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Nationales Vorwort

Dieses Dokument (EN 16602-70-12:2016) wurde im Technischen Komitee CEN/CLC/TC 5 ,Raumfahrt”
erarbeitet, dessen Sekretariat von DIN (Deutschland) gehalten wird.

Das zustdandige deutsche Normungsgremium ist der Arbeitsausschuss NA 131-06-02 AA ,Interoperabilitdt
von Informations-, Kommunikations- und Navigationssystemen“ im DIN-Normenausschuss Luft- und
Raumfahrt (NL).

Dieses Dokument (EN 16602-70-12:2016) basiert auf ECSS-Q-ST-70-12C.

Dieses Dokument enthalt unter Berticksichtigung des DIN-Prasidialbeschlusses 1/2004 nur die englische
Originalfassung von EN 16602-70-12:2016.

Dieses Dokument wurde speziell zur Behandlung von Raumfahrtsystemen erarbeitet und hat daher Vorrang
vor jeglicher Europdischer Norm, die denselben Anwendungsbereich hat, jedoch iliber einen gréfieren
Geltungsbereich (z. B. Luft- und Raumfahrt) verfiigt.

Diese Europdische Norm enthélt neben den gesetzlichen Einheiten auch die Einheit ,mil“, die in Deutschland
nicht zugelassen ist. Es wird ausdriicklich darauf hingewiesen, dass die Anwendung dieser Einheiten im
nationalen amtlichen und geschéftlichen Verkehr aufgrund des Gesetzes iiber Einheiten im Messwesen nicht
zulassig ist.

Umrechnung
Nicht zugelassene Einheit Zugelassene Einheit Umrechnung
mil pm 1 mil = 25,4 pm
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Nationaler Anhang NA
(informativ)

Begriffe und Abkiirzungen

Die Benummerung der folgenden Begriffe und Abkiirzungen ist identisch mit der Benummerung in der
englischen Fassung.

3 Begriffe und Abkiirzungen

3.1 Begriffe aus anderen Normen

a) Fiir die Anwendung dieses Dokuments gelten die Begriffe nach ECSS-S-ST-00-01 und insbesondere die
folgenden Begriffe:

1) Lieferant

Anmerkung 1 zum Begriff: Im Rahmen dieser Europdischen Norm ist der Lieferant auch fiir das Design der
Leiterplatte verantwortlich.

3.2 Fur diese Norm spezifische Begriffe

3.21
Restring
umlaufender Kupferring um eine Durchkontaktierung

Anmerkung 1 zum Begriff:  Die Restringmessung wird an Innen- und Aufdenlagen unterschiedlich durchgefiihrt. Siehe
ECSS-Q-ST-70-11, 6.3.1.

3.2.2

Bauelement in Flichenarray-Bauweise

AAD

(en: area array device)

oberflaichenmontierte Baugruppe mit geldteten Anschliissen auf der Unterseite des Bauelements, die in
einem Raster angeordnet sind

Anmerkung 1 zum Begriff: =~ BGA und CGA sind spezielle Typen von AAD.

3.2.3
Druckvorlage
graphische Darstellung einzelner Lagen

Anmerkung 1 zum Begriff:  Beispiele flir Druckvorlagen sind: leitfahige Schichten, Lotstoppmaske, Siebdruck,
selektiver Lackauftrag, Warmesenke.

3.24
Designzustand
Zustand der Leiterplatte in der Designphase

Anmerkung 1 zum Begriff:  Dies bezieht sich im Allgemeinen auf die nach dem Design vorgesehenen Sollmafe der
Leiterplatte, ohne Beriicksichtigung der Herstellungstoleranzen.
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3.2.5
Herstellungszustand
Zustand der Leiterplatte nach der Herstellung

Anmerkung 1 zum Begriff:  Dies bezieht sich im Allgemeinen auf die Istmafe der Leiterplatte, dem Endprodukt. Die
Mafe sind Messwerte unter Beriicksichtigung der Herstellungstoleranzen.

3.2.6
Herstellungszustand des Loches
Loch in einer fertiggestellten Leiterplatte nach samtlichen Prozessschritten

Anmerkung 1 zum Begriff:  Bei Durchkontaktierungen gehoren Metallisierung und Oberflachenfinish dazu.

3.2.7
Aspektverhaltnis
Verhéltnis zwischen Leiterplattendicke und Bohrlochdurchmesser

3.2.8

bestiickte Leiterplatte

Leiterplatte mit simtlichen montierten elektronischen und mechanischen Bauelementen nach Durchfiihrung
aller Herstellungsvorgange

Anmerkung 1 zum Begriff:  Herstellungsvorginge sind z. B. Verschaltung, Loten, Drahtbonden, Kleben, Schrauben,
Vergiefien und konforme Beschichtung.

3.29
Leiterplattenfabrik
Unternehmen, in dem Leiterplatten hergestellt werden

3.2.10

Backdrill-Loch

Kontaktloch, bei der auf einer Seite ein Teil der Metallisierung mittels tiefengesteuerter mechanischer
Bohrung mit einem Bohrer mit einem etwas gréf3eren Durchmesser entfernt wird

3.2.11

Kugelanordnung

BGA

(en: ball grid array)

SMD-Gehdause, bei dem die Lotperlen fiir die Anschliisse in einem Raster auf der Unterseite des Bauelements
liegen

Anmerkung 1 zum Begriff:  BGA ist ein spezifischer Typ von AAD.

3.2.12
Basiskupfer
Lage aus Kupferfolie, die nicht gedtzt und metallisiert wird

3.2.13

Blindkontaktloch

Sackloch

Durchkontaktierung, die nur auf einer Seite der Leiterplatte freiliegt

Anmerkung 1 zum Begriff:  Ein Verfahren zur Herstellung von Blindkontaktldchern ist das tiefengeregelte Bohren. Ein
zweites Verfahren ist die sequentielle Lamination von mindestens 2 Halfstacks.

Documents
4 Document Sharing Hub

Full document details: DIN EN 16602-70-12:2016-12


http://www.avadocuments.com/doc/din-en-16602-70-12-2016-12
http://www.avadocuments.com/doc/din-en-16602-70-12-2016-12

DIN EN 16602-70-12:2016-12

3.2.14
Bond-Ply
doppelseitig klebende Deckschicht zum Verbinden von flexiblem Laminat

Anmerkung 1 zum Begriff: ~ Bond-Ply ist der Handelsname; Bond-Ply wird von DuPont hergestellt.

3.2.15

Lagenaufbau

technische Darstellung einzelner aufeinanderliegender Lagen und dielektrischer Materialien des
spezifischen Leiterplatten-Designs

Anmerkung 1 zum Begriff:  In Bild 3.1 und Bild A.4 sind Beispiele dargestellt.

