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1 INTRODUCTION (Hi&)

[ Introduction (Hi#) }

1.1 SCOPE

This document describes the preferred, acceptable, and noncon-
forming conditions that are either externally or internally observ-
able on printed boards. It represents the visual interpretation of
minimum requirements set forth in various printed board specifica-
tions, e.g.; IPC-6010 series, J-STD-003, etc.

1.1 J5H

AR SCPERGR T 0] MBI RIAR A5 1l P A0 % 30 (g BR AR . m g
ZHIRATE G 44, 45 T RS FRENHIONYE, BITPC-6010
AN J-STD-003 %5 LA 3 1) e A2 SR 1A B s B

1.2 PURPOSE

The visual illustrations in this document portray specific criteria of
the requirements of current IPC specifications. In order to properly
apply and use the content of this document, the printed board
should comply with the design requirements of the applicable IPC-
2220 series document and the performance requirements of the
applicable IPC-6010 series document. In the event the printed
board does not comply with these or equivalent requirements, then
the acceptance criteria should be as agreed between user and sup-
plier (AABUS).

1.2 Hi

ASCA AR H A R 2 A T A TPCAN T 22 5K (1 AR HEN]
TN M s TRV A SO 2, BRI RR A AT I 11
IPC-2220 F 51 SCAF (1) ¥ 1T 22 SR A FH I IPC-6010 5 41 SCA4- (1
PEREZISR o 7 EIVHI 2 I RS A 5 1 G 2 s sl 48 20 SR T 17
T, BWCHE N AZ B AT Eh e (AABUS .

1.3 APPROACH TO THIS DOCUMENT
Characteristics are divided into two general groups:
« Externally Observable (section 2)

* Internally Observable (section 3)

“Externally observable” conditions are those features or
imperfections which can be seen and evaluated on or from the exte-
rior surface of the board. In some cases, such as voids or blisters,
the actual condition is an internal phenomenon and is detectable
from the exterior.

“Internally observable” conditions are those features or imper-
fections that require microsectioning of the specimen or other
forms of conditioning for detection and evaluation. In some cases,
these features may be visible from the exterior and require micro-
sectioning in order to assess acceptability requirements.

Specimens should be illuminated during evaluation to the extent
needed for effective examination. The illumination should be such
that no shadow falls on the area of interest except those shadows
caused by the specimen itself. It is recommended that polarization

IPC-A-600H-2010

and/or dark field illumination be employed to prevent glare during
the examination of highly reflective materials.

The illustrations in this document portray specific criteria relating
to the heading and subheading of each page, with brief descriptions
of the acceptable and nonconforming conditions for each product
class. (See 1.4.) The visual quality acceptance criteria are intended
to provide proper tools for the evaluation of visual anomalies. The
illustrations and photographs in each situation are related to spe-
cific requirements. The characteristics addressed are those that can
be evaluated by visual observation and/or measurement of visually
observable features.

Supported by appropriate user requirements, this document should
provide effective visual criteria to quality assurance and manufac-
turing personnel.

This document cannot cover all of the reliability concerns encoun-
tered in the printed board industry; therefore, attributes not
addressed in this issue shall be AABUS. The value of this docu-
ment lies in its use as a baseline document that may be modified by
expansions, exceptions, and variations which may be appropriate
for specific applications.

When making accept and/or reject decisions, the awareness of
documentation precedence must be maintained.

This document is a tool for observing how a product may deviate
due to variation in processes. Refer to IPC-9191.

IPC-A-600 provides a useful tool for understanding and interpret-
ing Automated Inspection Technology (AIT) results. AIT may be
applicable to the evaluation of many of the dimensional character-
istics illustrated in this document.

1.3 ARZAFRIE T 3%

ARSCAT R A SRR BT 20 0 KK
SRR ERE (25

« WIS (335D

“HOMIBTT SR IE AR IS LT A BT AR T L F
BEAT VR A AE BIROHE . AEDCSEAE LT, ) ] S L
FSZBRROUE — R A BB S, HT AN EAT R A

“N TSR R AR IS L T BN BEAT S RO U A B
K G T VR AR B A BE R A RV 58 IR AE B GRB o 7ERE Lt
DU, IXBCRFAE T NSNS 2, R4S ZEHEAT R T
AR RE HR A7 A TR S2 PR K

N T AR BATI A, AR VP R 2% CRAE AT A2 48 1
W1, ROBRGAPEA S DR BIE AN, BOWIAN N 2% A8 BB 5 1) X
AR . R BCR I OGN/ S T, 5 AR AR 5
BSH R BRI RS 52 O R 5

AL R R R A T B 3 AR B s A G Y AR
N, JFLASCT a7 38 T R340 i (K AT P2 2 A RN A 4 1
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201044 H 1



1 INTRODUCTION (§ii &)

[ Introduction (cont.) (His (£%)) }

TR R TR R T 5 AR R
eo RSO 6 # RS E T RUOLS/ SRt BT )
GERFIE I RO AT VP2«

ASCAE PRI L3 2 T 2R, W AZ 8 LA o R IE e o i
N DS AT 2 FASHE L o

ARSCAFANR] BE B o EVA AT M 38 31 () By A7 n S 1 )
DUIE,  PUARSCPEBAT $2 20 (K 45 PR 25 o i 75 XU5 P i if o
(AABUS ). ASCFIHMELAE Tl 4 SR D JEAt SO, 0 T
(bt s b NG N HPVARE TV B el X T | N S
BB

AR AN/ SR E I, AT RIS SO AL SE I
J¥o

A A R W AT DN T 2 e s i S S BB ] e
BH R T H., ZIIPC-9191.

IPC-A-600 A4 BRAFFI AR H A sh R E AR CATTY A H 11
SRR TH AN LR, A AR (AT ol FiREA
SRR £ ST REVE

1.4 CLASSIFICATION

This standard recognizes that electrical and electronic products are
subject to classifications by intended end-item use. Three general
end-product classes have been established to reflect differences in
producibility, complexity, functional performance requirements,
and verification (inspection/test) frequency. It should be recog-
nized that there may be overlaps of product between classes.

Process Indicator imperfections are permitted and are deliverable.

The user is responsible for defining the product class. The procure-
ment documentation package shall state the product class and any
exceptions to specific parameters, where appropriate.

Criteria defined in this document reflect three classes, which are as
follows:

Class 1 — Includes limited life products suitable for applications
where the requirement is function of the completed product.

Class 2 — Includes products where continued performance and
extended life is required, and for which uninterrupted service is
desired but not critical.

Class 3 — Includes products where continued high performance or
performance-on-demand is critical, product downtime cannot be
tolerated, and the product must function when required.

Acceptability criteria in this document have been separated so that
printed board product may be evaluated to any one of the three
classes. The use of one class for a specific characteristic does not
mean that all other characteristics must meet the same class. Selec-
tion should be based on minimum need. The customer has the ulti-
mate responsibility for identifying the class to which the product is
evaluated. Thus, accept and/or reject decisions must be based on

2 201044 H

applicable documentation such as contracts, procurement docu-
mentation, specifications, standards and reference documents.

L4 W%
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fE, TR RIESCAE . BT ARAER S SCPFR AT 42
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1.5 ACCEPTANCE CRITERIA

Most of the illustrations and photographs included in this document
represent three levels of quality for each specific characteristic; i.e.,
Target Condition, Acceptable and Nonconforming. The text
included with each level establishes the ‘Acceptance Criteria’’ for
each class of product.

Target Condition in many cases is close to perfect. While this is
the desired condition it is not always achievable and may not be
necessary to ensure the reliability of the printed board in its service
environment.

Acceptable indicates that the condition depicted, while not nec-
essarily perfect, will maintain the integrity and reliability of the
printed board in its service environment. The acceptable condition
is considered acceptable for at least one or more classes but may
not be acceptable for all classes, as specified by the associated
acceptance criteria.

Nonconforming indicates that the condition depicted may be
insufficient to ensure the reliability of the printed board in its ser-
vice environment. The nonconforming condition is considered

IPC-A-600H-2010
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1 INTRODUCTION (Hi&)

[ Introduction (cont.) (His (£%)) }

unacceptable for at least one or more classes of product but may be
acceptable for other classes as specified by the associated accep-
tance criteria.

The target, acceptable and nonconforming conditions depicted
herein and the associated acceptance criteria are intended to repre-
sent typical industrial practices. Requirements of individual prod-
uct designs may deviate from these criteria.

The examples shown in the photographs and/or illustrations are
sometimes exaggerated to make the referenced imperfection more
apparent. The relationship between the text and the examples is not
always parallel; it would be difficult to find many cases so specific
that they would always match the acceptance criteria. When photo-
graphs or illustrations contained in this standard are not consistent
with discussion in the written text, the written text takes precedence
and should be followed.

It should also be noted that some of the photographs used may have
more than one type of condition on the same example. It is neces-
sary that the users of this document pay particular attention to the
subject of each section to avoid misinterpretation.

It should be understood that the first inference to nonconformance
given implies that all other conditions of lesser magnitude are
acceptable. Thus, a criteria which states a nonconformance condi-
tion as 50% of the surface is pitted, for example, implies that any-
thing less than 50% of the surface being pitted is acceptable for that
characteristic in that class. Obviously, nonconformance in Class 1
implies nonconformance in Class 2 and Class 3; and likewise, non-
conformance for Class 2 implies nonconformance in Class 3.

An inspector shall not make the selection as to which class the part
under inspection belongs. When making accept and/or nonconfor-
mance decisions, the awareness of precedence of documentation
must be maintained.

In all cases, documentation should be available to the inspector
defining to which class the part submitted for inspection belongs.

Procedures and requirements for conducting visual inspections
related to this document shall be in accordance with the require-
ments of the applicable performance specification.

In the event of conflict, the following order of precedence shall

apply:

1. Purchase Order (including exceptions to the master drawing, if
any)

2. Procurement documentation reflecting the customers detailed
requirements (such as master drawing)

3. Other documents to the extent specified by the customer

4. The end item performance specification such as the IPC-6010
series when invoked by the customer

5. This acceptability document. Printed boards should be of uni-
form quality and shall conform to the IPC-6010 series.

IPC-6010 series establishes the minimum acceptability require-
ments for printed boards. This document, IPC-A-600, is a compan-

IPC-A-600H-2010

ion and complementary document, providing pictorial interpreta-
tion of these requirements. It is not intended to be used as a
performance specification for printed board manufacture or pro-
curement.

IPC-A-600 can be used as a support document for inspection. It
does not specify frequency of in-process inspection or frequency of
end product inspection. Nor is the allowable number of noncon-
forming process indicators or the number of allowable repair/
rework of defects specified.

Visual examination for applicable attributes shall be conducted at 3
diopters (approx.1.75X). If the acceptable condition of a suspected
defect is not apparent, it should be verified at progressively higher
magnifications (up to 40X) to confirm that it is a defect. Dimen-
sional requirements such asspacing or conductor width measure-
ments may require other magnifications and devices with reticles or
scales in the instrument, which allow accurate measurements of the
specified dimensions. Contract or specification may require other
magnifications.

Plated-through holes (PTHs) shall be internally examined for foil
and plating integrity at a magnification of 100X. Referee examina-
tions shall be accomplished at a magnification of 200X.

Automated Inspection Technology (AIT) results may be applicable
to the evaluation of many of the dimensional characteristics illus-
trated in this document.

1.5 B
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1. www.ipc.org

2. Current and revised IPC Test Methods are available on the IPC Web Site
(www.ipc.org/html/testmethods.htm)

3. www.asme.org
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1.6 Applicable Documents The following specifications of the
revision in effect at the time of order form a part of this document
to the extent specified herein. If a conflict of requirements exists
between this specification and the listed applicable documents, this
specification shall take precedence.

1.6 SIAXH TITRE, TIISTEERRA IR T A8
JOAE I PR e Y Y B 2GR 40 A AS TS RN B B 5 SC Ak
AR, B DLAREINE A5G .

1.6.1 IPC’

J-STD-003  Effill iz iy 45 03k

IPC-T-50 Hi 1 HL ¢ B 5 B BERAE J s X

IPC-TM-650 Test Methods Manual®

2.1.1 Microsectioning
21,12 BRI AZhES B SRR Y &
=S AWiRC)
222 Optical Dimensional Verification
2.3.25 Detection and Measurement of Ionizable Surface Con-
taminants

2.4.1 BT — B
2.4.22 Bow and Twist
2.4.28.1  Adhesion, Solder Resist (Mask), Tape Test Method

2.6.25 Conductive Anodic Filament (CAF) Resistance Test
(Electrochemical Migration Testing)

IPC-SM-840 Qualification and Performance of Permanent Solder
Mask

IPC-2220 Family of Design Documents
IPC-4562 Metal Foil for Printed Wiring Applications

IPC-4781 Qualification and Performance Specification of Perma-
nent, Semi-Permanent and Temporary Legend and/or Marking Inks

IPC-6010 IPC-6010EN B I g 2 41 S

IPC-9191 General Requirements for Implementation of Statisti-
cal Process Control

IPC-9691 User Guide for the IPC-TM-650, Method 2.6.25, Con-
ductive Anodic Filament (CAF) Resistance Test (Electrochemical
Migration Testing)

1.6.2 EEYUM TG &3

ASME B46.1 Surface Texture (Surface Roughness, Waviness and
Lay)

IPC-A-600H-2010
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1.7 DIMENSIONS AND TOLERANCES

All dimensions and tolerances specified herein are applicable only
to the end product. Dimensions are expressed in hard SI (metric)
units and parenthetical soft imperial [inch] units.

Reference information is shown in parentheses ( ).

1.7 RP5A%

AT RE I RS R A ZE 008 T 467 o ST PR
HETG [ Br A2 ) CABID RoR, T7HE5 P A6 I 1 98 i R
T

HES O W TSEGR.

1.8 TERMS AND DEFINITIONS

Terms and definitions shall be in accordance with IPC-T-50 and as
defined in 1.8.1.

1.8 ARiffnE X
ARIEHE LB BE Y75 ETPC-T-50 22 1.8. 17T IR 5E

1.8.1 Process Indicator A detectable anomaly, other than a
defect, that is reflective of material, equipment, personnel, process
and/or workmanship variation.

1.8.1 WIRER B TAEL W AR TEM/SLTZ
JR R SR AR 2 5, AEASR R .

IPC-A-600H-2010

1.9 Revision Level Changes Changes made to this revision of
the IPC-A-600 are indicated throughout by gray-shading of the rel-
evant subsection(s). Changes to a figure or table are indicated by
gray-shading of the figure or table header.

1.9 JRAEITAL  ASIPC-A-60015 1T i BRI HNGH 1 2% (4.5 5%
W T RAGIT AT, H K E bR k4G
VI E BRI AR

1.10 WORKMANSHIP

Printed boards fabricated to the requirements of this document
shall be processed in such a manner as to be uniform in quality and
to preclude the introduction of dirt, foreign matter, oil, fingerprints,
flux residues, or other contaminants that may affect the life or ser-
viceability of the product. Printed boards shall be free of defects in
excess of those allowed by this document. Acceptance of imperfec-
tions not specifically covered by this document shall be AABUS.

1.10 LZhE

5 R SCA 1R B SR I D B A AR B 2 SR X R — b 7 kAT R
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2 EXTERNALLY OBSERVABLE CHARACTERISTICS (¥hafin] Wig4d4k)

Introduction (3|3)

This section addresses those characteristics which are observable from the surface. This includes those characteristics that are external and
internal in the printed board but visible from the surface as follows:

* Surface Imperfections such as burrs, nicks, scratches, gouges, cut fibers, weave exposure and voids.
* Subsurface Imperfections such as foreign inclusions, measling/crazing, delamination, pink ring and laminate voids.

* Imperfections in Conductive Pattern such as loss of adhesion, reduction of conductor width or thickness due to nicks, pinholes, scratches,
surface plating or coating defects.

» Hole Characteristics such as diameter, misregistration, foreign material, plating or coating defects and scratches.
* Marking Anomalies including location, size, readability, and accuracy.

* Solder Mask Surface Coating Imperfections such as misregistration, blisters, bubbles, delamination, adhesion, physical damage and
thickness.

» Dimensional Characteristics including printed board size and thickness, hole size and pattern accuracy, conductor width and spacing, reg-
istration and annular ring.

ARFEROE T R DR RN FhRr A4S T A B B AR A b etk LR ) LR TS 2 (¥ A Bk
RMBBE: TR BROL RDR. MR BRRMLT YR, SRR A

W FIBRBE: WSROI AR/ WCREL bR B LR R R

« SHLEBEREE: WA IR, T O BRL. BRI B SR A S DRI S A 5 B B
< LR ngLAR. RMELANHE. SRR TR B2 B 2 Bk B R

cWERE WIRAE. KA AT SRR .

o BLPRBCR iR B R IE s WO L ANE ., R, R )R B D PR KR .

« ReFiitks QIRENHIRT . LR R IETERSRE . SARTERE S AR, AR5

2.1 Printed Board Edges (Ffl#Ril%:)

Imperfections such as burrs, nicks or haloing along the edge of the printed board are acceptable provided they do not exceed the limits below.

AT EDRIBOA (KA B 1 s B S, R RS A AN R RIER, SRRz .

2.1.1 Burrs (GEH))

Burrs are characterized by small lumps or masses with an irregular shape, convex to a surface, and are a result of a machine process, such as

drilling or gouging.

BRI E SO IR R AN U N HCR B TR P, e U T a2k, gl fLelBtv) T2,
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2.1 BOARD EDGES (Iit%)

[ 2.1.1.1 Nonmetallic Burrs (IE&EBEH)

Target Condition - Class 1,2,3 (A#R%&fF - 1,2,3%)
» Edge conditions - smooth, no burrs.

< WZEAE - O, B

El2111a
Acceptable - Class 1,2,3 (a[3:% 544 - 1,2,3%)

* Edge conditions - rough but not frayed.

* Edge conditions - loose burrs do not affect fit and function.
« WEORDL — HIRE(ER BE S

< JAZORDL - B BRI, (EATEN 2RI HE -

El2111b
Nonconforming - Class 1,2,3 (R4 & - 1,2,3%%)

* Defects either do not meet or exceed above criteria.

o BB AT £ B0l ) IR K

BE2111¢
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2.1 BOARD EDGES (Mih%)

( 2.1.1.2 Metallic Burrs (%@ )

Target Condition/Acceptable - Class 1,2,3
(T2 5% AF - 1,2,3%)

* Edges shall be clean cut and without metallic burrs.

UGG IRIRET, e mBR.

FE2112a

Nonconforming - Class 1,2,3 (#7454 - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

o BRBEANT 5 SR ) IR K

E2112b

8 2010%F4 H IPC-A-600H-2010
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2.1 BOARD EDGES (Mit%)

2.1.2 Nicks (%)

Target Condition - Class 1,2,3 (HE&H - 1,2,3%%)
» Edge condition - smooth, no nicks.

S JAGARDL - S, Josk.

El212a

Acceptable - Class 1,2,3 (a[3:% 544 - 1,2,3%)
* Edges are rough but not frayed.

* Nicks do not exceed 50% of the distance from the printed board
edge to the nearest conductor or 2.5 mm [0.0984 in], whichever is
less.

o LGRS, (HARBEH .
o BITR FE AN K TR D % 5 f i 5 A 18] R 1) 50% 5L AN KT
2.5mm[0.0984in], HX M IR ME

FE212b

Nonconforming - Class 1,2,3 (A% & &4 - 1.2,3%)
* Defects either do not meet or exceed above criteria.

o BRBEANET £ BRI ER

E212¢
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2.1 BOARD EDGES (#it%)

2.1.3 Haloing (%)

Target Condition - Class 1,2,3 (AtR&fF - 1,2,34)
* No haloing.
s T .

E213a
Acceptable - Class 1,2,3 (a[#:% %4 - 1,2,3%%)

* Distance between the haloing penetration and the nearest conduc-
tive feature is not less than the minimum lateral conductor spac-
ing, or 100 pm [3,937 pin] if not specified.

o 5 P FR) U5 TR A58 ARSI 5 5 A L P T T A 32 S ) BEL 25 A
ANTdg /O ) AR A B, BRAN /N T100pum[3,937pin], B
F B ME .

El213b
Nonconforming - Class 1,2,3 (A& %1 - 1,2,3%)

« Defects either do not meet or exceed above criteria.

* BREEANET 5 B0H ) IR R

El213¢
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2.2 BASE MATERIAL SURFACE (3:ft#mm)

Introduction (3|3)

Identification of Imperfections

Nondestructive visual criteria have been established to aid in the identification and disposition of laminate defects. Refer to the following
sections where definitions, illustrations and photographs have been provided which precisely define and identify the following conditions:

Surface 2.2

* weave exposure 2.2.1
* weave texture 222
* exposed/disrupted fibers 223
* pits and voids 224

Subsurface 2.3

* measling 23.1
* crazing 232
* delamination/blister 233
« foreign inclusions 234

It is important to note that laminate defect conditions may exist when the fabricator receives the material from the laminator, or may become
apparent during the fabrication of the printed board. Some defects may be induced during processing.

O %2531

N T HE B SRR B2 AR GRS ST T H R AR, PEILLL R R R TR SIS MR E X R
BIAIIE T, RS E SOFX 2 TR SREL:

Ehrkm 2.2

o LW 22.1
o BATLL 222
o B iR /WL A 2 223
o JBR SR 224
HMERT 2.3

- LB 23.1
o fEar 232
o 32/ 233
o AR 234

B, FRATT R B B T BE S A I ARIAR A R AR R A RO R I 5 LA A, A AR A 0 ) A S R
Ko A7 LEBREEA I AT REZAE N TR A
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2.2 BASE MATERIAL SURFACE (3Ltt#i)

2.2.1 Weave Exposure (ZEZ8Y)

Weave Exposure: A surface condition of base material in which the unbroken fibers of woven cloth are not completely covered by resin.

B SRIEM N FREPRDL, BRI U UEBAT 8 W IR 6

Acceptable - Class 3 (W[$3% %1% - 34%)
* No weave exposure.

< BH TR

Acceptable - Class 1,2 (W[$% 54k - 1,24%)

* Excluding the area(s) with weave exposure, the remaining space

between conductors meets the minimum conductor spacing

F221a .
Br BPEOURTEBIIRE, IR BRI requirement. N
o SR BR BRSPS, AN R I AL N A R

Nonconforming - Class 1,2,3 (A#F& %4 - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

* AT 5 O ) EIR R

12 201044 H IPC-A-600H-2010
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2.2 BASE MATERIAL SURFACE (3:ft#mm)

2.2.2 Weave Texture (‘BHi%r)

Weave Texture: A surface condition of base material in which a weave pattern of cloth is apparent although the unbroken fibers of woven

cloth are completely covered with resin.

BAG IR R IDRDL, BRI SU LT Y E IR o8 2 o, (BB ]

[El222a
e BEPEDUBFESEIARGE, JFA TR MR BT .

El222b

IPC-A-600H-2010

Acceptable - Class 1,2,3 (a[3:% 544 - 1,2,3%%)

* Weave texture is an acceptable condition in all classes but is
sometimes confused with weave exposure because of similar
appearances.

o ATLOR T HTAT G dh B0 T2 ), AR I 2 R AR
AL 5 e ST

Figure 222b is an example of a surface condition that could be
either weave exposure or weave texture. The difference cannot be
determined from this view. The difference can be discerned using
nondestructive tests (oblique illumination with microscope) or
micro-section.

FI222bIK BB AT RE 2 B 2\, AT 2 AT S, %Al
BIJEE Iy He 2o PR ATARREA PRI (BRI R
BOWES BRI I E -
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2.2 BASE MATERIAL SURFACE (3tAt#&m)

| 2.2.3 Exposed/Disrupted Fibers (&KL 4E)

Acceptable - Class 1,2,3 (W[#:% 45 - 1,2,3%%)

» Exposed or disrupted fibers do not bridge conductors and do not
reduce the conductor spacing below the minimum requirements.

- RSN LRPE P, ARSI 1S
TR,

Nonconforming - Class 1,2,3 (AfF& 51k - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

* BRBEANT £ B0l ) IR K

223b
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2.2 BASE MATERIAL SURFACE (3:bi#imi)

2.2.4 Pits and Voids (Jik S f1233H)

Target Condition - Class 1,2,3 (A#R%&fF - 1,2,3%)
* No pits or voids.

* oM AN S o

Acceptable - Class 1,2,3 (a[3:% 544 - 1,2,3%)

* Pits or voids do not exceed 0.8 mm [0.031 in].

* Total printed board area affected is less than 5% per either side.
* Pits or voids do not bridge conductors.

o BRALERZRIA AN K T0.8mm[0.03 Lin].

* BV A T 52 50 AR DX 3/ A T TR AR PR 5% o

o JBR B AR 4 S A

E224b
Nonconforming - Class 1,2,3 (R4 & - 1,2,3%%)

* Defects either do not meet or exceed above criteria.

o BB AT £ B0l ) IR K
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2.3 BASE MATERIAL SUBSURFACE (M:H£Em )

Introduction (3|3)

This section is focused on those subsurface conditions of laminated
base materials that are externally observable through the base mate-
rial itself and some solder mask coatings. The most frequent sub-
surface base material conditions are termed measling, crazing,
delamination, blistering and foreign materials. These conditions
may be observed throughout the printed board manufacturing and
inspection process; such as:

* During incoming metal-clad base material evaluations after being
manufactured by the laminator,

* By the printed board manufacturer after having removed (etched)
the metal cladding in the preparation of ‘‘innerlayer’’ details for
multilayer printed boards,

» After etching the ‘‘outer’ layers of printed board to form the
required arrangement of conductive patterns and markings,

* After baking operations (such as solder mask or component leg-
ends),

 After thermal shock, as in solder fusing/coating or solderability
testing processes.

Base material subsurface conditions have been the subject of con-
siderable discussion within the printed board industry for several
decades. Of the several subsurface conditions, measling and craz-
ing continue to cause the most concerns. Measles and crazing have
been the primary focus of three IPC ‘‘Blue Ribbon Committees’” of
experts. The following are brief summaries and additional com-
ments from the IPC Blue Ribbon Committees:

AR T R 25 T H AR B R RS B R A 7 2 AR R T
BRI J= M3 R T APIRDL . foe 5 WL IR i IR B
f: AP WERGL )R RIEMAMSKRKIRY) . IXEARDLA]
FE B HRIRR A A i R A 50 I R b R IR, 5

o FEAHS I AR 2 7 i 1 3 ) 2 <6 S A I 5

« FEENHRIAR A R v ) < T 5 A 2 2 BNl g R B
UAIBUR L

« A TIE R S ARRIL, P EHIR “4h TR )5
« BETERAE (BB R BT 1) 2 A

s iR 25, BRI R BT RN R
JUAAER, HERF AR RO s BRI AT M Py A7 AL
Wll, fEIXLCRMT MRS, ARG H 2 K
FBERITIER S oA = JWIPC “HER A" LHRIRITHE
Ko NHEIPCHRHZE B4 (LR AN 78 15

Brief summary of the First IPC Blue Ribbon Committee on
Measles

This first committee conducted a wide overview of printed board
base material surface and subsurface conditions with a major focus
on measles. IPC's ‘“Measles in Printed Wiring Boards, Information
Document’” was published in 1973 as a result of this effort. The
committee was to collect as much data as was available on measles

16 201044 H

and other surface/subsurface conditions; and to standardize the
terms, definitions (descriptions), photographs, and illustrations of
surface and subsurface conditions. It was felt that sufficient
research had been done by industry and that a position on
“‘measles’” could be prepared by the committee. The committee's
recommendation was as follows, ‘‘comprehensive review of avail-
able literature and available research and test data, that while
measles may be objectionable cosmetically, their effect on func-
tional characteristics of finished products, are at worst minimal,
and in most cases insignificant.**

Comments: Despite the committee's recommendation and industry
data, there was still a strong reluctance by most government and
industry personnel to accept that measles are a cosmetic condition
with no functional effect in most applications. Most companies
continued to retain ‘‘no measling”’ requirements in their specifica-
tions. But when measles or other nonconforming surface/
subsurface conditions had severe impact on their production sched-
ules, the customer (or acceptance agency) would produce a
document that established acceptance guidelines for measles (and
frequently other surface and subsurface conditions). The new
guidelines were based on size, percent reduction in conductor spac-
ing, and amount of affected area. They also varied from customer-
to-customer. As technology evolved, in particular reductions in
conductor spacing, the effect of measling and other surface/
subsurface conditions once again became a serious industry wide
concern. As a result, a second IPC Blue Ribbon Committee on
Measles was formed.
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Introduction (cont.) (5|5 (£%))

Brief summary of the Second IPC Blue Ribbon Committee
on Measles

This second committee was formed in late 1978. This committee
reviewed the findings of the first committee, solicited the industry
for additional data, and reviewed the proprietary acceptance crite-
ria provided by IPC members. The Second Blue Ribbon Committee
came to the same conclusion. Measles are a cosmetic process indi-
cator and had almost no reported effects on a product's functional
performance in most applications. The major exception was high
voltage applications. There was still reluctance by some govern-
ment organizations and a few industrial companies to categorically
accept measles. As such, this committee established a set of
measling/crazing requirements that obtained consensus from all
IPC members. The result was a matrix of acceptance limitations for
the three major phases of the printed board electronic assembly
process: laminated material, printed board final inspection, and
after printed board assembly. These requirements included percent
reductions in conductor spacing (not exceeding minimum conduc-
tor spacing), and various amounts of measled area for each side of
the printed board (or assembly) based on the Class of product.
These requirements were added as an amendment to the first print-
ing of the IPC-A-600, Revision C, and were included in later print-
ings of the C revision and, in a different format, the [IPC-A-600,
Revision D.

Comments: The primary concerns expressed by the reluctant indi-
viduals are summarized in the following list (with comments):

e Electrical Insulation Resistance, both volume and surface - sev-
eral reports and available test data indicates that insulation resis-
tance is not significantly affected by measling or crazing.

» Contamination - the concern was that ionic materials could dif-
fuse or be ‘‘pumped’’ (by alternating atmospheric pressure) into
measles or crazing and would result in lower insulation resistance
or conductive anodic filament (CAF) growths, shorts. Salt spray
tests indicated this was not a valid premise, and most ionic mate-
rials (such as salts) will not diffuse into the base material.

