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W, BERMERRAIEDORRNCR D ZERH Y E£T,
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JPCA—DGO02 -2006
ARERVEET LE L INTY Y MRS R

COfFFIE, ANTHE L=FRR O ICHEE L= F R a3 T2 50T, FEO— Tk,

I. #fIEDRER

[JPCA-DG02-1997 (#IhR) fg&k& Y]

1992 £E(Z JPCA-FCO3 (7 L 77" Y o MEIHRAR SMBLIEYE) ZHilE L, JERHUE ST TV R WS EREE AR &
SHMEL R BB LRET D52 LN TE L, ZOROHIEBIL, T T—RAZRIMIKIE] 2 BE L Ty E
FHHOIBUT T DS OEN B AT 2L Lotz B, 2 XA P74+ —<v 0 ZAZBRLTTZ LF T ALY
v NERR (LT, FPC &3°5%,) O—BOHEZKY, 2—VFOMFHIIS2 2 L2 RE LD ThHole, £DH%
ARNEIE, 1994 F£ITHIES N JIS C 5017 (Z L7 7Y v MR Rid,/mim) (25| &b

LD JPCATHFA L HA Rv=aT /WL, EoBikss s, &M IEC HEZHIET 570 2nny &
THHDOTH D, FlERORDOERETIX, TEC % |EC326-7, 326-8 Dk % iz, KE @ IPC k4 IPC-FC-250A
EHBBEICLUTER LIz, 62 C, 20T IEC BgICHELL7-b D Lo T D, RbBHERLIAIE, 77X
ST ORETH 5, KD JPCA-FCO3 KN JISC5017 DL, 7 7 A43T LW I &I AN LTV en-72743, IEC
Btk LT 272010137 F AT BRETH -T2, 72720, 18RO IPC HOBUKICH D7 7 A1, FMEEICEZ YV 8L
TW57eH, RTOHEAIHL T ZAR—BNICEA SN TWD, ZHuE, @27 7 ATHr0obOThEmE Y 7
AL LRTNER BN EEBERTRWEG R H o7, Al “U T 27 LWHFELE LT LU, ERLALO
EERE I LV 2 To72, Z LTHANE LTIREL-~UL 1, 2, SEEERICEAT L, L EEICAITLE O
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WEOHIZALRNELH D, AR TFA L TA Rv=aT e LT IV 7L E T o 2R 8528 & LT,

[LLE, JPCA-DG02-1997 (WIfK) figtai kv ]

JPCA-DG02-1997 (WIFR) 1F, 1999 4EIZKE IPC L D& FBIkE(L (IPC/JPCA-6202) %#%C, —H IEC (EFEESIE
#3) @ IEC/PAS (Publicly Available Specification) 62123 & L CTHlldE &417-723, JFUA L 72 - 7= JPCA-DGO2 i, 2004
12 JPCA-DG02-2004 (3 2 i) & LCHUGETENTZ, T LX 7 A7 U v MEEME OHEREZES HDD ~0O1ff 238800
L, RZ—r O, VA YRT 427, ACF (RIFEEMET 4 VL) I[TXD IC BT R Lz Z &£ bBURIC
AL NBICRE T RERHTE 720 TH D,

HIZAME, 2006 4 2 AICHAT S 7= MEHEFS TJPCA-BMO3-2006/CF 1A-0006-2006 7 L3> 7 /L7 I o b BicfiA fil 4
SRR (B A L MERE5 5] & (4 7) Copper-Clad Laminate for Flexible Printed Wiring Boards (Adhesive and
Non-adhesive types) (BARGE/HFEHFFL) ) ONBEEIZE L, WS OEEREZIS CORFEFLIEE 2T, 8.6 HIZRMHE
ERYy FICET R E BB O INA 2, Fiz, BBRAECELT, ZvX v 7 A7) v MO~ A 71— =
¥, U4 2K OREEE PR E) L LTGRML, 2006 4 (G 3R & L CTHIE LT,

B HARR LT VT OAEERFICH L= BRSO LEEM S, 1PC/JPCA-6202 4RI & L T DOMERFR
Wk L, S%13 B AGEIEGEDFRC O JPCA-DGO2 B TOWET 21T 5 Z LITR o7z, T b DBIRNE %5 THE IEC
DPAS GEL LTREL TEINTND

7E, 7L TATY L MERICET S JIS HE TJIS € 5017 (1994) : 7 V¥ 77V o MR — i -
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JPCA Standard

Performance Guide for Single- and
Double-sided Flexible Printed Wiring Boards

JPCA-DGO02

1. Scope This standard provides the requirements for the single- and double-sided flexible printed wiring boards
(hereinafter designated as "flexible printed board" or FPC).

In this document, an FPC means a single- or double-sided FPC prepared by lamination of a film of polyester or
polyimide with copper foil(s) on one or both sides of a board including the type with no adhesive layer, and with
conductor pattern formed by the subtractive method (etching of the copper foil), or possibly by the build-up method.

2. Normative references
The reference documents to this standard include:

JPCA-TD01(2000) Terms and Definitions for Printed Circuits

JPCA-BMO03(2003) Flexible Printed Wiring Boards (Adhesive and Adhesiveless Types)

JIS C 5016 (1994) Test Methods for Flexible Printed Wiring Boards

JIS C 5017 (1994) Single and Double Sided Flexible Printed Wiring Boards

JIS C 5603 (1993) Terms and Definitions for Printed Circuits

JIS C 6471 (1995) Test Methods of Copper-clad Laminates for Flexible Printed Wring Boards

JIS C 6472 (1995) Copper-clad Laminates for Flexible Printed Wiring Boards (Polyester Film, Polyimide Film)

JIS C 6515 (1998) Copper Foil for Printed Wiring Boards

IEC 60326-7 (1981) Printed Boards. Part 7: Specification for single and double sided flexible printed boards
without through connections.

IEC 60326-8 (1981) Printed Boards. Part 8: Specification for single and double sided flexible printed boards
with through connections.

The latest versions of the documents, especially of IEC documents, are to be used.

3. Terms and definitions The terms and definitions given in JIS C 5603, JIS C 5017, JIS C 5016, and JPCA-FCO03
are to be used in this document.

4. Test Methods The test methods used in this document as specified below shall be in conformance with JIS C
5016. In addition, the following notes shall be

(1) Test methods requiring complicated referencing procedures are reproduced in this document.

(2) Tests on through connection apply only to double-sided FPCs.

(3) External appearance is the only requirement specified in this document for stiffeners affixed to FPCs .

5. Performance Levels The FPCs are classified into three levels, levels 1, 2, and 3, and an additional special level,
level X, for applications requiring a special attention . They are defined as:

Level 1 -- FPCs requiring "ordinary" performance.

Level 2 -- FPCs requiring "high" performance.

Level 3 -- FPCs requiring "extra-high" performance.

Level X -- FPCs requiring special performances which do not belong to the above mentioned three levels, and the
specifications requiring an agreement between user and supplier..

A relevant level of the board is chosen for a specific application of the board. A different level can be selected to a
specific section of the board when the required specification of the section is different from that of another part of the

board.

6. Base materials The base materials used in FPCs shall satisfy the requirements specified in JPCA-BMO03.
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7. Visual Inspection
7.1 Test environment The test environment shall meet the requirements of JIS C 5016, 3, "Test Conditions".
7.2 Test specimens The test specimens shall meet the requirements of JIS C 5016, 4, "Test specimens".

