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FR-4 Reclassification Update

a) Progress of UL746E file review for QMTS2/QMJU2
b) Impact to PWB files ZPMV2/ZPXK2



Historical FR-4 Modifications
CNETDFR-AZEE

Modification of resin

/ Halogen- free flame
! retardants
Brominated flame /
retardant
Dicy/Phenolic
T Addition of Filler
Glass fiber \

Change of curing
Agent

Traditional FR-4 : iti -
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Historical FR-4 Modifications
NETOFR-AZEE

Improve reliability {E¥EEREDT-HDHEDHE

« Heat resistance, humidity resistance, and heat expansion, etc

T EE . R TE ., BRIt L

Environmental substances for EU RoHS Directive

BRI DRoHSIER DIRFEME
- Halogen free flame retardant /\NA%*> 21 — B A H

Higher electrical performance
FUBNESHERED-HDBIEDHR
« Advancement of IT technology and new material for market needs
have been developed

M= — X2 XBITEMDES LHEM DR
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Summary of New FR-4 Groups

5 LULWFR-45 IL— T3

Fal.'d)

New UL/ANSI Types Replacing FR-4 in UL746E

Primary Secondary —— Flame Reinforce
UL/ANSI Type Resin Resin(s) Filler Retardant ment
FR-4.0 Epoxy? Any Inorgjgol/c Max Bromine V(\éclJven
(Brominated FR-4) 0 ass
FR-4.1 Inorganic Max Non- Woven
. 2
Epoxy Any 45% Halogen Glass

(Non-Halogen FR-4)

LExamples of inorganic fillers include, but are not limited to: Silica, Clay, Talc, Ceramic, Calcium
Carbonate, Aluminum Hydroxide, Fumed Silica and Titanium Oxide.

2Epoxy functionality, minimum 50% by weight of organic resin.
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Laminate (QMTS2) file review status
SER—MQMTS2) 77 ILLE 12—

= Effective Date — 2014/06/30 ®FR-4.0
BRiEFHA - 2014564308 FRA1
= Ontarget to complete by effective date.
RERHIBETOSETICAIFIEE
= Online databases updated to include Non-HAL.
A4 T—AR—=RIZ/\AF %R
' R.T.I
Btlj;)ld H H I\;zgtEs Meets
Mtl | ANSI Min | Flame A V Non- 746E
Dsg| Type |[Color| Thk | Class | Elec | Mech I T HAL DSR
(mm) (°C) | (°C) R
Industrial laminates, furnished as sheets.
ABC
FR-4.1| NC [ 0.63 | V-0 130 | 140 4 Yes Yes
1.40 | V-0 130 | 140 4 Yes
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Permanent coating (QMJU?2) file review status
IN—R R —T125 (QMIU2)I7AIILLE 21—

= Effective Date — 2014/06/30 ##%%h8 - 201446 A30H

= Online databases updated #2351 F—48R—XE#HET
= UL/ANSI FR-4 updated to FR-4.0. UL/ANSI FR-4/'FR-4.0~E#HiSh 1=

Coating Material Solder Limits

Mtl Dsg Col Min Max  Flame ANSI Min Thk Temp Time
Thk Thk Class Type (mm) (deg C) (sec)
(mic) (mic)

Resist coatings for use on Recognized printed wiring boards, furnished as: two component
liquid.

Hardener A
GN 15 20 V-0  FR-4.0 0.63 260 20
Hardener B

Solder Resist C/ GN 15 30 V-0 FR-4.1 1.40 180 12600

Hardener C 230 120
260 40

290 20

V-0 FR-4.0




Impact to PWB Manufacturers
EiRA—h—~DEE

Work Request

Currently Recognized PWBs using FR-4 material
FR- 4% #Z#EAL TSR DRI EAR

Action

* No action required
TOIVARE

* No retesting

BARIITE

* No change to type designation
BRATRBDERIFTE

* No File Review: Update files with new FR-4.0/FR-4.1 types after Laminate
and Solder Resist file review completed in future projects
IJ7A4ILE 22— L : 3R — B EUVYILT —LIORAMDITF7AILLE2A—E T
D BETODCIIMAICT, S THLULFR-4.0/FR-4.1 AL TIZT 7 ILEEFH
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Impact to PWB Manufacturers
ERA—h—~ D E