» Applied Voltages - high voltage applications are a concern (in
particular where there is the possibility of ‘‘corona’’ in the mea-
sling or crazing) the dielectric strength is reduced by 20-50% in
comparison to a similar non-measled/crazed area, in particular at
altitudes greater than 20 km [12.43 miles].

» Environmental - most measling/crazing did not appear to increase

in size or occurrence due to environmental testing.

IPC-A-600, Revision E, was the first revision to reflect the needs
for surface mounted component technology. As such, the accep-
tance requirements for measling and crazing were separated. For
measles, the acceptance requirements allowed bridging under sur-
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face conductor spacing. This was done based on the definition of
measles, test data, and industry experience of measles having never
been documented to cause a functional failure. Crazing is much less
controlled separation in the base material forming ‘interconnec-
tions”’ between measles and possibly adjacent conductive patterns;
therefore, the acceptance requirements for crazing were set the
same as the similar conditions of delamination and blistering.

Over a period of time, governing specifications have become
excessively heavy regarding the presence of measles. In addition,
cosmetic appearance has become a major acceptance criterion. In
actual fact, no failure has ever been attributed to measling, based on
all military and industry testing to date. IPC, industry and various
military agencies have conducted extensive testing in severely
measled assemblies under extreme environmental conditions for
long periods of time with no evidence of growth, spreading or any
detriment to the function of the assembly. Measles should not be
the cause for rejection.

Measling is an internal condition occurring in the woven fiber rein-
forced laminated base material in which the bundles are separated
at the weave intersection. The term ‘‘crazing’’ is sometimes used to
describe an array of measles which appear from the surface to be
interconnected. When the measles look to be interconnected, this
condition called ‘‘crazing’’ is a form of delamination in that there
are separations along the length of the fiber/yarns and the resin. For
non-woven material, this condition resembles a measle but is ran-
domly located and has an irregular shape (see Figure 23a).

In a case study done, the prime cause of the observed measles was
a combination of moisture, which diffuses readily into epoxy-glass,
and component soldering temperatures. The application of local
high temperatures for component mounting caused entrapped
moisture to vaporize and break the epoxy-glass bond at the
““knuckle’” (intersection of the warp and fill of the e-glass cloth).
From previous experience, it is known that epoxy-glass absorbs
atmospheric moisture, and when moisture content exceeds 0.3
wt%, it can give rise to measling during solder dip/level and/or
assembly soldering operations.

There are other factors that can contribute to measles/crazing such
as: resin composition, method of making laminates, coupling
agents, T, etc. In the past, reports were compiled which revealed
that measles and crazing with over 50% spacing violation were not
adverse to the reliability of the hardware. Why, if all test reports
showed no problems with measles and no reported field failures,
are we so concerned about measles and crazing? Because it appears
feasible, in theory, that if measles with 100% conductor spacing
violation combines with moisture or some other contaminant, cop-
per migration (IR failures) should be experienced between conduc-
tors.
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Introduction (cont.) (315 (£%))

Even when the potential failure mechanism mentioned above is
analyzed, it is almost impossible to experience such (IR/ migration)
failure. First, a measle(s) gapping conductive patterns is needed.
Secondly, moisture in the printed board/ assembly, along with a
conductive or ionic contaminant such as chlorides, is necessary.

In this instance, a typical industry example, the measle is at the
center between two plated through holes (see Figure 23b). The
measle is 0.4 mm [0.0157 in] wide. In order to get possible copper
migration, the measle had to gap the two plated through holes. This
of course would be most unlikely. The second example (see Figure
23c) illustrates what is required for a potential failure mechanism
between two surface conductors. A (+) conductor directly over a
knuckle is required and a (-) conductor is also required directly over
a knuckle. For an electrical short to occur between these conductors
through the base material, there would need to be a conductive path
from one conductive pattern, through the remaining dielectric
materials (resin and yarn) to the separation (measle), along the
separation in the direction of the other conductive pattern, once
again through the remaining dielectric materials (resin and yarn),
and to the second conductive pattern. In order to induce a failure all
of the above mentioned ingredients are required along with a volt-
age potential between two adjacent conductors. This occurrence is
highly unlikely and is most likely why the industry has not experi-
enced any adverse reliability problems due to measles.

When making acceptance calls on electronic hardware, consider all
the possible concerns mentioned above. Measles should not be con-
sidered a nonconforming condition. It should instead be considered
a process indicator, telling you that the process is on the verge of
going out of control. Correct the problem, but do not scrap the
product, taking into account all of the above mentioned variables.
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Introduction (cont.) (5|5 (£%))
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Brief summary of the Third IPC Blue Ribbon Committee on
Measles

In 2004, the issue of printed board laminate degradation caused by
internal Conductive Anodic Filament (CAF) growth came to the
forefront of discussions among the IPC printed board assembly
standards groups (including the 7-31b IPC-A-610 and 5-22a
National Standard for Soldering task groups.) It was observed that
circuit density, operating speed, band pass and reduced operating
voltage had impacted the ability of circuits to operate under condi-
tions supporting dendrite or CAF development.
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With the proliferation of finer line conductors and reduced spacing
in current designs, discussions within the assembly standards
groups questioned the role of measles within printed board lami-
nate materials as a potential catalyst for CAF growth.

For years, IPC standards for electronic production contained no
restrictions for the occurrence of measles in printed boards and/or
assemblies. Theoretically, measles could be continuous between
conductors and could exist throughout the printed board. It was
noted that this allowance was based on studies conducted nearly 30
years earlier based on circuit designs from that time period. It was
recognized that a need existed to reconsider the measles require-
ments for today's production designs and product environment.

In the interim, as a means to call attention to this potential problem,
IPC assembly documents were changed to include pass/fail (defect)
criteria for Class 3 assemblies that exhibited the visual appearance
of measles.

The new measles criteria created in the assembly documents
defined requirements that were stricter than those given in the
printed board documents unless the additional IPC-6012, Class 3A
(Military and Aerospace) requirements were considered. IPC-
6012, Class 3A does not allow measles in bare boards for these
industry segments, however Class 3 printed boards produced in
accordance with 6012, which exhibited measles, were no longer
acceptable for use in the assembly documents for Class 3 in gen-
eral. This requirement conflict was brought to the attention of the
IPC Technical Activities Executive Committee (TAEC) and that
body directed both groups to work together to come to some reso-
lution, based on test data that would bring the documents into
agreement on the acceptance criteria.

The leadership of the printed board standards committees formed a
new Blue Ribbon Committee on Measles and designed and per-
formed testing to determine if measles contributed to CAF failures
in actual end product. This test protocol was completed in late 2006
and presented to the printed board standards committees at IPC
Printed Circuits Expo/APEX 2007. There was conclusive evidence
within the test that measles did not contribute to CAF growth; nor
did the presence of measles promote CAF failures in the end prod-
uct that exhibited CAF.
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This presentation was then given to the assembly standards groups
for their consideration. The request was made that the requirements
in the bare printed board and assembly documents be changed to
track with each other.

The leadership of the assembly standards groups concurred that the
industry now had test data that addressed their original concerns
regarding the potential of measles to promote CAF failures. They
also agreed that the documents should be amended to eliminate the
conflicting measles requirements. The groups jointly drafted the
words, comments, and instructions for all documents regarding
measles and these were presented to the committee membership at
the 2007 IPC Midwest Conference. Copies of the test protocol sum-
mary are available through the IPC.
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2.3 BASE MATERIAL SUBSURFACE (M %M F)

2.3.1 Measling (F1BT)

Measling: Measling manifests itself in the form of discrete white squares or ‘‘crosses’’ below the surface of the base material, and is usu-
ally related to thermally induced stress. Measles are subsurface phenomena that have been found in new laminated materials and in every
board type made from woven fiber reinforced laminates at one time or another. Since measles are strictly subsurface phenomena and occur
as a separation of fiber bundles at fiber bundle intersections, their apparent positions relative to surface conductors have no significance.
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Target - Class 1,2,3 (HF&4: - 1,2,3%%)
* No evidence of measling.

« LARLS .

Acceptable - Class 1,2 (a[$52 544 - 1,24%)
* The criteria for measling is that the printed board is functional.
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Process Indicator - Class 3 (% - 3%%)

* Measled areas in laminate substrates exceed 50% of the physical spacing
between noncommon conductors.

o JE RIS S AR L AR 3 AR 1] SE RS TR B 50%

Note: Measling is an internal condition which does not propagate as a
result of thermal testing that replicates future assembly processes and has not
been conclusively shown to be a catalyst for CAF growth. Delamination is an
internal condition which may propagate under thermal stress and may be a
catalyst for CAF growth. The IPC-9691 user's guide for CAF resistance test-
ing and IPC-TM-650, Method 2.6.25, provide additional information for
determining laminate performance regarding CAF growth. Users who wish to
incorporate additional criteria for measle conditions may consider incorporat-
ing the provisions of IPC-6012, Class 3A which does not allow measles.

e AR R — R IS, Al AR R PN )
WA e, R IEH e SR e 2 SR (CAF) 4K
Bl o2 —FAE AN 0 /E IR REY R ARG, [RIB T g 2
CAFZA K (i & T CAFMIA, IPC-9691H F 45 5 FITPC-TM-65031
IR 7792:2.6.25 4 $E 4t T € 2 IR CAFA K PERE I HAAE B AN
N A BERR S5 A SR F4 F P AT 25 EE A NS SR 4 B HH AR BA S K

Note: Measles are observed from the surface. Cross-sections are for illustration purposes.
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2.3.2 Crazing ($3450)

Crazing: An internal condition occurring in the laminated base material in which the fibers within the yarn are separated. This can occur at
the weave intersections or along the length of the yarn. This condition manifests itself in the form of connected white spots or “‘crosses’’
below the surface of the base material, and is usually related to mechanically induced stress. When the crosses are connected the condition is

evaluated as follows:
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Target Condition - Class 1,2,3 (H#%4F - 1,2,3%%)
* No evidence of crazing.

Acceptable - Class 2,3 ([$52 54k - 2,3%%)

 The imperfection does not reduce the conductor spacing below
the minimum.

* The distance of crazing does not span more than 50% of the dis-
tance between adjacent conductive patterns that are not electri-
cally common.

* No propagation as a result of thermal testing that replicates the
manufacturing process.

* Crazing at the edge of the printed board does not reduce the mini-
mum distance between printed board edge and conductive pat-
tern; or more than 2.5 mm [0.0984 in] if not specified.
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50%.
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Note: Crazing is observed from the surface. Cross-sections are for illustration purposes only.
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2.3 BASE MATERIAL SUBSURFACE (M %M F)

2.3.2 Crazing (cont.) ($4Z&r (%))

Acceptable - Class 1 (W[4 54 - 14%)

* The imperfection does not reduce the conductor spacing below
the minimum.

* No propagation as a result of thermal testing that replicates the
manufacturing process.

* Crazing at the edge of the printed board does not reduce the mini-
mum distance between printed board edge and conductive pat-
tern; or more than 2.5 mm [0.0984 in] if not specified.

o SRR A AT A 1) Lk D> A8 A1 T /N SR T B

o WA AR R 0 R K
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AT S/ NFE I, LU K F2.5mm([0.0984in].

Nonconforming - Class 1,2,3 (%4 &4 - 1,2,3%)
* Defects either do not meet or exceed above criteria.
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2.3 BASE MATERIAL SUBSURFACE (M:A#£Em F)

2.3.3 Delamination/Blister (4 )2/#if)

Delamination: A separation between plies within a base mate-
rial, between a material and conductive foil, or any other planar
separations within a printed board.
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Blister: Delamination in the form of a localized swelling and
separation between any of the layers of a lamination base material,

or between base material and conductive foil or protective coating.
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Target Condition - Class 1,2,3 (H#%&M: - 1,2,3%)
* No blistering or delamination.

< R .

Acceptable - Class 2,3 (W[$55254F - 2,3%%)

* The area affected by imperfections does not exceed 1% of the
printed board area on each side.

* The imperfection does not reduce the space between conductive
patterns below the minimum conductor spacing.

* The blister or delamination does not span more than 25% of the
distance between adjacent conductive patterns.

* No propagation as a result of thermal testing that replicates the
manufacturing process.

* The imperfection does not exceed the specified minimum dis-
tance between printed board edge and conductive pattern, or 2.5
mm [0.0984 in] if not specified.

o SZIECHE 0 (1) AR AN I B AR AE T TRAR R 1 %

o SEHE VR AT - v ISR [ 11 T BE 93D RAIG T3 /N AR TR B

o I B 2 (0 BE AN K TAH AR 2 i BT 2 A1 FE 2125 %

o AT T AR U (0 FAY ) I oK

o SE AR R/ DA 5 S vl ST )RR ) e /N BE S 4 AR e
ANFEESRS,  WIERSUA K F2.5mm[0.09841n] .
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2.3 BASE MATERIAL SUBSURFACE (M %M F)

2.3.3 Delamination/Blister (cont.) (/722 (%))

Acceptable - Class 1 (W[4 %14 - 14%)

* The area affected by imperfections does not exceed 1% of the
printed board area on each side.

* The blister or delamination spans more than 25% of the distance
between conductors, but does not reduce the space between con-
ductor patterns below the minimum conductor spacing.

* No propagation as a result of thermal testing that replicates the
manufacturing process.

* The imperfection does not exceed the specified minimum dis-
tance between printed board edge and conductive pattern, or 2.5
mm [0.0984 in] if not specified.

o SCIRHE S W TR AN REER I B AR BRI AR 1%

< B B 2 B BRI AR SRR B 925%, HBCA S K
T ) ¥ 1) B /N B 2K T d /N AR T L

o BOA HI TR FURE A K

« BlE AR L E AR L Gt T L DR T RUE I e /NS, R
KIS /BRI, AR EUAN K T-2.5mm([0.0984in] -

Nonconforming - Class 1,2,3 (A%F& & - 1,2,3%)
* Defects either do not meet or exceed above criteria.

 BEEATT G a0 Y EIR SR .

Note: The area affected is determined by combining the area of each imperfection and dividing by the total area of the printed board. A sepa-

rate determination is made for each side.

s SZRCMA TR, ot A BRI AR PR TSR LA D AR 0 T APOR A 5 1) o 2 Tl il 5 A5 18T 52 SR TR KD 17 0 B

IPC-A-600H-2010
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2.3 BASE MATERIAL SUBSURFACE (M:A#£Em F)

2.3.4 Foreign Inclusions (JpKK:4)

Foreign Particles: Metallic or nonmetallic, which may be entrapped or embedded in an insulating material.

Foreign material may be detected in raw laminate, B stage, or processed multilayer printed boards. The foreign objects may be conductive or
nonconductive, and both types may be nonconforming depending on size and location.

Sk Aen e AR I I A G R RO < s < ek

SRR T AAEIERSAARL . SRR (BB, B il (¥ 22 J2 B RIAR e Bl R . ARoRMWT g2 T AR vl e 2 4R 4K,
SKPIBIG DLII AR FE RN BT AE AL R S 2 5 AN 4

Target Condition - Class 1,2,3 (A#R&AF - 1,2,34)
* No foreign inclusions.

« TAPRIIRY)

Acceptable - Class 1,2,3 (W[#:% 54 - 1,2,3%%)
* Translucent particles trapped within the printed board.

* Opaque particles trapped within the printed board which do not
reduce the spacing between adjacent conductors to below the
minimum spacing specified in the IPC-6010 series.

* Electrical parameters of the printed board are unaffected.

o SREEAEAA 232 W TORE 2 T2 ) o

o BN I AT IR, E B AT AR SR ) BN 2K T
IPC-6010 7 51 SCAFHIAE 1) /I8 [0 Lo

« BN LS BOR R .
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2.3 BASE MATERIAL SUBSURFACE (M %M F)

2.3.4 Foreign Inclusions (cont.) (JMREXM (£:))

IPC-A-600H-2010

Nonconforming - Class 1,2,3 (FfF& %M - 1,2,3%%)
 Defects either do not meet or exceed above criteria.

o BREEANTE £ O H_EIRER

201074 H
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2.4 SOLDER COATINGS AND FUSED TIN LEAD (¥4 EMBVE8SE)

2.4.1 Nonwetting (A i)

Nonwetting: The inability of molten solder to form a metallic bond with the basis metal.

AR RLERARE S SR EM T S R A .

Y/—h AN

~— fH

\\éﬁﬁﬁ

- JLH

El241a
e SEEDUNEBEIIERD, I ZRECR BRIV

28

Target Condition - Class 1,2,3 (H#&4F - 1,2,3%)
* No nonwetting.

* AN .

Acceptable - Class 1,2,3 (W[5 %4 - 1,2,3%%)

» Complete wetting on all conductive surfaces where solder is not
excluded by mask or other plating finish. Vertical sides (conduc-
tor and land) areas may not be covered.

o AR BELAR IR b A 2 v 7 S e IO BT AT 3 LR TR R e
A, TEE CRACRRARDD X AT DA i -

Nonconforming - Class 1,2,3 (R %M - 1,2,34)

 Defects either do not meet or exceed above criteria.

B REAS FRER.
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2.4 SOLDER COATINGS AND FUSED TIN LEAD (#4843 EMmE8iaE)

2.4.2 Dewetting GEiHE)

Dewetting: A condition that results when molten solder coats a surface and then recedes to leave irregularly-shaped mounds of solder that
are separated by areas that are covered with a thin film of solder and with the basis metal not exposed.

B SRR R AL G R R AR R IRRLAI 4R, SOE b AR IR n LR B i < S R VAR AR 1 X R O R AN
DR R HE (1 bR o

\ \ 1BEE

2
EEEM

! =)

2422
e S DUBEBEIIARSE, I A ZORM B RRVITEG .

Target Condition - Class 1,2,3 (H#R&4: - 1,2,3%)
* No dewetting.
o ORI .

Acceptable - Class 2,3 (W[#:Z 544 - 2,3%%)

* On conductors and ground or voltage planes.

* On 5% or less of each land area for solder connection.
o PR EFTE O LS BRI

o FEAMRERERESY R TR T80 5%,

Acceptable - Class 1 (W52 54k - 14%)
LA % * On conductors and ground or voltage planes.
* On 15% or less of each land area for solder connection.
o PRI R O P = AT AR
Bl242¢ AR P RN R TR T 15%.

IPC-A-600H-2010 201044 H 29



2.4 SOLDER COATINGS AND FUSED TIN LEAD (¥4 EMBVE8SE)

2.4.2 Dewetting (cont.) GEIEE (£%))

Nonconforming - Class 1,2,3 (A#F& %4 - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

AT Bl H_RIREKR

2424
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2.5 HOLES — PLATED-THROUGH — GENERAL (g7 7L — @)

2.5.1 Nodules/Burrs (ZE5iIZEH))

Target Condition - Class 1,2,3 (HE&H - 1,2,3%%)
* No evidence of nodules or burrs.

« AR B RILR .

El251a
R Acceptable - Class 1,2,3 (a[3:% 544 - 1,2,3%)

* Allowed if minimum finished hole diameter is met.

o URRE AL B S /N FLAR I R, W23 sl B 2 SR VRN -

Nonconforming - Class 1,2,3 (A% & &4 - 1.2,3%)
* Defects either do not meet or exceed above criteria.

o BB AT £ B0l ) IR K
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2.5 HOLES — PLATED-THROUGH — GENERAL (g% L — @)

2.5.2 Pink Ring (¥y2LHE)

Acceptable - Class 1,2,3 (W[#:% 45 - 1,2,3%%)

* No evidence exists that pink ring affects functionality. The pres-
ence of pink ring may be considered a process indicator but is not
nonconforming. The focus of concern should be the quality of the
lamination bond and hole cleaning and conditioning processes.

o BOAESR R IR 21 Rl 2 S EDRIAR ) Dh g - A 21 Fel () Hh B mT
R IHHE N BIREE TS, HARAFFROL . NAZH AR
RS2 R AL K3 U0 5 A B AR 10 B i b
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2.5 HOLES — PLATED-THROUGH — GENERAL (g7 7L — @)

2.5.3 Voids — Copper Plating (#i8%)2%5H)

Target Condition - Class 1,2,3 (A#R%&fF - 1,2,3%)
* No voids.

A

Acceptable - Class 3 (W[#:5Z 54k - 32%)

* No evidence of voids in the hole.
- AL

F253a

#2530

F253¢

El253d

IPC-A-600H-2010

Acceptable - Class 2 (W[5 54k - 24%)

* No more than one void in any hole.

* Not more than 5% of the holes have voids.

* Any void is not more than 5% of the hole length.
* The void is less than 90° of the circumference.
A ALAFREAZ T 14

o« B LB L 5%

ALK EA R T HALK 5%,

o AN TR FI90°

Acceptable - Class 1 (W$32 %14 - 14%)

* No more than three voids in any hole.

* Not more than 10% of the holes have voids.

* Any void is not more than 10% of the hole length.
* All voids are less than 90° of the circumference.
A LN EA L T30

A I ALEA I 10%.
AR EA R T HALK10%.

« BT 22 B/ T 15 T £90°

Nonconforming - Class 1,2,3 (F%& &4 - 1,2,3%)
* Defects either do not meet or exceed above criteria.

o BRBEANET 5 B0l ) IR R

201074 H
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2.5 HOLES — PLATED-THROUGH — GENERAL (g% L — @)

2.5.4 Voids — Finished Coating (IxZ&i&EIZ55H)

Target Condition - Class 1,2,3 (AtR&fF - 1,2,34)
* No voids.

 JEEE.

F254a

Acceptable - Class 3 (W[$:52 &4 - 3%%)

* No more than one void in any hole.

* Not more than 5% of the holes have voids.

* The void is not more than 5% of the hole length.
* The void is less than 90° of the circumference.

A ALATFREAZ T 14

o« BT LA L 5%

o« KSR R T HILKIN5%.

2541 « 2T 9907,

Acceptable - Class 2 (W[4 %14 - 24%)

* No more than three voids in any hole.

* Not more than 5% of the holes have voids.

* Any void is not more than 5% of the hole length.
* All voids are less than 90° of the circumference.
A ALATFREAZ T34

o BB 5%

AR AR KA R T HALKI5%.

o AT AN T A K900

Acceptable - Class 1 (W[$:% %4 - 1)

* No more than five voids in any hole.

* Not more than 15% of the holes have voids.

* Any void is not more than 10% of the hole length.
* All voids are less than 90° of the circumference.

A —ALAFHAZ T54

SR I ALEA I 15%.

o K AR T HALK10%.

K254c « BTN T R R 990

Nonconforming - Class 1,2,3 (A#F& %44 - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

WA Bl H_EIRER .
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2.5 HOLES — PLATED-THROUGH — GENERAL (g7 1L — @)

2.5.5 Lifted Lands — (Visual) (J#&8 — (HE))

2552

[El255b

El255¢

IPC-A-600H-2010

Target Condition/Acceptable - Class 1,2,3
(BRI Z 55 - 1,2,32%)

* No lifting of lands.

Nonconforming - Class 1,2,3 (%4 &1 - 1,2,3%)
* Defects either do not meet or exceed above criteria.

 BEEATT O Y EIREOR .

201074 H

35



2.5 HOLES — PLATED-THROUGH — GENERAL (8% 1L — @)

2.5.6 Cap Plating of Filled Holes — (Visual) (ZefLMEEmE - (HK)) |

Target Condition - Class 1,2,3 (A#R& M - 1,2,34)
* Copper surface is planar with no indication of cap plating.

RIS RINIE S .

Acceptable - Class 1,2,3 (W% %4 - 1,2,3%%)

» When cap plating of the filled via is specified on the procurement
documentation, the requirements of 2.7.1.1 and the requirements
of the applicable performance specification for rectangular and
round surface mount pads shall apply.

* No plating voids exposing the resin fill area, unless covered by
solder mask.

* Visually discernable protrusions (bumps) and/or depressions
(dimples) that meet the microsection requirements of the appli-
cable performance specification.

o RIS b o 2 LR AL, RER R B0 3% 1 W 2he
HRAE R 2 SR 2.7. 119 (R SR ANIE ] (PR RV 25K

o BRAFWEPHA BRI 26, 3 W ASREA 28 55 00 IR SPUZE DX R B2 2
o

o EALATHHRIIMIBE (M0 R CRyBRD 2 ok g
L R K.
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2.5 HOLES — PLATED-THROUGH — GENERAL (g7 1L — @)

2.5.6 Cap Plating of Filled Holes — (Visual) (cont.) (ZEfLig=ERSE - (HE) (4))

Nonconforming - Class 1,2,3 (%4 &4k - 1,2,3%%)
» Defects either do not meet or exceed above criteria.

 BREEANTE el H_EIREKR .

IPC-A-600H-2010 201044 H
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2.6 HOLES — UNSUPPORTED (dE%#7L)

2.6.1 Haloing (&)

Haloing: Mechanically induced fracturing or delamination on or below the surface of the base material; a light area around the holes, other
machined areas or both are usually indications of haloing. See also 2.1.3.

S HTHUIN L5 GRS R R N AR Z IS T R I R LR sl e URn A SR I 1 X
BN AL R AEAE . M IL2.1.375

Target Condition - Class 1,2,3 (H#%&M: - 1,2,3%)
* No haloing.
o« Toom Bl

Fl261a

Acceptable - Class 1,2,3 (A[3:% 54 - 1,2,3%%)

* Distance between the haloing penetration and the nearest conduc-
tive feature is not less than the minimum lateral conductor spac-
ing, or 100 pm [3,937 pin] if not specified.

< F B E S BT T BT EE B AN T /M ) A3 A )
BR, WIERKGE, WAS/NT100pum([3,937pin].

Nonconforming - Class 1,2,3 (A& %4 - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

« BRFE AT O Y R K
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2.7 PRINTED CONTACTS (Fpiilfil )

2.7.1 Surface Plating — Plated Contacts (FEi#)Z — g |

Target Condition - Class 1,2,3 (A#R%&fF - 1,2,3%)
* Contacts are free of pits, pinholes and surface nodules.

* No exposed copper or plating overlap between solder finish or
solder mask and tip finish.

o Bl BB RR R BEALRIR TSR
o PRORRAE 2 SIS B fil A A )= 2 1) B B AT S 4
BATRREE .

Acceptable - Class - 1,2,3 (Critical Contact Area)
(WTEZ M - 1,2,38% GEREHKX))

* Surface defects do not expose underlying metal in critical contact
area.

* Solder splashes or tin-lead plating does not occur in critical con-
tact area.

* No nodules and metal bumps in critical contact area.

* Pits, dents or depressions do not exceed 0.15 mm [0.00591 in] in
their longest dimension. There are not more than three per con-
tact, and they do not appear on more than 30% of the contacts.

: . o FESRA OCHE DX P R B AT PR R S 2 <

- | - AEPERTSR I PO B AT S B

o FEFAT OCHE X A SRR E R R

o BRATL UL E M B AR I f K RS ANIEB 1E0.15mm([0.0059 1in] .
REA MR RN 34, H AT X e 1) 4 ful e AN
L SR 30%

Acceptable - Class 3 (Gap/Overlap Area)
T2 %41 - 3% (BWIEZIX))

* Exposed copper or plating overlap is 0.8 mm [0.031 in] or less.

o @A /% )2 F A X N T 45F0.8mm[0.03 1in]

Acceptable - Class 2 (Gap/Overlap Area)
T %At - 24 (BWIEEXE))

* Exposed copper or plating overlap does not exceed 1.25 mm
[0.04921 in].

o WA /B )2 T S X ANEBIL 1.25mm[0.04921in] .

Acceptable - Class 1 (Gap/Overlap Area)
(T2 24 - 15 (RWIEAERKE))

» Exposed copper or plating overlap does not exceed 2.5 mm
[0.0984 in].

o EEA /B8 )2 H S X AN 2.5mm[0.0984in] .
Note 1: Discoloration is permitted in the plating overlap zone.

Note 2: Critical Contact Area. These conditions do not apply to a band 0.15 mm [0.00591 in] wide around the periphery of the printed con-
tact land.

H1: BEESX AT E.
2 SCHELAX I, IR A ANIE T B S 4 B B K 2 ) 610, 1 5mm[0.0059 1in] 5 1R X3k
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2.7 PRINTED CONTACTS (Epilfl )

2.7.1 Surface Plating — Plated Contacts (cont.) (il#2 — lEEMEARML (4)) ’

Nonconforming - Class 1,2,3 (A#F& %4 - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

AT Bl H_RIREKR
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2.7 PRINTED CONTACTS (EpfilflHy)

2.7.1.1 Surface Plating — Wire Bond Pads (EilifiE - £B&H#AHE) |

Target Condition - Class 1,2,3 (HE&H - 1,2,3%%)

* Contacts are free of surface nodules, roughness, electrical test
witness marks or scratches that exceed 0.8 pm [32 pin] RMS
(root-mean-square) in the pristine area in accordance with an
applicable test method AABUS. If IPC-TM-650, Method 2.4.15,
is used, it is recommended that the roughness-width cutoff be
adjusted to approximately 80% of the maximum length of the
wire bond pad in order to obtain the RMS value within the pristine
area. For more information on surface roughness, refer to ASME
B46.1.

* The pristine area is defined as an area bounded in the center of the
pad by 80% of the pad width and 80% of the pad length (see Fig-
. 3 . ure 2711b).
P f e k73 A 3 o MR B 75 X0 B i A AR iR, e AR SE 4 X
o - I A HEIE0.8um[32uin]RMS (B 5 MRAED IR T 4598

E2711a

FURE S AR R 30 BRR . 2 FHIPC-TM-650i135 77 V2
2.4.15, J T ARSI KRN I3 5 A, At B R RS A
B o0 AT BN SR R AR R N KT I80%., S TR
HURE E S 25 ELiE 2% ASME B46.1.
o SEUFIX IR B XHE LS | it Ak bt JEME, 514t A K
J5 FRI8 0% Tk J3F 1t 80% Y0 I P4 (1 X 3, ( L &I2711b)s
- K s T
SEUFIX 35K o
] oiAd) -
80%

E2711b  S52iF K
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2.7 PRINTED CONTACTS (Fpiilfilly)

2.7.1.1 Surface Plating — Wire Bond Pads (cont.) (KR - £B&RAME () |

Nonconforming - Class 1,2,3 (#fF& %1k - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

« BRPE AT G T R R

BE2711¢

P2711d

FE2711e
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2.7 PRINTED CONTACTS (Fpiilfil )

2.7.2 Burrs on Edge-Board Contacts (FIl$:fil ) — u2EH) |

Target Condition - Class 1,2,3 (A#R%&fF - 1,2,3%)
* Smooth edge condition.