7.3 Tools for testing A magnifying glass having a magnification of 3X to 10X shall be used for examining the
appearance and the surface finish conditions of the product. Dimensions shall be measured with a scaled
magnifying glass or an instrument capable of two-dimensional coordinate measuring if necessary. Thickness shall
be measured with a micrometer having an accuracy of 1 ym or better.

7.4 Preparation of limit samples Limit samples showing the required criteria to make technical judgments may be
prepared under agreement between user and supplier for application of this document.

7.5 Description of inspection Requirements, procedures, and illustration for visual inspections are given in 7.5.1

through 7.5.6. Requirements that are not designated for a specific performance level shall apply to all the performance

Levels 1, 2 and 3.

7.5.1 Visual inspection of conductor

7.5.1.1 Open and short circuit There shall be no open and/or short circuit on FPCs.

7.5.1.2 Nicks and pinholes on conductor

(1) The allowable width (w, ) and length (I) of a nick and a pinhole of conductor reducing conductor width, as shown in
Figure 1, shall meet the requirement given in Table 1 for the finished conductor width (W) (see Note 1).

Figure 1 Nicks and pinholes in conductor
Note: 1 The width of the finished conductors shall be measured at the bottom of the conductor.

Table 1 Allowable nicks and pinholes

Level Nicks and pinholes
1and 2 wl = 12W | = 2w
3 wl = 1/3W =W

(2) The void area on a land, as illustrated in Figure 2, shall not exceed 10% of the effective exposed land area.

N
N

\
N
\

Figure 2 Reduced area on land



39

(3) The circumferential void of a lead insertion hole, as illustrated in Figure 3, shall not exceed 1/3 of the total
circumference.

Y

\

.

Figure 3 Circumferential void at the component hole

7.5.1.3 Distance between conductor/spur and nodule of conductor The distance (s1) or (sz + s3) in Figure 4
relative to the finished conductor spacing (s) shall meet the requirement given in Table 2.

Figure 4 Unnecessary copper between conductor/spur and nodule of conductor

Table 2 Allowable unnecessary copper, spur and nodule between conductors

Level Unnecessary copper, spurs and nodules, s, or (s, + s3)
1and 2 12s, = a or (sy+s3)
3 2/3s, = a or (sz+s3)

7.5.1.4 Unnecessary copper between conductor/spur and nodule of conductor in an open area The spacing
(s) between the board edges and the unnecessary copper or spur and nodule shall be larger than 0.125mm in an
open area where no conductor pattern is routed, as illustrated in Figure 5,. The spacing (s) between the board edge and
the unnecessary copper or spur and nodule shall be larger than 0.125mm. The open area as stated in this clause
shall have a width no less than 0.375mm.

[
- -

o|le
1}

N

S

Figure 5 Unnecessary copper, spurs and nodules in an open area and nodules of conductor corners

7.5.1.5 Etched concave surface of the conductor Etched concave surface (d) of the conductor relative to the
conductor thickness (t), as illustrated in Figure 6, shall meet the requirement given in Table 3. The concave surface
shall not run across the entire width of a conductor.
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nonconforming ~ rd

Figure 6 Etched concave surface of the conductor and nodule at a conductor corner

Table 3 Allowable etched concave of the surface conductor

Level Etched concave surface of the conductor, d
(t: conductor thickness)
1and 2 d = 1/3t
3 d = 1/5t

7.5.1.6 Conductor delamination The width (w4) and length () of conductor delamination relative to the finished

conductor width (W), as illustrated in Figure 7, shall meet the requirement given in Table 4.

1

Figure 7 Conductor delamination

Table 4 Allowable conductor delamination
Level Conductor delamination, length (1), width (w+)
1 (1) Coverlay laminated area

| = Wandw1/W = 1/3 for flexing area

| = Wandw1/W = 1/2 for other area
(2) No coverlay laminated area

/W = 1/4 and wi/W = 1/4
2and 3 There shall be no observable delamination in the
conductor by naked eyes.

7.5.1.7 Conductor crack There shall be no crack in the conductor.

7.5.1.8 Scratch on conductor A scratch on a conductor surface as illustrated in Figure 8, indicates the damage
made by a sharp metal point and is harmful to the performance of the printed circuit. The depth (d) of a scratch shall
meet the requirement given in Table 5 relative to the conductor thickness (t). The scratch shall not damage

bending property of the repeatedly flexing portion.
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Figure 8 Scratch on conductor

Table 5 Allowable scratch on conductor

Level Depth of scratch on conductor,d
1and 2 d = 1/3t
3 d = 1/5t

7.5.1.9 Discoloration Discoloration shall meet the requirement given in Table 6.

Table 6 Allowable discoloration
Level Discoloration
1 and 2 \When discoloration is observed on a conductor laminated with coverlay, the discoloration
shall be acceptable unless it is remarkably noticeable after conditioning at 40°C with 90%
RH for 96 hours.

3 The acceptable discoloration shall be agreed upon between user and supplier by means of
a limit sample.

7.5.2 \Visual inspection of coverlay and covercoat
7.5.21 Void Void, as illustrated in Figure 9, shall meet the requirement given in Table 7.

Iy

— ———__Patem ]
- ‘ ). YUl
I// 77277 1) ; 0227222222222
ez S W 77777777
[[y = ,} V2222222222222,
€ g 3 YUY,
/[Vo al LN,
Outermost conductor ‘
Void
(1) Conductor area (2) Terminal area

Figure 9 Voids

Table 7 Allowable void
Level Voids
1 Avoid shall not exist extending over two or more conductors. A void shall not exist both on
the outline edge and to a conductor. (A void at the terminal area, as illustrated in Figure 9
(2), shall be acceptable even if it extends to two conductors.)
The maximum length (I2) of a void shall be 0.3mm.

2 The length of a void (1) shall be no longer than 10mm. The width of a void (w) shall be no
longer than 1/3 of the spacing between the conductors. There shall be no void in a
contact extending to two neighbouring conductors. The maximum length () of a void
shall be 0.3mm. A void at the repeatedly bending area shall not damage the flexibility of
the board.

3 There shall be no void.
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7.5.2.2 Foreign substance Foreign substance, as illustrated in Figure 10, shall meet the following requirements.

(1) Conductive foreign substance Requirements 7.5.1.3 and 7.5.1.4 of this specification shall apply to conductive
foreign substances.

(2) Non-conductive foreign substance Non-conductive foreign substances shall meet the requirement given in
Table 8.

7
SITIIIIIIOIPIIIPIIIL VI IF s PPl

| COIIIIIIIIIS FIIPS . PPITIIEIII

Figure 10 Foreign substance

Table 8 Allowable non-conductive foreign substance

Unit: mm
Level Thickness t Width w Length |
Level 1 t = 0.1 w = 03 =3
Level 2 t = 0.05 w = 02 =2
Level 3 t = 0.05 w = 0.05 =1

A foreign substance
shall not extend to
three or more

7.5.2.3 Blistering and delamination There shall be no visible blistering and delamination of coverlay or covercoat
along the edge of the FPC as illustrated in Figure 11. The covercoat shall not be peeled off when using the test tape
specified in JIS C 5016 8.5.1.

alaminaicr
Delaminaiic

Blistering Delamination
Figure 11 Lifting and delamination of coverlay and covercoat
7.5.24 Squeeze-out of adhesive of coverlay, ooze-out of covercoat and photosensitive register strike

Squeeze-out of adhesive, ooze-out (I) of covercoat and photosensitive register strike as illustrated in Fig. 12 shall
comply with the specification given in Table 9.