3.2.16
verborgenes Kontaktloch
Durchkontaktierung zwischen Innenlagen, die von den Aufdenlagen aus nicht sichtbar ist

3.2.17

Bauelement mit sdulenférmigen Anschliissen

CGA

(en: column grid array)

SMD-Bauelement, bei dem die Anschlusssdulen in einem Raster auf der Unterseite des Bauelements liegen

Anmerkung 1 zum Begriff:  CGA ist ein spezifischer Typ von AAD.

3.2.18
leitfihige Schicht
elektrisch leitfahige Teile einer Leiterplatte auf der gleichen Schicht

Anmerkung 1 zum Begriff:  Die leitfihige Schicht kann aus Leiterbahnen, Leiterflichen oder Pads (Lotflichen)
bestehen.

3.2.19
Leiter
leitende Elemente in der Leiterplatte

Anmerkung 1 zum Begriff:  Elemente in der leitfdhigen Schicht und Durchkontaktierungen (Vias) sind Leiter.

3.2.20

kritisches Netz

leitender Schaltkreis mit einer spezifischen Funktionalitdt, der redundante Losungen erfordert, um einen
Funktionsausfall wegen eines moglichen Einzelfehlers zu verhindern

Anmerkung 1 zum Begriff: =~ Redundante Losungen konnen doppelte Isolierung, verstiarkter Kupferquerschnitt und
mehrere Durchkontaktierungen sein.

3.2.21
kritische Leiterbahn
Leiterbahn, die zu einem kritischen Netz gehort
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3.2.22

doppelte Isolierung

Barriere zwischen Leiterbahnen oder Elementen eines elektronischen Schaltkreises, die die Leiterbahnen
oder Elemente einer elektronischen Schaltkreises bei einem moglichen Einzelfehler isoliert

3.2.23
Bohrloch
gebohrtes Loch vor der Metallisierung

Anmerkung 1 zum Begriff:  Bei metallisierten Durchkontaktierungen gehéren Bohrloch und Oberflachenfinish nicht
zum Bohrloch.

3.2.24
elektrisches Feld
Spannung je Isolationsabstand zwischen zwei Leitern

Anmerkung 1 zum Begriff: Das ist eine vereinfachte Darstellung des elektrischen Felds, die fiir das
Leiterplatten-Design angewendet werden kann.

3.2.25
Fine-Pitch
Abstand zwischen Leiterbahnen oder Lotflachen, der kleiner als bei einem normalen Pitch ist

Anmerkung 1 zum Begriff:  Der exakte Abstand von Fine-Pitch auf Auf3en- und Innenlagen ist in 7.4 beschrieben.

3.2.26
FR4-Material
Verbundwerkstoff und Prepreg mit einem spezifischen Epoxidharz

3.2.27

Halfstack

Reihenfolge der laminierten Schichten, die in weiteren Laminierungssequenzen enthalten ist, um die fertige
Leiterplatte zu bilden

3.2.28
Wirmesenke
Schicht aus dickem Metall zur Ableitung der Warme innen oder aufden auf der Leiterplatte

Anmerkung 1 zum Begriff:  Fiir den Begriff ,Warmesenke“ wird synonym der Begriff ,Kiihlkérper” verwendet.

3.2.29

Durchverbindung mit hoher Packungsdichte

HDI

(en: high density interconnect)

Leiterplattentechnologie, die einen kleineren Pitch im Footprint des Rasters und eine héhere Dichte bei der
internen Signalfiihrung als konventionelle Leiterplatten bietet

Anmerkung 1 zum Begriff:  Der exakte Abstand fiir die HDI-Technologie ist in Abschnitt 11 beschrieben.
Anmerkung 2 zum Begriff:  Diese Technologie kann fiir die Montage von AAD erforderlich sein.

Anmerkung 3 zum Begriff:  In Bild 3.1 ist ein Beispiel fiir den Lagenaufbau einer HDI-Leiterplatte dargestellt.
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Durchkon- verbor- Microvia tUiber
taktierung gene Via Sackloch Microvia

;} Microvialage

. Sequentieller Kern
(2 % 8)

j Microvialage

Bild 3.1 — Vereinfachter Lagenaufbau einer HDI-Leiterplatte

3.2.30

Hochgeschwindigkeitssignal

elektronische Funktion, die spezifische Design-Vorkehrungen erfordert, damit die zeitabhingige
Signalintegritat erhalten bleibt

Anmerkung 1 zum Begriff: ~ Wird in [PC-2251 und IPC-2141A naher beschrieben.

3.2.31
Bohrlochwand-Abhebung
Haftungsfehler zwischen dem Kupfer der Bohrlochwand und Epoxidharz

3.2.32
HTE-Kupferfolie
Kupferfolienklasse mit héheren Bruchdehnungswerten bei erhéhter Temperatur

Anmerkung 1 zum Begriff:  Festlegungen siehe IPC-4562A.

3.2.33
Intraschicht
innerhalb der gleichen Schicht in X-, Y-Richtung

3.2.34

Zwischenschicht
zwischen zwei libereinanderliegenden Lagen in Z-Richtung
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3.2.35
JTC
Kupferfolienklasse

Anmerkung 1 zum Begriff:  Diese Kupferfolien werden von der GOULD Electronics GmbHN1) hergestellt.

3.2.36
Laminat
Schichten aus vollstdndig ausgehartetem Harz (C-Zustand) mit Kupferkaschierung

Anmerkung 1 zum Begriff:  Starres Laminat ist verstérkt, z. B. mit Glasfasergewebe oder Aramid-Faservlies.

3.2.37

Microvia

durch Laserablation hergestelltes Sackloch, dessen Durchmesser kleiner als der Durchmesser einer
konventionellen Via ist

Anmerkung 1 zum Begriff:  Microvias sind fiir die interne Signalfithrung in HDI-Leiterplatten erforderlich.
Anmerkung 2 zum Begriff:  In Bild 3.1 ist ein Beispiel fiir die Ausfithrung einer Microvia dargestellt.

3.2.38
Microvialagen
Leiterbildlagen mit Microvias

Anmerkung 1 zum Begriff:  Microvialagen sind Lagen 1 und 2 und gegeniiberliegende Lagen.

3.2.39
mil
Langeneinheit, die 25,4 um entspricht

Anmerkung 1 zum Begriff:  Die Einheit mil ist beim Leiterplatten-Design {iblich und wird der SI-Einheit vorgezogen.

3.2.40
No-Flow-Prepreg
Prepreg mit verringertem Harzfluss wahrend des Presszyklus

Anmerkung 1 zum Begriff:  Fiir den Begriff ,No-Flow-Prepreg” kann synonym der Begriff ,Low-Flow-Prepreg”
verwendet werden. Die Begriffe legen nicht die exakte Flussmenge fest.