<AL -

E272a
Acceptable - Class 1,2,3 (a[3:% 544 - 1,2,3%)

* Edge condition - smooth, no burrs, no rough edges, no lifted plat-
ing on printed contacts, no separation (delamination) of printed
contacts from the base material, and no loose fibers on the bev-
eled edge. Exposed copper at end of printed contact is expected
and permissible.

< TIGARDL - . BRI ORI S COdIE R I
JEASER, NI R SRR T B (22D, Bl R 18]
FRHL L TCRA IR AT Yt o BN Ak ) A Fo v a4 o

Nonconforming - Class 1,2,3 (R4 & - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

o BB AT £ B0l ) IR K

El272¢

IPC-A-600H-2010 201044 H 43



2.7 PRINTED CONTACTS (Fpiilfilly)

2.7.3 Adhesion of Overplate (AMg%2K%5 1)

Target/Acceptable - Class 1,2,3 (HtR/MI$4% &4 - 1,2,3%%)

* Good plating adhesion as evidenced by tape test. No plating
removed. If overhanging metal breaks off and adheres to the tape,
it is evident of overhang or slivers, but not of plating adhesion
failure. Figure 273b provides an example of overhanging metal.

« A IR WA 2 BT RAF M 07, B RS . W
AR TV TR 2Bty b, I WA 2 S
JE, FAEEEME AR . E273b% T S04 IR 1 LR

=
rf PRTESE (LR

e e

> R —— A
é\ )

F273a
4

Y
il

> g
R I B R S
(R AT )

ARG S (5218 5
CN 775 T 0 -5 247 SRR LA e 7 )

E273b

Nonconforming - Class 1,2,3 (& %1 - 1,2,3%)
« Defects either do not meet or exceed above criteria.

o BREEANT £ B0l ) IR EKR

F273¢

Note 1: The adhesion of the plating shall be tested in accordance with IPC-TM-650, Method 2.4.1, using a strip of pressure sensitive tape
applied to the surface and removed by manual force applied perpendicular to the circuit pattern.
Note 2: Plating that has adhered to the tape.

s PRI N HIPC-TM-650 i ) 12:2.4. VEATINR, P — 4 Mo BBy M Ut 38 B 2 0 b, 9% I 3 B T ri e B 7 1) LA
TR B e -
2 PLZRG N IR b
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2.8 MARKING (¥%it)

[ Introduction (31%) ]

This section covers acceptability criteria for marking of printed boards. Marking of printed boards provides a means of identification and aids
in assembly. Legends screened over metal will generally degrade in a solder process or stringent cleaning environments. Legends over metal
are not recommended. When use of legends over solderable surfaces is required, an etched legend is target condition. Minimum requirements
should be specified on the procurement documentation. Examples of the marking addressed by this section are:

» Assembly or fabrication part numbers when a requirement of the procurement documentation. Each individual board, each qualification
board, and each set of quality conformance test circuitry (as opposed to each individual coupon) shall be marked in order to ensure trace-
ability between the boards/test circuitry and the manufacturing history and to identify the supplier (logo, etc.).

» Component insertion locators, when a requirement of the procurement documentation.

» Manufacturing sequence number when required by the work order.

* Revision letter when the part number is a requirement of the procurement documentation.
* Designator for test points or adjustment points.

* Polarity or clocking indicators.

» U.L. designator.

The procurement documentation (artwork) is the controlling document for location and type of marking. The procurement documentation
revision letter to which the printed board is fabricated shall be marked on the board if part number marking is a requirement of the procure-
ment documentation. Marking on printed boards shall withstand all tests, cleaning and compatible processes to which the printed boards are
subjected and shall be legible (capable of being read and understood) as defined by the requirements of this document. If a conductive mark-
ing is used, the marking shall be treated as a conductive element on the printed board and shall conform to IPC-4781.

AR T BRI I T2 I o BRI ARl AR AL TR IV E IR AL R By . B ENTE S BRI LI 4,
SIS R R E L FE AR . Bk, AR SRR ROV ST A n R TR E AR, MR R H AR
o BEZAE RIS AR B AR ZESR o AT T K bid s Bl

o SR SO A R SR ) 20 G A o A MR L A e s W R R S T SR R ORE T pUfd  B ae
B BN MbR IR, DUEIE AR/ i 2 i D s, R R HER R CRIFREE D,

o R A P BER IK O A R

o I0 TR SR R R U

o SR A PR IR S TR RO 5

o WIAR AL BRI SRR

o BPEBTAT BHR R R

« ULk o

RIS CRAHIRIED 2B br i B A B 13 RSO fF o 2 SR SR ST BEsRAR YRR, I 3T o 3 (9 AR b B M A id A 1R
WA ST (R 45 o EDARIAR L (bR ic B 4 e RS 22 T IR 3508, 5w T2HRMME, HaAR R EsRkie, E4%
AR AT CHIRR G, B M FRiC B S 5 TR 5] CResz it SRR . 2R3 AR eIy, B S AR VE R B AR b i) S 2 256
£, AR FFAIPC-4781.

&|28a
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2.8 MARKING (F%it)

Introduction (3|5 (£%))

The marking information on printed boards (part reference designations), shall be permanent and be capable of withstanding the environmen-
tal tests and cleaning procedures specified for the printed board. Marking shall be legible within the requirement of this document. The board
shall be inspected at no greater magnification than 2X. When conductive inks are used they should meet the specifications of the IPC-6010
series.

This section has general requirements for all marking (including laser, labels, bar coding, etc.) and specific criteria for the following types of
marking:

* Etched Markings.

* Screened or Ink Stamped Markings.

Unless otherwise specified, each individual printed board, each qualification board, each set of quality conformance test circuitry (as opposed
to each individual coupon) is marked in accordance with the procurement documentation, with the date code and manufacturer's identifica-
tion (e.g., cage code for military, logo, etc.). The marking is produced by the same process as used in producing the conductive pattern, or by
use of permanent fungistatic ink or paint, or by vibrating pencil marking on a metallic area provided for marking purposes or a permanently
attached label. Conductive markings, either etched copper or conductive black ink are considered as electrical elements of the printed board
and should not reduce the electrical spacing requirements. All markings are to be compatible with materials and parts, legible for all tests, and
in no case affect board performance.

Although it is acceptable to use impression stamp markings on unused portions of panels, they are not allowed on finished printed boards.
Engraved marking or impression stamps and any mark that cuts into the laminate is handled in the same manner as a scratch.
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2.8 MARKING (#%it)

Introduction (315& (&%))

IR L ARRIE B CGRIARARRD) B R APER, 9% A28 (A O E B M R SRR . A P R 10
FE P 25 A9 T ERHRURRE 24 (K T2 IO A FIEATAS 0. R 3 oo B0, A0 405 AL IPC-6010 R AU
TR,

AN CRIROR. bR, AIBRIE B T PRSI, F FUURR AR T RN

- BB

o IS ED R ED i

B, BRI . Y MR SRR BRI B DA TR AR ) S 4
SR SCAFSESRMEIIRR 12, 247 H BV RN S A 7 PR 0 o A BORFLK AR SR B8 ), e vl S 52
= G B0 T 2, SR A AE R AT B A BB, th T B S BRI 0T R 20 e T LA
S B APERIRR . S HLE bR, AV A A 20 ) 3 6 S M B M B U, R B H B 2
oo FPAFRICHSE L RDRL . IBPEATNER, L64 RS ORI SE, I AEAERTHE T HASTT S0 BV RIBRAOPE A

JAEAEAETRIRR A AAE F 8 20 P Hs EDbRac R vl 32 1) AHAS SR VEFIAE AR 1o WEZUCS s B AR AR T DD N JEAR A AR i 3 44 40
[FIREXT £ o
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2.8 MARKING (F#it)

2.8.1 Etched Marking (phiZiIbric)

An etched marking is produced the same as the conductors on the printed board. As a result, the following criteria shall be met for etched
marking:

2R A K A ED AR L 1 AR R AT K. A, PRGBS 45 15 T A K

Target Condition - Class 1,2,3 (H#%&M: - 1,2,3%)

z * Characters are legible.
. * Minimum conductor spacing requirements have also been main-
tained between etched symbolization and active conductors.
o BEAS T AT LI W T
o PRZ AT AN P A 2 i) DR e /N S A T B SR

Acceptable - Class 3 (W[#:3%Z %1k - 34%)

» Marking defects regardless of cause, (i.e., solder bridging, over-
etching, etc.) as long as characters are legible.

FE281a

» Marking does not violate the minimum electrical clearance limits.

Sk 8 * Edges of the lines forming a character may be slightly irregular.
e vamtl CEE RN T, bRLBER (BRI . L

MO. 994552 -0001F CEESRSLE =2

* brid Avid Sedse /s HL AT B R

o TRRCTAT IS AT0 Gm] LR BRSO AN

F281b

Acceptable - Class 2 (W[4 %14k - 24%)

» Marking defects regardless of cause, (i.e., solder bridging, over-
etching, etc.) as long as characters are legible.

» Marking does not violate the minimum electrical clearance limits.

» Width of the lines forming a character may be reduced by up to
50%, providing they remain legible.

 FEFRHEW AT PR OL S, ARICEEE (Bl RE .
) .

o bRICANE S o/ HUCRTBRUEER

o TERCT AT 2 46 T8 JE P >50%, B A rT R
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2.8 MARKING (¥%it)

2.8.1 Etched Marking (cont.) (PhiZlfric (£%))

Acceptable - Class 1 (W[$% %14 - 14%)

» Marking defects regardless of cause, (i.e., solder bridging, over-
etching, etc.) as long as characters are legible.

» Marking does not violate the minimum electrical clearance limits.

* Legends are irregularly formed but the general intent of the leg-
end or marking is legible.

AESFRE TSR, BRSO CBIIRRE 1
D BT

o BRI 7 A AT B

Pl281c TR, LT S A 5 X T

Nonconforming - Class 1,2,3 (RfF& %4k - 1,2,3%)
* Defects either do not meet or exceed above criteria.

' 4 < BB A Gt RIR TR

P281d
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2.8 MARKING (F#it)

2.8.2 Screened or Ink Stamped Marking (] Eji kil 28 25 ElbRic) |

Screened or ink stamped marking refers to any type of marking that is printed on top of the printed board. No cutting or etching is involved

in producing this type of marking.

W B s 25 o BV 0 i BV BN RUAR T L AR AT R BRI AR I o XA SR IUAR IS AN AT &5 A DI B 20 PR A3

AS7S979

El282a

E282b

50 201074 H

Target Condition - Class 1,2,3 (H#R&AF - 1,2,3%%)

* Characters are legible.

* Ink distribution is uniform, with no smearing or double images.
* Ink markings are no closer than tangent to a land.

- M

< MR LY, A B AN B Y .

BT AR TEE AP S )T

Acceptable - Class 2,3 (W[$:Z 544 - 2,3%%)
* Characters are legible.

* Ink may be built up outside the character line providing the char-
acter is legible.

* Portion of component clocking symbol outline in the Figure 282¢
example may be missing, providing the required clocking is
clearly defined.

» Marking ink on component hole land does not extend into the part
mounting hole, or reduce minimum annular ring.

» Marking ink is allowed in PTHs and via holes into which no com-
ponent lead is soldered unless the procurement document requires
that the holes be completely solder filled.

* No encroachment of marking ink on edge board printed contacts
or test points.

* On surface mount lands with a pitch of 1.25 mm [0.04921 in] or
greater, encroachment of marking ink is on one side of land only
and does not exceed 0.05 mm [0.0020 in].

* On surface mount lands with a pitch less than 1.25 mm [0.04921
in], encroachment of marking ink is on one side of land only and
does not exceed 0.025 mm [0.000984 in].

< TR

 JLEPRTRIHE, sl DAHERAE P AP A5 LLAD .

o HBEBRIN T AT R WA, 12825481 i i 7 11 7 24
JTAEAT 5 RS B R LA 3 i o

o T FUR R IARIC I SR A FE N el N, Bl i3
AR T RN GE

o BRAERIE SRR AL R S 43R 78, AR5 12
LA I AL N SR VFA FRIC =z .

o BLLRR SR AT 152 o AR B A2 P s e R T

o X T AT IE R T4 T71.25mm{[0.0492 in] 1 6 RIS 548, vt
HAER AR — 0, H AN 0.05mm[0.0020in] .

o ST AT N T 1.25mm[0.0492 1in] (4 T s 4, aih 28 LA
12 A REE—0, B ANEEE0.025mm[0.000984in].

IPC-A-600H-2010
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2.8 MARKING (¥%it)

2.8.2 Screened or Ink Stamped Marking (cont.) (PENSE il 35 Ebsic (&5)) |

Acceptable - Class 1 (W[$% %14 - 14%)
* Characters are legible.

* Ink may be built up outside the character line providing the char-
acter is legible.

* Portion of component clocking symbol outline in the Figure 282¢
example may be missing, providing the required clocking is
clearly defined.

» Marking ink on component hole land does not extend into the part
FE282d mounting hole, or reduce minimum annular ring.

* Marking ink is allowed in PTHs and via holes into which no com-
ponent lead is soldered unless the procurement document requires
that the holes be completely solder filled.

* No encroachment of marking ink on edge board printed contacts
or test points.

* On surface mount lands with a pitch of 1.25 mm [0.04921 in] or
greater, encroachment of marking ink is on one side of land only
and does not exceed 0.05 mm [0.0020 in].

* On surface mount lands with a pitch less than 1.25 mm [0.04921
in], encroachment of marking ink is on one side of land only and
does not exceed 0.025 mm [0.000984 in].

» Marking may be smeared or blurred provided it is still legible.

* Double images are legible.

o AT WA P .

o HUBPRFTT o, s v DLHERUE AT 4 LA

o« HEEBORMTIAATRGE R W, F282c7m B b B 7R I o1
T LA 5 B R T L A I v o

o LM URBEIOPR I M SRS N 2 SLA, BOE A
AT B /NG

o BRAERIE ST EORALBR RS e80T, AR TS24
PR AL T AL SRV FRICih 55

o BRI AR oy BRI BN R i ik i 3

o WA EER T4 1.25mm[0.0492 lin] B4 IR A, il 2
SUREAR AR B — M, HAN#ETL0.05mm[0.0020in]

o T FE/N T 1.25mm[0.049211 in (2 o ke 4 4, il AR L
Aef2 A — M, HANEERE0.025mm[0.000984in] .

o FRICHEIRTS BB, A AT

o HILESY, (AT HHA.

Nonconforming - Class 1,2,3 (%4 &1 - 1,2,3%)
* Defects either do not meet or exceed above criteria.

* AT O ) RIREOR .
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2.9 SOLDER MASK (FHAYE (RILEHD))

Introduction (3|3)

The term “‘Solder Mask’’ is used in this document as a general term when referring to any type of permanent polymer coating material used
on printed boards. Solder masks are used to limit and control the application of solder to selected areas of the printed board during assembly
soldering operations. Solder mask coatings are used to control and limit surface contamination of printed board surfaces during soldering and
subsequent processing operations, and are sometimes used to reduce dendritic filament growth(s) between conductive patterns over the
printed board base material surface. Detailed specifications and information regarding solder mask requirements are contained in IPC-6012
and IPC-SM-840.

Solder mask materials are not intended for use as a substitute for conformal coatings that are applied after assembly to cover components,
component lead/terminations and solder connections. Determination of compatibility of solder mask materials with conformal coating mate-
rials, or other substances, is dependent upon the end item assembly environments.

Solder mask thickness cannot be visually determined. If solder mask thickness is specified, microsectional analysis is required and evaluated
per 3.3.12.

The types of solder mask include:

* Deposited image, (liquid) screen printed form.

* Deposited image, electrostatic.

¢ Photo defined image, (liquid) form.

* Photo defined image, (dry film) form.

* Photo defined image, temporary mask.

* Photo defined, dry film over liquid.

Note: Touch up, if required to cover these areas with solder mask, shall be of a material that is compatible to and of equal resistance to sol-
dering and cleaning as the originally applied mask.

A TR ARTE “BIEIE CBELIEFRD ” R 4R7E EN AR L B AT A B () ak APEZE AR B MR T F RS . 2SI e i/
W), BHARRRE CBIESRD SR AR B RIAR BT a2 i 10 DXk B i B 32 B AR RO BB I o BELAR 2 38 2 T e 8 e vp R S 1 &8
3380 Bl D R R THI 75 2, A I F 0 A8 ED AR S M 3R 1 5t T 2 RIBR A 22 OB 2K A BG4
AN J A5 L2 ILIPC-6012F1TPC-SM-840.,

FEAR SRS REASGEAE 0 B0 J5 P 56 G281 G285 46/ 0ty 7 R B I OB R B 2 AR o BRSSO v 2 ) i
CA R A R i BT i S A A A

S JEL AN e i H A B o SR BB L B R, WU SR 43,3 1 2 A B Ak b e AT RV

FELE I R AL 45

o WA BN 15 7Y 5

o HEDTR R 1Y

o WA TEEURAG T AR 5

o T E B RAG BA AR 5

o FEEURAR I BT PEBLAR ) 5

o TR SRR L B AG T BLAE

s RO B BEAE A LU e X LU DRI, B 24 5 -5 e 0 10 PO BELR AR S ) AT T SRR e P R R e e PO A
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2.9 SOLDER MASK (RHAUEE (RILXEHD))

| 2.9.1 Coverage Over Conductors (Skip Coverage) (kL% (BkE)) |

Target Condition - Class 1,2,3 (HE&H - 1,2,3%%)

* The solder mask exhibits uniform appearance over the base mate-
rial surface, conductor sides and edges. It is firmly bonded to the
printed board surface with no visible skipping, voids or other
defects.

o BEEEREAESEAS I A TR SR A 0 S IS 5] O AR
I O R AR BN R T b, TERT W IBEEN . X B
e

Acceptable - Class 2,3 (W[$:Z 544 - 2,3%%)

* In areas containing parallel conductors, adjacent conductors are
not exposed by the absence of solder mask except where space
between conductors is intended to be exposed.

* Touch up, if required to cover these areas with solder mask, is of
a material that is compatible to and of equal resistance to solder-
ing and cleaning as the originally applied solder mask.

AT SRR, B T AR A AN o LR R AL
Ab, AT T B AT A AR 48 1A 2 s

o QISR HI BRI BB A LA 251X SE RIS, A H 5 e )
FELJR ARV S A (0 91 A [R) S5 T AR AN WE L RO AT R

Acceptable - Class 1 (W[$:5Z254F - 14%)

* The missing solder mask does not reduce the conductor spacing
between conductive patterns below the minimum acceptability
requirements.

E291b

* There is skipping of the solder mask along the sides of the con-
ductive patterns.

o SR SR PR BELASHRE A A 3 1) 1 1) B il D> 2 A1 T e/ i i 2
« W T LIR30 R A I BN AR BLLAR o

Nonconforming - Class 1,2,3 (FfF& %M - 1,2,3%%)
 Defects either do not meet or exceed above criteria.

* BREEANTE £ B0 H_EIRER

E291c
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2.9 SOLDER MASK (FHAYE (RILELHD))

2.9.2 Registration to Holes (All Finishes) (5{LIWE&E (FifRER)) |

Target Condition - Class 1,2,3
(HF2AF - 1,2,3%)

* No solder mask misregistration. The solder mask is
centered around the lands within the nominal regis-
tration spacings.

o R BB AT AL o BELRIRAE bR PR ) =5 52 1)
FRA,  DUEEL D s PR G/ R

El292b

12922

Acceptable - Class 1,2,3
(T2 541 - 1,2,3%)

* Misregistration of the mask to the land patterns but
the solder mask does not violate minimum annular
ring requirements.

* No solder mask in PTHs, except those not intended
for soldering.

* Adjacent, electrically isolated lands or conductors

are not exposed.
o BRI S5 IR A4S A7, HAN i S foe /30 i 22
Fe292¢ k.
o BRABLETC T AL LAN, B AL N oA IR
o R A L LR B A AR AR A e

Nonconforming - Class 1,2,3

(AFFE %M - 1,2,3%)
* Defects either do not meet or exceed above criteria.

* BREEATT A O Y RIR TR

2921

El292¢

54 201044 H IPC-A-600H-2010

www . bzFxw.com



2.9 SOLDER MASK (RHAUEE (RILXEHD))

2.9.3 Registration to Other Conductive Patterns (5 H ‘&S HEEHEE ) |

Target Condition - Class 1,2,3 (HE&H - 1,2,3%%)
* No solder mask misregistration.

o A H DL BH AR IR 7

293a

Acceptable - Class 1,2,3 (a[3:% 544 - 1,2,3%)

* Misregistration to copper-defined lands does not expose adjacent,
electrically isolated lands or conductors.

* No solder mask encroachment on edge board printed contacts or
test points.

* On surface mount lands with a pitch of 1.25 mm [0.04921 in] or
greater, encroachment is on one side of land only and does not
exceed 0.05 mm [0.0020 in].

* On surface mount lands with a pitch less than 1.25 mm [0.04921
in], encroachment is on one side of land only and does not exceed
0.025 mm [0.000984 in].

o BELARUIEE 55 40 76 R 5 A8 2 ) R s Y8 28 8 AH 408 ) FL UK

o BEAR S SEAT A5 oA 320 B2 i Py B

o ST EE R T 8% T 1.25mm[0.0492 Lin] (1 R HIVG R 4, 1
REAZ A 00—, HOASHEBL0.05mm[0.0020in] .

o KT EE/N T 1.25mm([0.0492 1in] (¥ e TN B AL, LR &
PEBLE 0, HASERL0.025mm[0.000984in] .

Nonconforming - Class 1,2,3 (R4 & - 1,2,3%)
* Defects either do not meet or exceed above criteria.

BT A O RIR TR

et i e TEY, " S

El293¢
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2.9 SOLDER MASK (FHALEE (BHAEH))

2.9.3.1 Ball Grid Array (Solder Mask-Defined Lands) (FRHISIEE (HLAMBERLERIfAE)) |

Solder Mask-Defined Lands: A portion of the conductive pattern, used to connect electronic component ball terminations, (BGAs, Fine-
Pitch BGAs, etc.), where the solder mask encroaches on the edges of the land to restrict the ball attachment within the solder mask profile.

PG R SR i0), ARRERE 7 ICss B 7 (BGA. A WEEIBGASE), BB &y B0 8110 2,
TG R T -4 B A7 LU BB TR 8 1 9 A

Target Condition - Class 1,2,3 (H#&M: - 1,2,3%)
* The solder mask overlap is centered around the lands.

o BELIR L A5 4 O BB DX DU Pty FRGEAE LRI

29312

Acceptable - Class 1,2,3 (W[#:% 54 - 1,2,3%%)

* Misregistration creates breakout of the solder mask on the land of
not more than 90°.

o BT A BELAS BEAE A8 b RO DXIRAN B 1 90°

Nonconforming - Class 1,2,3 (A#F& %44 - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

BT O ) RIREOR
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2.9 SOLDER MASK (RHAUEE (RILXEHD))

2.9.3.2 Ball Grid Array (Copper-Defined Lands) (Bkil5I¢ CifRUEmBRE) |

Copper-Defined Lands: A portion of the conductive pattern usually, but not exclusively, used for the connection and/or attachment of
components where the land metal is involved in the attachment process, and if solder mask is applied to the product a clearance is provided

for the land area.

WERERAE: R (EIFE—E) N SRETBI 80, AR, RS E RSN/ s R nas A, R SR
T BEASABE, DU AR DX L P A 1] B

Target Condition - Class 1,2,3 (H#R&M: - 1,2,3%%)

* The solder mask is centered around the copper land with clear-
ance.

o BELARUBE USRS A vy, BRGSO BE A7 TR B

129322

Acceptable - Class 1,2,3 (W[$32 544 - 1,2,3%%)

* Solder mask does not encroach on the land, except at the conduc-
tor attachment.

BT SARERALSN, BRI R S B

[&12932b

Nonconforming - Class 1,2,3 (%4 &1 - 1,2,3%)
* Defects either do not meet or exceed above criteria.

* BEEATT 0 Y EIREKR .
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2.9 SOLDER MASK (FHALEE (BHAEH))

2.9.3.3 Ball Grid Array (Solder Dam) (ERM%IBS (BHAELHL) )

Solder Dam: A portion of the solder mask pattern, used in conjunction with BGA or Fine Pitch BGA mounting, that provides a segment
of solder mask material to separate the mounting portion of the pattern and the interconnection via in order to avoid solder being skived from
the attachment joint into the via.

ML BURERR 0%, I TBGASRAIEEBGAUSEIE R, LA M BHLARDRLS G MR 0 15 18 SILALRSTT, DG
NS INCE ENCR

Target Condition - Class 1,2,3 (H#&M: - 1,2,3%)

* The solder mask is centered around the copper land and escape
via with clearance. Mask only covers the conductor between cop-
per land and escape via.

o BELASHIEE 23 30l DU ASLBEAN ad AL oA rhoty, BT ARER . BELAGUIEE
A o A AR Al AL P S A

[#12933a

Acceptable - Class 1,2,3 (W52 544 - 1,2,3%%)

« If solder mask dam is specified (to prevent bridging of solder to
the via), it remains in place with the copper covered.

« FTRUEAT BRI CYB kR- S T AL IR, LI AR
BAERE AL, HABE o -

Nonconforming - Class 1,2,3 (F%& &1 - 1,2,3%)
« Defects either do not meet or exceed above criteria.

o BREEANET £ B0l ) IR EOR
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2.9 SOLDER MASK (RHAUEE (RILXEHD))

| 2.9.4 Blisters/Delamination (&ifl/52)

Target Condition - Class 1,2,3 (HE&H - 1,2,3%%)

* No evidence of blisters, bubbles or delamination between the sol-
der mask and the printed board base material and conductive pat-

terns.
o BELJR RSN ER 460 B HE A L i B 2 A e =

Acceptable - Class 2,3 (W[#:Z 544 - 2,3%%)

» Two per side not exceeding 0.25 mm [0.00984 in] in the greatest
dimension.

* Reduction of electrical spacing does not exceed 25%, or the mini-
mum spacing.

o EIIRRASE LD AT VIS BRAE A BB TR B3 R R ANl 1 0.25
mm[0.009841in].

o W/ B IR) ool B AN I TR BRI 25 %, B J5 13 <) R
AN Tt/ A

Acceptable - Class 1 (W[4 %1 - 14%)

* Blisters, bubbles or delamination do not bridge between conduc-
tors.

. L R BOH AR

&294¢
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2.9 SOLDER MASK (FHALEE (BHAEH))

2.9.4 Blisters/Delamination (cont.) GEjE/»E (£%))

Nonconforming - Class 1,2,3 (A#F& %4 - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

AT Bl H_RIREKR

12944
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2.9 SOLDER MASK (RHAUEE (RILXEHD))

2.9.5 Adhesion (Flaking or Peeling) (P& (FIFEEER))

Target Condition - Class 1,2,3 (HE&H - 1,2,3%%)
* The surface of the solder mask is uniform in appearance and is

firmly bonded to the printed board surfaces.
o LI B T AL 20 24 [ Sk PR B fRAR R 1

Acceptable - Class 2,3 (W[#:Z 544 - 2,3%%)

* No evidence of solder mask lifting from the printed board prior to
testing.
* After testing in accordance with IPC-TM-650, Method 2.4.28.1,

the amount of solder mask lifting does not exceed the allowable
limits of the IPC-6010 Series.

o DA A7 BEAS IS AR 171 IR s 52
o FBIPC-TM-650IR J772:2.4.28. LA 5, BELJEL I A i 9%
AL TPC-6010 F FIFRAE R E 11 SCVFBRAE -

Acceptable - Class 1 (W[#:3254%F - 14%)

* Prior to testing, the solder mask is flaking from the printed board
base material or conductive pattern surfaces and the remaining
solder mask is firmly bonded. The missing solder mask does not
expose adjacent conductive patterns or exceed allowable lifting.

* After testing in accordance with IPC-TM-650, Method 2.4.28.1,
the amount of solder mask lifting does not exceed the allowable
limits of the IPC-6010 Series.

o WU AT PRGN B AR A B L B R V%, (HILAR
IELAFL 6 742 [l b R LEAR THT B o (5 5R 1F) BRI R J8 BEAH 48 T vl
PR AR I I 7% 1) S VT A

e : £ : o JZIIPC-TM-6503R J772:2.4.28. 1R J ,  BELAGLIRE 9 i Fr)

FEl295b AT IPC-6010 F AIFRE ) F 1T BRAE -

Nonconforming - Class 1,2,3 (FfF& %M - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

o GRIE AT Y IR R

[El295¢
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2.9 SOLDER MASK (FHAYE (RILELHD))

| 2.9.6 Waves/Wrinkles/Ripples (57855 1552¢)

Target Condition - Class 1,2,3 (H#%4F - 1,2,3%%)

* There are no wrinkles, waves, ripples or other defects in the sol-
der mask coating over the printed board base material surfaces or
conductive patterns.

o BV A A 2 T T FL PRI L R BELAR I v 8 2 R H Ik

—_——Y

N OICICREQICECSRW

El296a
Acceptable - Class 1,2,3 (a[#:% %4 - 1,2,3%%)

» Waves or ripples in the solder mask do not reduce the solder mask
coating thickness below the minimum thickness requirements
(when specified).

» Wrinkling is located in an area that does not bridge conductive
patterns and passes IPC-TM-640, Method 2.4.28.1 (adhesion tape
pull test).

o BELR 5 P PR SO A S0 AT A BEAR R B2 2 5 BE i AR T
/NE R CHATRUEIN .

o FE AN BRI AR BOA S R EEMRIE, IRl L IPC-
TM-650MTXJ7752.4.28.1 1Aty it 25 7tk

El296b
Nonconforming - Class 1,2,3 (RfF& %M - 1,2,3%)

3\
\a '*‘) @ 1 « Defects either do not meet or exceed above criteria.
. “ \w LS

I\ ) ’l. '-\.‘ \‘.\ .\;) l..) -
1 2 o GBS AR

=

296¢
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2.9 SOLDER MASK (RHAUEE (RILXEHD))

2.9.7 Tenting (Via Holes) (¥ii#k (S5@4L))

Tenting refers to a via with a mask material applied bridging over the via wherein no additional materials are in the hole. It may be applied

to one side or both sides of the via structure (see Figure 297a), though single sided tenting is not recommended.