The squeeze-out and ooze-out at a land as illustrated in Figure 12-1 shall comply with the specification given in Table
10 for the effective land width, (w), including possible printing and/or punching errors
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(1) Land area (2) Terminal area

Figure 12 Allowable squeeze-out of coverlay adhesive and ooze-out of covercoat and photosensitive resist

Table 9 Allowable squeeze-out of coverlay adhesive, and ooze-out of
covercoat and photosensitive register strike

Unit: mm
Level Squeeze-out of coverlay adhesive Ooze-out of a photosensitive
and ooze-out of covercoat register strike

1and2 | =03 —

3 | =02 | = 041
Table 10 Effective land width at a land
Level Effective land width, w
1 Squeeze-out/ooze-out contacting the hole edge is acceptable up to 1/3 of
the terminal hole circumference.

2 0.05mm Minimum
3 0.1mm Minimum

7.5.2.5 Skipping of covercoat photosensitive register strike When tested in accordance with JIS C 5016, 10.4
(Solderability), no solder shall stick onto the conductor of the covercoat and photoresist in the skipped area.

7.5.3 Visual inspection of plating
7.5.3.1 Plating defect Plating defect shall meet the requirement given in 7.5.3.1.1 and 7.5.3.1.2.

Plating defect Plating .

Plating Plating defect

nninn e

Plating

[ ot
7222%222,277222

[ 777722222222
22222227 2

Y2222,
(2222222222222

<= Length of
terminal area

(1) Terminal area (2) Land area (3) Land area with hole

Piating defect Pvllating

(4) IC connection (5) ACF connection termina! (6) key points-of-contact

Figure 13 Plating defects
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7.5.3.1.1 Gold plating Gold plating shall meet the requirement given in Table 11.

Table 11 Gold plating

Level Gold plating Examples in
Figure 13
1 Plating defects on the land area, as shown in Figure 13 (2) and (3) shall be no larger|  (2), (3)

than 10% of the total plated area (excluding the skipped plating area for a defect
caused by adhesive squeeze-out).

2 [The width (w1) and length (1) of the plating defects in comparison to the finished line conductor 1), 5), (6)
width (w) are specified in the table below.

Width and length of plating defects

Unit mm
Finished line width (w)
Item
w<0.30 030 =w =045 045<w
Width of plating w, 12w w, =015 w, 18w
. defect (w,)
Terminals Lenath of plafi
ength of plating W, =w

defect ()

There shall be no defect of an area larger than 0.2mm? for a terminal area of a large area such

as a key contact.

3 There shall be no defect such as poor contact and pit (hole or dent) that can be detected using a| (1), (4), (5)

magnifying glass of 3X to 10X in the area of direct contact.

X The limit of a defect shall be agreed upon between user and supplier for special -
requirements.

7.5.3.1.2 Solder plating (Solder paste or dip solder plating including use of lead free solder) The width of a
plating defect at the terminal area, as shown in Figure 13-1, shall be no larger than 1/2 of the finished conductor width,
and the length shall not exceed the width of the conductor.

Plating defects on land area, as shown in Figure 13-2 and -3, shall be less than 10% of the total plated area
(excluding the skipped plating area caused by adhesive squeeze-out).

Plating defects contacting the edge of a component hole, as shown in Figure 13 (3), shall be no larger than 1/3 of the
circumference. The area of a plating defect shall be covered with adhesive.

7.5.3.2 Penetration of plated metal or solder plating (Solder paste or dip solder plating including the use of
lead free solder) Penetration of plated metal or solder platng, as illustrated in Figure 14, shall meet the following
requirements:
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Penetration ]

1 Penetration

N

\
\

I ANV NNNNNY
N

(1) Land area (2) Terminal area
Figure 14 Penetration of plated metal or solder

(1) The penetrated portion (I) between conductor and coverlay (covercoat and photosensitive resist) shall meet the
requirement given in Table 12, as illustrated in Figure 14.

Table 12 Requirement for metal penetration between conductor and coverlay

Unit: mm
Level Requirement for metal penetration, |
1 | =05
2 Il =03
3 I = 0.1

(2) The penetrated portion between conductor and base film shall meet the requirement given in Table 13.

Table 13 Requirements for metal penetration between conductor and base film

Level Requirement for metal penetration
1 Shall meet the requirement of 7.5.1.6
2and 3 There shall be no visible penetration.

7.5.3.3 Surface condition of plated metal and solder plating
7.5.3.3.1 Gold plating Gold plating shall meet the requirement given in Table 14.

Table 14 Gold plating
Level Gold plating
1and 2 Defect, such as stain, haze, and dirt which easily can be detected by eyes without use
of a magnification glass should be judged based on a limit sample.

3 There shall be no defect, such as stain, haze, discoloration, and dirt, detectable by
observation with a magnification of 10X.

X The special requirement for any specific application shall be agreed upon between
user and supplier.

7.5.3.3.2 Solder plating (Solder paste or dip solder plating including use of lead free solder) There shall be no
darkened appearance (blackening discoloration).

7.5.3.3.3 Void in plated through hole The number of plating voids illustrated in Figure 15 shall be no more than 3
per hole. The total area of voids for the entire hole wall (Ssum) for the total inner wall area of a hole (Siotar) shall meet
the requirement given in Table 15.
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Figure 15 Plating voids in plated through hole

Table 15 Allowable Plating Voids

Level

Total void area, Ssum

1and 2

Ssum <173 Stotal

3

Ssum <10 Stotal

7.5.4 \Visual inspection of edges of outline and holes

7.5.4.1 Tear and nick There shall be no tear and nick except for slight cuts formed at the joining of blades which
are allowed provided they are not visible without magnification, as illustrated in Figure 16.

Tear or nick

\

Figure 16 Tear and nick

7.5.4.2 Burr The height (h) of burr, as illustrated in Figure 17, shall be no larger than 0.1 mm.

Burr

G2 z222223

Figure 17 Burrs
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7.5.4.3 Thready burr Two types of non-conductive thready burrs are illustrated in Figure 18. The length of thready
burr at the outline edge (l4, I2) shall be no longer than 1.0 mm. The length of burr at the hole edge (l.) shall be no
longer than 0.3 mm.

(1) Thready burr at outline edge (2) Thready burr at hole edge
Figure 18 Thready burrs

7.5.5 Visual imperfection related to stiffener bonding

7.5.5.1 Foreign substance between flexible printed board and stiffener The bulge (t) of the FPC caused by a
foreign substance sandwiched between the FPC and the stiffener, as illustrated in Figure 19, shall be no larger than 0.1
mm. The thickness of the stiffener shall also meet those specifications when the thickness of the printed board and

stiffener are specified,.

The size of the foreign substance shall be no larger than 5% of the bonding area of the printed board and stiffener.
There shall be no foreign substance in contact with the component hole or an outline edge of the board.