3.2.41
funktionsuntiichtiges Pad
Pad auf der inneren Kupferschicht ohne elektrische Verbindung

3.2.42
nichtmetallisierte Bohrung
Loch in einer Leiterplatte ohne Metallisierung oder andere leitfihige Verstarkung

N1) Nationale FuRnote: Das aufgefiihrte Unternehmen ist nur ein Beispiel fiir ein Unternehmen, das diese Kupferfolien herstellt. Diese
Angabe dient nur zur Unterrichtung der Anwender dieser Europdischen Norm und bedeutet keine Anerkennung dieses
Unternehmens durch DIN.
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3.243
Normal Pitch
Standardabstand von Leiterbahnen und Pads (Lotflachen)

Anmerkung 1 zum Begriff: ~ Siehe ,Fine-Pitch“, als eine besondere Kategorie von Pitch.

3.2.44
Lagenzahl
Anzahl der Lagen in einer Leiterplatte mit leitfadhigen Elementen

Anmerkung 1 zum Begriff: Die Nummerierung erfolgt in der Regel von der obersten zur untersten Lage: L1, L2,
...Ln-1, Ln.

3.2.45

Panel

mehrere Leiterplatten und Abschnitte auf einer laminierten Platte, die zur Bearbeitung als eine Einheit
zusammengefasst werden

3.2.46
Leiterplattenhersteller
Unternehmen, das die Leiterplatte herstellt

3.247

abziehbar

Lackschicht- oder Kupferflachen, die zum darunterliegenden Substrat aufgrund einer konischen Form mit
verjingtem Ende schwache Haftung aufweisen

3.2.48

Durchkontaktierungen

PTH

(en: plated through-holes)

metallisierte Bohrl6cher durch alle Lagen, die fiir die Montage von Bauelementen verwendet werden

3.2.49

Leiterplatte

PCB

(en: printed circuit board)

metallisiertes und laminiertes Produkt, bei dem iiberfliissiges Kupfer von der kupferkaschierten Oberflache
nichtleitender Substrate selektiv gedtzt wird, damit eine gewiinschte Schaltkreisstruktur entsteht

Anmerkung 1 zum Begriff:  Es gibt spezielle Leiterplatten, z. B. starre, flexible, starr-flexible, doppelseitige, mehrlagige,
sequentielle, RF- und HDI-Leiterplatten.

3.2.50
Prepreg
Schichten aus teilweise gehartetem Harz (B-Zustand) mit Verstarkung

Anmerkung 1 zum Begriff:  Als Verstarkung kann beispielsweise Glasfasergewebe oder Aramid-Faservlies verwendet
werden.

3.2.51
HF-Bauelemente
Leiterbild auf Leiterplatte mit spezieller HF-Funktionalitat

Anmerkung 1 zum Begriff:  Dazu gehoren z. B. Filter, Splitter, Koppler. HF-Bauelemente haben keine Nennspannungen
oder Lotverbindungen.
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3.2.52

Harzmangel

Bereich in einer Leiterplatte, in dem die Harzmenge nicht ausreicht, um die Verstiarkung vollstandig zu
benetzen

Anmerkung 1 zum Begriff: = Harzmangel ist an geringem Glanz, trockenen Stellen oder freiliegenden Fasern zu
erkennen.

3.2.53

Review-Einheit

Designmerkmal, das im Dossier der Leiterplattendefinition einzubeziehen und im Leiterplatten-Design-
Review zu iiberpriifen ist

3.2.54

projizierter Isolationsabstand (Spitze-Spitze)

unglinstigste Mindestdicke des dielektrischen Materials unter Beriicksichtigung der Dickentoleranz des
Laminatkerns und der maximalen Rauigkeit durch die Oberflichenbehandlung des Kupfers

Anmerkung 1 zum Begriff:  In Bild 3.2 ist festgelegt, wie die Messung durchgefiihrt wird.

Mindestdicke des
dielektrischen
Materials

Bild 3.2 — Projizierter Isolationsabstand (Spitze-Spitze)

3.2.55

Serialisierung

Vorgang der Nummerierung jeder einzelnen Leiterplatte durch den Leiterplattenhersteller zur
Riickverfolgbarkeit

3.2.56

Spane

Lackschicht- oder Kupferstiickchen, die aufgrund der geringen Flachenausdehnung auf dem darunter-
liegenden Substrat schwach haften

Anmerkung 1 zum Begriff:  Beispielsweise bei Flichen unter 0,01 mm?.

3.2.57
Lotpad
leitfahiger Teil der Leiterplatte, auf den Bauelemente gelotet werden kdnnen

3.2.58
Abstand
Isolationsabstand

Anmerkung 1 zum Begriff:  Fiir den Begriff ,Abstand“ kann synonym der Begriff ,Liicke” verwendet werden; er wird
allerdings nicht in dieser Norm verwendet.
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3.2.59
Stack
Baugruppe aus einer Sequenz laminierter Schichten

Anmerkung 1 zum Begriff:  Halfstack bezeichnet die Sub-Baugruppe.

3.2.60
Testpad
Lotpad, das fiir die elektrische Priifung auf der Leiterplatte vorgesehen ist

3.2.61
Leiterbahn
leitfahigerer Teil, der die elektrische Verbindung zwischen den Létpads fithrt

Anmerkung 1 zum Begriff:
verwendet.

Flir den Begriff , Leiterbahn“ werden die Begriffe ,Leitbahn“ und ,Leitungsbahn“ synonym

3.2.62

Via

Kontaktloch

durch alle Lagen metallisiertes Bohrloch, das nur die elektrische Verbindung zwischen den Leiterbahn-
ebenen realisiert

Anmerkung 1 zum Begriff:  Vias werden nicht fiir die Montage verwendet.

3.2.63
X-, Y-Richtung
Orientierung in der Leiterplattenebene, entlang der Lange und Breite der Leiterplatte

3.2.64

Z-Richtung
Orientierung senkrecht zur Leiterplattenebene, entlang der Hohe der Leiterplatte

3.3 Abkiirzungen

Fiir die Anwendung dieses Dokuments gelten die Abkiirzungen nach ECSS-S-ST-00-01 und die folgenden
Abkiirzungen:

Abkiirzung Bedeutung

AAD Bauelement in Flachenarray-Bauweise (en: area array device)

AC Wechselstrom (en: alternating current)

AOI automatische optische Inspektion (en: automated optical inspection)
BGA Kugelanordnung (en: ball grid array)

CAD rechnerunterstiitztes Konstruieren (en: computer aided design)

CAE rechnerunterstiitzte Entwicklung (en: computer aided engineering)
CGA Bauelement mit sdulenférmigen Anschliissen (en: column grid array)

CIC Kupfer-Invar-Kupfer (en: Copper-Invar-Copper)

CoC Konformitatsbescheinigung (en: certificate of conformance)
CRC zyklische Redundanzpriifung (en: cyclic redundancy check)