ISR R BAE AL L, AL NI E BN RH S AL A AT FLAOAE— 1 2Py IR B L (HLEI297¢), (EANHERE IS i
ik L.

El297a
i SEFEDUREBENIRY, IFA TR BRI

Target Condition - Class 1,2,3 (H#R&M - 1,2,3%%)
* All holes required to be tented are completely covered with mask.

o BT EORAE ) SLA BRI 8 42 i i

Acceptable - Class 1,2,3 (W2 54 - 1,2,3%%)
* All holes required to be tented are covered by mask.

o FIT AT SERHEIE A SLAR B M o

E297b

Nonconforming - Class 1,2,3 (R4 & - 1,2,3%)
* Defects either do not meet or exceed above criteria.

o BRBEANT 3 B0l ) IR K
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2.9 SOLDER MASK (FHAYE (RILELHD))

2.9.8 Soda Strawing (W45 IR2R)

Soda Strawing: A long tubular-like void along the edges of conductive patterns where the solder mask is not bonded to the base material
surface or the edge of the conductor. Tin/lead fusing fluxes, fusing oils, solder fluxes, cleaning agents or volatile materials may be trapped in

the soda straw void.

MR B W BRI Bl AT IR A BT, BB ER L5 REb R sl AL Gkt & . BRI B R B AR

PRI DT B R W R] e PR B AR IR R R AR A B

2982

64 201044 H

Target Condition - Class 1,2,3 (H#&M: - 1,2,3%)

* No visible soda straw voids between the solder mask and the
printed board base material surface and the edges of the conduc-
tive patterns.

« BELASHSERT B AR A e T LA K% 3 v B T (R0 M 2 T) ) ANAE AE
CIR

298b

Acceptable - Class 3 (W[5 &4 - 3%%)
* No evidence of soda strawing.
o TESEA RIS .

Acceptable - Class 1,2 (W[$5%2 544 - 1,24%)

* Soda strawing along side conductive pattern edges does not
reduce the conductor spacing below the minimum requirements.

* Soda strawing is completely sealed from the external environ-
ment.

« WA S R RN L 2k B R AR, AER A SR ) B
NI T IRANEK
o WREPRAS B ] B PR BT 8 ax et ]

2984

IPC-A-600H-2010

www . bzFxw.com



2.9 SOLDER MASK (FHZLEE (BHAEH))

2.9.8 Soda Strawing (cont.) (BFIR2BE (£%))

Nonconforming - Class 1,2,3 (A#F& &4k - 1,2,3%%)
 Defects either do not meet or exceed above criteria.

o GRBEANT 13 B0l ) IR K

298¢

[El298¢
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2.10 PATTERN DEFINITION — DIMENSIONAL (EJERSHEE — R~F25R)

Introduction (3|3)

Printed boards shall meet the dimensional requirements specified on the procurement documentation such as printed board periphery, thick-
ness, cutouts, slots, notches and printed board edge contacts. The accuracy, repeatability and reproducibility of the equipment used to verify
the characteristics of printed boards should be 10% or less of the tolerance range of the dimensions being verified.

B RO 243 A SR SCAFRIE R RO 83K, b i 38 s JRRES DI JPA ., 8 S BRI 3 F 4 o JH T30 UE BN IR X 28y
PERIBE A HORERE S AT E A R vl B 22 A i 6 I RS Z2 5 R R 10% s BE

2.10.1 Conductor Width and Spacing (54 % FE fili] ¥ )

This section covers acceptability requirements and criteria for conductor width and spacing. Acceptable conductor width and spacing is a
measure of how well the printed board fabrication process is reproducing the master image, which basically determines the width and spac-
ing requirements for the conductive patterns. Unless these characteristics are violated, edge definition itself is not necessarily a characteris-
tic for acceptance or nonconformance; however, it can be considered a process indicator, requiring review of manufacturing procedures. In
addition it may be an important consideration for controlled impedance circuits. Procurement documentation should establish edge definition
requirements for applications of these types. When required, measurements of conductor edge definition are made in accordance with IPC-
TM-650, Method 2.2.2.

AL A 8 E AT I) 2 T 52 SR R AR o 5 5 FRE RN W L ) P 4 52 P AR 7 3 T 2 S IS A6 e 1 S A ) — R
JEUG JE F A e T 5 BB A d /N 56 FEANTRN B E5R o BRARTE B T IR EERFAIE, S AT Sk ARG 1 AN 6 A S 6 e A AL PR
P, AHEA D — PR S, EORA TR . Seah, XPEHRIBHGTHRES, ATRER — I B B R . RS
{1 BT AR N 2% AR ST P E I BRI E K o AT EORIN,  HZIPC-TM-650 1R /7 72:2.2. 20 it S AL GRS 1 12
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2.10 PATTERN DEFINITION — DIMENSIONAL (ETER#E — R ~F2K)

| 2.10.1.1 Conductor Width (%:# %)

Target Condition - Class 1,2,3 (A#R%&fF - 1,2,3%)

* Conductor width meets dimensional requirements of artwork or
procurement documentation.

o SR JEE L% IR) 396 AL JEAH AR BRI ST RO 2K

El21011a
Acceptable - Class 2,3 (W[$:5Z2 54k - 2,3%%)

* Any combination of isolated edge roughness, nicks, pinholes, and
scratches exposing base material that reduces the conductor width
by 20% of the minimum value or less.

* There is no occurrence (edge roughness, nicks, etc.) greater than
10% of the conductor length or more than 13.0 mm [0.512 in],
whichever is less.

o« DO SR GRIRE 10 Bl AL 8 55 R O R 4 5
PR ] 2 A5 5 A 5 PR R 930/ 1 /N 146 T3 /N B FE1R120%

o BB CAGRRE. B2 BREAKRTZAHKENR10%,

i ANEE 13mm[0.512in], HUW AN .

Acceptable - Class 1 (W[#:5Z2 54 - 12%)

» Any combination of isolated edge roughness, nicks, pinholes, and
scratches exposing base material that reduces the conductor width
30% of the minimum value or less.

* There is no occurrence (edge roughness, nicks, etc.) greater than
10% of the conductor length or more than 25.0 mm [0.984 in],
whichever is less.

o« LI PARTD GRS . BT, BF LA B 55 KA (1) R 05 25 Bl s
(AT ART 2 A5 A 5 A T kS /N 125 A /N B T 1930%

o BB GUZRRE. BO%) BRKERKTREKER10%,
W ANHE25mm[0.984in], BT R IR N E .

E21011c
Nonconforming - Class 1,2,3 (RfF& %4k - 1,2,3%)

 Defects either do not meet or exceed above criteria.

< BT O RIRER .

F21011d
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2.10 PATTERN DEFINITION — DIMENSIONAL (EJERSHIEE — R~F3K)

2.10.1.2 Conductor Spacing (S5 h]#¥:)

Target Condition - Class 1,2,3 (AtR&fF - 1,2,34)

» Conductor spacing meets dimensional requirements of the pro-
curement documentation.

o PRI B AL SR SCAF IR RS 25K

E121012a
; Acceptable - Class 3 (W[5 &4 - 3%%)

* Any combination of edge roughness, copper spikes, etc., that does

not reduce the specified minimum conductor spacing by more
than 20% in isolated areas.

o FEATARST X 3Py AR TL GRS 4 S5 i o A S AL 5 AR A
TR IR B /N AR AL R/ K T-20%

Acceptable - Class 1,2 (W[$52 544 - 1,24%)

* Any combination of edge roughness, copper spikes, etc., that does
not reduce the specified minimum conductor spacing by more
than 30% in isolated areas.

o AEATIRST X 3Py AT GRS 4 S5 i o 1 S AL 5 AR A
FE IR B /N AR AL R/ K T30%

FE21012¢

Nonconforming - Class 1,2,3 (F%& &1 - 1,2,3%)
« Defects either do not meet or exceed above criteria.

o BREEANT £ B0l ) IR ER .

E21012d
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2.10 PATTERN DEFINITION — DIMENSIONAL (ETER#E — R ~F2K)

2.10.2 External Annular Ring — Measurement (M55 i &) |

External Annular Ring: The minimum annular ring on external layers is the minimum amount of copper (at the narrowest point) between
the edge of the hole and the edge of the land after plating of the finished hole (see Figure 2102a). Hole breakout refers to a condition where
a hole is not completely surrounded by the land (see Figure 2102b).

WIEIRGE: HNZE R NIR T BT AL B S LI GRS g 2 0] (s Ak R/ MR IGA (ILIEI2102a) FLIKBEERFEFLA B
SRR SE AR RGL CILEI2101b),

SNJEERSE 3 i 5
—

|— o0

A=1. 414 X FE LI A2

E2102a SMEHE B=H{E LI HE

El2102b 90° F1180° ML

Conductor to Land Junction: A 90° area centered around the point where the conductor connects to the land (see Figure 2102c¢). This
area only applies to breakout conditions (see Figure 2102d).

S-S REREREK . DU R RNER SO0 90° X (ILIE2102¢), I DXIAE I TR HPRDE (IL2102d)

SR R ER X

B

E2102¢ S5 AR MERX El2102d S5 HALHEBAL IBE IR
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2.10 PATTERN DEFINITION — DIMENSIONAL (EJERSHE — R~F25R)

2.10.3 External Annular Ring — Supported Holes (GZ¥fLISMEH ) |

Supported Hole:

SefRdl: BN P AL AR 20 v P ECR T e VA S s A fL

[E12103a
0.050 mm
( é [0. 0020 in]
050 mm
E&WO '
0.050 mm
[0.0020 in]
E12103b

A hole within a printed board that has its inside surfaces plated or otherwise reinforced.

Target Condition - Class 1,2,3 (H#%&M: - 1,2,3%)
* Holes are centered in the lands.

- FLGL TR L

Acceptable - Class 3 (W[#:%Z 51k - 34%)

* Holes are not centered in the lands, but the annular ring measures
0.050 mm [0.0020 in] or more.

» The minimum external annular ring may have 20% reduction of
the minimum annular at the measurement area due to defects such
as pits, dents, nicks, pinholes, or splay.

o FLE A A TR Py, HER 5K T ELAET70.050mm[0.0020
in]o

o WU DI ) B /N ER B T ARR L I BRI B FLEK
RHLEEERPEIATTE, D i NNZ IR 5E120%

- . 0.050 mm
[0.0020 in]
El2103¢
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2.10 PATTERN DEFINITION — DIMENSIONAL (ETER#E — R ~F2K)

2.10.3 External Annular Ring — Supported Holes (cont.) GZE{LISMNERTE (£%)) |

SLRTERE

RN T 20%

>80%

FEVF 90° BEER

SOV 180° flER

>T0%
FLRBEILI
WD /NT 30%

F2103d

IPC-A-600H-2010

Acceptable - Class 2 (W32 54F - 24%)
* 90° breakout or less (see item A in Figure 2103d).

* If breakout occurs at the conductor to land junction area, the land/
conductor junction is not reduced by more than 20% of the mini-
mum conductor width specified on the engineering drawing or the
production master nominal. The conductor junction should never
be less than 0.050 mm [0.0020 in] or the minimum line width,
whichever is smaller (see item C in Figure 2103d).

* Minimum lateral spacing is maintained.

o AN T T90° (ILIEI2103d P AT,

o WRSCA R AEAEAR G B AR RR X, AR T FE > A K
T RE AR P R AR BRI /N S AR B L1 20% . 4
HEBAL AN 1% 78 170.050mm([0.0020in],  BRASNN 1% /8T d5z /)N
258, WPTHE RN (LEI2103dH [ICT0D.

* i A R TL B /MO 1) () ERLEESK o

Acceptable - Class 1 (W[3:5244F - 14%)
* 180° breakout or less (see item B in Figure 2103d).

* If breakout occurs at the conductor to land junction area, the con-
ductor is not reduced by more than 30% of the minimum conduc-
tor width specified on the production master nominal (see item D
in Figure 2103d).

* Form, fit and function are not affected.

* Minimum lateral spacing is maintained.

o WA NFAEF 1800 (JLIEI2103dM BT,

 WBOA R AAEIRAE S SRR, ARSI AT
AP AR P ARAR (K 5N AR TE L 1930%.  CILIEI2103d A RID
i)

AN BRI RS o

o WA AR T B /N 0 e T R SR

Nonconforming - Class 1,2,3 (R4 &1 - 1,2,3%)
* Defects either do not meet or exceed above criteria.

o BRBEANET £ BRI R
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2.10 PATTERN DEFINITION — DIMENSIONAL (EJERSHE — R~F25R)

2.10.4 External Annular Ring — Unsupported Holes (JE%#{LIMER ) |

Unsupported Hole: A hole within a printed board that does not contain plating or other type of conductive reinforcement.

AL BN AR S R B e SR T U SRR AL -

Target Condition - Class 1,2,3 (H#%&M: - 1,2,3%)
* Holes are centered in the lands.

- FLGL TR L

F2104a

Acceptable - Class 3 (W[5 &4k - 3%%)

* Annular ring measures 0.15 mm [0.00591 in] or more in any

direction. (See item A in Figure 2104b) The minimum external
annular ring may have a 20% reduction of the minimum annular

#:/ 0. 15mm[0. 005191in]

T ring at the measurement area due to defects such as pits, dents,

nicks, pinholes or splay.

o fE 35 1) R AN F0.15mm[0.00591in] (ILE2104b
AT o I DB R B /NN ZEFR 58, TR SRR A
MGt B HALERHLAF BRI, T AT Z20%.

Acceptable - Class 2 (W[4 % 14 - 24%)
* 90° breakout is allowed. (See item B in Figure 2104b.)

« If breakout occurs at the conductor to land junction area, the con-
ductor is not reduced by more than 20% of the minimum conduc-

FE2104b tor width specified on the engineering drawing or the production
master nominal.

 Q0CHE IR JE FE VR (LI 2104bH fRIBITL,
o WA R AEAE SRR S AR ERE X, AR KD R KT
TR B ARE A P SR bR R /N T 5 JE 11920%

Acceptable - Class 1 (W[4 %4 - 14%)
* 90° breakout is allowed. (See item C in Figure 2104b.)

* If breakout occurs at the conductor to land junction area, the con-
ductor is not reduced by more than 30% of the minimum conduc-
tor width specified on the production master nominal.

« O0°HE IR LAY CILIE2104bH HICIT,
o WA R AEAE IR 5 AR ERE X, AR D R KT
Fl2104c¢ R P AR A P TR AR R N AR T8 B F30%

Nonconforming - Class 1,2,3 (R&F& &M - 1,2,3%%)

 Defects either do not meet or exceed above criteria.

AR - 1,2,3%
o BREEANT £ B0l ) IR R .
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2.11 Flatness (F-3%JF)

2.11 Flatness (GF%Jr)

Flatness of printed boards is determined by two characteristics of the product; these are known as bow and twist. The bow condition is char-
acterized by a roughly cylindrical or spherical curvature of the printed board while its four corners are in the same plane (see Figure 211a).
Twist is the printed board deformation parallel to the diagonal of the printed board such that one corner is not in the same plane to the other
three (see Figure 211b). Circular or elliptical printed boards must be evaluated at the highest point of vertical displacement. Bow and twist
may be influenced by the printed board design as different circuit configurations or layer construction of multilayer printed boards can result
in different stress or stress relief conditions. Printed board thickness and material properties are other factors that influence the resulting
printed board flatness.

Bow and Twist Bow, twist, or any combination thereof, shall be determined by physical measurement and percentage calculation in
accordance with [PC-TM-650, Method 2.4.22. End products shall be assessed in the delivered form.

BRI ()14 P ™ i FR PRI PR () BI0 5 AN o 5t PR R DU R B AR 4 DY AN A7 AR A )i b, KBS A
TE BRI 2 AT R E s TS MR AR AT AT TR f e, BRI — MRS IE =AMER Pl B, (LER211b) BB
A6 20 T2 4 TSR o 20 B e i A B RS FRI D2 o 5 ORI il ] e 2 52 EIVARUAR e v RS 0 DR DA AN [ ) A1 2k s 22 J2 BRI 1) 22 45
FEY AT B8 T B0 AAN ) 189 2 7 5082 FT B (KDAR D o VAR 14 J5 P2 B PR FE A2 5 Wi T AR - 8 S 1) SEAdL AT 3R

S Sl AT A R Y $ IPC-TM-650MR 72, 4. 2277 (A BN 5 7 VA EAT D v B P 40 Lo i R 2 4 JRE
PGS MBS HAT VA -

IPC-A-600H-2010 201044 H 73



2.11 Flatness (CF-I%J¥)

2.11 Flatness (cont.) CF¥EE (4%))

5 1

!

X ) S KT P A I i il 7
A2 ff 2 2 10

E211a

A. B. C
MR

SO AN 55 11

FE211b

74

Acceptable - Class 1,2,3 (W[#:% 45 - 1,2,3%%)

* For printed boards using surface mount components, the bow and
twist shall be 0.75% or less.

« For all other printed boards, bow and twist shall be 1.50% or less.

o TR AR MR Toas P KT ETTIAR, =5 b AL R 2/ 4%
0.75%.

< XPT R R R, S AT R 2N T A T 1.50%.

Nonconforming - Class 1,2,3 (#fF& %14k - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

« BRPE AT T R K
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3 INTERNALLY OBSERVABLE CHARACTERISTICS (Pl W ge451k)

Introduction (3|3)

The purpose of this section is to provide acceptability requirements for those characteristics which are internal to the printed board. These
include the following characteristics in the base material, PTHs, internal conductive copper pattern, treatments to the internal copper, and
internal ground/power/thermal planes, as described below:

* Subsurface imperfections in printed board material, such as delamination, blistering, and foreign inclusions.

* Subsurface imperfections to multilayer printed boards, such as voids, delamination, blistering, cracks, ground plane clearance and layer to
layer spacing.

* PTH anomalies, including size, annular ring, nailheading, plating thickness, plating voids, nodules, cracks, resin smear, inadequate or
excessive etchback, wicking, inner layer (post) separation, and solder mask thickness.

* Internal conductor anomalies, such as over or under etch, conductor cracks and voids, uneven or inadequate oxide treatment, and foil thick-
ness.

* Visual observations made on cross-sections only.

ASTEIR) H AR5 A EVRIRR Aol A B P SR A T e M 5K s IS P R PE R AE A L BB AL WR MR LT . AR ARG AR B
PR EHR B A E AR, W E

« BRI R T T ROIAIE, o= RIS R .

« 22BN T RO, BN oy R RO R AR R Z (8] TR B

< BEEALISRN, SRR M. B3k BURFERE . SR AN S5 REE. RS M A s B, WES
FLEE 73 125 B BHLAR S S8 55

« WESAERR SR, Bz Bl A2 . ARG Sl B S sl e 7y, USRS R R 46

o SO AP AT H RS .
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3.1 DIELECTRIC MATERIALS (£ J5i#tkh)

[ Introduction (31%) ]

This section covers the acceptability requirements of dielectric materials. Dielectric materials are evaluated after thermal stress. Requirements
for evaluations made in the as received condition should be stated on the procurement documentation.

ARG T AR TS R EOR o AR Ty IS XA T REEAT PP AE o IAZAE R SO o LE B R PP RE 2K

3.1.1 Laminate Voids/Cracks (Outside Thermal Zone) (RHEMZzHIZ4E (Z#HK5))
ey e ——| o RIEREH

SR/ OLES) )

"B

LR
(Wit 2)

K 0. 08mm

1 1 1 1
| 5% K 0. 08mm | | K 0. 08mm | | %K 0. 08mm
—>| |<— [0.0031 in] - <—  [0.0031 in] < <—  [0.0031 in] =—>
1 1 1 1 1

<— [0.0031 in]
(I 1) (W 1) (Wi 1) [Q1%z:00)
< AR — e [ HEAEE — [ WEAEE —
' VAR ko, oam P ' S
WL

Kl311a
Notes: b
1. The thermal zone extends 0.08 mm [0.0031 in] beyond the end of the land, 1. ZZH[X & 48 P JZ 84N 2 H i SEA MR ID % 1) )2 AR E

either internal or external, extending furthest into the laminate area. #10.08mm[0.003 Tin] I EL & 1 X 35k
2. Laminate anomalies or imperfections that exist entirely in the Zone A area 2. &N JJEBRUR T J, AKX A H R E b 55 B

are not evaluated on specimens which have been exposed to thermal stress WA . WEIB11efR, i T AXFIBX 352 4 7EB

or rework simulation. Boundary line voids/cracks that overlap Zone A and DX PN IR0 S b1 2] / R4 4 D) B 24 96 2 3. 1 1T TR 2K

Zone B as shown in Figure 311e or are entirely in Zone B shall meet the 3. ARFIBX AT 43 )2 /I VP

requirements of 3.1.1. 4. S PN I EAEPIR T, FER EAEEMIX CR b ik
3. Delamination/Blistering is evaluated in both Zone A and Zone B. FEMAT—5i)  H B )2 o AR S 5 B AN
4. Laminate anomalies or imperfections in the non-evaluation areas (at either

end of the microsection specimen) are not evaluated on specimens which

have been exposed to thermal stress or rework simulation.

- : Target Condition - Class 1,2,3 (H##%AF - 1,2,3%)
* Uniform and homogeneous laminate.
o BRI 8.

Fl311b
Visual observations made on cross-sections only. ({\ % G YF 74T H KM %2
76 20104F4 1 IPC-A-600H-2010
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3.1 DIELECTRIC MATERIALS (4t J5itHil)

[ 3.1.1 Laminate Voids/Cracks (Outside Thermal Zone) (cont.) (EJEMRZHIZ%E (ZHX5) () ]

Acceptable - Class 2,3 (W[$:%Z2 54k - 2,3%%)

* Void/crack less than or equal to 0.08 mm [0.0031 in] and does not
violate minimum dielectric spacing.

* Laminate anomalies or imperfections, such as voids/cracks or
resin recession, in Zone A areas that have been exposed to ther-
mal stress and rework simulation.

» Multiple voids/cracks between two adjacent plated-through holes
in the same plane that do not have combined length which
exceeds these limits.

o 2330 / 344%/NF 5055 10.08mm([0.003 Tin] HLANE 2 e/ Ji ]
JHEE S

« 2R ) RBAIR TS, SCVFAR Y BLE e i /28 4%
SR U457 58 J A S RO

o 2 [)— J2 i AR AR YA 7 LI 2 A /g, I
S REAR T R PR

El311c

Acceptable - Class 1 (W% 54k - 14%)
* Void/crack less than or equal to 0.15 mm [0.00591 in] and does
not violate minimum dielectric spacing.

» Laminate anomalies or imperfections, such as voids/cracks or
resin recession, in Zone A areas that have been exposed to ther-
mal stress and rework simulation.

» Multiple voids/cracks between two adjacent plated-through holes
in the same plane that do not have combined length which
exceeds these limits.

o 530 /2455 /T 825 1-0.15mm[0.0059 Tin] H AN &2 /M it
[

o SR Sy BRI TG, Fe i A H I s i / 54 4%
TR i L 240 4 2 P A S i SO o

o [ J2 TR ARIAR IR AN 05 2 LA H I 2 A i g, I
EYIIRISER S w5

Visual observations made on cross-sections only. (Y% BHE) F#E4T H A% )
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3.1 DIELECTRIC MATERIALS (£ J5i#tkh)

[ 3.1.1 Laminate Voids/Cracks (Outside Thermal Zone) (cont.) (EEMRZHIZ4E (ZHE5) (4)) ]

Nonconforming - Class 1,2,3 (A#F& %4 - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

AT Bl H_RIREKR

E311d

El311e

[ 3.1.2 Registration/Conductor to Holes ($&5{LMESE) ]

Registration of conductors is typically determined with respect to PTH lands. Requirements are established through minimum internal annu-
lar ring (see 3.3.1).

A LR A L AN TR FUAR BRI 2 ) LSRRI i N E IR SR ) (WL3.3.1799) .

Visual observations made on cross-sections only. ({3 G AEI F 74T H A %2
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3.1 DIELECTRIC MATERIALS (£} J5i#tE)

3.1.3 Clearance Hole, Unsupported, to Power/Ground Planes (BRI LML #IL, Fldl) |

[#l313a

/
3 E

F313b

E313¢

Target Condition - Class 1,2,3 (A#R%&fF - 1,2,3%)

* Power/Ground plane setback meets the procurement documenta-
tion requirements.

o FRLYSJZE /P b o2 8 R S ALK AR BRUARF 5 R SCAF IR 2K

Acceptable - Class 1,2,3 (a[3:% 544 - 1,2,3%)

» A) Power/ground plane setback is greater than the minimum elec-
trical conductor spacing specified on the procurement documen-
tation.

* B) Ground plane may extend to the edge of an unsupported hole
when specified in the procurement documentation.

« AD PRI/ b SR S AL R AR B TSR ST R E FO B
N AT

*B) RSO IE I, it )2 m] DUIE AR B4R 34 LKA
%.

Nonconforming - Class 1,2,3 (R4 & - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

o BB AT £ B0l ) IR K

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )

IPC-A-600H-2010
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3.1 DIELECTRIC MATERIALS (£ J5i#tkh)

[ 3.1.4 Delamination/Blister (5/2/%2if1) )

Target Condition - Class 1,2,3 (AtR&fF - 1,2,34)
* No delamination or blistering.

o R EGE .

Acceptable - Class 2,3 (W[$:5Z 544 - 2,3%%)
* No evidence of delamination or blistering.

< B R BURIILE S .

Acceptable - Class 1 (W[4 %&4F - 14%)

« If delamination or blistering is present, evaluate the entire printed
board in accordance with 2.3.3.

o WO SR BRI, 22,3371 (1 B SRR P T AN BV HIAR

Nonconforming - Class 1,2,3 (F%& &1 - 1,2,3%)
* Defects either do not meet or exceed above criteria.

o BREEANT B0l ) IR ER

Visual observations made on cross-sections only. ({3 G AEI F 74T H A %2
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3.1 DIELECTRIC MATERIALS (£} J5i#tE)

3.1.5 Etchback ([jl)

Acceptable etchback or negative etchback exhibits the evidence that resin smear has been removed from the innerlayer copper/ drilled hole
interface. An example of resin smear appears in Figure 315a. There is data, pro and against, that etchback is more reliable than negative etch-
back and vice versa. This all depends on what type of copper plating, copper foil, and weight of the foil being used. Excessive etchback as
well as excessive negative etchback are not the target condition. Excessive etchback, in both instances, has an adverse effect on the reliabil-
ity of the PTH life.

A 2R 1My A7 Tl A R G 2 AN A 9 L B AL S A B T . I3 152 BT 0 — M. AR, 1M
T EELE A SN RTEE, (A A RO R, SRHR G TR R AR L 1 (R ST S R . A M DL R
07 T P AN A BEARIR G o XA AR 0T PR e ot 8 2 L 8 P 58 AP 2 J s 7 T S

Etchback: The etchback process, also known as positive etchback, is used to remove the dielectric material. The evidence of resin mate-
rial being etched back theorizes that all resin smear has been removed and in addition, a three way interfacial bond occurs between the PTH
copper to the innerlayer copper foil. The theory is that three connections are more reliable than one. The drawbacks of etchback are that it
creates rough holes which could create PTH barrel cracks. Excessive etchback also contributes to stresses that might create foil cracks. Shad-
owing is defined as a condition that occurs during an etchback process in which the dielectric material immediately next to the foil is not
removed completely. This can occur even though an acceptable amount of etchback may have been achieved elsewhere. Proper measurement
locations for etchback are shown in Figure 315b.

Pk MR, BFRZONIER, TR TR B IEAORME M R B, B R e TS Cs e kbR, RN
FLAHRATA Z AR 2 18] 7 A = e 15 . 4R AN IR A 5 . (R RO M ke X L BEAE RS, A LB
Ayt RN R 2 T EOTRES I A RAT B N Sy MBS AR AR M RE R, SRR O (AR TR e AT bR X
00 B ) A 32 0 ) 52 (0 T Bl D It 2 A A o 36224 AR T bl A7 B A B3 15b s

Negative Etchback: The theory here is that in order for the internal foil to be etched back/cleaned, you need to eliminate the smear. The
benefits for utilizing negative etchback are that the process does not create a stress point at the internal plane, as does the etchback process,
and it results in a very smooth/uniform copper barrel hole wall. The smooth hole wall and negative etchback are beneficial especially for the
copper plating of high-reliability long term life applications. The drawback of negative etchback, if excessive, is that it may create innerlayer
separation due to entrapped air pockets/contamination. This section is not intended to prove or disprove which etchback process is preferred.
There are many printed board manufacturers that are very successful in utilizing both the etchback and negative etchback processes. It is up
to the individual designer/user, depending on the material, copper plating, copper foil and application, to specify which etchback process
should be employed.

M R Oy TR A Z I MO, R e T A R BR . SRR DR AR AN AR MO £ A 2 S IR AL A
JIEEA ARG SUMIT DU N3 T8 2 B ALBE o -3 fR AL RE S A7 o) Ty 5 . KT i I AR 982 A e il
ThEER RS, RGN, R T M B RS B, FTRET R A JE 0 B . AT IC R T DL S PR 11 o 2RO
SSORT o A AR 2 EMHRIRRC 32 7 AN A SR P e R A7 T o T AR B o 2R PRI S RO T T2, ke T A e o2 i
JU RN TR AR, A R RIS A R 3R
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Visual observations made on cross-sections only. ({6} B F#E4T H KM S )
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3.1 DIELECTRIC MATERIALS (£ J5i#tkh)

3.1.5.1 Etchback ("fh)

Target Condition - Class 1,2,3 (H¥R&M: - 1,2,3%)

* Uniform etchback to a preferred depth of 0.013 mm
[0.000512 in].

o Y5 B ik B £ A VR 5£0.0 13mm[0.000512in] .

El3151a

Acceptable - Class 1,2,3 (W52 544 - 1,2,3%%)

* Etchback between 0.005 mm [0.00020 in] and 0.08 mm
[0.0031 in].