The length of a non-conductive thready foreign substance (I) protruding from the outline edge shall not exceed 1 mm.

[ Non-conductive
~ == thready foreign substance

[ i
A —
T R -
Y R —

) Foreign substance

{——— Nonconforming
. : +—— Acceptable
55 7 p
Stiffener bonding area Stiffener )
bonding area
(1) Center area of stiffener (2) Border area of stiffener

Figure 19 Foreign substance between board and stiffener

7.5.5.2 Void between flexible printed board and stiffener When the stiffener is bonded to FPC with
thermosetting adhesive, the total area of voids, as illustrated in Figure 22, shall be no larger than 10% of the total area
of the stiffener. When other types of adhesive are used, the total area of voids shall be no larger than 1/3 of the
stiffener area. There shall be no lifting and swelling at the tip for insertion to the connector.

%

— Stiffener bonding area

(1) Center area of stiffener
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Lifting at the top

v for insetion to connector .- L FPC
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D -~ %) .
Void Rz S < < — Adhesive
2zZzzzzzz;;z’z;z;zz ~—

Y2222 2222
P22
V722222222222222222222222..

T stiffener

(2) Terminal area for insertion to connector
Figure 20 Voids between board and stiffener

7.5.5.3 Defect of stiffener
7.5.5.3.1 Crack Cracks, as illustrated in Figure 21, shall meet the requirement given in Table 16.

Hole  Cracks

oLo O O
O OO0 O

Figure 21 Cracks

Table 16 Cracks

Level Cracks
1 There shall be no crack that could affect practical use.
2and 3 There shall be no crack that links two holes on the
stiffener as well as a hole and the outline edge.

7.5.5.3.2 Chip-off The length (I) of a chip-off of stiffener, as illustrated in Figure 22, shall be no larger than 1 mm.

Chip-off

Figure 22 Chip-off
7.5.56.3.3 Scratch The allowable scratch shall be agreed upon between user and supplier if necessary.
7.5.5.3.4 Bow and twist Bow and twist causing no problem in board assembly and installment are acceptable.
7.5.6 Other visual inspection
7.5.6.1 Fixed substance on surface (Excluding the area of exposed conductor)

7.5.6.1.1 Thermosetting adhesive Thermosetting adhesive on the surface shall meet the requirement given in
Table 17.
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Table 17 Thermosetting adhesive on surface
Level Thermosetting adhesive on the surface
1and 2 Cured adhesive, chip of coverlay, covercoat or fiber stuck with adhesive hardly
adhered on the surface is acceptable, provided they do not fall off when rubbed with an
applicator impregnated with isopropyl alcohol. The thickness including the adhesive
on surface shall meet the requirement where total thickness is specified.

3 There shall be no visible substance stuck to the adhesive on the surface.

7.5.6.1.2 Fluxresidues Flux residue on the surface shall meet the requirement given in Table 18.

Table 18 Flux residue on surface
Level Thermosetting adhesive on surface
1and 2 \When the surface is rubbed with an applicator impregnated with
isopropyl alcohol, the applicator shall not be stained with flux residue.

3 [There shall be no visible flux residue on surface.

7.5.6.1.3 Residue of metal powder (Solder, Aluminum, Copper, etc.) The following requirement shall apply only
when the metal powder falling off from the board do not cause any problem in the performance of equipment mounted
with the flexible printed circuit of the interest. Residue of metal powder shall meet the requirement given in Table 19.

Table 19 Residue of metal powder (Solder, Aluminum, Copper, etc.)

Level Residue of metal powder (Solder, Aluminum, Copper, etc.)
1 The acceptable size and the number of metal grains shall be as follows:
For the grain diameter of 0.1mm or larger and smaller than 0.3mm: 3 or less per
product
For the grain diameter of 0.05mm or larger and smaller than 0.1mm: 10 or less per
product.
2 There shall be no visible metal powder residue.
3 There shall be no metal powder residue detectable with a magnification 10X.

7.5.6.1.4 Residue of adhesive Residue of adhesive shall meet the requirement given in Table 20.

Table 20 Residue of adhesive
Level Residue of adhesive
1 and 2 The acceptable size and the number of adhesive residue shall be as follows:
For the diameter of 1.0mm or larger and smaller than 2.0mm: 1 or less per product
For the diameter of 0.1mm or larger and smaller than 1.0mm: 5 or less per product

3 There shall be no visible adhesive residue.

7.5.6.2 Protrusion and dent Wrinkle, uneven and crease which influence the characteristics on use and on
assembly process of a flexible print board are not permitted even if there is no problem at the time of mounting and at
use. A limit sample for these defects should be prepared if necessary. Examples of protrusions and dents are
illustrated in Figure 23.

ST ===

(1) Wrinkle (2) Crease
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(3) Kink

Figure 23 Protrusion and dent on flexible printed board

7.5.6.3 Bow and twist Bow, twist and the alike as illustrated in Figure 24, which may influence the characteristics on
use and on assembly process of a flexible print board are permitted if there is no problem at the time of mounting and at

use in the field .

7

Figure 24 Bow and twist

7.5.6.4 Conductor
(1) Dent Dent on a conductor, as illustrated in Figure 25, shall meet the requirement given in Table 21. Dent

condition is usually difficult to judge (i.e., shape, size, and depth); accordingly, details should be agreed upon
between user and supplier in reference to a limit sample prepared for evaluation.

Figure 25 Dent

Table 21 Dent
Level Depth of a dent, d

1and 2 Depth (d) of a dent from the surface shallbe = 0.1 mm.
\When depth is difficult to measure, the height (h) of the backside protrusion of the base film

shall be regarded as equal to the depth (d) of a dent.

3 [There shall be no dent visible from both sides.

7.5.6.5 Base Film Side
(1) Dent Dent on the base film, as illustrated in Figure 25, shall meet the requirement given in Table 22.

Table 22 Dent

Level Dent
1and 2 Depth (d) of a dent from the surface shall be no larger than 0.1 mm.
\When depth is difficult to measure, the height (h) of the backside protrusion of the base film

shall be regarded as equal to the depth (d) of a dent.

3 There shall be no dent visible from both sides.
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(2) Scratch on base film The Depth (d) of a scratch on a base film relative to the film thickness (t), as illustrated in
Figure 26, shall meet the requirement given in Table 23. There shall be no sharp pressed mark, cut, tear, or
delaminated adhesive layer. These defects shall not damage the bending property of the repeatedly flexing part.

Figure 26 Scratch on base film

Table 23 Allowable scratches on base film

Level Scratch on base film
1and 2 d = 1/3t
3 d = 1/5t

7.5.6.6 Visual inspection of coverlay and covercoat
(1) Dent on coverlay and covercoat Dents on coverlay and covercoat, as illustrated in Figure 25 shall meet the

requirement given in Table 24.

Table 24 Dents on coverlay and covercoat
Level Depth of a dent, d

1and 2 Depth(d) of a dent from the surface shall be no greater than 0.1 mm.
\When depth is difficult to measure, the height (h) of the back side protrusion of the base
film shall be regarded as equal to the depth (d) of a dent.