Work Request

New PWB using FR-4.0 or FR-4.1  FR-4.0F/=[¥FR-4.1Z# AU f=# L L E iR

Action

- Testing: Bond/Delam and Flame & : R FR L UTRITIEIR— 30, BRI
CCIL/MCIL and Coatings program ok
CCILIMCILR U a—T 4 >F 7055 LHAERAT
- Applies to 90% of FR-4.0 and FR-4.1 FR-4.05 & U*'FR-4.1M90% (& F
- FR-4.0 # FR-4.1: Testing cannot represent each other
FR-4.0&£FR-4.11F, HEICKRKRABR L FA S0
- Exception: Blended resin FR-4s ffl4%}: T L FEnf-#EZE AL \-FR-4
- UL796 states material shall be generically similar
MHIAELEEBELUL-EDET H, EULTGICERBR SN TLNVS
- Very small group of materials ~ S<DE DM HNZY
« Testing requirements do not change ZERERERICEH(LALY
- New type designation required  FHTL W2 A4 TE2NDE
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Impact to PWB Manufacturers
ERA—D— D E

Work Request

Add solder resist to PWB VLA —L R EERIZEM

Action

FR-4.0 # FR-4.1: Testing cannot represent each other

FR-4.0£FR-4.1(%, AR ([T FTAER (S50

PWB permanent coating requests shall follow UL746E requirements per
UL796, 13.1.1 and 14.1.

IN—IRbTA—TAVTIZDVTOERIE, UL796MD13.1.1E8 X U14.1IEDE
UL746EDZERIZHED

Coatings may need to be tested if no Recognition with a specific Blended
resin FR-4 in file.

J7AIVRICHEEDT LU SN T-#IEZ AUV -FR-ADEEEN VG S,
DIOMOEBRIRELLED

Test coating with 1.6mm and min laminate thickness

1.6MMRERUVE/NDT I R— FEATODIA—T 1 VT M DERER
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Impact to PWB Manufacturers
ERA—D—~DEE

Add FR-4 Blendto PWB FR-47J L > FZ#EIRIZ1EM
Add FR-4.0 / FR-4.1 laminate to PWB FR-4.0/ FR-4.15 = %*— M ZEIRIZEM

 New Type designation needed if requesting FR-4.1 or Blends
FRALIFERIXTLY FEEKRT HEEFLLZ A TRAVRLE
« FR-4.0, CEM-1 and CEM-3 can be under the same Type
F 424 78 TFR-4.0, CEM-1., CEM-3DERF I
« Testing requirements do not change
ERERERICEHE (XA LY
« Bond/Delam and Flame
R RRANLUTRITIER—2a 0, 5
« Coatings may need to be tested if no Recognition with a specific Blended
resin FR-4 in file.
J7AIVAIZFEDT LU SN -#EZ ALV -FR-ADRIEN T MG E .
TAIMOEBRNBELLD
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2014 STP discussion items
a) Solder Limit Evaluations



Updates 2014 STP discussion
<Topics from Task Groups>

Addition of Requirements for the Second Core PWB
Program

Revision of UL 796 to Comply with the Requirements
of the Style Manual for UL Standards for Safety

Clarification of Requirements for Solder Limit Evaluation
for Laminates and PWBs

) 14



Updates 2014 STP discussion
<Topics for Discussion>

‘ - Proposed New and Revised Requirements for UL 746E

‘ - Secondary Core Material Evaluation Program for UL 746E

‘ - Using the T260 Test Method for Dissimilar Material Evaluation for UL746E/UL796

‘ - Addition of Characterization Tests for Laminates in UL 746E

‘ - Addition of Cemented Joint Testing Per IEC 62368 to UL 796
‘ - Vulcanized Fibre Analysis of Zinc Chloride by XRF Testing
‘ - Conformal Coatings Program UV Evaluation Option and IEC 60664 Option

‘ - Embedded Component PCB Constructions

‘ - Evaluate ANSI Type FR-4 Materials for an RTI Rating Greater than 130C

O



Solder Limit Evaluations

Proposal for use of Standardized Thermal Stress Condition



Clarification of Solder Limit Requirements
YILE—1)SyRERICTDOLNTOHERA

Historically.....