CTE Warmeausdehnungskoeffizient (en: coefficient of thermal expansion)
Cu Kupfer (Element) (en: copper (element))
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Abkiirzung Bedeutung

DC
DRD

DWV
GND
EMC
FAI
FP
FR4
HDI
i.a.w.
I/0
LCC
LF
MRR
PCB
PID
ppm
PTH
PTFE
QFP
RF
SOIC
SPF
sq
TDR
Tg
Th
Vcce

Vrms

12

Gleichstrom

Dokumenten-Anforderungsdefinition

Spannungsfestigkeit

Masse, Signalerde

elektromagnetische Vertraglichkeit, EMV
Erstmusterpriifung

Flachgehduse

FR4-Material (aus Harz fiir Leiterplatten)
Schaltung mit Microvias und feinsten Strukturen
in Ubereinstimmung mit
Eingang/Ausgang

bleifreier Chiptrager

Niederfrequenz, NF
Herstellungsbereitschafts-Review
Leiterplatte
Prozessidentifizierungs-Dokument
millionster Teil (10-)
Durchkontaktierung
Polytetrafluorethylen

quadratisches Flachgehduse
Hochfrequenz, HF

integrierte Schaltung kleiner Grof3e
Einzelfehler

Quadrat (in Einheit Q/sq)
Zeitbereichsreflektometrie
Glasiibergangstemperatur

Dicke

Versorgungsspannung

Effektivwert der Spannung

Full document details: DIN EN 16602-70-12:2016-12

(en:

(en:

direct current)

document requirements

definition)

(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:
(en:

(en:

dielectric withstanding voltage)
electrical signal to ground)
electromagnetic compatibility)
first article inspection)

flat pack)

type of epoxy resin for PCBs)
high density interconnect)

in accordance with)
input/output)

leadless chip carrier)

low frequency)

manufacturing readiness review)
printed circuit board)

process identification document)
parts per million (10-9))

plated through hole)
polytetrafluoroethylene)

quad flat pack)

radio frequency (high frequency))
small outline integrated circuits)
single point failure)

square (in unit Q/sq))

time domain reflectometry)
temperature of glass transition)
thickness)

power supply voltage)

voltage root mean square)
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EUROPEAN STANDARD EN 16602-70-12
NORME EUROPEENNE
EUROPAISCHE NORM October 2016

ICS 31.180; 49.140

English version

Space product assurance - Design rules for printed circuit
boards

Assurance produit des projets spatiaux - Régles de Raumfahrtproduktsicherung - Designregeln fiir
conception des circuits imprimés Leiterplatten

This European Standard was approved by CEN on 22 May 2016.

CEN and CENELEC members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for
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European foreword

This document (EN 16602-70-12:2016) has been prepared by Technical Committee CEN-
CENELEC/TC 5 “Space”, the secretariat of which is held by DIN.

This European Standard (EN 16602-70-12:2016) originates from ECSS-Q-ST-70-12C.

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 April 2017, and conflicting national standards shall be
withdrawn at the latest by April 2017.

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

This document has been prepared under a mandate 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, 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 design, among other factors. Moreover, PCB
design with high technological complexity enables the use of complex
components with advanced functionality.
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1
Scope

This European Standard specifies the requirements for the supplier and PCB
manufacturer for PCB design.

This European Standard is applicable for all types of PCBs, including
sequential, rigid and flexible PCBs, HDI and RF PCBs.

This European 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 and bus bars.

This European Standard may be tailored for the specific characteristics and
constraints of a space project in conformance with ECSS-5-ST-00.
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2
Normative references

The following documents, in whole or in part, are normatively referenced in
this document and are indispensable for its application. For dated references,
only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments) applies.

EN reference

Reference in text

Title

EN 16602-00-01

ECSS-5-ST-00-01

ECSS system — Glossary of terms

EN 16602-70-02

ECSS-Q-ST-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 16602-70-10

ECSS-Q-ST-70-10

Space product assurance - Qualification of printed
circuit boards

EN 16602-70-11

ECSS-Q-ST-70-11

Space product assurance - Procurement of printed
circuit boards

EN 16602-70-38

ECSS-Q-ST-70-38

Space product assurance -High-reliability soldering
for surface-mount and mixed technology

EN 16603-20

ECSS-E-ST-20

Space engineering — Electrical and electronic

EN 16603-20-06

ECSS-E-ST-20-06

Space engineering - Spacecraft charging

IPC-2152, August 2009

Standard for determining current carrying capacity in
printed board design

IPC-4101D, April 2014

Specification for base materials for rigid and
multilayer printed boards

IPC-4562A, April 2008

Metal foil for printed wiring applications
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3
Terms, definitions and abbreviated terms

3.1 Terms from other standards

a. For the purposes of this document, the terms and definitions from
ECSS-5-5T-00-01 apply, and in particular for the following terms:

1. supplier

NOTE In the context of this European Standard the
supplier is also responsible for the design of the
PCB.

3.2 Terms specific to the present standard

3.21  annular ring
ring of copper pad surrounding the drilled hole

NOTE The measurement of annular ring is different
on internal and external layers. See
Subclause 6.3.1 from ECSS-Q-ST-70-11.
3.2.2 area array device (AAD)

surface mount package wherein the solder terminations are formed in a grid on
the bottom of the package

NOTE BGA and CGA are specific types of AAD.

3.23 artwork
graphical representation of individual layers

NOTE Examples of artwork are: conductive layers,
solder mask, silk screen, selective finishes, heat
sink.

3.24 as-designed
state of the PCB in the design phase

NOTE This typically refers to dimensions associated
with the designed PCB, which does not take
into account manufacturing tolerances.
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3.2.,5 as-manufactured
state of the PCB after manufacturing

NOTE This typically refers to dimensions measured
on the manufactured PCB, the final product.
The dimensions are measurements that include
manufacturing tolerances.
3.2.6 as-manufactured hole

hole in as-manufactured PCB after all process steps
NOTE In case of a plated through-hole, an as-
manufactured hole includes plating and surface
finish.
3.2.7 aspect ratio
ratio of the as-designed thickness of the build-up and the diameter of the drilled
hole
3.28 assembled PCB

PCB with all its electronic and mechanical components mounted, having
undergone all the manufacturing operations

NOTE Examples of manufacturing operations are
wiring, soldering, wire-bonding, gluing,
screwing, potting and conformal coating.

3.2.9 assembly house

company performing assembly of PCB

3.2.10 Dback-drilled hole
via with part of its metallisation removed on one side by depth controlled
mechanical drilling with a larger diameter drill

3.2.11 ball grid array (BGA)

surface mount package wherein the solder balls for terminations are formed in
a grid on the bottom of the package

NOTE BGA is a specific type of AAD.