3 There shall be no dent visible from both sides.

(2) Scratch on coverlay and covercoat: The depth (d) of a scratch on the coverlay and covercoat relative to the
thickness (t) of coverlay or covercoat as illustrated in Figure 26 shall meet the requirement given in Table 25.
There shall be no sharp pressed mark, cut, tear, or delaminated adhesive layer on the surface of coverlay or
covercoat. These defects shall not damage the bending property of the repeatedly flexing portion.

Table 25 Requirement for scratch on coverlay and covercoat

Level Depth of a scratch, (d)
1 There shall be no exposure of conductor.
2 Depth (d) = 1/3t
3 Depth (d) = 1/5t

Note: Thickness of the covercoat shall be calculated by subtracting the thickness of FPC without covercoat from the
total FPC thickness.

7.5.6.7 Marking Marking shall be legible.

8. Dimensional Inspections

8.1 Measurement of dimension Measuring methods for dimensions of the flexible printed board shall be in
accordance with JIS C 5016, 3 (test condition), 4 (specimen), 5 (pre-treatment) and 6.3 (dimensional test).

8.2 External dimension Measurement of external dimensions of the FPC shall meet of the requirement given in
Table 26.
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Table 26 Tolerance of external dimension

Level Tolerance of external dimension
1and 2 Tolerance of the external dimension of product:
For product size smaller than 100mm in length: +0.30 mm
For product size of 100mm or larger: +0.3%
3 Requirement shall be agreed upon between user and supplier.

8.3 Thickness Thickness shall meet the requirements given in Table 27.

Table 27 Thickness tolerance

Level Thickness tolerance
1and 2 = +20% of the total thickness of the product
3 To be agreed upon between user and supplier

8.4 Hole diameter Hole diameter shall meet the requirement given in Table 28.

Table 28 Hole diameter and tolerance

Unit: mm
Thickness, t Tolerance
08 =t +0.20
0.2<t<0.8 +0.10
t=02 $0.05

8.5 Conductor width Tolerances of the width of the finished conductor for designed conductor width shall meet the
requirement given in Table 29.

Table 29 Conductor width and tolerance

Unit: um
Designed conductor width, w Tolerance
w <50 The requirement shall be agreed upon between user
and supplier.
50 = w<100 +25
100 = w<200 +50
200 = w +100
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8.6 Cumulative pattern pitch Table 30 gives the cumulative pitch as illustrated in the illustration.

Table 30 Cumulative pattern pitch and tolerance

Conductor pitch, P (um) Tolerance of the cumulative conductor pitch (%)
Level 1 300 =P 1+ 0.3%
Level 2 150 = P <300 +0.2%
Level 3 100 = P<150 +0.15%
Level X P <100 To be agreed upon between user and supplier

Note: Length of each component is: connector (11.4 mm), IC (4.8 mm/side) and liquid crystal display (35.6 mm)

0.1 0.49 &
37;24 0.05 T 0.14 &
36.4 T S
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35,6 P0.1x356 ) | o 0
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~t
L0.075
Figure a  ACF connector
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0.3 (LINE) 06
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Figure b Connector terminals Figure ¢ COF terminals

8.7 Distance between hole centers The distance between hole centers shall meet the requirements given in Table
31.
Table 31 Tolerance of distance between hole centers

Level Tolerance of distance between hole centers

For distance < 100mm: + 0.30

1 2
and 100 mm = For distances: = 0.3% of the distance between hole centers.

3 The requirements shall be agreed upon between user and supplier.
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8.8 Design minimum distance between board edge and conductor Design minimum distance between a board
edge and a conductor shall meet the requirement given in Table 32.

Table 32 Design minimum distance between board edge and conductor

Level Minimum distance between board edge and conductor

Design minimum distance between the board edge and the

1and 2
an conductor shall not be = 0.5 mm

3 The requirements shall be agreed upon between user and supplier.

8.9 Position accuracy

8.9.1 Position accuracy of holes

Position tolerance of a finished hole to the design position data shall be no larger than £0.3mm for an external
dimension of less than 100mm, and shall be no larger than £0.3% for an external dimension of over 100mm, but except
via holes.

8.9.2 Registration of hole to land The minimum registration accuracy of a solderable finished land width (w) of as
illustrated in Figure 27 shall comply with the requirement given in Table 10.

Coverlay (or covercoat)

(a) In the case of without coverlay (or covercoat) (b) In the case of with coverlay (or covercoat)

Figure 27 Misregistration of hole and land

8.9.3 Registration of coverlay (or covercoat) to aland The effective land area (S) as illustrated in Figure 28, shall
comply with the requirement given in Table 10.

Footprint % /4

—w/
4

Figure 28 Misregistration of land and coverlay (or covercoat)

Coverlay or
covercoat

A\

NN

N\

N

Table 33 Effective land area

Level Effective land area, S

1and 2 Larger than 50 % of the designed land area

3 To be agreed upon between user and supplier
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8.9.4 Registration accuracy of stiffener to FPC

8.9.4.1 Hole registration The deviation (w) between holes of the stiffener and the flexible printed circuit, as
illustrated in Figure 29, shall be such as the difference (D - w) between the hole diameter (D) and the displacement (w)
shall meet the tolerance requirement for the hole diameter (D).

(Plain view)
Hole Iocatlon on flexible printed circuit

‘% Hole Iocatlon on stiffener

-~ _Flexible printed circuit

| —1
1 L& stiffener

(Sectional view)

Figure 29 Registration of Holes

8.9.4.2 The displacement of the outer dimensions The displacement (I) between outer dimensions shall meet the
requirements given in Table 34, as illustrated in Figure 30.

Flexible printed board

I L

- “~~__ Reinforcing material
Figure 30 The displacement of the outer dimensions

Table 34 Allowable displacement between outlines of the stiffener and the FPC

Unit: mm
Level Tolerance
1 / = 05
2 / = +£0.3
3 / = +£0.2
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8.9.5 Registration of punched outline to conductor pattern The registration of punched outline to conductor
pattern shall meet the requirement given in Table 35.

Table 35 Registration of punched outline to conductor patterns

Level Requirement for registration

The edges of the outline of the board shall not be in
contact with conductors, except for plating lead(s),

Tand2 isolated land(s), and conductor(s) for mechanical
reinforcement.
The clearance between the outline edge and the
3 conductor shall be no smaller than 0.1 mm, except for

plating lead(s), isolated land(s) and conductor(s) for mechanical
reinforcement.

8.10 Registration of pressure sensitive or heat activated adhesive (Including adhesive squeeze-out) to flexible
printed board and stiffener The displacement (I) of pressure sensitive or heat activated adhesives from the FPC and
stiffener (including adhesive squeeze-out), as illustrated in Figure 31, shall be | + 0.5 mm. The registration of the
adhesive at component holes shall meet the requirement for the tolerance of the hole diameter.

Pressure sensitive or
heat activated
adhesives Flexible printed board

— =

( 7 £
|

W A % % V Z V ﬂ\n@nforcing Material

/

Figure 31 Registration of pressure sensitive or heat activated adhesive from
flexible printed board and stiffener (Including adhesive squeeze-Out)

8.11 Plating thickness of copper plated-through holes The thickness of the plated copper of the plated-through
holes shall be 0.004 mm min.



9. Electrical performance test The electrical performance of the FPC shall be tested in accordance with JIS C 5016.

The test items and requirements are given in Table 36.

