................... 220

Figure 10-96: Examples of nick near pad, nick on conductor, overetching reducing
thickness of conductor, nick on finger, pinhole and local reduced track width
(IEFL O FIGNT) .o e e 220

Figure 10-97: Examples of insufficient spacing between conductors, copper residue
between pads, copper residue to edge of flex, bump on conductor (left to

TGN ) e 220
Figure 10-98: Adhesive in plated NOIES.............uuuuiiiiiiiiiiiiiiiiiii s 221
Figure 10-99: Example of adhesive in plated holes ..............coooiiiiciiiie e, 221
Figure 10-100: SNPb coverage ON PaAS .........cceiiiiiiiiiiiiiiee e e et e e e e eeaaaes 222
Figure 10-101: Pad diameter reduction due to local coverage by coverlay or resin

EST0 [UT=T= Y o U | PP 222
Figure 10-102: Copper WIINKIE ........ccooeiiiieiicee e et e e e e e eeeeees 223
Figure 10-103: Tear in hole and edge of coverlay...........cccooiiiiiiiiiiiiiiii e 224
Figure 10-104: BUITS ON NOIES ......uuiiiiiiiiiiiiiiiiiiiiiiiiiiiee e essseeeeeenannane 224
Figure 10-105: Nick on edge Of COVEray .............uuuiiiiiiiiiiiiiiiiiiiiiiiiiieeneees 224
Figure 10-106: Coverlay scratch — Non acceptable ...............uuuuiiiiiiiiiiiiiiiiiienee 225
Figure 10-107: Acceptable aspect of finger after bending.................cuviiiiiiiiiiiiiiiiiiines 226
Figure 10-108: Unacceptable aspect of finger after bending.................uuvviiiiiiiiiiiiiiiiiiiiinnnns 226
Figure 10-109: Cross-section of hole: Copper conductor Shown...............ccccccveiviiiniinnnnnnnnns 228
Figure 10-110: Calculation of remaining insulation distance................cccccuvviiiiiiiiiiiiiiiiinne. 233

Figure H-1 : Typical phenomena in cross-section of PTH. Not all phenomena are

specified in ECSS-Q-ST-70-60 in the same way. ..........cceeeveeeiiiiiiiiiiiiieeeeeee 261
Tables
Table 6-1: Example of lead time in weeks (wk) for various phases of PCB procurement,

manufacture, test and iINSPECHON. ...........cciiiiiiiiicc e 43
Table 7-1: List of coupons with pattern ID, description and references to definition

FEQUINEIMENTS ... 63
Table 7-2: Test matrix for qualification and procurement ..............cccoo 66
Table 8-1: Sampling plan for outgoing visual inspection on PCB.............cccccviiiiiiiiiiiiieeen. 75
Table 8-2: OVErview Of COUPONS ......coviiiiii et e e e e e 76
Table 9-1: Nonconformance criteria for solderability of PTH............ccooiiiii 109

10



STN EN 16602-70-60: 2020 Urad pre normalizaciu, metroldgiu a skiSobnictvo Slovenskej republiky
EN 16602-70-60:2019 (E)