3.2.12 basic copper

copper foil layer that excludes etching and plating steps

3.2.13 Dblind via
type of via exposed only on one side of the PCB

NOTE One method to manufacture a blind via can be
by depth controlled drilling. A second method
can be by sequential lamination of minimum 2
half-stacks.

Documents
Document SharingHub

Full document details: DIN EN 16602-70-12:2016-12


http://www.avadocuments.com/doc/din-en-16602-70-12-2016-12
http://www.avadocuments.com/doc/din-en-16602-70-12-2016-12

DIN EN 16602-70-12:2016-12
EN 16602-70-12:2016 (E)

3.2.14 bondply

type of cover layer with adhesive on both sides for the purpose of bonding flex
laminate

NOTE Bondply is a trademark manufactured by
DuPont.

3.2.15 build-up

technical representation of individual conductive layers and dielectric materials
of the specific PCB design

NOTE Examples of a build-up are given in Figure 3-1
and Figure A-4
3.2.16 Dburied via

type of via connecting internal layers without being exposed on either surface

3.2.17 column grid array (CGA)

surface mount package wherein the columns for terminations are formed in a
grid on the bottom of a package

NOTE CGA is a specific type of AAD.

3.2.18 conductive layer
electrically conductive parts of a PCB on the same layer

NOTE The conductive layer can contain tracks, planes
or pads.

3.2.19 conductor
conductive elements within the PCB

NOTE Elements within the conductive layer and vias
are conductors.

3.2.20 critical net

conductive circuit with a specific functionality that requires redundant
solutions to avoid loss of functionality in case of any credible single failure

NOTE Redundant solutions can be double insulation,
increased copper cross section, multiple vias.

3.2.21 critical track

track that is part of a critical net

3.2.22 double insulation

barrier between tracks or elements of an electronic circuit that provides
insulation of tracks or elements of an electronic circuit in case of any credible
single failure
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3.2.23 drilled hole
hole after drilling and before plating
NOTE In case of a plated through-hole, drilled hole
excludes plating and surface finish
3.2.24 electrical field
voltage per insulation distance between two conductors
NOTE This is a simplified representation of electrical
field applicable for PCB design.
3.2.25 fine pitch
spacing of tracks or pads that is more dense than for normal pitch

NOTE  The exact perimeter of fine pitch on external
and internal layers is described in
Subclause 7.4.

3.2.26 FR4

type of laminate and prepreg with a specific epoxy resin

3.2.27 half-stack

sequence of laminated layers that are included in further lamination sequences
to form the finished PCB

3.2.28 heat sink

layer of thick metal with the purpose of thermal dissipation internal or external
of the PCB

NOTE Term “thermal drain” is synonymous with the
word “heat sink”.

3.2.29 high density interconnect (HDI)

technology on PCB related to the pattern that allows a smaller pitch in the
footprint on the surface pattern and a higher density of internal signal routing
than for conventional PCBs

NOTE1 The exact perimeter of HDI technology is
described in Clause 11.

NOTE 2 This technology can be required for assembly of
AAD.

NOTE3 An example of HDI build-up is shown in
Figure 3-1.
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Mvia on

PTH  BuriedVia  blindvia  Microvia
=y | =7 v 7 {“' Microvia layer
/ L Sequential Core
(2x8)
/
W,
B, Microvia layer

Figure 3-1: Simplified build-up of HDI PCB

3.2.30 high speed signal

electronic functionality that requires specific design precautions to maintain
time dependant signal integrity

NOTE This is further specified in IPC-2251 and IPC-
2141A.
3.2.31 hole wall pull away

adhesion defect between copper of the hole wall and resin

3.2.32 HTE

grade of copper foil with the grade designation “high temperature elongation
electrodeposited”

NOTE This is specified in IPC-4562A.

3.2.33 intralayer

within the same layer in X,Y direction

3.2.34 interlayer

in between two superpositioned layers in Z direction

3.235 JTC
grade of copper foil

NOTE  This grade of copper foil is produced by
GOULD Electronics GmbH.
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3.2.36 laminate
sheets of fully cured, C-stage, resin with copper cladding

NOTE Rigid laminate includes reinforcement, for
example by woven glass fibres or non-woven
aramid fibres.

3.2.37 microvia

blind via manufactured by laser ablation with a diameter smaller than
conventional vias.

NOTE1 Microvias are required for routing internal
signals in HDI PCBs.

NOTE 2 Example of microvia configuration is shown in
Figure 3-1.
3.2.38 microvia layers
layers of conductive pattern that contain microvias

NOTE microvia layers are layers 1 and 2 and opposite
layers

3.2.39 mil
unit of length equal to 25,4 um

NOTE The unit mil is in some cases customary in PCB
design and therefore preferred above the SI
unit.

3.2.40 no-flow prepreg

type of prepreg that has a reduced flow of resin during press cycle

NOTE The term “low-flow prepreg” is synonymous
with the word “no-flow prepreg”. The terms do
not specify the exact amount of flow.

3.2.41 non-functional pad

pad on internal copper layer without electrical connection

3.2.42 non-plated hole

hole in a PCB that does not contain plating or other type of conductive
reinforcement

3.2.43 normal pitch

standard spacing of tracks and pads

NOTE See “fine pitch” for another category of pitch.

3.2.44 number of layers

number of layers in a PCB containing conductive elements

NOTE For example, the numbering convention is from
top to bottom layer: L1, L2, ...,.Ln-1, Ln.
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3.2.45 panel

area of laminated layers that contains PCBs and coupons processed as a single
unit

3.2.46 PCB manufacturer

entity that manufactures the PCB

3.2.47 peelable

areas of photo resist or copper that have poor adhesion to underlying substrate
because of a tapered shape with a narrow dimension on one end

3.2.48 plated through-holes (PTH )

metal-plated holes drilled through all the layers used for assembly of
components

3.2.49 printed circuit board (PCB)

product resulting from the process of selectively etching unwanted copper from
surfaces of copper clad insulating substrates to form a desired circuitry pattern
which is metal-plated and laminated

NOTE  Examples of specific PCB technologies are rigid,
flexible, rigid-flex, double sided, multilayer,
sequential, RF and HDI PCBs

3.2.50 prepreg

sheets of partly cured, B-stage, resin with reinforcement

NOTE Examples of reinforcement are woven glass
fibres and non-woven aramid fibres.

3.2.51 RF elements
conductive pattern on PCB with specific RF functionality

NOTE For example filters, combiners, splitters,
couplers. RF elements do not have voltage
ratings or solder connections.

3.2.52 resin starvation

region in a PCB that has an insufficient amount of resin to wet out completely
the reinforcement

NOTE This is shown by low gloss, dry spots or
exposed fibres.
3.2.53 review item

design feature to be included into the PCB definition dossier and reviewed
during the PCB design review
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3.2.54 projected peak-to-peak insulation distance

worst-case minimum thickness of dielectric material that includes thickness
tolerance of the laminate core and the maximum roughness of copper surface
treatment

NOTE  Figure 3-2 specifies how this is measured.