Table 36 Electrical properties of flexible printed boards

Item No. Item Requirement Test method (JIS C 5016)

9.1 Conductor resistance Shall be agreed upon between user|7.1 (Conductor resistance)

and supplier.

9.2 Insulation |As 5x10°Q < Per paragraph 7.6 (Insulation
resistance |received resistance of surface layers)
of surface | After Level 1: shall retain the electrical 9.4 (Temperature and
layers humidity functions. humidity cycling test), and per

test Level 2. 1x10%Q =< paragraph 7.6
Level 3: 5x10%Q =<

9.3 Dielectric  withstanding | There shall be no flashover when 500|7.5 (Dielectric withstanding
voltage of surface layers |V ac is applied. voltage, surface layers)

9.4 Open circuit of the| 1kQ = * 7.7.2 (Circuit continuity test)
conductor

9.5 Short circuit = 100kQ * 7.7.1 (Circuit isolation test)

between conductors

* The criteria values for open circuit and short circuit for judging the product performance may not necessarily be

these values.
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10. Mechanical performance test The mechanical performance of FPCs shall be tested in accordance with JIS C

5016. The test items and specifications are given in Table 37.

Table 37 Mechanical properties of flexible printed boards

Iltem No. Item Property requirements Test method (JIS C 5016)

10.1 Peel Conductor | 0.49 N/mm = 8.1 (Peel strength)
strength [ Coverlay | 0.34 N/mm < Specimen with  coverlay

bonded on the shiny side of
the copper foil shall be tested
in accordance with 8.1,
method B.
Stiffener Thermosetting adhesives: Specimen  with  stiffener
0.34 N/mm bonded on the base
film shall be tested in
Pressure sensitive adhesives: accordance with 8.1, method
0.15 N/mm = B.

10.2 Pull-out strength for |Level 1: Not specified 8.2 (Pull-out strength for plain
plain hole and Levels 2and 3: 1 N/mm? < holes) and 8.3 (Pull-out
footprint strength for footprints)

10.3 Plating adhesion There shall be no peel off. 8.4 (Plating adhesion)

10.4 Solderability The well-wetted area shall be more | 10.4 (Solderability)

than 95% of the total plated area. This
does not apply to FPCs with polyester
base film.

10.5 Flexural endurance |FPCs with coverlay shall satisfy the|8.6 (Flexural endurance) The
specified bending radius and the |rate of 1000 cycles/minute or
bending frequency based on the|higher is prefered to save the
repetition speed, which are agreed |testing time.
between user and supplier.

10.6 Bending resistance |FPCs with coverlay shall satisfy the|8.7 (Bending resistance)

specified bending curvature radius and
the loaded bending frequency which
are agreed between user and supplier.
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11. Environmental performance The environmental test of FPCs shall be made in accordance with JIS C 5016. The
test items and requirements are given in Table 38.

Table 38 Environmental tests and requirements

Item No. Item Requirement Test method JIS C 5016
11.1 Temperature cycling Shall meet the requirements before |9.1 (Temperature cycling)
and after the test for the items and
conditions agreed upon between user
and supplier
11.2 Humidity |Stationary |Same as 11.1 9.5 (Humidity test, stationary
test condition condition)
Temperatur | Same as 11.1 9.4 (Humidity test,
e/humidity temperature/humidity cycling)
cycling
11.3 Thermal |High Same as 11.1 9.3 (Thermal shock, low
shock temperature temperature/high temperature
dipping cycling)
Low Same as 11.1 9.2 (Thermal shock, low
temperature temperature/high temperature
/high cycling)
temperature
cycling
11.4 Thermal shock The variation in connection resistance | 10.2 (Thermal shock
resistance of between layers (copper plated-through | resistance of copper
connection between hole, etc.) shall be less than 20%. plated-through holes)
layers (copper
plated-through hole,
etc.)
1.5 Migration 10°Q =< Annex 2 of this document
11.6 Whisker To be agreed upon between user and | Annex 3 of this document
supplier

12. Chemical resistance There shall be no swell or delamination when tested in accordance with JIS C 5016,
paragraph 10.5. There shall be no appreciable damage of symbol marks.

13. Cleanliness

The measuring method and the requirement shall be agreed upon between user and supplier.

14. Flame resistance

Shall be agreed upon between user and supplier.

15. Marking, packaging, and storage These items should normally be agreed upon between user and supplier.

The items in 15.1 and 15.2 are given just as guidelines.

15.1 Marking on products

(1) Product name or product’s code name

(2) Name of manufacturer or the code name

15.2 Marking on package

1) Product type (name or symbol expressing the FPC shall be marked where it is readily seen)

2) Product name or its code name

4) Production lot number or year/month of manufacturing
5) Name of manufacturer or its code name

(
(
(3) Number of products in the package
(
(
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15.3 Packaging and storage
15.3.1 Packaging Packaging shall meet the requirements given in Table 39.

Table 39 Requirements for packaging

Level Requirement

Product shall be packaged so that the product is not damaged during
transportation.

In addition to the requirement for level 1, humidity shall be controlled
during storage at room temperature.

In addition to the requirement for levels 1 and 2, any requirement agreed
upon by user and supplier shall be incorporated.

15.3.2 Storage FPCs shall be stored ina storage that is equipped with suitable humidity-control.

15.3.3 Handling Appendix 1 gives the recommendation for preventing accidents caused by the handling of FPCs by
customer.
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Appendix |

Handling Instruction Manual
Handling of Polyimide-Base FPC

1. Storage and handling
Wipe off moisture and/or chemical substance(s) attached to the product surface during storage and/or handling.
These substances may cause discoloration and/or deterioration of the product.

The tarnish protection coating on the conductor is valid for approximately six months after production in a storage where
temperature and humidity are controlled, whereas the plated and cream-solder-coated surface is valid for approximately
one year.

There is an important care to be taken to protect boards in addition to precautions to prevent mechanical damages to
the boards caused by careless handling or stacking of boards. That is the contamination of a board by foreign
substances. QOil component may be transferred from human skin to a board causing contamination, stain or
discolouration when the board is handled for test or installation to an automatic processing machine. Hand cream
containing silicone can cause poor adhesion of photoresist and coverlay layers.

Protection gloves must be used to prevent contamination.
Periodical change of gloves should be observed. Generation of minute fiber dust from the gloves should be checked.

2. Component mounting and installation to equipment
Torque to tighten screws and caulk metal plates shall be appropriately adjusted. Too high a torque may break materials.

3. Soldering

3.1 Pre-Treatment Polyimide used as a base film of FPCs and as a coverlay absorbs moisture easily (i.e., the
simple film will be saturated with water vapour in approximately four hours if a polyimide film is left in an open air).

This may readily cause blistering of the FPC by a rapid temperature change when soldering is carry out using a reflow
furnace or a flow soldering equipment. Pre-drying of the FPC to remove absorbed moisture should be added as a
pre-treatment process before assembly process.