1. UL followed the industry practice of simulating assembly with a
solder float test (one maximum temperature for a specified time)
ULIZ. FRDEFAEZT70— FEERICK SN I aL—Y 3y
1T O BITICHRE o 1= (= R E/REE)

2. Inthe mid 1980’s, surface mount assembly started to replace wave
soldering.
1980F K F X, vz —TIFAEMIZRDHY . REEEHIIIRE
271,

3. UL then began the investigation of surface mount reflow and the
effect on PWB and material degradation with the intention of
updating the standard as the industry changed.
ZTDER.FROEEICIG CI-RBOEHERFICANT, REXEE
J70—E&U, TYY FEROMBOLIE~DEEZET 5

) Ex#mo1-. ]
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Clarification of Solder Limit Requirements
YILE—1)SyRERICTDOLNTOHERA

Currently.....

1. Present industry soldering methods include multiple soldering
operations at lead-free soldering temperatures.
WE. RROIFAEFFHFZEICIE, 887 ) —IXAFIHERETD
BHEIESIFAZFHITIENAZTEND

2. Some PWB'’s are also assembled through wave soldering and
hand soldering of special components.
WSDOMDTY Y RERIZEWVNTH., FHREBRDOY T —TIEAT
FHOFIZALEFFIZE>THAITONS

@ ’



Clarification of Solder Limit Requirements
YILF—1)IYRERIZTDOLVTOEHA

Currently.....

3. IPC D-32 thermal stress task group found the solder float test will
pass PWBs that fail during surface mount assembly soldering.

IPC D-32 829 J ) — 7Tk, REEREMRITFALMFTIETE
BEHELS=TY U FERMNIFALZE2O— FRERICTERT 55—
7\75*‘&3%) CERTH T,

4. Assembly soldering processes can include many different thermal
profiles. To reduce testing, standardized conditioning is offered for
the thermal stress reflow profiles to represent the majority of
assembly processes used today.
HLIFAZFITREBIIZDELGLIATAT7AILNEEND, SRERER
b3 =®HIC. SEFERALTWSKE7DMIINEEZREKRLI-, ZELSN
=)2R—Ja77/IVERTY %

@) 19




UL 796 PCB Solder Limit Evaluation
UL 796 PCBY LA —1) 2wl

Solder limits reflect the maximum temperatures and times of the assembly
soldering process.

YILE—1) 2y ME, A TREALMTREORKEEEREZRIRL TS,

Two thermal stress methods are currently used to evaluate the solder limits:
WE. 2D2OFEICT, YLF—)Zy bZEFFHELTLS

1. Exposure to the maximum temperature and time JxXEE -EREIDEE
a) Represents wave soldering or hot air leveling (HAL)
DI—TJIRALEFFOLAS—REBEHKEKRT S
b) Example - 288C/30 sec
c) Similar to the solder float test  (FA =7 O— FERERIZEERL

2. Exposure to multiple solder limits: temperatures and times determined from actual
soldering process
TILFTILYLE—) 2y bORE EREOFALFTITATI 74 IO ERES KU
BZRET B
a) Represents reflow assembly process ') 7 O—#I TUEERKRT S
b) Example- 180C/3.5 hr, 23C/5 min, 260C/40 sec, 23C/5 min, 290C/20 sec
@ c) Many profilesneedtobetested ZL<DTAT7AINETA LT H2LENH D
2

0



IPC-TM-650 2.6.8 Solder Float Test
IPC-TM-650 2.6.8 [FAFZ70—rKER

Why was a new thermal stress test needed? ZZ&# L LV X ~ L REHEEA
WEBELEEINT=OHN?

« Solder float test passes bare printed boards that fail during surface mount
assembly. REEEMI THEICFRBEE ELELIRT T FEERMIZAEZO—F
AMERTEBT S

« Asolder float test is considered more of a thermal shock rather than a thermal
stress as seen in a reflow process. [FAZ70— rEERIE, ) JO—0ET
RONDEODBBRXMNLATIIGCBEELEEZ OND,

« Adding additional cycles of solder float for lead-free further widened failure gap.
7)) —DIEAEZE7a— DY A 7 IILDENIE. FEEDIEZ S BIZAEITS

The reflow test was developed as an alternate thermal stress test method to
simulate surface mount assembly:

) 70 —HERIFHRBRR FLARBREE LTHE S, REREMRITESIaL
—r9%:

« IPC-TM-650 2.6.27 Thermal Stress Reflow Assembly Simulation Test

(U) IPC-TM-6502.6.27 R FLRY IO—MITYIaL—La Vil =



IPC-TM-650 2.6.27 Thermal Stress Reflow

Assembly Simulation Test
IPC-TM-650 2.6.27 AL RYT7A—HII 32 L—aVRER

« Task group surveyed different profiles:
BRROTIN—TFEGEHTAT7AILEREL]:

J-STD-020D.1, Cisco profile, Boeing profiles

« Two rounds of solder float to surface mount correlation testing
completed

270 FORAEE - (FAEZT70— MEEERATT

* |PC-9631, User Guide for IPC-TM-650, Method 2.6.27, Thermal
Stress, Convection Reflow Assembly Simulation

IPC-9631. IPC-TM-6501=8bD1—HYHA K. AYUw FK2.6.27.
AMLR, ®imY)oA—4$IIaL—3 Yy

@ .



UL796 Proposed Standardized Condition for the

Thermal Stress Test Based on IPC Test Method

IPCEREREICEDCEBRMN RARAEBDOUL796IZHI1T512#E LD

T4 AVE

« Replace multiple solder limit evaluation with standardized condition
BHOVILF )2y EEEE LD T1avITRAD

Temp (deg C) - Maximum

. . Maximum
Time (sec) - Maximum -
Temp (deg C) 25 -183 183 - 230 - 183 183 - 25 _
i Maximum
Time (sec) 2.5 C/sec 90 2.5 C/sec
Temp (deg C) 25 -183 183 - 245 - 183 183 - 25 _
- Maximum
Time (sec) 3.5 C/sec 120 3.5 C/sec
Temp (deg C) 25 -183 183 - 260 - 183 183 - 25 _
_ Maximum
Time (sec) 3.5 C/sec 120 3.5 C/sec
Temp (deg C) 25 -183 183 - Max - 183 183 - 25

Maximum

Time (sec) 3.5 C/sec

120 3.5 C/sec

23



UL STP Solder Limit Task Group Findings
UL STPYILF—JSYMEET IL—T DREHR

« Solder float test passes PWBs that fail during surface mount assembly
REARFHIFICTFEE LGS T VU MEERDFAEZ70—MEERA
BRELS,

* No retest for currently Recognized materials or boards

WA SN TVHM M OERDBEFHERIEITE
 Special marking not required 43Rl —F VT IFFE

«  PWB type used for traceability. Solder limits can be determined in UL’s
online directory. fL—YEUTAIZERIA TEFER, YVILF—1) =
v MIULDA >S4 0Ta LY ) THERETE S,

 PWB fabricator does not need to know actual profile used in assembly

T hERA—D—E, MBI THEATIREOTO T 7ML ER %<
f%otu

Profiles standardized by IPC. Focus on max temperature and time.

IPCICK > TEELEIN-TAI 7ML, RARULEERELHHEICEREY
T%,
@- Testing to a customized OEM profile is possible, optional. 24

BTEDOEM 7O 7A4 JLTOREEMN[EE, AT 3>



UL STP Solder Limit Task Group Findings
UL STPYILF—JSYMEET IL—T OREHER

Default cycles reduced to 3 cycles T4 /L YA JILEH3Y A D ILIZE 1=
Based on double sided board with one rework cycle.
MEERORE + LIEOUD—0H%14 7))L
Board fabricator may choose to increase cycles, optional.
BERA—D—(F, VAV LEZEENT 2BREAHD. £ T2ay

« Create user guide for equipment and test set up
HEREHARBRRTED-ODI—TF—HA FMERK
IPC developed User guide for thermal stress test method. UL to create a similar
document for UL testing to maintain consistency.
IPCIFEAR b LRBRERAEDI—F—HA FZRAF LIz, ULIET—EB4ZH#EFT S
F=HIZ, ULOEBRAICEUXEZERT 5,
« Applies to all PWB standards: UL746E, UL746F, UL796, UL796F
EDOETORIIZEA : UL746E, UL746F, UL796, UL796F

 Proposal reduces testing RBEICEYRERHIHES

PWB fabricator chooses only one profile for testing.
T FRERMIEEE., —2OTOT7 7/ IILETHERIGERTE S,