Minimum
Dielectric
Thickness

Figure 3-2: Projected peak-to-peak insulation distance

3.2.55 serialization

process of numbering of each unique PCB by the PCB manufacturer for
traceability

3.2.56 sliver

pieces of photo resist or copper that have poor adhesion to underlying substrate
because of the small surface area.

NOTE For example, a surface area below 0,01 mm?

3.2.57 soldering pad

conductive part intended for soldering components on the PCB

3.2.58 spacing
insulation distance

NOTE The term “gap” is synonymous with the word
“spacing”, but this term is not used in the
present standard.

3.2.59 stack
assembly comprising of one sequence of laminated layers

NOTE Half-stack identifies the sub-assembly.

3.2.60 testpad
pad that is dedicated for electrical testing on the PCB

3.2.61 track

conductive part routing the electrical connection between the pads

NOTE The term “line” and the term “conductive
track” are synonyms with the word “track”
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3.2.62 via

metal-plated hole drilled through all layers, only used for interconnection
between layers

NOTE A via is not used for assembly

3.2.63 XY direction
orientation in the plane of the PCB, along length and width of the PCB

3.2.64 Zdirection
orientation perpendicular to the plane of the PCB, along height of the PCB

3.3 Abbreviated terms

For the purposes of this document, the abbreviated terms from ECSS-S-ST-00-01

and the following apply:
Abbreviation Meaning
AAD area array device
AC alternating current
AOI automated optical inspection
BGA ball grid array
CAD computer aided design
CAE computer aided engineering
CGA column grid array
CIC Copper — Invar - Copper
CoC certificate of conformance
CRC cyclic redundancy check
CTE coefficient of thermal expansion
Cu copper (element)
DC direct current
DRD document requirements definition
DWV dielectric withstanding voltage
GND electrical signal to ground
EMC electromagnetic compatibility
FAI first article inspection
FP flat pack
FR4 type of epoxy resin for PCBs
HDI high density interconnect
ia.w. in accordance with
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Abbreviation Meaning

I/0 input/output

LCC leadless chip carrier

LF low frequency

MRR manufacturing readiness review
PCB printed circuit board

PID process identification document
ppm parts per million (10-)

PTH plated through hole

PTFE polytetrafluoroethylene

QFP quad flat pack

RF radio frequency (high frequency)
SOIC small outline integrated circuits
SPF single point failure

sq square (in unit £)/sq)

TDR time domain reflectometry

Tg temperature of glass transition
Th thickness

Vcc power supply voltage

Vrms voltage root mean square
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4
Principles

41 Qualified PCBs

Qualified PCBs for space application meet the following conditions:
b. PCB is procured in conformance with requirements of ECSS-Q-ST-70-11,

C. PCB is procured from a PCB manufacturer that is qualified in
conformance with requirements of ECSS-Q-ST-70-10,

d. the PCB technology is qualified in conformance with requirements of
ECSS-Q-ST-70-10 for that PCB manufacturer,

e. the PCB design is in conformance with the requirements of ECSS-Q-5T-
70-12, and

f. the PCB design, the manufacturing process and materials are in
conformance with the PID of the PCB manufacturer.

PA requirements of space projects use this European Standard as applicable
document. Based on their heritage, suppliers can propose the re-use of existing
PCB designs that are “recurrent” and that are not in compliance with all design
requirements of this European Standard. The possible acceptability of those
cases is reviewed by the project on case by case basis. The PCB design is
“recurrent” only when no changes are made in the artwork, routing, lay-out,
build-up, material selection.

4.2 Manufacturing tolerances

Dimensional measurements of PCBs are “as-designed” except when explicitly
mentioned “as-manufactured”.

Design values are affected by the manufacturing tolerances. The minimum
value on the PCB as-manufactured equals the design value subtracted with the
manufacturing tolerance. See definition of terms in Subclause 3.2.

4.3 Reliability of design

Specific design features of PCBs are recorded as Review Items in the PCB
definition dossier. This is done when the design features include a higher
technological complexity that can affect manufacturability or (thermal)
reliability. These design features are specifically evaluated by qualification prior
to inclusion in the PID.
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Requirements in this European Standard generally state minimum dimensions
permitted. It is good practice to use minimum dimensions only when necessary
to achieve the desired functionality and to design with margin when possible.
For instance, it is recommended to implement minimum insulation distance
between tracks only when space limitations prevent larger insulation distance.
It is recommended to implement fan out of tracks which allows for larger
insulation distances where more space is available.

The robustness of the PCB can be affected when combining multiple design
features at the limit of the requirement or recorded as Review Item. The PCB
manufacturer and the supplier evaluate this risk during the design review and
provide formal approval during the MRR. The reliability of the manufactured
PCB is evaluated by inspection on representative coupons.

Documents
Document Sharir%]Hub

Full document details: DIN EN 16602-70-12:2016-12


http://www.avadocuments.com/doc/din-en-16602-70-12-2016-12
http://www.avadocuments.com/doc/din-en-16602-70-12-2016-12

DIN EN 16602-70-12:2016-12
EN 16602-70-12:2016 (E)

5
Design review and MRR

5.1 Overview

This clause specifies the iterative process of designing a PCB in collaboration
with the PCB manufacturer and specifies associated documentation for the
formal authorization for manufacture.

5.2 Documentation

a. The supplier shall issue the PCB definition dossier in conformance with
the DRD in Annex A.
b. The supplier shall list design features as Review Items in conformance

with Subclause A.2.1<7> from the DRD of the Annex A.
C. The supplier may list other design features as Review Items .

d. The supplier shall submit the PCB definition dossier to the PCB
manufacturer for the design review.

e. The supplier should submit to the PCB manufacturer the draft PCB
definition dossier or a list of specific Review Items specified in the
requirement 5.2b in the design phase, when those Review Items are at the
limit of the PID capability.

NOTE Examples of Review Items that can be on the
limit of PID capability are: dimensions, number
of layers, maximum aspect ratio, number of
sequences, material selection or a combination
of these. Consultation with PCB manufacturer
at this early design stage is recommended to
avoid unnecessary risks. Multiple iterations can
be performed to achieve an agreed PCB
definition dossier.

f. The PCB manufacturer shall review the PCB definition dossier including
Review Items for compliance with the PID.

g. As a result of the design review, the PCB manufacturer may identify to
the supplier additional Review Items in the PCB definition dossier.