» Shadowing is permitted on one side only of each land.
o MR E £F0.005mm[0.0002in] £20.08mm[0.003 1in] .2 [f] .
o BEAMEEE SOV O B ik BA 5

E3151b

Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )
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3.1 DIELECTRIC MATERIALS (£} J5i#tE)

3.1.5.1 Etchback (cont.) (Mfd (&%))

Nonconforming - Class 1,2,3 (RfF& %14 - 1,2,3%)
 Defects either do not meet or exceed above criteria.

o AT £ 0 H_EIR SR .

. [ “m
Mot SO e

El3151c

31514

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )

IPC-A-600H-2010 201044 H &3



3.1 DIELECTRIC MATERIALS (£ J5i#tkh)

3.1.5.2 Negative Etchback (fi[M{i)

Target Condition - Class 1,2,3 (H¥R&M: - 1,2,3%)

» Uniform negative etchback of copper foil 0.0025 mm
[0.0000984 in].

o 4125 1) A TR B2 245 0.0025mm[0.0000984in]

F3152a
Acceptable - Class 3 (W[4 %1 - 3%%)
* Negative etchback less than 0.013 mm [0.000512 in].
o G M4/ 1-0.013mm[0.000512in] -
Acceptable - Class 1,2 (W54 - 1,24%)
* Negative etchback less than 0.025 mm [0.000984 in].
o G 114N F-0.025mm[0.000984in] .

El3152b
] Nonconforming - Class 1,2,3 (R&F& %1k - 1,2,3%%)

* Defects either do not meet or exceed above criteria.

WA G ) _EIRER .

El3152¢
Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )
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3.1 DIELECTRIC MATERIALS (£} J5i#tE)

3.1.6 Smear Removal (ZE4i5)

Smear removal is defined as the removal of resin debris which results from the formation of the hole wall.

LG R R ERFLRE OB R 7 AR AR R SR

Acceptable - Class 1,2,3 (A[3:% 544 - 1,2,3%%)

» Smear removal has not been etched back greater than 0.025 mm
[0.001 in].

* Random tears or drill gouges producing small areas where the

0.025 mm [0.001 in] depth has been exceeded shall be evaluated
as etchback per 3.1.5.1.

* Smear removal sufficiently meets the acceptability criteria for
plating separation (3.3.14).

o LRGN R R 1 0.025mm([0.001in]

o S TN I B AL A4 5 B A 283 0.025mm[0.00 1in]
STV A E 7 T W R (e ST 7 Bi i o

o BTG EATT A 3304 HEE 0 B T RS MEME I

E316b

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )
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3.1 DIELECTRIC MATERIALS (£ J5i#tkh)

3.1.6 Smear Removal (cont.) (Fhii5 (&%))

Nonconforming - Class 1,2,3 (RfE& &M - 1,2,3%)
* Defects either do not meet or exceed above criteria.

< BRI A Rk,

{5 o®

El316¢

Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )
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3.1 DIELECTRIC MATERIALS (£} J5i#tE)

[ 3.1.7 Dielectric Material, Clearance, Metal Plane for Supported Holes (%82 k3% # LA/ A% ) ]

Metal planes are used for mechanical reinforcement and/or electromagnetic shielding for printed boards. Many requirements are the same as

for metal-core printed boards.

< 2 HIAE BRI B UMG s A (D FEBR =, R 2R S BN [+

= =

E317a
#l317b
El317¢

Target Condition - Class 1,2,3 (H#R&M - 1,2,3%)

* Metal plane setback exceeds the procurement documentation
requirements.

SRR I ARBR TR SCAFI R .

Acceptable - Class 1,2,3 (W[$532 544 - 1,2,3%%)

* Metal plane setback is equal to or greater than 0.1 mm [0.0040 in]
(when a value is not specified by the procurement documenta-
tion).

* Metal plane setback does not reduce the conductor spacing to less
than the specified minimum on the procurement documentation.

« G JE 2 AR T 80K T70. 1mm[0.004in] (YR SR 45
H A 6

o G JE 2 I R B A A AR I D 1) /N TSR ) SCA R ) e
IME .

Nonconforming - Class 1,2,3 (R&FA& %4 - 1,2,3%)
* Defects either do not meet or exceed above criteria.

o BREEANTE £ B0 R IRER

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )
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3.1 DIELECTRIC MATERIALS (£ J5i#tkh)

[ 3.1.8 Layer-to-Layer Spacing (JZ[b][h]#:) ]

Minimum dielectric thickness is the maximum material condition used for the electrical voltage dielectric strength requirements.

/N T PEE RS P s A R 58 P SR IR B KR A

Target Condition - Class 1,2,3 (H#%&M: - 1,2,3%)
* The minimum dielectric thickness meets the requirements of the
procurement documentation.

=AY o SR/ TR ET AL SR SCAF R
R

Acceptable - Class 1,2,3 (W[#:% 54 - 1,2,3%)

* The minimum dielectric thickness meets the minimum require-
ments of the procurement documentation.

« If the minimum dielectric spacing and the number of reinforcing
layers are not specified, the minimum dielectric spacing shall be

0.09 mm [0.0035 in] and the number of reinforcing layers shall be
selected by the supplier.

» Low profile copper foils should be used with dielectrics below

F318a 0.09 mm [0.0035 in].
o S0/ N OB S JE SR S A B IR 2K
o L SR g5 /N ) B R B8 2 ) JE R AE R, SR /N o )
PR 24 450.09mm[0.0035in], H. 1955 2 (1) 2 K08 24 by 4 v 7
.
o NAZAE FH A5 $-0.09mm[0.003 Sin] (IR HURS 2 4 9 o
Nonconforming - Class 1,2,3 (R&F& &M - 1,2,3%%)
 Defects either do not meet or exceed above criteria.
o FPEASF G EUE H IR K.
Notes:

1: Products designed for transmission line impedance applications may have special requirements and measurement method specified on
procurement documentation.

2: When the nominal dielectric thickness on the drawing is less than 90 um [3,543 pin], the minimum dielectric spacing is 25 um [984 pin]
and the number of reinforcing layers may be selected by the supplier.

He
1. ARSI BTN T T VT (07, 0 SR ST R e AR ke R N o vk
2. AR RARFR A TR B /N T90um 3543 win] i, Mg /N A J5E (1] #E 2 25 um[984pin], 1T 4% 5 2% 11 )2 H0mT DA b fI b 7 e 4%

Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )
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3.1 DIELECTRIC MATERIALS (£} J5i#tE)

[ 3.1.9 Resin Recession (HfikM45) ]

Resin Recession: A separation between the plated barrel of the hole and the dielectric material on the hole wall.

PRI FLEERZ L5 FLEE 9 b R 2 R LS B I IR

Acceptable - Class 1,2,3 (A2 5&4F - 1,2,3%%)
* Resin recession is acceptable following thermal stress testing.

o FAN B AP R 1 246 2 W2

F319a

319

Visual observations made on cross-sections only. ({3 GAEI F #E4T H A %2
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3.1 DIELECTRIC MATERIALS (£ J5i#tkh)

3.1.10 Hole Wall Dielectric/Plated Barrel Separation (Hole Wall Pullaway) (FLEEARSILEEERN (TLEHN) |

Acceptable - Class 1,2,3 (\[#:5% 454 - 1,2,3%%)

» Dimensional and plating requirements of IPC-6010 performance
series are met.

o ROSJ AN 24 S IPC-60 101 e R4 SCAF IR 22K

Nonconforming - Class 1,2,3 (AfF& %1k - 1,2,3%)
* Defects either do not meet or exceed above criteria.

* BREEANT 5 B0H ) IR 2K

F3110b

Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )
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3.2 CONDUCTIVE PATTERNS — GENERAL (S:HLEE — 5l)

Introduction (3|3)

This section covers acceptability requirements for printed board etching, innerlayers, and impedance controlled products. An acceptable
etching process must result in all residual metal being removed with no evidence of contamination remaining on the product.

Over etching is cause for rejection when potential slivers result from excessive overhang of metal resist plating or when the finished conduc-
tor widths are less than specification requirements.

Under etching is cause for rejection when spurious metal remains on the product to the extent that spacing between conductors is less than
specification requirements or if conductor width requirements are exceeded.

Conductor width is defined as the observable width of the copper conductor excluding organic or metallic resists unless otherwise specified.
The ““Minimum Conductor Width’’ often specified on the procurement documentation or performance document is usually measured at the
base of the conductor and may not be the actual narrowest width of the conductor when observed in cross section or often when viewed from
the surface. An observation from the surface may not be adequate for acceptance of some products and etching processes. Where resistance
per unit length is a requirement, a measurement of the average width of the cross-sectional area may be necessary. Where impedance control
is required, a determination of the maximum conductor width may be important for the calculating impedance and a cross-section is often
required.

Considerable variation in etch configurations is possible due to different etchants, resists and plated metal thicknesses. The conductor width
may increase or decrease from the production artwork due to techniques used in processing during the imaging and developing operations.
To achieve the “‘Design Width of Conductor,’” the production master artwork often has conductor width adjustments made during plotting.
The amount of adjustment of a conductor width on the ‘‘Production Master’” may be 0.025 to 0.05 mm [0.001 to 0.0020 in]. Determination
of adjustment is made by experimentation and compensation for an increase or decrease of the conductor width during plating or etching.

The illustrations in 3.2.1 are intended as a guideline to illustrate some of the edge geometry conditions which may result from different pro-
cessing methods and illustrate the configurations of ‘‘Outgrowth,”” ‘‘Undercut’” and ‘‘Overhang.”’
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3.2 CONDUCTIVE PATTERNS — GENERAL (S:HiEIE — &)

Introduction (3|3)

ARG T ENRIAI ) A E A TR T MR . AR ) T RE P T 2 R e Ok R 2 Hk
A RS R R .

Un R Bk 2 5 ) < R HU AR 2 R SR T AR I R AR B I RS TR SR TSN T RUE IR, W B 22 4E
WSCFR) B

U AR AN AL T I S it A (1 <R S P A S A 1] R TR B/ E AR, B AR T8 BRI T RE IR, A R
RS HRAE B

BrRARS AT UE , RIS RS AT U BB AR, EAIE AU S m M pTZ . SRIGSCAF B ERESCAF P UE 1 “ e
PRGERE” R AE PRI R A I B0, 0 AN 42 S ) Py i ¢ 28 P s e AR T T ML 5 B (R S B A S P . AR THT LS AN
P — 287 S A ) T 2RI o 2 SR S A R AR BHAT SR, DT REA 0 X S AR BRI P12 9 FEEAT DI . U
PP IR, S K AR T8 B I X TSR HT T BEAR 2L, [ IR AT 2R SRS AT IV

HFERZIF . UplGR R4 B B2 0 R BE AN AL, %1 )5 B T 028 S T RE AL 2 K. R AE A3 R B S A i A h th TR A ) 28
R, B SR A LA R 15 RN, o TIEE] “SRE I, s R e h A A 2 e 3
PRIIGERE . X AP RAR 7 SR B IR 2B 1] JL0.025mm £20.05mm[0.000984in 430.0020in] o ] PR 48 38 5t vp 4% b 2205 P2 )
SR T PR R B IN R P P S5 1 0 A 5E

3.2. 11 o B R R AN TR i U 7 vk T e r= A 0 LR SR M LT, JERIDR T “BEJEIE 9 “miph” Fil “HE 2R
HF SRR AME .

92 201044 H IPC-A-600H-2010

www . bzFxw.com



3.2 CONDUCTIVE PATTERNS — GENERAL (S:H.EE — 5l)

Introduction (3|3)

Definitions used in evaluating etched conditions (see IPC-T-50) include:

PR ARSI B FH 20 1 e S CWLIPC-T-50) f4:

Outgrowth: The increase in conductor width at one side of the conductor, caused by plating buildup over that delineated by the production
master.

BRI o TR DR Sk S RE R, A AR ) 2 5 L

Undercut: The distance on one edge of the conductor measured parallel to the printed board surface from the outer edge of the conductor,
including etch resists, to the maximum point indentation to the copper conductor.

Pl NG SNLG CEISHUIRR) BT 4R S A0 SR KT s 55 A TR A 7 () ) B

Overhang: The sum of the outgrowth and undercut.

BRZ s BRI DA e ) A

Design width of conductor: The width of a conductor as delineated or noted on the procurement documentation.

Notes: 1. The ‘‘Production Master’” may be adjusted for process methods and the artwork conductor width may differ from the design
width.
2. Design width of conductor is most often stated as a minimum as measured at the base of the conductor. For impedance controlled
circuits, a + tolerance may be placed on conductor width.

SR RIS B2 bRy R R

e L CEPERARY RN T VA AT R, i R SR AR AR AR G R T AN ) T AR TR
2. SR TUE TR R AR AR T AR R P A R d N R e R TR TR ALl AR R P REE IE A ZE K

Production Master: A 1:1 scale pattern which is used to produce one or more printed boards within the accuracy specified on the procure-
ment documentation.

AFEIRAR: TR 2 PN e L LEOBI IR B, R BT SR SO (RS LA
Etch Factor: The ratio of the depth of etch to the amount of lateral etch.

P FRB: PR ZIR L S ) ) L
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3.2 CONDUCTIVE PATTERNS — GENERAL (S:Hi[EIE — &)

3.2.1 Etching Characteristics (fhZl4¥¥k)

““A”’ Point of Narrowest Conductor Width: This is not ““Minimum
Conductor Width’’ noted on procurement documentation or perfor-

£l

mance specifications.

““B”’ Conductor Base Width: The width that is measured when
““Minimum Conductor Width”’ is noted on the procurement docu-
mentation or performance specification.

““C”’ Production Master Width: This width usually determines the
width of the metal or organic resist on the etched conductor.

J2 IR Design width of the conductor is specified on the procurement
AR = L documentation and is most often measured at the conductor base
X “B”” for compliance to ‘‘Minimum Conductor Width’’ require-
ments.
-, z: AR AT AL XA R SO B RE LV BT 4R 1
RN FRTEE”

“B” SMAIRGE: RIS sk B AREAT “ RN A
GEREY I, DR

“CT TR TR R e XA R I 1 S A i ) 5 A4
<R BAT LTIk R () B8

FE R SO BLE T AR B vt S8 5, T8 S R AR
“B” ITEEE, DMEREATA /N PIRTERL” 12K,

The following two configurations show that conductor width may be greater at the surface than at the base:

N IRPFIAS R P ARSMEI SR R 1 58 B T DK 58

T
B
AN YU
B
E321b PEl321d
S NI T B PR Bt FRTI AR B TR B

E321¢ El321e
RN 2 LR 2 e 2

Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )

94 201044 H IPC-A-600H-2010

www . bzFxw.com



3.2 CONDUCTIVE PATTERNS — GENERAL (S:Hi.EE — Sl)

[ 3.2.1 Etching Characteristics (cont.) (fhZI4§¥E (&%) )

PR ERT hR)

- — IR AL AR S

B321f E321n
HAEZ G Fe TR a e CT IR peisnD HAWRR R ETEE GRESUmARD

Note: The extent of outgrowth, if present, is related to the dry film resist thickness. Outgrowth occurs when the plating thickness exceeds
the resist thickness.

Note: The different etch configurations may not meet intended design requirements.
e PR R S TR R R AT % PR R RO I Uit R R, e e AR R 0 .
kT RSB AN R AT A B A vt H K

| |
—| [— ik
AIRE
E321g F321i
WG 5 B (B B A MR G R 9, S 05 5 5 P04 961 77 2 AT

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )
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3.2 CONDUCTIVE PATTERNS — GENERAL (S:Hi[EIE — &)

[ 3.2.2 Print and Etch (ZE1%% %)) ]

The copper conductor may consist of combinations of copper foil, copper plating and electroless copper. Metal resist, solder coatings, and
reflowed tin-lead plating that would normally be seen in a microsection are not shown in these illustrations.

AR A R R A AU R AT A AR R R R AT DU B m AT . SRR R AR, AR
AL TR,

Target Condition - Class 1,2,3
(BF%&A: - 1,2,3%)

iz ; * Conductor width exceeds minimum require-
k.
: : ment.

m ‘ SRR AT RN R

l322a

Acceptable - Class 1,2,3
(T2 54 - 1,2,3%%)

» Conductor width meets minimum require-
ment.

o PAACTE R AL /N TE S ER

[El322b

Nonconforming - Class 1,2,3
(ARFE K - 1,2,3%)

/N '  Defects either do not meet or exceed above

criteria.

* GRFEANTT £ G EIREDR

H
j

F322¢

Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )
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3.2 CONDUCTIVE PATTERNS — GENERAL (S:Hi.EE — Sl)

3.2.3 Surface Conductor Thickness (Foil Plus Plating) (S4B (HiEM EER))

Unless otherwise specified on the procurement documentation, the minimum total (copper foil plus copper plating) conductor thickness after
processing shall be in accordance with Table 3-1.

BRAERIGSCAE S A IE N T e/ e SR GRS BB B 243 4R 3-1IHLE -

Table 3-1 External Conductor Thickness after Plating (¥3-1 HLEE SN2 K5 E )

Maximum Variable Minimum Surface
Absolute Cu Min. Plus minimum Processing Conductor Thickness after
(IPC-4562 less plating for Plus minimum Allowance Processing (um) [pin]
10% reduction) Class 1 and 2 plating for Class 3 Reduction®
Weight'# (um) [uin] (20 um) [787 pin]? | (25 um) [984 pin]? (um) [uin] Class 1&2 Class 3
A /M T 190002 T B N T PR
(IPC-4562 7, FF 3% Tt S ) in]
B % 10%) m kg2 m kg Vg2 WA e KA
dwE (um) [in] (20pm)[787pin]* | (25um)[984pin]* (pm) [pin]® 1Mz 3%
1/8 oz. 4.60 [181] 24.60 [967] 29.60 [1,165] 1.50 [59] 23.1[909] 28.1 [1,106]
1/4 oz. 7.70 [303] 27.70 [1,091] 32.70 [1,287] 1.50 [59] 26.2 [1,031] 31.2[1,228]
3/8 oz. 10.80 [425] 30.80[1,213] 35.80 [1,409] 1.50 [59] 29.3 [1,154] 34.3 [1,350]
1/2 oz. 15.40 [606] 35.40 [1,394] 40.40 [1,591] 2.00[79] 33.4[1,315] 38.4[1,512]
10z 30.90 [1,217] 50.90 [2,004] 55.90 [2,201] 3.00 [118] 47.9 [1,886] 52.9 [2,083]
2 0z. 61.70 [2,429] 81.70 [3,217] 86.70 [3,413] 3.00 [118] 78.7 [3,098] 83.7 [3,295]
30z 92.60 [3,646] 112.60 [4,433] 117.60 [4,630] 4.00 [157] 108.6 [4,276] 113.6 [4,472]
4 oz. 123.50 [4,862] 143.50 [5,650] 148.50 [5,846] 4.00 [157] 139.5 [5,492] 144.5 [5,689]

Note 1. Starting foil weight of design requirement per procurement documentation.

Note 2. Process allowance reduction does not allow for rework processes for weights below %2 oz. For 2 oz. and above,

for one rework process.
Note 3. Reference: Min. Cu Plating Thickness

Class 1 =20 ym [787 pin] Class 2 =20 ym [787 pin] Class 3 = 25 ym [984 pin]
Note 4. For copper foil above 4 oz., utilize the formula provided below.

L SRS R AR S TR B 2K

2 0TI AN T 12020805, N i S R A AR VFREATIR THIRR . X T 12028 LA R RIHRTE, 0 Do/ 8RR AR vrRbAT IR THIFR.
i£3: 2% Bz EE

14(=20um([787pin]

244=20pum[787pin]  34¢=25um[984pin]
4 WF K Fozltiilfh, FHLFHAR.

The minimum surface conductor thickness after processing values given in Table 3-1 are determined by the following equation:

Minimum Surface Conductor Thickness=a +b - ¢

Where:

a = Absolute copper foil minimum (IPC-4562 nominal less 10% reduction).
b = Minimum copper plating thickness (20 pm [787 pin] for Class 1 and Class 2; 25 um [984 pin] for Class 3).

¢ = A maximum variable processing allowance reduction.

R3-1h 4y HKIN T J5 oo DR A4 )R BB R B 31 2 2K -
RIMT Pt/ = atb-c

I (%

a =N EELXE (HLIPC-4562FRFRAEZD10%) o

b = FH/MIBEZ R L (19024 020pum[787in]; 344 H25um[984pin]) .
¢ = T A ik (1 B KA

IPC-A-600H-2010
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3.2 CONDUCTIVE PATTERNS — GENERAL (S:Hi[EIE — &)

3.2.4 Foil Thickness — Internal Layers (PJ)ZH5EE )

Minimum foil thickness (or conductor thickness) is the maximum continuous coplanar thickness that will conduct electrical current.

Individual scratches are included, but the saw-toothed shaped ‘‘dendritic’’ surface for metal-clad adhesion promotion is excluded from the

minimum foil thickness determination, as shown in Figure 324a.
RANVRTEERE (AR A% 3 i i R K IE S R
B8 do /M R REI, ARSI RDR,  (H T < SR 45 s L A AR “ BB RmERAE, Wik 324af7m o

b

Fl324a

The minimum internal layer foil thickness after processing shall be in accordance with Table 3-2.

TN B 0005 it ) B /0 A J2 0 V52 P2 I8 284 1 3 3 -2 (1 B E =

Table 3-2 Internal Layer Foil Thickness after Processing

Absolute Cu Min. (IPC-4562 Maximum Variable Processing Minimum Final Finish
Weight less 10% reduction) (um) [pin] | Allowance Reduction® (um) [pin] after Processing (um) [pin]
Hdaxt/MA (BkIPC-4562M € I SR it K b LS5 R 5 die /D R BE
Hi {91 10%) (um) [pin] (pm) [pin] (pm) [pin]
1/8 0z. [5.10] 4.60 [181] 1.50 [59] 3.1[122]
1/4 oz. [8.50] 7.70 [303] 1.50 [59] 6.2 [244]
3/8 0z. [12.00] 10.80 [425] 1.50 [59] 9.3 [366]
1/2 0z. [17.10] 15.40 [606] 4.00 [157] 11.4 [449]
1 0z. [34.30] 30.90 [1,217] 6.00 [236] 24.9 [980]
2 0z. [68.60] 61.70 [2,429] 6.00 [236] 55.7 [2,193]
3 0z.[102.90] 92.60 [3,646] 6.00 [236] 86.6 [3,409]
4 0z.[137.20] 123.50 [4,862] 6.00 [236] 117.5 [4,626]
Above 4 oz. IPC-4°562 value 6.00 [236] 6 um [2355 pin] below minimum thickness of calcu-
[137.20] less 10% reduction lated 10% reduction of foil thickness in IPC-4562
doz. [137.20] HLIPC-456240 52 (EEIR > 10% 6.00 [236] ;%@fg,};%j}ﬂ;%fg%% éﬂﬁl]

Note 1. Process allowance reduction does not allow for rework processes for weights below % oz. For %2 oz. and above, the process allowance reduction allows
for one rework process.
Note 2. Additional platings that may be required for internal layer conductors shall be separately designated as a plating thickness requirement.

1 0T E RN T 120200 M4, I Lyl AN S VAT IR TRE e 05T 1/202 S LA LKA, 0 o/ JE LA A VPR AT — IRIR LihlA .
2 WESRTTEASMERIN, B S R 5

Visual observations made on cross-sections only.
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3.3 PLATED-THROUGH HOLES - GENERAL (g8 fL — &)

Introduction (3|3)

This section identifies the acceptability characteristics in PTHs used in double-sided and multilayer rigid printed boards. Included in this sec-
tion are photographic and illustrative depictions of PTH characteristics for both drilled and punched holes, with separate examples where
appropriate.

The test specimen shall be a representative coupon such as described in IPC-2221, a portion of the printed board being tested, or a whole
printed board if within size limits.

Sample holes should be selected at random. Vertical microsections, both parallel and perpendicular to a printed board edge, are recom-
mended. Horizontal microsectioning techniques may be used as the referee. Precise encapsulation and metallurgical techniques shall be used
to assure highly polished sections with correct part alignment and polishing to the mean of the hole diameter. The polished surface should be
etched after initial smear evaluation and just prior to plating thickness measurements.

The evaluation of all properties and requirements shall be performed on the thermally stressed test coupon and all requirements shall be met.
The coupons shall be tested after the printed board is exposed to all coating, final finish and thermal processing.

AR FE T WIAE XU K 2 J2 EVRIAR AR FLA AT e MR o A S AEATT i R IR B 2 i B 0 i R T LA AL b FLABE R AL
(KI5HE -

BURE R 242 FATACR AR I ITPC-222 1 FA TR B L A5 DR B o LB AR IR ¥ 20 IR RSS2 9, (B mT R BR BRI

P ALNAZBENLIEI . BCR AT LM, & SO AT XA L. AP, R (KRR DA . AR IR I B 2 5%
FDHG a8 (B 5 AT S BOR, B IE AR e, LURA CRARAT = B AP BT, R I ) T e 2 FLAR K p ) SR e AR
WA LGV G R SIS DN B T A% AT Rl

XEPITAT J 5 R (PP RE B 2 A5 28 N B OB 04T, ELRE 0l A2 B A 260Kk o B FEED IR Z R TR SRR A
I L2 A AR .

Methods of Inspection:

* Hole Size (method optional - IPC-TM-650, Method 2.2.7)
A. Optical
B. Document drill blank plug or plug gages
C. Tapered hole gage
Note: Hole gages must be cleaned and storage oil must be removed prior to use.

* Visual hole wall quality
A. Voids, nodules, etc., - locate with unaided eye, use up to 10X magnification for verification.
B. Discolorations, stains, etc., - use unaided eye and/or solderability tests.

Keg ik

o fLEWE (W& - W SHIPC-TM-650iK J51:2.2.7)

A. Lk

B. ARUE Rk ZE

C. AL

e FLMUAE R 205 18, I BT I IR HR T

- HEGFLRE R

A, R SRR - DRIR A, S A 105 IO B A T A
B. A, y5 A - SR DLGHIR B A/ AT AT R I
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3.3 PLATED-THROUGH HOLES - GENERAL (g&fL — &)

Introduction (cont.) (315 (&%))

Microsection:

* Plating thickness measurements

A. Encapsulated Microsection Examination (IPC-TM-650, Method 2.1.1 or Method 2.1.1.2): The average copper thickness should be
determined from three measurements, approximately equally spaced, on each side of the PTH. Do not measure in areas having isolated
imperfections such as voids, cracks or nodules. Small localized areas with plating thickness less than minimum requirement are evalu-
ated as voids.

B. Nondestructive Method: Micro-ohm Measurements (IPC-TM-650, Method 2.2.13.1): This technique may be used to measure the aver-
age copper thickness in PTH when properly standardized. The method has application to measurement of the minimum copper thick-
ness. Due to the dependence on uniform hole geometry this method may not be appropriate for measurement of punched PTHs. The
nondestructive feature and the speed and ease of measurement make this method useful in providing variable data for statistical process
control.

C. Plating Thickness: Minimum requirements are established in IPC-6010 series.

* Solderability
A lot sample or representative specimen should be subjected to a solderability test utilizing Methods B, B1, C, C1, D or D1 of IPC-J-STD-

003. The coating durability requirement should be pre-established. The PTHs should exhibit good wetting and capillary action.

BEBHMYIA:

o 4 J2 TR )

Al FEB B AR (IPC-TM-650M1R8 55211882, 1.1.2) 4 [ ~F 22 5 B a3t ik = AN IS8 e i o, (o078 L aR ) Bk
R AR B AN . AN A A IS BB O DX, i . G E SRR o P A JEL R . /N R DX A
JE AR T B/NER I, R ST E .

B.  AEREIRYE 5 DRI (IPC-TM-650I38 /772:2.2.13.1) : 443 3@ 4 (AR E I, X R A o] T il 240 7 LA
SRS o IRl 7 v R D B A 1 e /N R ot Ty S LT AR 13 A0 A %, IR AN & FH 300 5 v S L ) 7
FLA BT ELRE o BT AERR PR . DU B0 T, X R Irykdeh “goldfEdmsl”  (SPO) $fih &5 a4k
wAH

C. HEJZJEJE: TPC-6010 RFIFRAEGE S, T /N 5 SEBEK .

o ]

JIr A B v BT A PR AR S Y%K T ANST/J-STD-003 /B, B1. C. C1. DEDUINRJ7iESE AT Al ARt o IV 1% 56

EURTE IO AR . W LN 1% S R I (A B 4 4 T
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3.3 PLATED-THROUGH HOLES - GENERAL (g8 fL — &)

3.3.1 Annular Ring - Internal Layers (P25 5%)

For multilayer printed boards, in addition to physical measurements of printed board surfaces, if internal annular ring breakout is detected in
the vertical cross section, but the degree of breakout cannot be determined, internal registration may be assessed by nondestructive techniques
other than microsection, such as, special patterns, probes, and/or software, which are configured to provide information on the interpolated
annual ring remaining and pattern skew. Techniques include, but are not limited to the following:

* The optional F or R coupon detailed in [IPC-2221.

* Custom designed electrically testable coupons.

* Radiographic (x-ray) techniques.

» Horizontal microsection.

* CAD/CAM data analysis as correlated to pattern skew by layer.

Note: Microsectioning or statistical sampling shall be used to verify correlation of the approved technique, and a calibration standard estab-
lished for the specific technique employed.

If misregistration to the point of breakout is detected in vertical microsections, the concerns are that:

1. The conductor width minimum may be compromised at the land junction and,
2. There is insufficient electrical spacing.

The extent and direction of breakout shall be determined. Appropriate test coupons or actual production printed boards shall be tested at the
affected area(s) and analyzed on the suspect layer(s) to determine compliance. This may be accomplished by the techniques listed above.

Measurements for internal annular ring are taken at the copper hole wall plating/internal land interface to the outer most tip of the internal
land as shown in Figure 33 1a.

KT 2 2PN, B 7 S0 E AR Rtk 2 4h, e
BRI TIR R DU E LR IR, HANBE A IR R
DA 2 PO A7 D) T 3 ok o S8 A D 4 (R AR A AP T v e, 81
FERR IR . Bk Je (B0 b LR FEE R A5 A i FLIA RN
AR EEERBIN A X ARB EFEAR R T LU LA

o IPC-2221H PRI IAR I T L B EAR F kR 5

o SE AT T AR 1) B ZEAR 5

o XA

o KV BRI

o 5452 52 AL %[ CAD/CAM % L3 A

e B4R BT D) B VT Rl A 30 UE R A I+ AR 1 7
A, ORISR I AR A ST Ry e AR AE

— HAETEH MY ERIUESAL, VR S0

I 7ESUEERNERX, D SREE T RS2 26 M

2. WA N I A ]

JoF 24 300 5 A R TR R /NS 7 1] o O 24 3 1 3000 3 B 32 A g 52
B J86 it L TR 119 52 5% W DX IaEAT WA, 920 7 T 5 J2 1T AT
HEAT A . ATt DL_E A i 3 R BT VP 5E

P2 A5 T 2 A LB (DA B 2/ A RS e B A T 4 A 5780
B shun, wikl331a.