Table 9-2: CAF pattern dimensions — via-to-via straight .............ccccooiii 136
Table 9-3: CAF pattern dimensions — via-to-via staggered ..............viiiiiiiiiiiicceeee e, 136
Table 9-4: CAF pattern dimensions — via-to-plane.............cccccceeeiiiiiiiiiiiiie e, 136
Table 10-1: Annular ring internal ... 145
Table 10-2: Annular ring eXterNal ..........cccooeeiiiiiiiice e 146
Table 10-3: Copper fOil thiCKNESS .........uoiiiiie e 147
Table 10-4: Copper plating thiCKNESS ........cooiiii e 148
Table 10-5: Etchback and glass fibre protrusion..............ooooo 150
Table 10-6: WICKING.......cooiiii e e e e e e e e e 151
JLIE=1 o) (T L0 A A =T o R o] o] o 1= S 152
Table 10-8: Dielectric thickness — standard technology ..., 153
Table 10-9: Dielectric thickness — microvia layers ..........ccoooviiiiiii i 154
Table 10-10: Dimension and aspect of MICrovias ..............coiieeiiiiiiiiiiicc e, 155
Table 10-11: Microvia plating VOIdS .........coooiiiiiiiee 156
Table 10-12: Tin-lead thickness and compoSItioN ............couviiiiiiiiiiiii e 157
Table 10-13: Dimensional requirements for electrolytic and chemical Ni, Pd, Au................ 159
Table 10-14: Undercut and SPUriOUS COPPET........uuuiiiieeeiieiiiiieaee e e e e e e eeeiiae e e e e e e e eeeeeaaae e e e e 160
Table 10-15: OVEINANG......coo o 162
Table 10-16: Rigid-flex interface -dimensional verification...............cccccc 163
Table 10-17: Blind, buried and plugged via filling............ccoooeiiiiiei, 166
Table 10-18: Cap lift on blind via and plugged Via ..., 168
Table 10-19: Blind and plugged via planarity ... 169
Table 10-20: Burrs and NOAUIES ............iiii e 170
Table 10-21: Voids and inclusions in copper plating ............ueeiiiiiiriiiciie e, 171
Table 10-22: Wedge VOIAS.......coooeeeieeeeee e 173
LIz o L= 2 == IR0 o 175
Table 10-24: Delamination, blistering, crazing, measling ..., 176
Table 10-25: Pad Lift........oeiiiiiiiiii e e e e e e e e eas 177
Table 10-26: DIeleCtriC CracCks ........oouuiuiiii e 179
Table 10-27: Cracks and separation in COPPEN ......ccoeeeieiieiieeeeeee e 181
Table 10-28: Interconnect defect, ICD ..........ooivuiii e 183
Table 10-29: SMEAN. ... oo 184
Table 10-30: Hole wall pull away and resin reCesSION .........ccooveeeeieeeeieieieieeeeeee e 185
Table 10-31: Nail ReadINgG ....ccoeeeeeeeeeeeee e 186
Table 10-32: CU-INVAr-CU ... ..ot e e et e e e e e e e ee e e e e e e e 187
Table 10-33: Inhomogeneity in dieleCIrC .........cooeei i 188
Table 10-34: Contamination or foreign iNCIUSION ... 190

11



STN EN 16602-70-60: 2020

EN 16602-70-60:2019 (E)

Table 10-35:
Table 10-36:
Table 10-37:
Table 10-38:
Table 10-39:
Table 10-40:
Table 10-41:
Table 10-42:
Table 10-43:
Table 10-44:
Table 10-45:
Table 10-46:
Table 10-47:
Table 10-48:
Table 10-49:
Table 10-50:
Table 10-51:
Table 10-52:
Table 10-53:
Table 10-54:
Table 10-55:
Table 10-56:
Table 10-57:
Table 10-58:
Table 10-59:
Table 10-60:
Table 10-61:
Table 10-62:
Table 10-63:
Table 10-64:
Table 10-65:
Table 10-66:

Rigid-flex interface - delamination between coverlay and prepreg ................. 191
Rigid-flex interface - adhesive voids in coverlay and bond-ply ....................... 192
Rigid-flex interface - misalignment of prepreg........ccccooevvviiiiiicieii e, 193
Conductor WIdth...........ee e 195
(070 gL [UTe1 (o] g~ o 2= Lox 1o Vo F PSPPSR 196
Surface MetalliZation ...............ueeueiiiiiiiii e 197
Measling, crazing, blistering, delamination...............cccccooviiiiiii e, 198
Contamination, iINNOMOGENEILY ...........uuuiiiiiiiiiiiiiiiiiiiiiiii e 199
RS Te7 =1 (oY 200
WEAVE EXPOSUIE. .. .. eiieii e ee it e e e et e e et ee e e e e te e e e e et e e e e et e e e eta e e e eataeeeennanaans 201
Haloing at PCB edge and non-plated holes ..., 202
Tin-lead surface qUality.............eeeiiiiiiii e 203
Marking, identification ..., 204
Rigid-flex interface - misalignment of prepreg...........ccccooiiii, 205
Rigid-flex interface - fibre protrusion ... 206
Rigid-flex interface - haloing ..., 207
Rigid-flex - aspect of flex laminate and coverlay ................cccoiiiiiiiiinnn. 208
Sculptured flex - misregistration of holes .................eeuiiiiiiiiiiiiiiiis 212
Sculptured flex - aspect of COVErAaY ...........uuuuuiiiiiiiiiiiiiiiiiiiiieiieeeeanaees 213
Sculptured flex - SNPb infiltration ..., 215
Sculptured flex - bare copper on fingers and pads...........ccccooeeevviiiiiiiiineeeennn. 216
Sculptured flex — misregistration between pads............ccccvvveeiiiiiiiiiiiiiiiinnnnns 217
Sculptured fleX — annNUIAr FiNG ............eueeeeeieiiiii .. 218
Sculptured flex - copper conductor width and spacing ............ccccceevvvvieeneenn.. 219
Adhesive in plated hoIES.........ccoooviiiie e 221
Sculptured flex — aspect of pads on solder side...........cccccceeeiiiiiiiiiiiiiieene, 222
Sculptured flex - copper WHNKIE .........ccooviiieiiiciee e 223
Sculptured flex — aspect of mechanical holes and edge of coverlay .............. 224
Sculptured flex — scratch on coverlay ...........ccccooiiiiiiii 225
Sculptured flex - aspect of finger after bending...........ccccceiiiiiiiiiis 226
Sculptured flex - marking adhesion strength ..., 227
Sculptured flex - MICrOSECHON...........uuuiiiiiiiiiiiiiiiiiiiiii e 228

12

Urad pre normalizaciu, metroldgiu a skiSobnictvo Slovenskej republiky



STN EN 16602-70-60: 2020 Urad pre normalizaciu, metroldgiu a skiSobnictvo Slovenskej republiky
EN 16602-70-60:2019 (E)

European Foreword

This document (EN 16602-70-60:2019) has been prepared by Technical
Committee CEN/CLC/TC5 “Space”, the secretariat of which is held by DIN
(Germany).

This document (EN 16602-70-60:2019) originates from ECSS-Q-ST-70-60C
Corrigendum 1.

This European Standard shall be given the status of a national standard, either
by publication of an identical text or by endorsement, at the latest by January
2020, and conflicting national standards shall be withdrawn at the latest by
January 2020.

Attention is drawn to the possibility that some of the elements of this document
may be the subject of patent rights. CEN shall not be held responsible for
identifying any or all such patent rights.

This document will supersede EN 16602-70-10:2015 and EN 16602-70-11:2015.

This document is the result of the merge and update of both superseded
standards, including the implementation of Change Requests.

This document has been developed to cover specifically space systems and will
the-refore have precedence over any EN covering the same scope but with a
wider do-main of applicability (e.g. : aerospace).

This document has been prepared under a standardization request given to
CEN by the European Commission and the European Free Trade Association.

This document has been developed to cover specifically space systems and has
therefore precedence over any EN covering the same scope but with a wider
domain of applicability (e.g. : aerospace).

According to the CEN-CENELEC Internal Regulations, the national standards
organizations of the following countries are bound to implement this European
Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic,
Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Serbia ,
Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United
Kingdom.
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Introduction

PCBs are used for the mounting of electronic components to produce PCB
assemblies that perform electrical functions. The PCBs are subjected to thermo-
mechanical stress during assembly such as soldering of components, rework
and repair under normal terrestrial conditions. In addition, the assembled PCBs
are exposed to the launch and space environment. The reliability of the circuit
depends on the robustness of the manufacturing processes, for which this
standard specifies requirements. PCB technology needs detailed inspections to
verify its reliability, which is specified for the qualification and procurement
phases of the PCB technology.
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1
Scope

This standard specifies the requirements for the PCB manufacturer, the
procurement authority and the qualification authority for qualification and
procurement of PCB technology.