NOTE Review Items can exist for PCB designs even
within the capability of the PID. These Review
Items and methods to mitigate them are
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specified in this European Standard as best
practices and recommendations.

h. The PCB manufacturer shall provide the PCB manufacturing dossier in
conformance with DRD in the Annex B.

i The PCB manufacturer shall issue to the supplier a MRR checklist, which
is part of the PCB manufacturing dossier, in conformance with the DRD
in the Annex B.

NOTE An example of a MRR checklist is given in
Annex G.

j- During the MRR, supplier and PCB manufacturer shall approve the PCB
manufacturing dossier, the PCB definition dossier and all Review Items.

NOTE The approvals are recorded in the MRR
checklist.

k. The MRR shall provide authorisation for manufacture to the PCB
manufacturer.
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6
General design and production
requirements

6.1 Reliability of design

a. The supplier shall design the PCB with margin.
NOTE This is also described in Subclause 4.3.

6.2 Choice of materials and build-up

6.2.1 Overview

For the selection of materials for PCB a number of physical properties are
important, such as Tg, Young’s modulus, dielectric constant, CTE, hygroscopy.
Table 6-1 provides an overview of some commonly used materials and their
physical properties. The CTE of the as-manufactured PCB depends on the total
copper thickness, which has a CTE of about 16 ppm/K.

It is important that for the selection of the technology for the PCB design the
following is taken into account:

. CTE mismatch between devices and PCB,

J moisture sensitivity of PCB function,
o interconnection constraints,
. lay-out constraints.

Rigid-flex boards can be preferred to reduce the interconnection constraints.

Polyimide and epoxy are the most commonly used materials. Polyimide has an
advantage over epoxy because it is more thermally stable and outperforms
epoxy in thermal cycling and assembly. At the same time, polyimide is more
hygroscopic than epoxy, which affects PCB ground use and assembly. Epoxy is
available with different glass transition temperatures (Tg). Higher glass
transition temperature is recommended for epoxy because it provides better
thermal stability. Thermal expansion of resin in Z direction below and above Tg
is typically higher than expansion of copper. Therefore it is beneficial for
thermal endurance to use materials with low CTE in Z direction. Flame
retardants in base materials are commonly required for ground based
applications but are not necessary for space based PCBs.
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For high frequency performance typically PTFE based materials are used. These
materials require special lamination cycles as adhesion is generally poorer
compared to polyimide and epoxy.

IPC-4121 provides a comparison of various properties for core constructions as
function of resin and glass type.
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Table 6-1: Characteristics of some example dielectric materials for laminates

water Volume Thermal
Dielectric Dissipation Tg . CTE (ppm/K) CTE (ppm/K) conducti
absorpt | density . Example
constant Factor °O) . below Tg above Tg vity
ion (%) (g/cm?)
. (W/m.K)
Type of material
at1 at10 at1 at 10
MHz | GHz MHz GHz X Y z X Y z
370 HR
4,24 3,92 0,015 - 180 0,15 - 13-14 13-14 45 14-17 14-17 230 0,4
(Isola)
Epoxy HTg
4,24 3,92 0,015 - 170 0,15 - 13-14 13-14 45 14-17 14-17 230 0,4 15420 (Isola)
4,2 - 0,01 - > 250 0,26 1,6 16 16 51 - - 158 0,2 35N (Arlon)
Polyimide / Glass
4,2 - 0,01 - 250 0,27 1,6 16 16 55 - - 149 0,2 85N (Arlon)
Polyimide / Aramid 3,6 - 0,014 - 250 0,6 1,37 6-9 6-9 93 - - 279 0,2 85NT (Arlon)
POl)flmlde flex 34 33 0,003 B 220 0,8 _ 25 25 - - - - - AP (DuPont)
laminate
Ceramic reinforced RT/Duroid
- 2,94 - 0,0012 - 0,02 2,1 16 16 24 - - - 0,6
PTFE 6002 (Rogers)
Hydro.carb.on and RO 4003
ceramic reinforced - 3,38 - 0,0027 > 280 0,06 1,79 11 14 46 - - - 0,71
(Rogers)
glass
Glass reinforced RT/Duroid
2,2 2,2 4 - 2 2,2 1 4 237 - - - 2
PTFE ,20 ,20 0,000 0,0009 0,0 , 3 8 3 0, 5880 (Rogers)
T 101
Ceramic thermoset - 9,8 - 0,002 - 0,16 2,77 19 19 20 - - - 0,76 MMI0i
(Rogers)
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6.2.2 Material selection

a. Selection of the base laminate materials shall be performed in compliance
with the requirements from the Subclause 5.2.1 of the ECSS-Q-ST-70-11.

b. The material selection for all types of PCBs shall be in compliance with
the requirements from the clauses 7.1 to 7.6 of the ECSS-Q-ST-70-11.

NOTE Examples of types of PCBs are: single sided,
double sided, multilayer, sequential, rigid,
rigid-flex, flexible, sculptured flex, HDI, RF.

C. The as-manufactured PCB shall be in conformance with the outgassing
requirements of the Subclause 5.5.3 from the ECSS-Q-ST-70-02 or project
specific requirements on cleanliness.

NOTE  The outgassing requirements are CVCM<0,1%
and RM1.<1,0%.

6.3 Selection of the PCB manufacturer

a. The supplier shall procure PCBs from a PCB manufacturer with a
qualification approval for an identified technology in conformance with
the requirements from the Clause 5 to Clause 9 of the ECSS-Q-ST-70-10.

b. The supplier shall procure the PCBs in conformance with the
requirements from the Clause 5 to Clause 7 of the ECS5-Q-ST-70-11.

6.4 Traceability and marking

a. The PCB shall be marked with part number and revision number from
the PCB definition dossier as given by the supplier.

b. All individual PCBs within the panel shall be identified by a serial
number.

C. The serialization of the PCB shall be established before the start of the
fabrication.

d. The serial number shall identify the position of the PCB on the panel.

e. The serial number methodology shall be identified in the PID of the PCB
manufacturer.
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7
Rigid PCBs

7.1 PCB build-up

711 General
a. The build-up of the PCB and each sub-assembly should be symmetric.

NOTE This is done to avoid warp and twist.

b. The supplier shall record asymmetric build-up as a Review Item in the
PCB definition dossier.

NOTE The build-up includes the copper thickness and
its distribution.

C. In case Molybdenum or CIC layers are used, they shall be included in the
build-up and recorded as a Review Item in the PCB definition dossier.

NOTE 1 Specific requirements for the build-up are listed
in the PCB definition dossier in A.2.1<5>a.3(h).

NOTE2 On external layers, copper clad laminate
typically achieves better peel strength whereas
copper foil achieves better registration.

7.1.2 Copper styles

a. The thickness of the copper cladding on both sides of the laminate should
be equal except on outer layers of the PCB or half-stack.