F331a

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )
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3.3 PLATED-THROUGH HOLES — GENERAL (g&fL — &S0)

3.3.1 Annular Ring - Internal Layers (cont.) (PI)E¥#5%E (£5)) ’

Target Condition - Class 1,2,3 (AtR&fF - 1,2,34)
* All holes accurately registered in the center of the lands.

o AT (R AL AR SR PHEARAE K o

El331b

Acceptable - Class 3 (W[4 %1 - 3%%)
* Annular ring measures 0.025 mm [0.000984 in] or more.
o PR KT 845 1-0.025mm[0.000984in] -

Acceptable - Class 2 (W[4 %4 - 24%)

* 90° hole breakout is allowed provided the land/conductor junc-
tion is not reduced below the allowable width reduction in
2.10.1.1 and minimum lateral spacing is maintained.

o WA ARAE AR A/ S AOER DO 2/ F2.10. 1175 RVFA T8
FEWRAAE I PR foe MU TV AL, 0 SR 90° IBKEEA

Acceptable - Class 1 (W[$Z %4 - 14%)

* Hole breakout is allowed provided the land/conductor junction is
not reduced below the allowable width reduction in 2.10.1.1 and
minimum lateral spacing is maintained.

o DA AR AR/ AR IR DD 2/ 12,1011 SRVFR 58
i DB I AR A fo /N A B

F331c

Nonconforming - Class 1,2,3 (%74 %44 - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

* AT G ) EIRER

E331d

Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )
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3.3 PLATED-THROUGH HOLES - GENERAL (g8 fL — &)

3.3.2 Lifted Lands — (Cross-Sections) (F#pe# (EHYIT)) |

Target Condition - Class 1,2,3 (HE&H - 1,2,3%%)
* No lifting of lands.
o oI AL

F332a

Acceptable - Class 1,2,3 (A[3:% 544 - 1,2,3%%)
After thermal stress testing or rework simulation:

* Lifted lands are allowed.

FON PR AR T -
« SRV .

&332b

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )
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3.3 PLATED-THROUGH HOLES — GENERAL (g&fL — &S0)

3.3.3 Foil Crack — (Internal Foil) “C” Crack (J{#%4k - (MZHIH) CRIZLE) |

Target Condition - Class 1,2,3 (H#&4M4: - 1,2,34)
* No cracks in foil.

- S TR

Acceptable - Class 2,3 (W[$:5Z 544 - 2,3%%)
* No evidence of cracks in foil.

< HTE ARG .

Acceptable - Class 1 (W[$:2 %14 - 14%)

* Allowed on one side of hole only and does not extend through foil
thickness.

< AXSRVFLI— A R, H 5B R .

Nonconforming - Class 1,2,3 (F%& &1 - 1,2,3%)
* Defects either do not meet or exceed above criteria.

< BEATT A G EIREDR .

Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )
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3.3 PLATED-THROUGH HOLES — GENERAL (gL — =)

[ 3.3.4 Foil Crack (External Foil) (8§&%i% (SMNEHIH))

Target Condition - Class 1,2,3 (A#R%&fF - 1,2,3%)
* No cracks in foil.
o 4T JRe4E .
El334a
Acceptable - Class 1,2,3 (a[3:% 544 - 1,2,3%)
A e Crack A
o ATIZAEE,
Acceptable - Class 1 (W[$Z %14 - 12%)
* Cracks B
- BRIZdLE,
B
[&l334b
Nonconforming - Class 1,2,3 (R4 & - 1,2,3%%)
* Defects either do not meet or exceed above criteria
o BRPEAF B T IR TR
El334c

Note: ‘A’ Crack is a crack in external foil.
“B”’ Crack is a crack that does not completely break plating (minimum plating remains).
“D”’ Crack is a complete crack through external foil and plating.
fh: ARVRGEIESNE T T R .
BRURAEJE B e R g B Z e (R R/ .
DAYZGE L e A 5% T AN 2 SR (128 4% .

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )
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3.3 PLATED-THROUGH HOLES - GENERAL (g&fL — &S0)

3.3.5 Plating Crack (Barrel) “E” Crack (#¥)254%% (fLBt) — EXIZL4E) ’

Target Condition - Class 1,2,3 (H#R%&4k - 1,2,3%%)
* Barrel plating is free of cracks.

o FLEEGE R O RGE

Acceptable - Class 1,2,3 (A[3:% 544 - 1,2,3%)
* No cracks in plating.

[#l335a

Nonconforming - Class 1,2,3 (FfF& %M - 1,2,3%%)
 Defects either do not meet or exceed above criteria.

« GRIEAST A G IR ER

[El335b

[E335¢

Visual observations made on cross-sections only. ({6} B 5P F3E47 H W EE )
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3.3 PLATED-THROUGH HOLES - GENERAL (g8 fL — &)

3.3.6 Plating Crack — (Corner) “F” Crack (#¥2%45% — (¥ifi) FRIZSE) |

Target Condition - Class 1,2,3 (H#R%&M: - 1,2,3%)
* No cracks in plating.

BRI

Acceptable - Class 1,2,3 (A[3:% 544 - 1,2,3%)
* No cracks in plating.

F1336a
Nonconforming - Class 1,2,3 (%4 &1 - 1,2,3%)

 Defects either do not meet or exceed above criteria.

* BEEATT G O Y EIREOKR .

[#l336b

El336¢

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )
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3.3 PLATED-THROUGH HOLES — GENERAL (g&fL — &S0)

3.3.7 Plating Nodules (8E459%)

Target Condition - Class 1,2,3 (H#&4M4: - 1,2,34)

* Plating is smooth and uniform throughout the hole. No evidence
of roughness or nodules.

o BN LEREREZ VI TA S TORIRE sRES L 5

Acceptable - Class 1,2,3 (A% 54F - 1,2,3%%)

* Roughness or nodules do not reduce plating thickness below
absolute minimum requirements or hole diameter below mini-
mum requirements.

o FEDRE st R 50 A )2 I PR il 2 A1 T 240 e /M HLAR A AL
AR TR ER

Nonconforming - Class 1,2,3 (A fF& %4 - 1,2,34)
* Defects either do not meet or exceed above criteria.

o BRFE AT O Y R R

. i LR T N T T

Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )
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3.3 PLATED-THROUGH HOLES - GENERAL (g8 fL — &)

3.3.8 Copper Plating Thickness — Hole Wall (H#i8%)25 5 — LEE) ’

The average copper thickness should be determined from three measurements, approximately equally spaced, on each side of the PTH. Do
not measure in areas having isolated imperfections such as voids, cracks or nodules.

- 249 J5E N 20 oL A A LA BB K2 S5 S B I = AN s P A I R (B E . AN AT ST BB D, il . 2

Target Condition - Class 1,2,3 (H#R&M: - 1,2,3%%)

* Plating is smooth and uniform throughout the hole. Plating thick-
ness meets requirements.

o BN SLEERE R TIN5 o SRR R L 2K

Acceptable - Class 1,2,3 (A[3:5% 544 - 1,2,3%%)

* Plating thickness varies but meets minimum average require-
ments and minimum thin area requirements in the IPC-6010
series.

* Small localized areas with plating thickness less than minimum
requirement are evaluated as voids.

o PEEEERY), {HYE AL IPC 6010 Z 40 8 I B I3 J5E s
TR 5 X ) TS

o S T2 LR /N T dpe /NSRRI /N X3, 2 Al e kAT
PEIE o

Nonconforming - Class 1,2,3 (FfF& %M - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

o GRIE AT Y IR R

[El338¢

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )
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3.3 PLATED-THROUGH HOLES — GENERAL (g&fL — &S0)

[ 3.3.9 Copper Wrap Plating (Hilf. 75 f.i%) ]

Copper wrap plating minimum as specified in the [IPC-6010 series shall be continuous from the filled plated hole onto the external surface of
any plated structure and extend by a minimum of 25 pm [984 pin] where an annular ring is required as shown in Figure 339a.

Reduction of surface wrap copper plating by processing (sanding, etching, planarization, etc.) resulting in insufficient wrap plating is not
allowed as shown in Figure 339b.

IPC-6010 28 51| SCAH: I 52 1R o /N 4 7 HEL 8 I 24 M ERLZE (1) 0% 78 FL BT ] BB 45 MO AN 2 2R THT S B 21, AR B SR IR sa i, /b5
FEAF25um[984pin], 41E339afi 7R,

ASHF I BLATE 3390 Ot TN T (RIS . P VA5 T B000 7  HE DA AL ARG A 2 T 782 4 4 J2 2> o

i B FELE

/MU
25 mm [984 winl |/ NER LR ST

3392 HKumwEMmE GEATRHARERPTH)

—>‘ ‘4— > |«

A > |«

F339b  thTid BEWIEEIREF KRR A BH (A nTHZ)
e FROIHREL NS RS T B O 2Bk Ab

Note: Cap plating, if required, over filled holes is not considered in wrap copper thickness measurements.
the MEORSGAEENE, WE AW, AR RS LT AR AR K.
Visual observations made on cross-sections only. ({3 G AEI F 74T H A %2
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3.3 PLATED-THROUGH HOLES - GENERAL (g8 fL — &)

3.3.9 Copper Wrap Plating (cont.) (fuZEHIHLEE (%))

Target Condition - Class 1,2,3 (B#R%&fF - 1,2,3%%)

Acceptable - Class 3 (W[$:32 %1 - 34%)

» Wrap plating is continuous from the filled plated hole onto the
external surface and extends by a minimum of 25 um [984 pin]
where an annular ring is required.

o . ; e R AN . * Wrap thickness is not less than 12 pm [472 pin] for through, blind
= P b hq‘u’ s i and buried vias > two layers..

r

» Wrap thickness is not less than 6 um [236 pin] for blind and bur-
ied microvias.

» Wrap thickness is not less than 7 um [276 pin] for buried via
cores (two layers).

* Reduction of surface wrap copper plating by processing (sanding,
etching, planarization, etc.) does not result in insufficient wrap
plating.

Easey  CLBH BRI B AL SIS R R I B SE R, HLBRAT
WGER, F /D 4EH25um[984puin]

X TRTEETWERETL. H Sl L, R
2R EEASNN T 12um[472pin] .

o X0 T LA AL Gl AL AL 2 R AN T 6pum[236

pin],
X T HEAL S AL (WRD SRR R AN T Tum
[276pin].

BTN HREE. phzl. AR BRI UERER K
D> B I BB LR AN AL -

Visual observations made on cross-sections only. ({6} B F#E4T H KM S )
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3.3 PLATED-THROUGH HOLES — GENERAL (g&fL — &S0)

3.3.9 Copper Wrap Plating (cont.) (fuZEHIHLEE (22))

Acceptable - Class 1,2 (W[$:3% 544 - 1,24%)

» Wrap plating is continuous from the filled plated hole onto the
external surface.

» Wrap thickness is not less than 5 um [197 pin] for all through-
hole and via structures.

* Reduction of surface wrap copper plating by processing (sanding,
etching, planarization, etc.) does not result in insufficient wrap
plating.

o B LR IRE R AR AL 2SR R THT A JEEE ) o

o XTI A AL R S AL S5 R, B AR R AN T Spum
[197pin].

BT CHTEE. phZ). ROPSE) SERN U ERERN
AT R R AN AL

Nonconforming - Class 1,2,3 (##F& %1k - 1,2,3%%)
 Defects either do not meet or exceed above criteria.

« BRI G T B EK .

[Fl339¢

E339f

Note: Cap plating, if required, over filled holes is not considered in wrap copper thickness measurements.

fe BRI AL, NIRRT, AN R ZESL LT AR I R

Visual observations made on cross-sections only. ({6} B A #E4T H K ML)
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3.3 PLATED-THROUGH HOLES — GENERAL (g7 L — S0))

[ 3.3.10 Plating Voids (3/257iH) )

[El3310a

[#l3310b

Target Condition - Class 1,2,3 (A#R%&fF - 1,2,3%)
* Hole is free of voids.

« fLA A .

Acceptable - Class 2,3 (W[$:5254F - 2,3%%)

* No more than one plating void per test coupon or production
printed board, regardless of length or size.

* No plating void in excess of 5% of the total printed board thick-
ness.

* No plating voids evident at the interface of an internal conductive
layer and plated hole wall.

* Plating voids less than or equal to 90° of the circumference.

o B DRI IE DA S8 BN AR R A Z TIAS, T
WRKEEECRA.

o B2 A AN BN RIS 5 K 5%

< TENE TR 5 FLEEGE 2 (K S i e 0% 2 7

o B2 /N T AT I T K900

Acceptable - Class 1 (W% %14 - 14%)

* No more than three plating void per test coupon or production
printed board, regardless of length or size.

* No plating void in excess of 5% of the total printed board thick-
ness.

* No plating voids evident at the interface of an internal conductive
layer and plated hole wall.

* Plating voids less than or equal to 90° of the circumference.

o B HR I I DA B BN AR PR A 2 T34, T
[ASETPNA

o BB 2 A L BB s 5 K 5%

o TN 0 S AL S i T 2 7

o B2 /N T AT I T K 90°

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )
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3.3 PLATED-THROUGH HOLES — GENERAL (g&fL — &S0)

[ 3.3.10 Plating Voids (B§E%5iH) (£%)) )

Nonconforming - Class 1,2,3 (A#F& %4 - 1,2,3%%)
* Defects either do not meet or exceed above criteria.

AT Bl H_RIREKR

El3310c

Visual observations made on cross-sections only. ({3 G AEI F 74T H A %2
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3.3 PLATED-THROUGH HOLES — GENERAL (gL — =)

[ 3.3.11 Solder Coating Thickness (Only When Specified) (¥ EHREEEE (U4 HHEH)) ]

Solder coating thickness, when specified, shall be evaluated prior to thermal stress.

PR 2R AT HUE I, B AR ) R TR E

El3311a

0 C

>

F3311b

F3311¢

Note: For solderability requirements, see 5.1.

W XFFAEREEK, WS

Target Condition - Class 1,2,3 (H#R&4: - 1,2,3%)

* Solder coating thickness is uniform and covers etched land edge.
Exposed copper is not evident.

o PERRREZ R R 5 0 o AR R AL 2. BeA Wl 3R
o

Acceptable - Class 1,2,3 (W[#:% 4 - 1,2,3%)

* Solder coating thickness is uniform. Vertical (conductor and land)
areas may not be covered. No exposed copper is evident.

< BORRAE R )RR L), EIEEI (PARMRED W LOREE
o VAT WIS .

Nonconforming - Class 1,2,3 (FA%& & - 1,2,3%)
* Defects either do not meet or exceed above criteria.

 BEEATT O ) EIR TR .

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )
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3.3 PLATED-THROUGH HOLES — GENERAL (g&fL — &S0)

3.3.12 Solder Mask Thickness (FH 54 /i JE B )

Target Condition - Class 1,2,3 (AtR&fF - 1,2,34)
* Thickness as specified on procurement documentation.

o JEBERF O R SO RLE

33122

Acceptable - Class 1,2,3 (W52 54 - 1,2,3%%)

* Specified: The solder mask thickness meets the thickness require-
ments on the procurement documentation (cannot be visually

R/NERE, e E

i assessed).
o ATRNE N e BELJR TS JSE S v A SR SO ) SR P sk O fgaiid
AR,

F3312b

E3312¢

Nonconforming - Class 1,2,3 (F&F& 54 - 1,2,3%)
* Defects either do not meet or exceed above criteria.

BT el ) _EIREKR .

F3312d

El3312¢

Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )
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3.3 PLATED-THROUGH HOLES - GENERAL (g8 fL — &)

3.3.13 Wicking G&I%)

[#l3313a

E3313b

{HIEE 40, 0064 in

S B

El3313¢

Note: Wicking is measured from the laminate edge excluding the plating.

fi SNV NN RN TS UEE S v SR 9 N DR AT

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )
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Target Condition - Class 1,2,3 (HE&H - 1,2,3%%)
* No wicking present.

o B BUEIE .

Acceptable - Class 3 (W[4 %1 - 34%)
» Wicking does not exceed 80 pm [3,150 pin].
o O A 1 80um([3,150uin] -

Acceptable - Class 2 (W[#:5Z254F - 24%)
* Wicking does not exceed 100 um [3,937 pin].
o A I 100mm [3, 937Hin]

Acceptable - Class 1 (W[4 %14 - 14%)
» Wicking does not exceed 125 um [4,921 pin].
o WKL 125um[4,29 1 pin].

Nonconforming - Class 1,2,3 (A% & &4 - 1.2,3%)
* Defects either do not meet or exceed above criteria.

o BRBEANET £ BRI ER
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3.3 PLATED-THROUGH HOLES — GENERAL (g&fL — &S0)

3.3.13.1 Wicking, Clearance Holes (FEZifLATER)

Target Condition - Class 1,2,3 (AtR&fF - 1,2,34)
A  No wicking of conductive material into base material or along the
B — reinforcement material.

o BOA S HEMERE NFEM ST B sk RS ARSI .

F33131a

A) FEAE C) MARIAEA LS
B) )i D) EHHZ

Acceptable - Class 3 (W[5 &4 - 3%%)
* Wicking (A) does not exceed 80 um [3,150 pin]

» Wicking (B) does not reduce conductor spacing less than speci-
fied minimum on the procurement documentation.

< B (A AHEE80um[3,150pin].
< B (B AT B D 1K TSR SCA R E 1 /ML

Acceptable - Class 2 (W[5 %4 - 22%)
» Wicking (A) does not exceed 100 pm [3,937 pin]

» Wicking (B) does not reduce conductor spacing less than speci-

&133131b fied minimum on the procurement documentation.
< B (A AR 100um[3,937pin]
< B (B VA TR) 8D T A TSR S (¥ 5 /M

Acceptable - Class 1 (W[$Z %14 - 12%)
» Wicking (A) does not exceed 125 pm [4,921 pin]

* Wicking (B) does not reduce conductor spacing less than speci-
fied minimum on the procurement documentation.

o B (A) REIE125um[4,921 pin]
o B (B VA7 A5 ) BR 3D A TR S R 1 s /ML

Nonconforming - Class 1,2,3 (F&F& 54 - 1,2,3%)
« Defects either do not meet or exceed above criteria.

o BREEANET £ B0l ) IR KR

F33131¢

Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )
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3.3 PLATED-THROUGH HOLES - GENERAL (g8 fL — &)

3.3.14 Innerlayer Separation - Vertical (Axial) Microsection (W78 - BH (HiiR) SMIKN) |

Target Condition - Class 1,2,3 (H¥R&: - 1,2,34%)

* Direct bond of plated copper to copper foil. No evidence of inner-
layer separation (separation between internal lands and plating of
the hole wall) or innerlayer inclusions.

o WEH R ST WS, MEENES S (NEEER S
BEPEJZ M5y 85 BN 2244
Acceptable - Class 2,3 (W[$:52 %1k - 2,32%)

* No separation evident.
C BB

Fl3314a

Acceptable - Class 1 (W[4 %14 - 1)

« Partial innerlayer separation or innerlayer inclusions on only one
side of hole wall at each land location on no more than 20% of
each available land.

o AT HREAFRALIE R, AEANEIT R A20% MG A, HAESL
BEFR)— 0] LI DY J2 303 20 B B 2 T )

E3314b
Nonconforming - Class 1,2,3 (A% & &4 - 1.2,3%)

* Defects either do not meet or exceed above criteria.

o BRBEANET £ BRI ER

-

u
e

S - 1&-&?«&*

-
o TS
NI

:’:e'i;( ‘ «

i N

[
2
[

F3314c¢

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )
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3.3 PLATED-THROUGH HOLES — GENERAL (g&fL — &S0)

3.3.15 Innerlayer Separation - Horizontal (Transverse) Microsection (W25 - &F (KiR) SRIA) |

Target Condition - Class 1,2,3 (H¥R&M: - 1,2,3%)

* No separation between the internal layer and plating in the hole.
Direct bond of plated copper to layer foil copper. Line of demar-
cation caused by preferential etching of electroless copper
deposit.

AL R SR L (B . TR N A A
By DI A2 SR B A2 B 0 56 b 2 T T B o

Acceptable - Class 2,3 (W32 544 - 2,3%%)
* No separation evident.

A BB

33152
Acceptable - Class 1 (W[$:2 %14 - 14%)

« Slight line of demarcation and localized minor innerlayer separa-
tion that does not exceed specified requirements.

« AL 73 O BRI R N R385, (H R
SEMIER

FE13315b
Nonconforming - Class 1,2,3 (RfF& %M - 1,2,3%)

« Defects either do not meet or exceed above criteria.

* BREEANET 5 B0H ) IR R

&3315¢

Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )

120 20104F4 H IPC-A-600H-2010

www . bzTFxw.com



3.3 PLATED-THROUGH HOLES — GENERAL (gL — =)

3.3.16 Material Fill of Blind and Buried Vias (¥l/&5 S@fLiobikisage) |

Blind via holes should be filled or plugged with a polymer or solder mask to prevent solder from entering them as solder in the small holes
tends to decrease reliability. Incomplete via fill may result in printed board delamination due to the rapid expansion of entrapped air pockets
or flux contaminants during solder reflow processes. Requirements for buried via fill are listed below.

T ALY 1% 28 A Y s PE ERE AS BRI DA L BRI, TR /INL N A RER S BRI AT SE M o FLORIERGIN , ZERR AR A
AT A A B G M I K T SRR 2 )2 . Bl AL IR R R

ot
HUE () AR T | I

SRR TSN

LI e S s

Target - Class 1,2,3 (Hb#&MH - 1,2,3%%)

» Complete fill of blind or buried via with laminating resin or similar fill
material.

o /3 T AL 58 S I R Y IR B UHIE R KL

Fel3316a
Acceptable - Class 1,2,3 (W[3:% 54 - 1,2,3%%)
* At least 60% buried via fill with laminating resin or similar fill material.

o R AR BRI Fe b B 52 D SHE T 3B LI 60%

Acceptable - Class 2,3 (n[$:52 54k - 2,3%%)

* At least 60% fill for blind vias with an aspect ratio greater than 1:1 or as
specified in the procurement documentation.

JFARH KT 11K E WAL R DBIATE T 60% BT A R SR

BLE > 60% MIH{3E e

#l3316b

Note: Through hole fill requirements are AABUS.
e AL ASRZE SR i AT U7 R

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )
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3.3 PLATED-THROUGH HOLES — GENERAL (g&fL — &S0)

3.3.16 Material Fill of Blind and Buried Vias (cont.) (Bl/ESi@fLmbESESE (8)) |

Acceptable - Class 1 (W[$5% %14 - 14%)
* Buried vias completely void of fill material.

o B L 8 A A BIEM R

Nonconforming - Class 1,2,3 (FAfE& &M - 1,2,3%)
 Defects either do not meet or exceed above criteria.

AT S G IR DR

JIE < 60%

E3316¢

Note: Through hole fill requirements are AABUS.
e L AIEEE R TR P R A E

Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )
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3.3 PLATED-THROUGH HOLES - GENERAL (g8 fL — &)

3.3.17 Cap Plating of Filled Holes (MigZEfLAgz% 5 k)

When copper cap plating of filled holes is specified by the master drawing the following shall apply.
A7 A P R T A 2 PR PREIRCIE LI, B2 SR BT 285K

Target Condition - Class 1,2,3 (H#&4F - 1,2,3%%)

* Copper surface is planar with no protrusion (bump) and/or depression
(dimple)

o BZRIHEE, o (B RIMIEE (M5 .

E3317a

Acceptable - Class 1,2,3 (W[#:% 54 - 1,2,3%%)
6 WG - BRI * Separation of copper cap to fill material.
* No separation of the cap plating to underlying plating.

 Cap protrusion (bump) and/or depression (dimple) meets the dimen-
sional requirements in IPC-6012.

* Fill material within the blind via shall be planar with the surface within
+ 0.076 mm [0.003 in] unless otherwise specified.

* When cap plating is specified, fill material within the blind via shall
meet the dimple/bump requirements of [PC-6012.

* No voids in the cap plating over the resin fill.
o SR i 2 AL ZEAT R 3 1
oz c REEE S REEERE .

B B (PO R (U5 W ALPC-6012 IR B

cBRAES A RE, BN MRS 2R PR A
+/-0.076mm[0.003in] LA P

o« GRUE S AR, 5 AL IS ZERDRL B 24 35 2 IPC-6012 1 F) 1]
R AR LK

o SHZER i L R R A2 e A

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )
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3.3 PLATED-THROUGH HOLES — GENERAL (g&fL — &S0)

3.3.17 Cap Plating of Filled Holes (cont.) (AZEFLAIEFE R (£)) |

Nonconforming - Class 1,2,3 (A%F& %Mk -1, 2, 3%)
* Defects either do not meet or exceed above criteria.

BT e H_EIR K.

El3317¢

Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )
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3.4 PLATED-THROUGH HOLES - DRILLED (%% 7L — &57L)

Introduction (3|3)

This section identifies the acceptability characteristics for drilled PTHs. Although only two characteristics are identified (burrs and nailhead-
ing), good drilling is essential for a good PTH. The drilled hole wall should be smooth and free of burrs, delamination, burning, crushed insu-
lation, and protruding fibers. The hole should be perpendicular, round and not tapered. A poorly drilled hole may cause other problems that
have been described and characterized in other sections of this document. These problems are:

* Rough plating

* Nodules

* Plating voids

* Thin plating

* Plating cracks (hole wall, corner)
» Wicking (excessive)

* Hole size reduction

* Pink ring

* Blow holes in soldering

« Skip plating

The physical appearance of a particular hole will be affected by one or more of the following variables:
* Drill point angle

* Drill rotation speed

* Drill feed rate

* Drill sharpness

Nailheading is a condition which may develop during the drilling operation. Worn drills, improper speeds and feeds, and/or soft back up and
entry materials usually cause nailheading. The condition is acceptable for all classes.

AR B AU AL B AL AT 2 e e . BURAUIE T BRI CRIRNET k), (H RGP ROAS FLE U0 B9 FLIG oSt . B FLINAL
BENAZO I BB BRI 02 bl Mgl Ros M ardess . fUNViZRE . B . 205Ul ges i e vr 2
B, XS O AT ARSI S T AT TR S UL . X )

Y ik

gy

o PEJE A

o B v

- BERAE CFLEE. B

B G

o fLARIIN

R AR

o JEEI HILAAL

« B

AL ER S 2552 LR — T8 2 TUAR S (¥ 510 -

BRI

o Bl S

o B SIER R

o BEKBURIRE o

BT S B FLIE R T A= AR 0 FleIR L e AT SO 2 TR SR BB ANE M0 SOl R, R (B IEBL, S5 BOb R %
TSR o SXFPAE O A GO A TR 1
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3.4 PLATED-THROUGH HOLES - DRILLED (¥§& L — &57L)

3.4.1 Burrs (E#l)

Target Condition - Class 1,2,3 (H#R%&4k - 1,2,3%%)
* No evidence of burrs.

« BB .

Acceptable - Class 1,2,3 (AI3:5% 544 - 1,2,3%%)

* Burrs are acceptable for all classes provided they do not reduce hole diameter or plat-
ing thickness below required minimums.

o RUBRATATFLAR B ) B /N 2R A T LR IR ds /M, B T A 4001 7™
AR P2 I

Fl341b

Nonconforming - Class 1,2,3 (& & - 1,2,3%)
* Defects either do not meet or exceed above criteria.

o BRBEANET £ BRI ER

El341c

Visual observations made on cross-sections only. ({6} B 5P F3E47 H W EE )
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3.4 PLATED-THROUGH HOLES - DRILLED (#% L - &fl)

3.4.2 Nailheading (4T3k)

No evidence exists that nail heading affects functionality. The presence of nail heading may be considered an indicator of process or design
variation but is not a cause for rejection. Consider evaluation for glass bundle damage.

B UESE R I ET SR 258 M T BE o 1 Sk R R 404 R s e v 32 S, (AN REAE  4E RO BE o 7T 25 R VAl BB 2T 4 R A 453475

Fl342a

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )

IPC-A-600H-2010 201044 H 127



3.5 PLATED-THROUGH HOLES - PUNCHED (g%l - mfl)

Introduction (3|3)

The figures below depict a punched hole and a punched and plated hole in a reinforced laminate. The figures show the characteristics which
may be exhibited in a punched hole. Punched holes may appear different than drilled holes. Drilled holes have straight wall geometry while
the geometry of punched holes will vary from straight to those seen in the figures. The difference in the hole characteristics are attributed to:

* Laminate type and thickness * Design of punch and die * Processing techniques
e Thickness and type of cladding * Tool maintenance

The laminate type is very important in determining its punchability. Laminates in which all the base material is woven fabric are difficult to
punch. The composite materials utilizing a woven fabric top and bottom sheet and a random fiber internal mat are easily punched and the
straight wall geometry of the drilled hole can be approached. Punch and die clearance and sharpness are also important when a straight wall
is desired and a small flare is required. The amount of flare, foil burr, foil intrusion, laminate bulge, and laminate rollover seen in the figures
do not necessarily degrade the plated-through hole quality and are acceptable for all classes provided other requirements are in compliance
with the performance specifications and the engineering description.