ECSS-Q-ST-70-60 is applicable for all types of PCBs, including sequential, rigid
and flexible PCBs, sculptured flex, HDI and RF PCBs.

This standard can be made applicable for other products combining mechanical
and electrical functionality using additive or reductive manufacturing
processes, as used in PCB manufacturing. Examples of such products are slip-
rings, bus bars and flexible flat cables.

This standard may be tailored for the specific characteristics and constraints of a
space project in conformance with ECSS-S-ST-00.
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2
Normative references

The following normative documents contain provisions which, through
reference in this text, constitute provisions of this ECSS Standard. For dated
references, subsequent amendments to, or revision of any of these publications
do not apply. However, parties to agreements based on this ECSS Standard are
encouraged to investigate the possibility of applying the more recent editions of
the normative documents indicated below. For undated references, the latest
edition of the publication referred to applies.

EN reference Reference in text Title

EN 16601-00-01 ECSS-S-ST-00-01 ECSS system — Glossary of terms

EN 16602-10-09 ECSS-Q-ST-10-09 Space product assurance — Nonconformance control
system

EN 16602-20 ECSS-Q-5T-20 Space product assurance — Quality assurance

EN 16602-70 ECSS-Q-ST-70 Space product assurance — Material, mechanical

parts and processes

EN 16602-70-02

ECSS-Q-5T-70-02 Space product assurance — Thermal vacuum
outgassing test for the screening of space materials

EN 16602-70-08

ECSS-Q-ST-70-08 Space product assurance — Manual soldering of
high-reliability electrical connections

EN 16602-70-12

ECSS-Q-ST-70-12 Space product assurance — Design rules for printed
circuit boards

EN 16602-70-21 ECSS-Q-ST-70-21 Space product assurance — Flammability testing for
the screening of space materials
EN 16602-70-22 ECSS-Q-ST-70-22 Space product assurance — Control of limited

shelf-life materials

EN 16602-70-29

ECSS-Q-ST-70-29 Space product assurance — Determination of
offgassing products from materials and assembled
articles to be used in a manned space vehicle crew
compartment

EN 16602-70-38

ECSS-Q-ST-70-38 Space product assurance —High reliability soldering
for surface mount and mixed technology printed
circuit boards

EN 9100:2016 Quality management systems — Requirements for
aviation, space and defense organisations
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EN reference

Reference in text

Title

IEC 60326-2-am 1
(1992-06)

Printed boards. Part 2: Test methods

IEC 60194 (1999-04)

Printed board design, manufacture and assembly —
Terms and definitions

IPC-A-600] (2016)

Acceptability of Printed Boards

IPC-T-50M (2015)

Terms and definitions for interconnecting and
packaging electronic circuits

IPC-TM-650

Test methods manual

IPC-1710A (2004)

OEM Standard for Printed Board Manufacturers'
Qualification Profile

IPC-4101E (2017)

Specification for base materials for rigid and
multilayer printed boards

IPC-4103A-WAM1
(2014)

Specification for Base Materials for High Speed/
High Frequency Applications

IPC-4203A (2013)

Adhesive Coated Dielectric Films for Use as Cover
Sheets for Flexible Printed Circuitry and Flexible
Adhesive Bonding Films

IPC-4204A-WAM1
(2014)

Flexible Metal-Clad Dielectrics for Use in Fabrication
of Flexible Printed Circuitry

IPC-6012D (2015)

Qualification and performance specification for rigid
printed boards

IPC-6012DS (2015)

Space and military avionics applications addendum
to IPC-6012D

IPC-6013D (2017)

Qualification and Performance Specification for
Flexible Printed Boards

IPC-6018C (2016)

Qualification and Performance Specification for High
Frequency (Microwave) Printed Boards

IPC-6018CS (2016)

Space and Military Avionics Applications
Addendum to IPC-6018C

ISO 9001:2015

Quality management systems - Requirements

ISO-14644-1 (2015)

Cleanrooms and associated controlled environments
- Part 1: Classification of air cleanliness by particle
concentration

koniecnahladu -textdalej pokracujevplatenejverzii STN
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