NOTE Equal copper thickness is needed when
laminate is etched in same process steps, as is
the case for internal layers. The exception on
outer layers is made because each side is etched
in different process steps and because thin
copper on external layers decreases the total
thickness after plating.

b. In case the thickness of the copper cladding on the laminate is
asymmetric, this asymmetric build-up of the PCB shall be recorded as a
Review Item in the PCB definition dossier.
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NOTE 17/70 copper thickness is more risky than 17/35
or 35/70 copper thickness. The presence of fine
pitch tracks in combination with asymmetric
copper further increases the difficulty to
process.

c. Except the case specified in the requirement 11.4.1e, the external and
internal layers shall use basic copper thickness 70 um, 35 um or 17 pum.

NOTE 1 Copper layers can be implemented as copper
clad laminate or as separate copper foils.

NOTE 2 Requirement 11.4.1e specifies microvia layers
on HDI PCBS.

d.  Copper distribution within a layer should be homogeneous.

NOTE This is done to ensure even pressure
distribution during lamination, which can
cause filling voids, cracks or glass compression.

e. Balancing of copper should be performed by including dummy non-
functional copper.

NOTE This is more important for partial planes on
thick copper layers such as 70 um.

f. Signal tracks should not be routed on copper plane layers.

g. In case the total as-designed thickness of copper is above 700 pum, this
shall be recorded as a Review Item in the PCB definition dossier.

NOTE High layer count in combination with thick
copper layers can have significant impact on
manufacturability and long-term reliability.

h. Copper quality “HTE” shall be used for copper clad laminate.

NOTE  Type HTE can be procured in conformance
with IPC-4562 Type E, grade 3.

i. Copper quality “JTC” or “HTE" shall be used for copper foils.

j- The values from the Table 7-1 should be used in the design calculations
for copper foil thickness.

NOTE The values indicated in Table 7-1 are minimum
as-manufactured thickness for the specified as-
designed foil thickness.
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Table 7-1: As-designed versus as-manufactured copper foil thickness

As-designed foil
thickness

(um)

for non-plated

Minimum as- Minimum as-manufactured
manufactured thickness thickness for plated layers

inner layers with 225 um plating

(um) (um)

9

6

31

12

9

34

17

11

38

35

25

53

70

56

84

713

a.

Dielectric thickness

A minimum of two sheets of prepreg shall be used for insulation between

two layers.

A minimum of two sheets of glass should be used in glass-reinforced

laminates.

In case a single sheet of glass is used in a glass-reinforced laminate it
shall be recorded as Review Item in the PCB definition dossier.

NOTE

Two sheets of glass reinforcement are specified
to mitigate the risk of reduced insulation
caused by contamination. This is also specified
for laminates for class 3/A in accordance with
IPC-6012 Appendix A. In case a single
reinforcement in laminate is wused, it is
recommended to implement other means to
mitigate the risk of contamination in laminate.
IPC-4121 provides various properties, such as
resin-to-glass  ratio, for core laminate
constructions.

The insulation distance as-designed between two layers in rigid laminate
or prepreg in Z direction should be in conformance with the values from

Table 13-7.
NOTE

This table specifies a minimum distance of 100
pm.

Except the case specified in the 11.4.1h, the insulation distance as-
manufactured between two layers in rigid laminate or prepreg in Z
direction shall be in conformance with the values from Table 13-7.

NOTE 1

NOTE 2

This table specifies a minimum projected peak-
to-peak distance of 70 pum.

Requirement 11.4.1h specifies microvia layers
on HDI PCBs..
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f. Double-sided copper clad laminate with a thickness as-designed of 4 mil
(~100 pum) shall not be used unless:

1. the voltage is less than 30V,
2. the copper foil thickness on both sides of the laminate is 17 um or 35

pm,
3. the laminate batch is screened by the PCB manufacturer to have a
nominal thickness of the etched laminate of > 3,8 mil,

4, the insulation distance as-manufactured is verified by the PCB
manufacturer to be in compliance with requirement 7.1.3e, and

5. it is recorded as a Review Item in the PCB definition dossier.

NOTE1 Requirement 7.1.3f.1 is in compliance with the
values from Table 13-3.

NOTE 2 The nominal thickness of etched laminate from
the requirement 7.1.3f.3 can be read from the
CoC. However, this does not indicate worst-
case thickness as mentioned in the requirement
7.1.3e. Therefore the use of 4 mil laminate on
the lower end of the tolerance between 3,5 mil
and 3,8 mil is prohibited by this requirement.

NOTE 3 The precautions specified in this requirement
are defined to prevent a worst-case insulation
value of less than 70 um due to high tolerances
with rough copper surface treatment as
indicated in Table 7-2.

g. Double-sided copper clad laminate with a thickness as-designed of 5 mil
(~125 um) shall not be used above 30 V unless:

1. the thickness of laminate as-manufactured is in conformance with
the Table 13-3,

2. the laminate batch is screened by the PCB manufacturer to have a
nominal thickness of the etched laminate of > 4,8 mil,

3. the as-manufactured insulation distance is verified by the PCB
manufacturer to be in compliance with requirement 7.1.3g.1,

4. itis recorded as a Review Item in the PCB definition dossier.
NOTE1 The thickness value of the requirement 7.1.3g.1
is 2100 pum.

NOTE 2 This value specified in the requirement 7.1.3g.2
can be read from the CoC. It does not indicate
worst-case thickness as mentioned in the
requirement 7.1.3g.1. This prohibits the use of 5
mil laminate on the lower end of the tolerance
between 4,5 mil and 4,8 mil.

NOTE 3 Precautions specified in this requirement are
defined to prevent a worst-case insulation
value of less than 100 um due to high tolerances
with rough copper surface treatment as
indicted in Table 7-2.
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h. For insulation distance in Z direction of a laminate, the minimum
projected peak-to-peak insulation distance specified in the requirement
7.1.3i shall be used.

i. The minimum projected peak-to-peak insulation distance shall include

the thickness tolerance of the laminate core and the maximum roughness
of copper surface treatment.

NOTE Projected peak-to-peak insulation distance is
specified in Figure 3-1 of IPC-4101.

j- If available, laminates should be class D in conformance with
requirements from the IPC-4101 except the cases specified in the
requirement 7.1.3k.

NOTE1 Class D guarantees a minimum projected peak-
to-peak insulation distance.

NOTE 2 Typically used materials can be unavailable in
class D even though this specification exists.

k. In case other laminate classes are used, the PCB manufacturer shall
calculate minimum projected peak-to-peak insulation distance in
conformance with requirement 7.1.3i.

NOTE An example of this is shown in Table 7-2 for
class C laminate and commonly used copper
profiles.

L The PCB manufacturer shall define laminate and prepreg styles and
amount to achieve the insulation distances as designed by the supplier in
conformance with requirements of the Subclause 13.8.

NOTE The supplier is responsible to design insulation
distances required to meet design voltages in
conformance with the requirement 13.8.2c.
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