T P I A 4 i s B F L S b LB FLIOS DL o R IR T ph AL T RE R BLIAFE . pPALANW AT REANTH) Tl B
FLALEERA T H R LATEAR, T LIANE 2 U B R FLEERISRALLT B P o BT 2R & A A . b L R BUAS RIS AE A
T

o JRIHRAISE I KR L 5 ERUIE S RLL b a7 o ITHEAR.
o B E IR J5 5 SR 2 « THE %Y

J2 AR R IR e T b PR R AR H B R 3R o B A g SR B AT B2 AR MEEAT AL o RIBSEAT R 2 b T i v ) e
AASTEN B FELT YR AR AR 55 T oL, RN RETS SIS SUISRE (28 ELAOFLAE . 2 01545 3] 28 FLALBE S0 IVHE VI
Pk 5 PR TR B AR B A PR R AR . phfLJS B T O HE . BB TEHEA L FERON . IR IL AR,
SER 7 FUE T TAT  PERE NG TREUE WK 2R, HLHR B SBEAT PR ALK BN, DU Ay 0 7= i B4 52 T B2 1 o

LT

ik

Dmin 2

S

223l

D

‘ /ﬁﬂ?ﬁ%ﬁﬂ

AT

—

t—>

¥ 4

D AL EAE
‘L— Hn _ = v ( N T =
{\‘_ qu:ffﬁ_" B

X y

VH

FE35a whil E3sp  ahfLgEE L

Although burrs and fibers can also be associated with the straight wall geometry of a drilled hole, the concepts of flare and intrusion relate
specifically to punched hole formation techniques. An intrusion of copper foil within the punched hole can result from excessive punch-to-
die clearance or a dull punch. Tapered flare or breakout is a normal condition on the exit side of a punched hole and may be caused by the
stress generated within the laminate during hole formation. The degree of flare can be controlled through variations in punch-to-die clearance
and other operating parameters.

SR AL FLEE by BB 5 B ET o, (R O A 0 AR 5 ph FLSOTE R % phfLP SRS A T REHIN Tk 3k 5
PR ) () 1R Bk K sl S KB g A b LA E 1 o S TR SRR AL AR IE B S, S D T RS FLISTE I AEROR A 7 A 1 73 T
TR HE R AT DU 5 S B A ] 5 S L n T2 H0n A
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3.5 PLATED-THROUGH HOLES - PUNCHED (g% 4L - mfL)

3.5.1 Roughness and Nodules CHLEE B fn&5iai)

Target Condition - Class 1,2,3 (HE&H - 1,2,3%%)

* Plating is smooth and uniform throughout the hole. No evidence
of roughness or nodules.

o BASFLIOB 2P T2 AT RLRE S RIL 52

Fl351a
Acceptable - Class 1,2,3 (a[3:%Z 544 - 1,2,3%)

* Roughness or nodules do not reduce plating thickness or hole
diameter below minimum requirements.

o FELRE BRE TR VAT TR R T3 P A LAR Bl AR T e N 2K

Nonconforming - Class 1,2,3 (F%& &4 - 1,2,3%)
* Defects either do not meet or exceed above criteria.

BT A O ) RIR TR

E351¢

Visual observations made on cross-sections only. ({6 B ¥ F 8E4T H A M EE )
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3.5 PLATED-THROUGH HOLES - PUNCHED (g%l - mfl)

3.5.2 Flare (#N)

Target Condition - Class 1,2,3 (H#&4M4: - 1,2,34)

* Hole exhibits only slight flare and does not violate minimum
annular ring requirements.

o SO BRI HE 1 BRI B N R S8 2K

Fel352a
Acceptable - Class 1,2,3 (a[#:% %4 - 1,2,3%%)
* Hole exhibits flare but it does not violate minimum annular ring

requirements.

< SLEDUER, (HARAT I St DA 98 2R

Nonconforming - Class 1,2,3 (#fF& %4 - 1,2,3%%)
« Defects either do not meet or exceed above criteria.

* BREEANET 5 B0H ) IR R

[El352¢

Visual observations made on cross-sections only. ({6} B 5P F3E47 H A WS )
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4 MISCELLANEOUS (Hfid:RkR)

[ Introduction (3]3%) j

This section provides acceptability criteria for several special printed board types. The distinctive features of these special printed board types
require supplementing the general acceptability criteria. For each special printed board type, this section outlines where and how the general
acceptability criteria are supplemented. The special printed board types are:

* Flexible

* Rigid-Flex
* Metal Core
* Flush

AT JURPRF RS K BV AR SR 04 1 T S 3 MR o S SR RS BV TRIAR (XA LU P 205K, AR T B0 e ) 2 SN T b 78 45 T
SE o KT ARFEF RS RIAOR G, AT i H A P 46 SO I (R T A8 S AR A T e IXSE R BRS I BGE «

* PErEAR

* RIGerER

AN

* TR
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS (¥ K Wil¥e it Epifil b))

[ Introduction (3]3%) j

This section covers the acceptability requirements specific to flexible and rigid-flex printed boards. Parameters not covered in this section are
to be evaluated using the other sections of this document.

The numeric type designator for flexible and rigid-flex printed boards differs from that of rigid printed boards. The various types for flexible
and rigid-flex printed boards are defined as follows:

Type 1 Single-sided flexible printed boards containing one conductive layer, with or without stiffeners.

Type 2 Double-sided flexible printed boards containing two conductive layers with PTHs, with or without stiffeners.
Type 3 Multilayer flexible printed board containing three or more conductive layers with PTHs, with or without stiffeners.
Type 4 Multilayer rigid and flexible material combinations containing three or more layers with PTHs.

Type 5 Flexible or rigid-flex printed boards containing two or more conductive layers without PTHs.

The types referred to in this section on flexible and rigid-flex printed boards will use the definitions above.

The physical requirements for folding flexibility and flexibility endurance are not described in this document. If required by the procurement
documentation, refer to IPC-6013 for details.

AN T HEPERNIGErE BRI AT B2 MR ER . AR R B TR AR LB B RV E -

PEAN WIS BN AR 2 7RIS L5 IR ENIAGR ANFTRR o BErEATAGE I B ARIAR 807 S AR 52 SR
1R W2 T R B i B2 e, A7 B B AR .

2R WE R T HZ OBTRIEXUM BN Lk, AL A sBcA B R .

3R EH =R R LSRRG 2 R NI, AP AL A AR

AR B SRR U E R RZ NI RS EAR AL 1 AT AL

SRUBR W P2 EN)E DL SR e SN PR BN i ik, BT BE AL

AT FRBRIEANAI G BN AR S AR R i e S

AT ARW K Ar B B RN Sk M B R . WRIE SO AT K, R 25Kk 2 LIPC-6013.
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS (¥ K WlEe it Epifil b))

[ 4.1.1 Coverlay Coverage - Coverfilm Separations (B%EH % - HEE2H) j

Imperfections such as wrinkles, creases, and nonlamination are acceptable provided they do not exceed the limits for foreign inclusions in
2.3.4 and the limits below.

R PTIRAEEE B 2 SR, AR IR BRI & 2.3. 410 SRR ITR DRI R, H2 nT 32 11

Target Condition - Class 1,2,3 (H#R&AF - 1,2,3%)
* Uniform and no separations or delamination.

» No wrinkles, creases or soda strawing.

B2 BT B )

« TCARE PR AR

FE411a

Acceptable - Class 1,2,3 (W[#:% &4k - 1,2,3%%)
Delamination and nonlamination meets the following criteria:

» At random locations away from conductors, each separation is no larger than
0.80 x 0.80 mm [0.0315 x 0.0315 in] and is not within 1.0 mm [0.0394 in] of
the printed board edge or the coverfilm opening.

* The total number of separations does not exceed three in any 25 x 25 mm

Fel411b [0.984 x 0.984 in] of coverfilm surface area.

* The total separation does not exceed 25% of the spacing between adjacent con-
ductors.

* No coverfilm nonlamination along the outer edges of the coverfilm.

Oy BRIA R A DL R AR

o (EE 25 AR IBENL AL S, BEAL Y 5AKT-0.80x0.80mm[0.0315inx0.0315
in] FLANAE PR AR 12 5578 25 BT 1 1.0mm[0.0394in] 0 Fl Y

o JE 7 5 IR T AE - 25mmx25mm[0.984inx0.984in] (1 X IR A, 73 B B AUR
B34

o G BRI BT A R A AT S AR T BE 1125 %

o VR a5 MBS A S 2k 1) 7 2 MV AT R BRI A

Nonconforming - Class 1,2,3 (RAfE& %M - 1,2,3%)
 Defects either do not meet or exceed above criteria.

o BREAANT BRI ER .
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS ($¢k: K Wil¥e it Epifil b))

[ 4.1.2 Coverlay/Covercoat Coverage — Adhesives (F%ZIE 52N % — K5EH) ]

The covercoat coverage shall have the same requirements as the solder mask coatings in the rigid printed board section of this document. This
section covers the acceptability requirements for coverlay coverage including squeeze-out of adhesive over the solderable land area and foil

surface.

T8 5 )2 PR P e TR B 2 55 A ST r WA BRI 5 R 0 BEL TR S22 (R S SRAT ) o ARV 78 185 )22 108 i ] e M R A Tl

FELMVR 2 T35 Hh AR R

[ 4.1.2.1 Adhesive Squeeze-Out — Land Area (% Xk 795 ) j

KL
AL

Jua oL

41212

=yt

R PR AR DX

Fl4121b

134

Target Condition - Class 1,2,3 (H#&4F - 1,2,3%%)
* No unwanted material on land area.

o PREE DT 2RI R

Acceptable - Class 3 (W[4 %1 - 3%%)

* A 0.05 mm [0.00197 in] solderable annular ring for 360° of the
circumference.

o [& JH360°35 H 9 45°0.05mm[0.00197in] 55 1 7] 4 LR .

Acceptable - Class 2 (W[4 %14 - 24%)

* A 0.05 mm [0.00197 in] solderable annular ring for at least 270°
of the circumference.

o 5 & 2 /270°35 Fl 4 40.05mm[0.00197in] 5 1) i) LR

Acceptable - Class 1 (W[5 &4 - 14%)
* A solderable annular ring for at least 270°0of the circumference.

o 15 & 22 2 270° 56 il A T R ALER

Nonconforming - Class 1,2,3 (RfE& %M - 1,2,3%)
* Defects either do not meet or exceed above criteria.

AT A O EIREDR .
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS (¥ K WlEe it Epifil b))

[ 4.1.2.2 Adhesive Squeeze-Out — Foil Surface (M mkiH:AIH i) ]

Target Condition - Class 1,2,3 (H¥R&M: - 1,2,3%)
Y * No unwanted material on foil surface.

o HTEAR T BAT 2 AL

Acceptable - Class 3 (W[4 %1 - 34%)
70 um foil and below: (3 F70pum LA FHISHE: )

* <0.2 mm [0.0079 in].
* <0.2mm[0.0079in].

Above 70 pm foil (3 F7oumbA LHI5E:)
|——-| *<0.4 mm [0.0157 in] or AABUS.
* <0.4mm[0.0157in] = Hh 55 X7 B 4 E

41222 Acceptable - Class 1,2 (W% %4 - 1,24)
70 um foil and below: (3T 70umB LA FHIH: )

+<0.3 mm [0.0118 in]
« <0.3mm[0.0118in]

Above 70 um foil (¥ F70pumEA EHISE: )
* <0.5 mm [0.0197 in] or AABUS.
* <0.5mm([0.0197in] =k f AL 55 XUy By B i 5

El4122b

Nonconforming - Class 1,2,3 (AfF& %4 - 1,2,3%)
* Defects either do not meet or exceed above criteria.

« GRS EGE H ER TR
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS ($¢k: K Wil¥e it Epifil b))

[ 4.1.3 Access Hole Registration for Coverlay and Stiffeners (JLgifHL5 B %R RRMBEMEAR) }

In cases where anchoring spurs are attached to the lands, they shall be lapped by the coverlay.

A AT REREI ) B R A

PR

ABAL

Fl413a
Juas L

¥
413D
Fl413¢
136

Target Condition - Class 1,2,3 (H#%&M: - 1,2,3%)
* Meets nominal registration.

* WA E A LK.

Acceptable - Class 3 (W[4 %1 - 3%%)
* Coverlay or stiffener does not extend into the hole.

* For supported holes, a solderable annular ring of 0.05 mm
[0.00197 in] or more for the full circumference.

* For unsupported holes, a solderable annular ring of 0.25 mm
[0.00984 in].

o T8 it J O SR AR A AT SE AR ALY

NS T I HEAL, AN BT R AL IR S5 T 3K T 0.05mm
[0.00197in].

< X FAE AL, TTHALIF AR/ T-0.25mm[0.00984in].

Acceptable - Class 2 (W[#:5244F - 24%)

* Coverlay or stiffener does not extend into the hole.

* A solderable annular ring for 270° or more of the circumference.
o B 2 e BB IR =LA

o [ K F 55270030 Bl N A1 AT AR LR

Acceptable - Class 1 (W[4 %4 - 14%)

* Coverlay or stiffener does not extend into the hole.

* A solderable annular ring for 180° or more of the circumference.
o 7 i J2 Y AR B AT ST AL

o JAA R4 180030 il P A T 45 LER

Nonconforming - Class 1,2,3 (A& %M - 1,2,3%)
* Defects either do not meet or exceed above criteria.

o BREEANT B0l IR ER .
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS (¥ K WlEe it Epifil b))

[ 4.1.4 Plating Defects (BEJ2HLFH) }

Target Condition - Class 1,2,3 (HE&H - 1,2,3%%)

* Plating is uniform and meets the minimum thickness require-
ments.

* No defects of the plating or base material present.
o PR B — B HW L i N B R
o B2 IR AR BRI

Acceptable - Class 1,2,3 (A[3:% 544 - 1,2,3%%)
» Minor defects present but meet the minimum requirements:
a. Slight deformation of base material and minor smear.

b. Adhesive or dielectric filament with small nodule, but copper
thickness meets minimum requirements.

c. Localized thin and non-uniform plating; copper slightly thin
over one corner and minor extrusion of base material, but cop-
per thickness meets minimum requirements.

o MBUVETEREE, (EI L B /NEDK
a. M BEHARTEIA D BTG
b. ol 12 ) B A AN 22 A /N IR SR, R T R AL R/
c. BRI m A S o AN A E R AR
VBRI, (E 5 i A i /N 2K

Nonconforming - Class 1,2,3 (A& &4 - 1,2,3%)

* Defects either do not meet or exceed above criteria and/or the fol-
lowing:

d. Adhesive filament causing cracks in plating.

e. Nodules, extrusion and deformation of base material violate
minimum hole size requirements.

f. Plating violates the minimum thickness requirement.
g. Circumferential voids.

o BRBEAFT & Bl ) LRk
d. REHEAN 2238 R 2 548 s
e. FEMIMEER . AR B R T BN LR EER
£ PR T SN R K
g. HIHOIR A o

FEl414c
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS ($¢k: K Wil¥e it Epifil b))

[ 4.1.5 Stiffener Bonding (58 HRXG3:) }

The stiffener is evaluated for mechanical support only by way of the test method listed below.

SUEREF SR 7 1200 389 3 AR AU P AT PP E

~— IE5RAR

4152

Acceptable - Class 1,2,3 (Stiffener) ([#:3Z 54k - 1,2,3% (¥R )
» Mechanical support is required; void-free bonding is not required.
* The stiffener does not reduce the solderable annular ring below the minimum solderable annular ring requirements.

« Peel strength between the flexible printed board and the stiffener, when tested in accordance with the method below, is a minimum of 1.4kg
per 25 mm [0.984 in] width when bonded with thermoset adhesive and 0.38kg per 25 mm [0.984 in] width when bonded with pressure sen-
sitive adhesive.

o ZORMUARSHE, AHANZER G ARG B

o B R BAT A VT SR ALER 1 B D> AR TR N R T K

o DaTk EP RIARRN S AR 2 ) (0 ) SR, 2% IR IR, A P ARG R AR BT ) 34 8 58 P B b 1.4kg/25mm([0.984in], A%/
S BEORE A2 751 B F 3] 12 58 58 $5¢ 11 24 0.38kg/25mm[0.984in]

Acceptable - Class 3 (Adhesive) (W% 544 - 3%%) (Rl

* The adhesive used to bond the stiffener does not reduce the solderable annular ring below the minimum solderable annular ring require-
ments.

* The total area of voids does not exceed 10% of the stiffener surface area.

* Each void does not exceed 2.5 mm [0.0984 in] in the longest dimension.

o FH TR R0 SRR PR P2 70 AR Ao vl AL IR 08 P il D AR T B N IR B 2K
o JSVAR) Al DX IA R T iR AR R 1 T AR 10%

o AN I () B RO AN 2.5 mm([0.0984in] -

Acceptable - Class 2 (Adhesive) (R[H:Z5&1kF - 24%) Chli:sm)

* The adhesive used to bond the stiffener does not reduce the solderable annular ring below the minimum solderable annular ring require-
ments.

« The total area of voids does not exceed 20% of the stiffener surface area.
 Each void does not exceed 2.5 mm [0.0984 in] in the longest dimension.

o JH TR G DIRAR FRU RG50S FLIR I o B D AR T e N IR s 2K
o S [ 23T DX S AR o 1 R A T T AR K120% o

o BRI 1) B K RST AR I 2. 5mm[0.0984in] o
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS (¥ K WlEeth: Epifilbi)

{ 4.1.5 Stiffener Bonding (ibraokii: (%)) j

Acceptable - Class 1 (Adhesive) (W35 - 14%) Chida)

 The adhesive used to bond the stiffener does not reduce the solderable annular ring below the minimum solderable annular ring require-
ments.

* The total area of voids does not exceed 30% of the stiffener surface area.

* Each void does not exceed 2.5 mm [0.0984 in] in the longest dimension.

o TR0 DR FRDRG 4 70 AT AR FLIA ) s B2 9 /D AR T e /N s 0K
o S TR IR DR A e e B iR R T T AR KI30%

o BEAN AR 1) f K RST AR IE 2.5mm[0.0984in] o

Nonconforming - Class 1,2,3 (FfF& %M - 1,2,34)
* Defects either do not meet or exceed above criteria.

* AT G EIR DR

Test Method: Using a sharp instrument such as a scalpel or razor blade, cut approximately 10 mm [0.394 in] wide by 80 mm [3.15 in] long
through the flexible printed board to the stiffener so that approximately halfway through the peeling operation the sample will be perpendicu-
lar to the pull. Pull at a rate of 50 + 6.3 mm/minute. Take readings at the beginning, middle, and end of the pull, and average the reading for
acceptability.

Wikdrik: PRI TR, el T epIZn R, WA B L AT SRR S DD — 2 9849 04 10mm[0.394in] . KZ57480

mm[3.15in] [RGB, PR AE S B 5 M E AT R — 21 A o 5 B W 5 ) LA o S5 (P03 5 20 506.3mm/min. 763 B AE
FIFFEE A2 R R I, A D0 S5 - A i o Az
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS ($¢k: K Wil¥e it Epifil b))

[ 4.1.6 Transition Zone, Rigid Area to Flexible Area (P X 85 Bt X sk iyt X)) }

The transition zone is the area centered at the edge of the rigid portion from which the flexible portion extends. The inspection range is lim-
ited to 3.0 mm [0.12 in], about the center of the transition, which is the edge of the rigid portion.

RLPEDC LR BB B AL S o e o KRBV L) PR T 1L DI ot CEINIPE Be il ) MEZ3mm[0.12in] P o

R SRR B

—| |*=—1.5mm [0.0591 in]

— <~— 3.0mm [0.12 in] (A¥TEHED
— | A X

Fl416a

Acceptable - Class 1,2,3 (a[$:Z 544 - 1,2,3%)
» Adhesive squeeze-out.

* Localized deformation of dielectric or conductors.
* Protruding dielectric material.

o BRI o

o P TECRAR IR AL TE .

« AR o

l416b
Nonconforming - Class 1,2,3 (RF& %4 - 1,2,32%)
* Defects either do not meet or exceed above criteria.
o BRBEAFE G B H FIAEK .
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS (¥ K WlEe it Epifil b))

[ 4.1.7 Solder Wicking/Plating Penetration Under Coverlay (%2 FEIFR SR/ R 5iE) j

Target Condition - Class 1,2,3 (H#R%&M: - 1,2,3%)

* Solder or plating on land covers all exposed metal and stops at
coverlay.

* Solder wicking or plating penetration does not extend into the
bend or flex transition area.

o SAE B AR B R S T A AR R I TR R
o FRORFESIE B S22 AR A A 23 25 o sl P I DXk

Acceptable - Class 3 (W[5 54k - 34%)

* Solder wicking/plating penetration does not extend under cover-
lay more than 0.1 mm [0.004 in].

* Solder wicking or plating penetration does not extend into the
bend or flex transition area.

» Meets conductor spacing requirements.

o PRBLEIR /2B B AR 7 )2 T AN IE0.1mm([0.004in] .
o FORRESIE B 2B WA SR 2275 il Bk R I X 3

o i AL AR LR

Acceptable - Class 2 (W[4 - 24%)

* Solder wicking/plating penetration does not extend under cover-
lay more than 0.3 mm [0.012 in].

* Solder wicking or plating penetration does not extend into the
bend or flex transition area.

» Meets conductor spacing requirements.

< SRR B R B B AR R T SE R ANEIE0.3mm[0.012
in]o

o SRR B 2B B AT SE AR 2275 il BB R I I (X 3

« i AL TR R EDR .
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS ($¢k: K Wil¥e it Epifil b))

[ 4.1.7 Solder Wicking/Plating Penetration Under Coverlay (&R THEHGRIERSE (8)) j

Acceptable - Class 1 (W54 - 14%)

* Solder wicking/plating penetration does not extend under cover-
lay more than 0.5 mm [0.020 in].

* Solder wicking or plating penetration does not extend into the
bend or flex transition area.

* Meets conductor spacing requirements.

o JEORLS R BUE R 2 B A o )= T AN L 0.5mm[0.012
in],

o JRBLEIR B BB AT S A 2 A i ml R M I DX A

WL PR R K

Fl417¢
Nonconforming - Class 1,2,3 (AfF& %4 - 1,2,3%%)
* Defects either do not meet or exceed above criteria.
o BREEARFGEE Y FdREEsk.
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS (¥ K WlEe it Epifil b))

| 4.1.8 Laminate Integrity (EHEHR5:EM) )

This section shows the voids and cracks that may be present in flexible or rigid-flex printed boards. The requirements for the flexible portion
differ from the rigid-flex portion and are defined in the text even though only a rigid-flex section is shown.

AR PRIE S HR EN IR _E AT RE L) A AR EE . Bk 03 1 R S WITBRED RIS AT BT AN, RV I 7 T I B o 2
7y, AHIESONBErEENHIZ iR T HE -

ElEaES

PRIEX

. } KX

L : e
.08mm —— ~— (.08 mm —
[0.0031in] : : [0.0031in] : |
i D | o LED I
1 1 | 1
: 9 R X : ! 9 LBV X ;
WK —— — WX ——
ZHIX o RIER ZHIX
X =
AT
El418a
Notes:

1. The thermal zone extends 0.08 mm [0.0031 in] beyond the end of the land that is most radially extended.

2. Laminate anomalies or imperfections in Zone A areas are not evaluated on specimens, which have been exposed to thermal stress or rework
simulation.

3. Multiple voids or cracks between PTHs in the flex area and in the same plane shall not have combined length exceeding the limit.

i

1. X ST N Z BANZ P 5 A B R AL 2 0] 2 AR ZEfH0.08mm[0.003 Tin] BT A5 f X 42K
2. X B2 BN IR AR TR AR, A P H A 2 AR S BRI AN E VA
3. FERRMERIS N [A]— )2 H S LA AN 2 s g%, H BB B A I 24588 0 PR

Target Condition (H##%M)
* No laminate voids or cracks.

o Jo )2 He i i n 54 .
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS ($¢k: K Wil¥e it Epifil b))

[ 4.1.8.1 Laminate Integrity - Flexible Printed Board (ZHtR5c#t: — Sk EHIR) }

HE )2
ﬁj/ HAE
r 1 1 1 ﬂ 1
1
1 1 1 1
%WE< ; - -— e e
1 1 1 1
1 1 1 1
| | R | | | R | R | |
- 1 1 1 1
e A - | SRR — :
0.08mm —, < 0.08mm == g R

[0.0031in] , — | [0.0031in] , X
OB D . L OLED .
! A R X ! ! 19 5 R VX !

1 < ”Af/ R 1 | —— //A» R

ZHIX L RIERC ZHX

VR )
1 "B X 1
Fl4181a

Notes:
1. The thermal zone extends 0.08 mm [0.0031in] beyond the end of the land that is most radially extended.
2. Multiple voids or cracks between PTHs and in the same plane shall not have combined length exceeding the limits for all classes.

e
1. B2 HNX TR PN J2 540 2 B 4 A R 12 2547 1) SE 110,08 mm{[0.003 1in] AT A2 75 1R Xk
2. WFIEEAN N, AR JE M AL 2 A a4, L BB A B G R e T PR AE

Target Condition (H##%1F)
¢ No laminate voids or cracks.

o IR I B .

Acceptable - Class 1,2,3 (A[$:% 544 - 1,2,3%)
* Laminate voids or cracks are not evaluated in Zone A.

» Laminate voids or cracks in the flexible printed board do not exceed 0.50 mm [0.020 in] in Zone B.
o AX P2 s ] BRALBEANEVTE

o PPEEN T R B AR BIX R (1))2 T 2 5 4 4N 3L 0.50mm[0.020in]

Nonconforming - Class 1,2,3 (R84 %M - 1,2,3%)

 Defects either do not meet or exceed above criteria.

GRS EGE T IR K.
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS (¥ K WlEe it Epifil b))

4.1.8.2 Laminate Integrity - Rigid-Flex Printed Board (2HbRi5c Bt - HIEEPEEN TiR)

12 L
EiE

LA R
L% 2)

JZ B
LiE 2)

} ML

\

1
! N
1
PetkIX - \ Gy Sk LA
I / R 2)
- e
1
! 1 1 : 1
BERAAE | VR B B :
0.08mm — ' «—0.08mm — —— | .
[0.0031in] X ' [0.0031in] : | [0.0031in]
QLD X pouED | )
I S P EAT IX . N L BT X .
[ VK | —— [k ]/
' EZITS ! ! S
L ORIER
=T X =1
! '
41822

Notes:

1. The thermal zone extends 0.08 mm [0.0031 in] beyond the end of the land that is most radially extended.
2. Multiple voids or cracks between PTHs in the flex area and in the same plane shall not have combined length exceeding the limits for all classes

Y

e

1. ZIIXIEFE A JZ 504N 2 AR I 5E A A 14 2542 1) ZE{410.08mm{[0.003 1in] T 415 [ X 1k
2. KT T HOrT S, AEBRPEXE A R JZ T A AL G 2 A2 g, I R A B Y8 R R PR AR .

Target Condition (H#R&M)
* No laminate or adhesive voids or cracks.

o OS2 HAR SOt ) I B 4

Acceptable - Class 2,3 (W:% %44 - 2,34)
* Laminate voids or cracks are not evaluated in Zone A.

» Laminate voids or cracks that originate in Zone A and extend into
Zone B or are entirely in Zone B, in the rigid portion of the printed
board, are not in excess of 0.08 mm [0.0031 in] in Zone B.

 Adhesive voids or cracks that originate in Zone A and extend into
Zone B or are entirely in Zone B, in the flexible portion of the
printed board, are not in excess of 0.5 mm [0.020 in] in Zone B.

« AR AR A AR

o LEENHIBRMITERS Sy, AR IES 2IBIX 5058 4 7EBIX ()2 He
i 2 1 ok 24 4% AN 310.08mm([0.003 1in]

« FEENRIBCHENE 7, A SES RIBIX 858 4 AEBIX H [RRH%
7172 I 3344 AN 8 1 0.5mm([0.020in] .

IPC-A-600H-2010

201044 H

Acceptable - Class 1 (W[$:5Z2 54k - 14%)
» Laminate voids or cracks are not evaluated in Zone A.

 Laminate voids or cracks that originate in Zone A and extend into
Zone B or are entirely in Zone B, in the rigid portion of the printed
board, are not in excess of 0.15 mm [0.00591 in] in Zone B.

* Adhesive voids or cracks that originate in Zone A and extend into
Zone B or are entirely in Zone B, in the flexible portion of the
printed board, are not in excess of 0.5 mm [0.020 in] in Zone B.

« AR A B A ANEVEE o

o TEENHIAR WP 4, A ZEfH B X B8 7EBX 2 &
A B S AN L0.15mm[0.00591in] .

o TEENTHIBR ettt 7, A LEAH 2BIX B 56 2 7EBIX H KL%
314 VR B4 AN HE 122 0. 5mm([0.020in] -

Nonconforming - Class 1,2,3 (#AfF& %4 - 1,2,3%)

* Defects either do not meet or exceed above criteria.

BB O R EEK .
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS ($¢k: K Wil¥e it Epifil b))

4.1.9 Etchback (Type 3 and Type 4 Only) (il (f{3%IFu4RI4R))

R
HifELk

/0. 003mm

WA [0. 0001181in]
s A
LFE]
BRI 9535 05
RIHEA 5 R () o S [ i B
b SOV I AR
eI )0L
B S e
bR k5
kel
Perbh R NI
0. 08mm[0. 00315in]
£ s B IREED
v (hImsEaEA]D
o I
Tk

Fl419a

Note: Due to various materials used in the construction of rigid-flex printed boards, varying degrees of preferential etchback are exhibited among
the various materials.

e RIS IR G AR ARSI, 2 Fobp ek 0 v e 1 e R P B 2 AN Tl

Target Condition/Acceptable - Class 1,2,3 (HF#&EmI$2 514 - 1,2,3%%)
* Etchback between 0.003 and 0.08 mm [0.00012 and 0.0031 in].

 Shadowing permitted on one side of each land.

o Ml E £E0.003mm[0.00012in] A10.08mm[0.003 1in] 2 [f1] »

o SCVFREME LI — DU BRIk B 5

Nonconforming - Class 1,2,3 (A% & &4k - 1,2,3%)
 Defects either do not meet or exceed above criteria.

« BREAANGT A BRI ER .

Caution: Etchback greater than 0.05 mm [0.0020 in] may cause folds or voids in the plating, which then may not meet the required copper
thickness.

HER: K T0.05mm[0.0020in] I[P AT BELTE P2 Pt i B sl (R Tl REAS R a2 KR A4l 5
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS (¥ K WlEe it Epifil b))

[ 4.1.10 Smear Removal (Type 3 and 4 Only) (F&ki5 ((X3BIF4KI4R) ) }

Smear removal is the removal of debris that results from the formation of the hole. Smear removal should be sufficient to completely remove
resin from the surface of conductor interface.