Depending on the composition of the FPC, the following pre-drying conditions are recommended as given in Appendix
Table 1:

Appendix Table 1 Recommended pre-drying conditions

FPC Pattern composition Stiffener material Pre-drying Drying time
temperature
i " | None 80°C 30 minutes =
Single-sided ne patiemns ony ey 80°C 1 hour =
(such as signal lines)
Glass/epoxy board, etc. 120°C 1 hour =
i " | None 80°C 30 minutes =
meparems oy Ieim 80°C 1 hour =
(such as signal lines)
. Glass/epoxy board, etc. 120°C 1 hour =
Double-sided ;
With wide patt None 120°C 30 minutes =
' wide patterns Iiim 120°C 1 hour =
(such as ground lines)
Glass/epoxy board, etc. 120°C 2 hours =

A different drying time depending on the composition of FPC or patterns results in a different moisture removal time
from polyimide and/or adhesive layers. Pre-dried FPCs, when left in a normal environment storage (air-conditioned
room), should be soldered within the same day after taken out from the storage. If soldering is to be carried out the
following day, the FPC should be kept in a moisture-tight bag. Keep the boards in the bag with silica gel, which can
extend the allowable time for soldering to approximately one month (the period may vary depending on the type of the
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bag and amount of silica gel used). One or more hours of pre-drying should be added if manual soldering or flow
soldering is made to the FPC one or more days after reflowing.

3.2 Soldering When the soldering temperature is too high or soldering time is too long, separation or blistering of
the FPC may occur The land may separate if the FPC is bent or pressed too much by a soldering iron while heated.
Suitable soldering conditions must be selected appropriate to the circuit pattern and the working location.

Be careful not to burn yourself while soldering. A protection gear such as goggles should be worn to prevent burning
by scattered fine solder balls and flux.

4. Disposal
Disposal must be carried out according to the specified procedure of disposing industrial wastes. Do not incinerate,
use the wastes for land fill or in the sea without permission.

5. The adoption and the switching to lead-free solder plating

When the present tin-lead solder is changed to lead-free solder for plating, short circuit and/or generation of foreign
substances may occur due to whisker growth. The whisker growth on a component is affected by various factors
including the material, shape and strain to the component. Careful study is needed of the actual FPC. It is necessary
to use gold plating or an organic anticorrosion surface layer to FPC if the whisker generation must be strictly prohibited
for a reliability reason.
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Appendix Il lon migration test
Item lon migration test for flexible wiring boards
Specimen | The structure of the specimen shall be as illustrated in Figure A2-1with the details of the specimen as
given below.
The material of the specimen shall be the same as that of the product to be evaluated including
cover-lay and cover coat.
The number of interdigits of the pattern is 75.
The line/space of the specimen shall be between 60/60 to 100/100 ym and shall be agreed upon
between user and supplier.
The number of specimens to be tested shall be from 1 to 10 and be agreed upon between user and
supplier.
$0-- 100« Fict 1§
TIT : min
Note: Dotted circles indicate the openings of cover-lay and cover coat.
Figure A2-1 Structure of specimen for ion migration test.
« Temperature/humidity : 85°C,85%
Te.SF + Applied voltage : DC15V or DC50V, and to be agreed upon between user and supplier.
condition - Duration : 250, 500, or 1000 h, and to be agreed upon between user and supplier.
Test The test equipment shall be capable of maintaining temperature of 852 °C and RH of 85+3%.
equipment The insulation resistance shall be measured using an insulation tester
Condition- | Not specified
ing
Measure- | Measure the insulation resistance of a specimen using the circuit described in 7.7.1 of JIS C 5016 with an applied
ment voltage of either 15 or 50 VV DC.
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Appendix Il Whisker test
It Whisker test for flexible printed wiring board (FPC) with an applied mechanical external
em stress (JPCA - YAMAICHI method)
Specimen | The specimen is the contact section of FPC used as a mail of a connector and to be agreed upon between
user and supplier.
The recommended number of specimens, N = 5.
Equipment | The structure of the whisker test equipment is as illustrated in Figures A3-1 and -2.

Use a SEM (or a metallurgical microscope) (magnification of x100 or higher)

l | Vickers indentor

) £

FPC contact

Figure A3-1 The basic structure of the test equipment

Vickers
Indenter

Specimen

[JPCA-YAMAICHI method]
Figure A3-2 An example of the construction of the test equipment
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Test
Condition

Temperature: Room temperature, 25+5 °C

Humidity: RH of : 55+30%

Weight: 200£10 g
Test time: A recommended test time of 96 h for the first step. The time may be extended as agreed upon
user and supplier.

Evaluation

Count the number of whiskers with a length of more than 50 um using a SEM
The number of whiskers shorter than 50 pm shall be agreed upon between user and supplier.

Remarks

* This test is for not a quantitative and absolute test but a qualitative and relative test for whisker growth.

* Care should be taken that the vibration should not disturb the test. ¢ It is desirable to perform this whisker
growth test without using stiffener and/or adhesive as the whisker growth may be affected with the
presence of these materials.

« Itis also be regarded that the time required to start whisker growth may differ for a board using tin plating
with the thickness and the process of tin plating employed.

« It shall be confirmed that the tip of the Vickers indenter is clean and free of dust.

« It is recommended to do an insertion test of a flexible board to a mail connector for whisker growth.

* Whisker growth tests under internal stresses induced by temperature-humidity and/or thermal shock
environmental tests may be necessary in addition to the whisker growth test under external stress as
described in this document to elucidate the whisker growth mechanism.

Notes

- This test method was developed by Yamaichi Electric Works. This test method was carefully studied
by the Standardization Committee of JPCA for Flexible Printed Circuit Boards, and is adopted in this
standard.

- See the report made by Fujino of Yamaichi Electric presented at the 19" Annual Meeting of the Japan
Electronics Packaging Association, March, 2005.
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Additional Information

Explanation on JPCA Performance Guide for Single and
Double-Sided Flexible Printed Wiring Boards

This explanation does not constitute a part of this specification, but should be helpful for understanding of the readers
what is written in the text and the related issues.

I. Way to completion of this document

In 1992, JPCA prepared JPCA-FCO03, “Specification for External Appearance of Flexible Printed Wiring Boards,” to
establish the requirements for the external appearance of the FPC, which had not been specified before. The purpose
of that standard was:

* To specify the most common external appearance

» To avoid unnecessary disputes caused by difference of concepts between the user and supplier on the external
appearance of FPCs

» To improve cost performance

* To further advance the technology of FPCs

« To fulfill expectations of consumers

The content of this standard, JPCA-FCO03, was succeeded by JIS C 5017, “Single- and Double-Sided Flexible Printed

Wiring Boards,” which was released in 1994.

The JPCA Performance Guide Manual prepared this time is a step to propose as a |EC Standard. At the drafting
stage, we adopted the style of IEC 60326-7 and IEC 60326-8, and also IPC Standards, particularlyof IPC-FC- 250A was
referred. The overall constitution of this standard, therefore, followed that of the IEC Standards. The most difficult
item was the “classification.” There was no idea of “classification” in JPCA-FC03 and JIS C 5017, whereas the
concept of “classification” was essential for an IEC Standard. The classification in conventional standards, including
IPC documents, was based on the characteristics of the printed boards, and the classification was assigned uniquely
to all the items of the printed board. This assignment of classes sometimes induces a situation that a board requires a
rather high class for just a part of the board for a special function even though most part of the board can perform its
functions with a material of a regular class requirement and does not need such a high class.

In the present document, the term “class” has been changed to the “level,” which is based on the levels of the required
performance only. A product may require, in principle, either of of Level 1, Level 2 or Level 3, while for some
specification items a different level can also be assigned for a practical standpoint. This may be different from a usual
concept as a standard; therefore, we decided to use the name for this document of a “performance guide manual” so
that a level can be applied flexibly. - From JPCA-DG02-1997 Manual (First edition)

JPCA-DG02-1997 (1% ed.) was also published as a joint standard by IPC as IPC/JPCA 4202, and then published as an
IEC document, IEC/PAS 62133 (PAS: Publicly available specification). The original JPCA-DG-02 was revised in 2004
as the 2™ edition. Flexible printed wiring boards (FPWB) have been widely used especially in cellular phones and
hard disc drives these days. Use of the fine pattern circuit, wire bonding and anisotropic conductive film (ACF) is also
a common practice in the industry. It was necessary to revise the 1% edition to cope with the advanced technology.
The JPCA FPC Committee had revised the document in 2004. This document is further revised as the 3™ edition of
the document including the cumulative pattern pitch, and the test methods for ion migration and for whiskers are added
in the appendixes.

It was necessary for the industry to prepare a 3rd edition of the document by referring the contents of the document
published in February, 2006, “Copper-Clad Laminate for Flexible Printed Wiring Boards (adhesive and Non-adhesive
types)” in the present 3 edition of the document, also taking into account of the cumulative conductor pitch. Test
methods for migration and whisker growth on FPC were also to be added.

The joint standard preparation of this document with IPC is not planned for this time as a frequent revision may be
necessary for the industry especially in Asian countries where most of the production is made around the world. It is
considered instead to submit to IEC as a PAS for an early dissemination of the information the industry needs.
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The Japanese Government had adopted in 1995 the policy of harmonizing the JIS (Japan Industrial Standards) to ISO
and IEC standards, basically translation of the ISO/IEC documents. JIS C-5017, “Single- and double-sided flexible
printed wiring board”, is not a direct translation of the corresponding IEC document but the present IEC document was
published years before and does not reflect the present day technology. We need to use the present JIS C-5017 for
the time being and need to wait the revision of IEC document by IEC/TC91. TC91 has a plan to revise old documents
on board materials based on proposals from national committees reflecting the present day technology in the industry.

With these considerations, the present document, 3 edition of JPCA-DG-02 is named as the “Performance Guide for
Single- and Double sided Flexible Printed Wiring Boards”.

Il. Supplemental explanation on each specification (The item numbers are those in the text.)

5. Performance level: Classification of specification and application of performance levels

Since the FPC is one type of printed boards, the classification of specification items of this performance guide in the first
edition(1997) was prepared in accordance with the IEC Standards for printed boards. The classification of boards was

drafted in harmony with the conventional JIS Standards and with international standards in future.

FPCs for various applications require different performance, and a specific application of a printed board often
requires a higher level of performance.

FPC used for an application where the board is subject to repeated bending sometimes requires a special specification,
such as, “There shall be no dents and nicks in the flexing portion.” Some other examples of special requirements and
applications for FPCs include:

1. Dimensional accuracy (for fine circuit patterns for fine connections)

2. Flexural performance (for applications such as mobile phones, digital versatile disc, hard disk drives, floppy disk
drives, printers, and others in which flex boards are repeatedly bent)

3. Cleanliness (contamination issue in hard disks)

4. Surface treatment ( FPCs for COF)

The FPC is unique in its overall dependency in quality (reliability) and cost on specific requirements/applications as seen
from the above items. FPC cannot have only one specific "level”, as each specification may require its own "level”.
We can select a specific requirement with a certain "level” different from other portions of the same FPC to use it for a

different application.

7.5.1.2 Nicks and pinholes on conductors These are used to judge if the FPC can be used without any trouble in
its function (e.g., at the time of component mounting and/or soldering). We added requirements for defects on lands in
the first edition (1997) as problems were found in operation in the field and requirements have been specified. The
value 10% used in the specification is the most common value, which has been used in the agreement between user
and supplier.

7.5.1.4 Unnecessary copper between conductor/spur and nodule of conductor in an open area

We added requirements for this item in the first edition (1997), as these were the phenomena often observed. An
open area is described as the space more than 0.375mm wide. The maximum value of 0.125 mm is specified for the
spacing assuming the electrical properties are not affected with this value.

7.5.2.2 Foreign substance A non-conductive foreign substance is assumed to never cross over three conductors in
the conventional specification, whereas the assumption is no more practical for a dense pattern currently used. We

changed the specification to the sizes of foreign substances from the first edition(1997).

7.5.3.1.1 Gold plating We added examples of plating errors such as at COF and ACF connections and key contacts,
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and allowances specified as Levels 2, and 3.

15. Cleanliness Non-volatile residues (NVR), organic silicone compounds, and ion contamination (including chlorine)
are the new problems for hard-disk drives (HDDs) and COF applications. The user and supplier should agree to carry
out analyses based on FTIR and ion chromatography.

17.3.2 Storage Pre-drying conditions after storage were clearly indicated to maintain the heat resistance in
soldering.

Additional remarks to Annexes

Annex 2 lon migration An ion migration test is asked in many cases of FPC especially for fine pattern applications.
A test method is provided in this document using a reasonably narrow interdigital pattern of a conductor spacing of less
than 100 ym

Annex 3 Whisker growth test A whisker growth test method developed by Yamaichi Electric Work is included in
this document for FPC.

On the adoption of lead-free solders and the time of switching from lead based to lead-free solders, tin-based metal
plating is commonly used to replace plating of lead-tin solder to conductors in flexible boards by most of FPC
manufacturers. The tin-based metal plating used as a surface treatment of conductor brings a serious technical
problem of the whisker growth on flexible boards with the possibility of short circuit between neighbouring conductors
when the length of a whisker exceeds a critical length. It is now fairly well known that the whisker growth becomes
significant when a stress is applied to the plated tin-based metal. It is an urgent issue to develop a reliable test method
of the whisker growth to estimate possibility of operation failure of products using flexible boards The JEITA (Japan
Electronics and Information Technology Industries Association) has been extensively working to develop a test method
of whisker growth on leads of components and joints on boards. JPCA is also studying the whisker growth especially
on flexible boards.

Tin-copper plating is widely used in the FPC industry for the tin-based metal plating. It is known the whisker growth is
affected by internal stress induced, the thickness of Sn and other metal plating, the materials and thickness of stiffeners
used, types and thickness of adhesive, and actual conditions of reflow process. It is not established yet to suppress
the whisker growth completely to this date as the whisker growth seems based on one of distinct properties of tin.
There are some candidates being studied for the supresson of whisker growth by various FPC manufacturers , such as
annealing to relax internal stress generated in plated metal films, or reflow soldering, but no sure-cure method is found
yet. The whisker growth is not completely understood yet. There are reports that nodules were grown even on
tin-lead plated film. FPC manufacturers do have comprehension now that the suppression of whisker growth is very
difficult though it may not be impossible as tin-based metal is used for plating.

We added a paragraph to this edition of the design guide to call the attention of those involved in the FPC industry on
the whisker growth.
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You are encouraged to send comment(s) and/or inquiry to this document. Please complete this form and send it to
JPCA at (FAX: +81-3-5310-2021). Your comments will be sent to the appropriate committee, reviewed and will be
reflected in the next revision of this document

Name

Affiliation

Address

Your comment
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