LG RER BAESUTE BN P R OIS o 5 N AL L 5E Ak 2 3 PR S T R i OB I -

BhifL
FLifEL

FL AR A

WITEA 5T §
R
NIPES T
Perks i
DerER A
i
PRI FE 71
PerEA
PerERb

2N

QX4 AT /W )i =)

I KA B 18 0 A W) Fevr
RN PR PRE eV R A
BhFLHTEL O
Clhits 58 4 st D)

R/
(ARG LT IR
- NS ]

0. 025mm[0. 001in]

(B LBRITFED

(L Z5e 4 DD

41102

Note: Smear removal is not required of Type 1 or Type 2 flexible printed boards.

e X IRM2 BB BRI, AR ERT .

Target Condition/Acceptable - Class 1,2,3 (HAR& I8 & 4F - 1,2,3%)
* Smear removal process not etched back more than 0.025 mm [0.001 in].

* Random tears or gouges that produce small areas where the 0.025 mm [0.001 in] depth is exceeded, provided dielectric spacing is main-
tained.

o JENE AR A B 1 0.025mm[0.00 1in] »
o LE LA TR EE AR5 00T, /NI 2B 7R FE B 0,025 mm{[ 0.00 1in] (14 B A LA 24 ol ot 4 2 mT 4252 110

Nonconforming - Class 1,2,3 (FfE& %M - 1,2,3%)
 Defects either do not meet or exceed above criteria.

* AT & G EIR DR
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS ($¢k: K Wil¥e it Epifil b))

[ 4.1.11 Trimmed Edges/Edge Delamination (VL& h% 02 ) j

Pl4111a

Pl4111b

El4111c

buiks S 2

Pl4111d

148

Target Condition - Class 1,2,3 (AtR&fF - 1,2,34)
* Free of nicks and tears. Minimum edge to conductor spacing

maintained.

* The trimmed edge of the flexible printed board or the flexible
section of the finished rigid-flex printed board is free of burrs,
nicks, delamination, and tears.

* ok FURNNERE 3 A RO 21 S AR (1 B/ TR B

o T B A B 2 58 T WIBEEN AR BRI B K R DI 2 B
R sk, R

Acceptable - Class 1,2,3 (a[#:% %4 - 1,2,3%%)

* No nicks, burrs or delamination in excess of that specified in the
procurement documentation.

* No tears in Type 1 or Type 2 flexible printed boards.

* No tears in the flexible portion of Type 3 or Type 4 flexible
printed boards.

* Nicks and tears that occur as a result of tie-in tabs to facilitate cir-
cuit removal as AABUS.

* Edge to conductor spacing of the flexible portion is within
requirements specified on the procurement documentation.

* Nicks or haloing along the printed board edges, cutouts, and
unsupported holes of the rigid portion of a rigid/flex printed
board, providing the penetration does not exceed 50% of the dis-
tance from the edge to the nearest conductor or more than 2.5 mm
[0.0984in], whichever is less.

o BO . BRI R B BRI SR

o 1 RFI2 Btk C il AR A R 1 o

o 3BUFIAT Ba: E AR Y Bet: BECH 1 .

o 0T PRI e e 1 S A i A 1 3 XU B
fifi o o

o PR BRI ) S A 1) BE AR SR SCAH R 52 B4 2 SRS LA

o VR ENTHIRR AR L DRI et B0 b 1 B b Al Sz AL A ifF
i ez, N AN R ) S S AR TR B 1R50%,
B ANHEIE2.5mm[0.0984in], HUP A /ME

Acceptable - AABUS (W[$:3Z %4 - thit T 0I5 th i #ie )

* When nicks and tears occur as a result of tie-in tabs to facilitate
circuit removal, the extent of these imperfections does not exceed
the requirements agreed to by user and supplier.

o SR ORI 12 b O IR B L e B Sknn AR, X
SEE PO T S AR Fhy (P A5 X5 P 8 1 A PR K
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS (¥ K WlEe it Epifil b))

[ 4.1.11 Trimmed Edges/Edge Delamination (cont.) (¥ A% N E (£)) j

Nonconforming - Class 1,2,3 (A#F& &4k - 1,2,3%%)
 Defects either do not meet or exceed above criteria.

o BREEANTE £ O H_EIRER

BE4111e

4111
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS ($¢k: K Wil¥e it Epifil b))

4.1.12 Fold/Bend Marks ($7&/25 M%)

A fold mark is characterized by bending in a sharp angle as shown in Figure 4112a. A bend mark is characterized by a bend whose radius is
an obtuse angle, as shown in Figure 4112b.

P18 IR S HR U0 141127 735 1 LABE S £ J3E 25 I P R IR o 25l JIRIZE 2 G P14 1 12037 735 10 25t~ Ay ol A 3 P PR IR

Target Condition - Class 1,2,3 (H#R&M - 1,2,3%)
* Free of voids, scratches or foreign material.

s KA RIRBGNRIZRY .

Acceptable - Class 1,2,3 ([#:% %44 - 1,2,3%)

* The fold mark meets the requirements of 4.1.1 for coverlay cov-
erage.

* No fold marks along the conductor pattern.

* No cracks or opening of the conductor pattern.
* Bending marks.

o 7T B RN AL 4. 11 48 o 2 A 5 K

< WE PRETERA TS IRE.

« FEREIBBA RESTT O

o WA R

41122

Nonconforming - Class 1,2,3 (R4 %1 - 1,2,3%)
* Defects either do not meet or exceed above criteria.

* BREAANT 5 B0l ) IR 2K .

F4112b
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS (¥ K WlEe it Epifil b))

[ 4.1.13 Silver Film Integrity (#UE5e8dk) }

Silver film can be used for electro-static discharge (ESD) shielding in flexible printed boards. Scratches and voids may occur on the surface

of the silver film when the liner material is peeled away.

BUBERT FVEDRAE ENTRIRR A BRI (ESD) BRIUR o 48 o A4 ) 180 I SRR T v RE £ 7 ZE IR AN 2530

41132

E4113b

IPC-A-600H-2010

Target Condition - Class 1,2,3 (H#R&4: - 1,2,3%%)
* Free of voids, scratches or foreign material.

< KA RITRBGNRE 2 .

Acceptable - Class 1,2,3 (W[$52 544 - 1,2,3%%)

* Voids, scratches or foreign material do not exceed 5 locations per
side.

* Voids, scratches or foreign material do not expose metal under-
neath the silver film (exposed coverlay underneath is acceptable).

* Voids are less than 3.0 x 3.0 mm [0.118 x 0.118 in] in size.

* The width of scratches does not exceed 1.5 mm [0.060 in], and
their length does not exceed 50% of the length of the flexible
printed board.

* Touch up by black oil pen (see Figure 4113c).

o BRI AR RIRESPKRZS Y AN S AL .

« . RPREGNRE AR BRI PSR (REERR
HERE)

o 23 )~ /N 1-3.0x3.0mm[0.118x0.118in]

o RIJR 55 B AL 1.5mm[0.060in],  H A8 A i Bk BRI
KEM150%.
o H R AR TN (WE4113¢).
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4.1 FLEXIBLE AND RIGID-FLEX PRINTED BOARDS ($¢k: K Wil¥e it Epifil b))

4.1.13 Silver Film Integrity (cont.) (CAUEsc#YE (£2))

El4113c
Nonconforming - Class 1,2,3
AFE KA - 1,2,3%)
 Defects either do not meet or exceed above criteria.
o BPEAFF S BRI BRIk
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4.2 METAL CORE PRINTED BOARDS (&)@t i)

[ Introduction (3]3%) j

There are two types of metal core printed boards, both having one or more conductive patterns on each side of an insulated metal substrate.
Interconnection between conductive patterns is made with PTHs.

In the first type, for double-sided printed boards, the metal core is laminated on each side with single-sided copper clad laminate to form a
two-sided printed board with the conductors subsequently etched and plated by conventional printed board processes. For multilayer appli-
cations, additional etched internal layers may be laminated to the core or multiple cores. The cores may serve as a heat sink, a power or ground
plane, or as a constraining plane to decrease the coefficient of thermal expansion (CTE) of the printed board in the planar direction.

For this type, the cores are commonly aluminum, copper, or (for CTE control) copper clad invar or molybdenum. If the cores are not to be
electrically connected to the circuitry (as is normally the case with aluminum cores), clearance holes for PTHs are drilled or punched prior to
lamination and filled with an insulating material. Copper cores may be electrically connected through the PTH. However, copper clad invar
or molybdenum requires special processing to make acceptable electrical connections.

In the second type of metal core printed board, clearance holes are drilled, punched or machined in the bare core and it is then coated with an
insulating material by spray coating, electrophoretic processes, or fluidized bed techniques. The coating must be pinhole free and of the
specified thickness required to withstand electrical leakage and arc-over. After coating, the insulation is covered with electroless copper and
plated and etched to provide required surface conductors and PTHs. For this type, the core may be copper, aluminum or steel, and most often
acts as a heat sink or stiffener.

SRS IR, PRI AL — MR A2 G R IEM P AT REE . 5 R 2 A Ll e A AL
KB -

FEB— ARSI, 00U AR U, A <o a5 K 4 T2 s P 1 2 2 P AU TR J 0TI AR, 136 R o R PR BRI T 50Tk
ZIRBE R L. A Z RN, SAMRZIMNZ R ISR D eE S Z A em S L X m B B iR
SRR, B A i N ENRIBRCAE - TS ) AR R & (CTED Hmil=

X IX PR A R S BRSOk U, R RS 2 R e (R ERICTERI ) A4 DS FUAN SR . 2R B R A HL
BRI GRS OL I AT, W -5 LI R 2 FL A8 2 I 2 il FLekabh SLOF I G BN LABA TS o A <2 o vl LA
PP ALR SR R . (EURE S 7 0 DR BUAN s HL RS AR SRR AR B I T4 REFRAS T 32 1) L U 2

FEH 2RI RN EN AR T, B B AL AERRE A TR ARG AL dhfLE L e MU A I T . AR5 RAIER . Ik L 2R
BORIREL b RSB XTSRRI 2 AL SR B LIPS S s FE AT AL IO S5 T LA A S RE R . fEVR B A8 252 )
KA A A A AR A S A0 )2 B, R A T b ) AR AT 2R M R 0 P AR AR AL o X TIXBIRAURUE, SJm T LU
s BREEN, I 2 BORAE N R U AR .
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4.2 METAL CORE PRINTED BOARDS (&)@ & i)

[ 4.2.1 Type Classifications (433%) }

Metal Core Printed Board Types (£:J@:hEnHIHRIH)

Laminated Type Metal Core Printed Board
A bR B 4 s E AR

* Single conductive layer on both sides and insulated from the
metal core substrate. Conductive material to be copper foil and
electrodeposited copper.

W B R SR GERAEG TR, SRR E
75 0 PP

BT TRAR

LI TR

Fl421a

o Laminated Type Metal Core Multilayer Printed Board
ML B R &) & 2 B AR

» More than one conductive layer on one or both sides and insulated
from the metal core substrate. Conductive material to be copper
foil and electrodeposited copper.

o CHEPE B R U ES SR SR AL )= P
AR LA G A R P o

F421b

Insulated-Metal-Substrate Metal Core Printed Board

bRt Ha 2% 10 4 J BE A0 B bR

« Single conductive layer on both sides and insulated from the
metal core substrate. Conductive material to be electroless copper
and a copper flash is then applied over all surfaces. From this

B point on, document printed board fabrication processes are

employed. This process is generally limited to double-sided

\ printed boards only.

cWIISA 2SR, DY@ URERAS. SRR

AP THIREAT A2 PR A I DA BT o A% 7R P S R 0 B 7

P EREAT WA o XM 2 AN PR T AR < e S XU B )
Fl421c .

AL LG
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4.2 METAL CORE PRINTED BOARDS (£ J@hFniHR)

[ 4.2.2 Spacing Laminated Type (J2H:RIHR i91R] 85 ) j

Target Condition - Class 1,2,3 (A#R%&fF - 1,2,3%)

* The spacing between the metal core and adjacent conductive sur-
faces exceeds 0.1 mm [0.0040 in].

o &8 O 5 AR S AR TR (R TR) R R 0. 1mm[0. 0040in] .

XTI

L F kL EiEgrp

R
NI

kR LR

El422a
Acceptable - Class 1,2,3 (a[3:%Z 544 - 1,2,3%)
* The spacing between the metal core and the PTH or the metal core
XXE and adjacent conductive surfaces is greater than 0.1 mm [0.0040
in].
o PR H P AL ) B S B 5 AR AR LA T ) F ) K
B v AR 7°0.1mm[0.0040in] .
€S
YRR e gup s
Pel422b
Nonconforming - Class 1,2,3 (A% & &4 - 1,2,3%)
* Defects either do not meet or exceed above criteria.
XL o BRI S 1 IR
s hhk EEZapa
3= ﬂ
GG Zupe] Ak
KEl422¢
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4.2 METAL CORE PRINTED BOARDS (&)@ EpifilHR)

[ 4.2.3 Insulation Thickness, Insulated Metal Substrate (4i%%)4 @i tRi42% 5 ) j

Pish EA]

N\ /

~—— ZAZA R
|j;;

— &JEib

~— Gk

P423a

Pifh i

~—— SR

~— YR

Target Condition - Class 1,2,3 (AtR&fF - 1,2,34)
* Insulation thickness exceeds requirements of the table below.

)RR ER

Acceptable - Class 1,2,3 (W[$:52 %44 - 1,2,3%%)

* Insulation thickness meets requirements of the table below.

« LR P RER

P¥l423b
Nonconforming - Class 1,2,3 (%4 &1 - 1,2,3%)
Eiayi Pal] * Defects either do not meet or exceed above criteria.
. Ay NS e e RS,
N B AG r  H Lg k
\ “/"— ﬁ’%jﬁ:
~—— bR
e
PEl423¢
Description Insulation Process* (4aZ%filf*)
(B A B C D
Hole (minimum) 0.050 mm 0.025 mm [0.000984 in] - 0.125 mm 0.125 mm
L ) [0.0020 in] 0.065 mm [0.00256 in] [0.004921 in] [0.004921 in]
Surface (minimum) 0.050 mm 0.025 mm [0.000984 in] - 0.125 mm N/A
GEE (R)) [0.0020 in] 0.065 mm [0.00256 in] [0.004921 in]
Knee** (minimum) 0.025 mm 0.025 mm 0.075 mm N/A
Bifas () [0.000984 in] [0.000984 in] [0.00295 in]

*Applies to insulated-metal-substrate board only.
**Junction where the hole wall and surface meet.
Process A - Spray Coating
Process B - Electrophoretic Deposition
Process C - Fluidized Bed Process
Process D - Molding Process

156

(T T 4825 R HE A T < o 5 BB
s LA R [T AH A A

HIFEA - WRAHITR

HIFEB — HLKITORHIRE

HIFEC - WK

HIRED - KR

201074 H
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4.2 METAL CORE PRINTED BOARDS (£ J@hFniHR)

[ 4.2.4 Insulation Material Fill, Laminated Type Metal Core (RIS BEHMAEHEHAR) }

XL

-t

w

Y h kL AR

#
W

LR LR

Target Condition - Class 1,2,3 (A#R%&fF - 1,2,3%)

* Insulation material fills the entire area between the PTH and the
metal core without any voids or areas of missing insulation.

o PR AL R S ) A X L AR, B AT A
T R A G RHER R X 5

-4

W

PACEE @ g et T I~ 2 P S et ]

i
W

e g g et I Gt 2 st

Acceptable - Class 1,2,3 (a[3:%Z 544 - 1,2,3%)

* Insulating material meets minimum thickness and dielectric spac-
ing requirements.

* Voids or resin recession does not cause spacing to be less than
acceptability requirements.

o SHFE (L G RLI AL Soc/IN 5 PSEAT A o A (1 225K
o 2] AR R M1 5 B AT 3 LA IR AR T AT 2 PR

b
w

EAUES g b I (2 2 St ]

i
W

PRI AGRRASR

Nonconforming - Class 1,2,3 (FA%& & - 1,2,3%)
* Defects either do not meet or exceed above criteria.

 BEEATT O ) EIR TR .

El424a
XU
ES=
El424b
XU
9=
Kl424¢

IPC-A-600H-2010
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4.2 METAL CORE PRINTED BOARDS (&)@ EpifilHR)

[ 4.2.5 Cracks in Insulation Material Fill, Laminated Type (JZHBUBR4 2 bH I 7E th 504 ) }

L

YRR IR

YRR YRR

4252

EiE R |

=L

MM R REE A bR bR

A

AU SRR L E ST G2 I T EE Y

P425b

YRR |

E

MoMEI T REE bR

MR R g bR DR

Fl425¢

158 201074 H

Target Condition - Class 1,2,3 (AtR&fF - 1,2,34)
* There are no cracks in the insulating fill material.

G RPR RGE.

Acceptable - Class 1,2,3 (W[$:%Z 54 - 1,2,3%)

» Wicking, radial cracks, lateral spacing or voids in the hole-fill
insulation material does not reduce the electrical spacing between
adjacent conductive surfaces to less than 100 pm [0.003937 in].

» Wicking and/or radial cracks does not exceed 75 um [0.00295 in]
from the PTH edge into the hole-fill.

o SLIHFRAO LA BRIP4 1R 2455 . R [A) 7] S 1 4 VI 5
AR A48 3 FELTHT 22 1) P P 1) B 9/ I T~ 100um[0.003937
in].

o IWBEZE FLIL 2 2L N 7 1) (PSSR (R 438 ) S48 AN
1d75um[0.00295in]

Nonconforming - Class 1,2,3 (F%& &1 - 1,2,3%)
* Defects either do not meet or exceed above criteria.

o BREEANT B0l ) IR ER

IPC-A-600H-2010
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4.2 METAL CORE PRINTED BOARDS (&)@t iltR)

{ 4.2.6 Core Bond to Plated-Through Hole Wall (4 )&% 9578 FLEERYER:) }

Target Condition - Class 1,2,3 (HE&H - 1,2,3%%)
* Complete bond on both sides.

* PN SE ARl

El426a

Acceptable - Class 1,2,3 (a[3:%Z 544 - 1,2,3%)

* Interconnection separation not more than 50% of the non-copper
core thickness. If copper clad core is used it shall not have any
separation in the copper portion of the interconnect.

o FLEARI 53 BAS KT AR 2 Ja 5 BE (1950% . R 8 40 <6
JEAS, WUAE ELE AR AR 23 A B 24 BT 2 B L S

Pl426b

- Nonconforming - Class 1,2,3 (A% & &4 - 1,2,3%)

 Defects either do not meet or exceed above criteria.

o BREEANT BRI ER

s

El426¢
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4.3 FLUSH PRINTED BOARDS (FF-Fufil#h)

Introduction (3|3)

This section covers acceptability criteria for flush printed boards. In flush printed boards, the surfaces, holes and other parameters for accept-
ability are the same as in standard single-and double-sided printed boards. This section covers the additional parameters that are important to
the evaluation of flush printed boards.

AT G T ST VIR R AT sz MR AR ENIAR R, BRI SLANELE R RE A T B M I S T A O BRI RRAH [+
AR T S R0 551 BRI ) VP 58 3 2 B (1 M n 2 4

4.3.1 Flushness of Surface Conductor (54 i-F84%:) ’

The application of flush circuitry requires that the conductor surfaces and the base material be essentially in the same plane.

TR R A T 4 7 A ) — T L

Target Condition - Class 1,2,3 (H#%&M: - 1,2,3%)

* Conductor is flush to the base material or surrounding insulating
material surface.

o FURL IR BT B SE M4 SRR I 5

Fel431a
Acceptable - Class 1,2,3 (W[#:% 454 - 1,2,3%)
* Conductor is not flush but meets the minimum requirements.

« PHREATE, il RIER,

Fl431b
Nonconforming - Class 1,2,3 (F%& &1 - 1,2,3%)

« Defects either do not meet or exceed above criteria.

o BREEANT £ B0l ) IR ER .

El431c
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5 CLEANLINESS TESTING (357 BE i)

Introduction (3|3)

The purpose of this section is to assist the reader in better understanding the importance of correct handling procedures in order to avoid dam-
age and contamination during cleanliness testing.

The following general rules minimize surface contaminants when handling printed boards:

1. Work stations should be kept clean and neat.

2. There should be no eating, drinking or use of tobacco products at the work station or other activities that are likely to cause contamination
of the printed board surfaces.

3. Hand creams and lotions containing silicone should not be used since they could result in solderability and other processing problems.
Specially formulated lotions are available.

4. Handling of printed boards by their edges is desirable.

5. Lint free cotton or disposable plastic gloves should be used when handling bare printed boards. Gloves should be changed frequently as
dirty gloves can cause contamination problems.

6. Unless special racks are provided, stacking printed boards without interleaving protection should be avoided. Cleanliness testing is used
to determine organic or inorganic, and ionizable or nonionizable contaminants.

The following are examples of the more common contaminants found on printed boards:

Flux residues
Particulate matter
Chemical salt residues
Fingerprints
Corrosion (oxides)
White residues

AN

Due to the destructive nature of contaminants, it is recommended that cleanliness requirements of applicable procurement documentation be
adhered to.

The solvent resistivity shall be in accordance with IPC-6010 series unless otherwise specified. The specimens shall be tested for ionic con-
tamination in accordance with [IPC-TM-650, Method 2.3.25 and 2.3.26.

AT R AR B 5 S e PR A A R IO R R EE Y, DB S AR L K T rh S B G Gt e 45 BN AR
B R R AL R G G M

IR (B =Y VAEAVSERT RS S P

2. TAEXANAZMZ AT W YORI SO, AN 24 AT RE T SN IS B (195 30 -

3. ANNAZAE A R4 AR AT B B Ao g BRI B P R R R 1) e 7T DR R PR E T FIVE T
4. FRCENTRIRR N BRI AL -

5. MFRIRIN, NAZRMEAMAFER KPR FE. FENIZEHER, DOVENTFES 8053 .

6. BRASRBELTTRA T, 15 D2 IRE S b5~ AN Tl B R 71 28 T o

NI AR EVRIAR LR WL e

Wy 5 B )

R

e IR
THRED

JE§ - CARARD
B3R

TV A R AR, DR ST 38 R SO s v R 2K

BB A E, T VI L BH 2 B S A5 S TPC-6010 R 51 ST 23K o B Y 4% BATPC-TM-6 5013 /7 74:2.3.25F12.3. 26 WA AR 11
[EERCE

S @ W=
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5.1 SOLDERABILITY TESTING (n]#E44:3it)

Introduction (3|3)

This section describes the methods and requirements for solderability testing. Solderability of printed boards verifies the state of the printed
board expected during assembly. Solderability testing is performed on both the surface and PTHs. IPC-J-STD-003 describes in detail the dif-
ferent solderability tests as shown in Table 5-1:

AT AR T iR SR o BRI B r AR R A T 6 B R AR AR I () r AR o A R T T R 7 LN SE it
JEPENNA . TPC-J-STD-003 £ 41 /21 T 5 AR R nl IR, 3R5-1810 7 25l AR 3k v

Table 5-1 Test Method Selection within IPC-J-STD-003 (#5-1 IPC-J-STD-003 1 {353k 75 %+ )

Test Method Applies to Surface Features PTHs
(Wi J51%) (& TRl FE) (BEBIL)
Tests with Visual Assessment Criteria (E A5 4P & bRifk i i)
A — Edge Dip Test / A1 — Edge Dip Test X N/A
A — BGRIENRK 1 A1 — BGERIER ANidi
B — Rotary Dip Test / B1 — Rotary Dip Test X (Solder Source Side Only) X
B — #EEENAR 1 B — $EBEEINER X AR 2 kD
C — Solder Float Test / C1 — Solder Float Test X (Solder Source Side Only) X
C — B 1 C1 — RN X AR LT
D — Wave Solder Test / D1 — Wave Solder Test X (Solder Source Side Only) X
D — JRUEARIR / D1 — PSR INR X A2 bR
E — Surface Mount Simulation Test / E1 — Surface Mount Simulation Test X N/A
E — RMGRAEINER / E1 — R0 REBRIIER AN H]
Tests with Force Measurement Criteria (E.A45 J Bl &bk i)
F — Wetting Balance Test / F1 — Wetting Balance Test X X
F — S AR / F 1 — S At

Along with the solderability method, the user shall specify as part of the purchase order agreement, the required coating durability. The fol-
lowing are guidelines for determining the needed level of coating durability, not product performance classes. Durability conditioning and
solderability testing shall be performed per IPC-J-STD-003.

Coating Durability categories:

Category 1 — Minimum Coating Durability; intended for printed boards which will be soldered within 30 days from the time of manufac-
ture and are likely to experience minimum thermal exposures.

Category 2 — Average Coating Durability; intended for printed boards likely to experience storage up to six months from the time of manu-
facture and moderate thermal or solder exposures.

Category 3 — Maximum Coating Durability; intended for printed boards likely to experience long storage (over six months) from the time
of manufacture, and may experience severe thermal or solder processing steps, etc. It should be recognized that there may be a cost premium
or delivery delay associated with printed boards ordered to this durability level.

The test specimen shall be a representative coupon, a portion of the printed board being tested, or a whole board if within size limits, such
that a immersion depth defined in the individual method is possible. Sample holes should be selected at random.

B T A REIN A LA, T I N AR PSR E DT EOR BV R T Ak . R IR E P R BRI AR dE v, (H
AR A PERE L. B4 HZIPC/I-STD-003 (1 U5 56 i in i & A A AT P o

IR R ALK
138 — BT IO 2R A . $RHIGE 78 TR30R A S EN AR, w]Res 25k TR UL R .
2K — UK IR B R T AL TG se TIageid o H LA AF IDEN AR, AT RE 2 Bk T S R R I A U R 5

3% — Fm AT RIRE I AN FRHIGE S TR (oM H AL A7 R ENHIAR, AT AE o 28 I ™ 6F (AR 58 sl 4% TFp
o HMNZEEE], RIZEETHIR I IMBINEA . ERATH .

TUAAF: it BE 24 D EAT AN (DK BRI . e ENRIRR F— 38 20, B R AEFRGE T B A L DL T DA B0 20 9
FRUREE, ] AT REBRENTRIRR . 1A FROAF i FL B BE AL
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5.1 SOLDERABILITY TESTING (w]#44:i]ix)

5.1.1 Plated-Through Holes (Applicable to Test C/C1) (EHE{L GEMTFc/C1iid))

Target Condition - Class 1,2,3
(HF2AE - 1,2,3%)

* Solder has risen in all plated holes.

* There is no nonwetted or exposed
base metal.

« I BEE AL IR g 8T .
o B AN O T < R A R 1

IONE

Els11a

Acceptable - Class 3
(T2 %41 - 3%%)

* Solder has risen in all plated holes.

* Solder fully wets the walls of the hole.
There is no evidence of nonwetting or
exposed base metal on any PTH.

« A e Jmam L AR C e 22T
o PROBLoE Ax i T FLBE . AT AT FL N
BT AN B e R A L 5

VIgNE!
El511b El511d

Acceptable - Class 1,2
T2 HAF - 1,220)

* Solder fully wets the wall area of the PTH
holes.

* Solder shall plug 1.5 mm [0.0591 in]
diameter (complete filling is not neces-
sary).

« FRRLE TE A TP SLIKFLEE

o JOREBE 2 1% JE £L 42/ T1.5mm[0.0591
in] (9L CBOA 0 2 58 A1 ).

Nonconforming - Class 1,2,3

(RRFEFM - 1,2,3%)

* Defects either do not meet or exceed
above criteria.

o BREEANT B0l IR R

ONE

Es11c Els11e
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5.2 ELECTRICAL INTEGRITY (#1523 4k)

Introduction (3|3)

Testing of printed boards shall be in accordance with [PC-9252 unless otherwise AABUS.
WiAR S e X007 PR A 7 D0 B AR ) P DK 2 42 TP C-92523ET
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IPC
GET AHEAD ...

with IPC Training & Certification Programs

Smart decisions and top-notch quality are critical to success — particularly V.
in the highly competitive, ever-changing electronic interconnection T iy
industry. Training alone may help with your quality initiatives, but when Electronics Yorkshirg

key employees actually have an industry-recognized certification on
industry standards, you can leverage that additional credibility as you
pursue new customers and contracts.

Through its international network of licensed and audited training centers, IPC — Association Connecting Electronics Industries® offers
globally recognized, industry-traceable training and certification programs on key industry standards. Developed by users, academics and
professional trainers, IPC programs reflect a standardized industry consensus. In addition, the programs are current: Periodic recertification
is required, and course materials are updated for each document revision with support from the same industry experts who contributed to
the standard.

Why Pursue Certification?
Investing in IPC training and certification programs can help you:
e Demonstrate to current and potential customers that your company considers rigorous quality control practices very important.
e Meet the requirements of OEMs and electronics manufacturing companies that expect their suppliers to have these important credentials.
e (ain valuable industry recognition for your company and yourself.
e Facilitate quality assurance initiatives that have become important in international trading.

Choose From Two Levels of Certification
Two types of certification are available, each of which is a portable credential granted to the individual in the same manner as a degree
from a college or trade school.

Certified IPC Trainer (CIT) — Available exclusively through IPC authorized training centers, CIT certification is recommended for
individuals in companies, independent consultants and faculty members of education and training institutions. Upon successful completion
of this train-the-trainer program, candidates are eligible to deliver CIS training. They also receive materials for conducting application-level
(CIS) training.

Certified IPC Application Specialist (CIS) — CIS training and certification is recommended for any individual who uses a standard,
including operators, inspectors, buyers and management.

Earn Credentials on Five Key IPC Standards
Programs focused on understanding and applying criteria, reinforcing discrimination skills and supporting visual acceptance criteria in key
standards include:

o |PC-A-610, Acceptability of Electronic Assemblies

e |PC-A-600, Acceptability of Printed Boards

e |PC/WHMA-A-620, Requirements and Acceptance for Cable and Wire Harness Assemblies

Programs covering standards knowledge plus development of hands-on skills include:
e J-STD-001, Requirements for Soldered Electrical and Electronic Assemblies
e |PC-7711/IPC-7721, Rework of Electronic Assemblies/Repair and Modification of Printed Boards and Electronic Assemblies

Get Started by Contacting Us Today

More than 250,000 individuals at thousands of companies worldwide have earned IPC certification. Now it's your turn! For more
information, including detailed course information, schedules and course fees, please visit www.ipc.org/certification to find the closest
authorized training center.
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