® -




Thermal Stress Verification Data

Material
1. FR-4.0(170C Tg)
2. Low loss high speed (185C TQ)

Conditioning

a. 288C/30 sec

b. Reflow 260C/3 cycles
c. Reflow 260C/6 cycles

Results
* No Delam for
all conditioning

Q




QMJUZ2 Evaluations - Reduced testing for
solder mask mfrs



New Flammability Requirement for solder masks
YILE—I R8T =15 PRI Rl Z R

Optional Requirement for Flame

/ N R DA T aFILER
:;Ei;[ Flame #1 Flame #2 Flame #3 |Flame #4 Flame #5 Flame #6| Flame #7 Flame #8 Flame #9 IR
Core . . )
Thk Min Min Min [0.8mm 0.8mm 0.8mmj| 1.6mm 1.6mm 1.6mm
Any
Coat Thk Uncoated Min Max |Uncoated Min Max |Uncoated Min Max (Liquid or
Cured)

. /

<<Test Requirement Change>> SREBEERNDLTE

IR: No change IR:ZE&EZL

Flame: Change testing for 0.80mm thk core to an option
PRGEME : 0.80mMEDIATH#HEDRBEMNA T a bib

28



New Flammability Requirement for solder masks
VYIVE— RIS B T=7r R e Sl 2 R

Existing Recognition

EEIE

Optional Requirement

for Flame #ABEiERER
DA T arIVER

Additional Evaluation

& MEEAE

<<Test Requirement Change>>
HERERDEHR

IR: No change IR:ZE#L
Flame: Change to test one color only based on the original submittal (worst case

for flame) AEEME: BEEOBRICE DT 1BDOARERICEE (T—AMr—X)

29



Specialized Analysis of Polymer
Variations: The “2000hr LTTA Program”



WHY POLYMER VARIATIONS
BERIR—/\)I—232 g0 H

- Product developers are frustrated with the time it takes
to validate the performance of a laminate modification
SERAREEE. SSR— M EHEDOEREZREL T SHFHE A
MHEBICTAmZERATINDS

- Laminate customers do not understand why it takes so
long to get a product modified and approved
FER—MEROEERIE. HENEE -EKFESNLHET.
BERVEZETSIOMHMDELY

31



WHY POLYMER VARIATIONS
BERIR—/\)I—232 g0 H

- Industry programs in more critical applications (e.g.
automotive) accept shorter programs to validate similar
performance for modifications
FYBELGT7IT)r—arTcE\bhdTas 5L (6l BE
HRE) X, EERICHLUDMERZRET H-HIC, &YE
HETOTRISLERHTLNS

- Laminate manufacturers stand by their product
performance even without an RTI, but their customers
demand RTI value!

SIR—hA—H—IE, EARTIGEXRER) ZMELT
LWELWE G TH, HREEHERLTLEN., BFRRITRTIDE
FEEZELTLS

@) 2



DEVELOPMENT OF PROGRAM
70735 LORE

Development began with a few basic questions:

FRFEDBEYIENOMDERNLZEEB M TH-T-

What if we could consider customer generated data?
BEBRNMERLI-T —3ZRETESD TG ?

What if we could conduct more analytical testing to confirm material
properties?

FYSLDAHHABZITILT, MHFHEZHETESDO TGV M ?
What if we could conduct a high temperature verification per industry
standards to determine similar performance?
ERBRCEICE R T TORIEZITOICLET, HREDRIFIEZRETE
HDTIXELM?

@ .



2,000hr LTTA Program for Polymer Variation
RYT—/\) T—2aVI[2H1T520008E OLTTATAT 54

Untested Compound
Undergone LTTA Formulation

RABRT T EBHBEET
I

Add B0
Delete | B&

. ) : /
' - : e 3
4 -} y -
- . - AT p a - - " L
) Y ! = = -
Yy A B 2
by - [ > R L by -
5 s : - > R . f .-
Y o s e A
" - [ ’ a " - N
\ « Replace e S . /
B .
¥ - A
\ A .
- A -
. ]
L | - |
L y

BTHA
Change in
Level F#n=
P

CONTROL CANDIDATE
@ BEH B




Polymer Variations Program - UL 746A Sec.9
RY<w—/nN\YIT—3>70a55L (UL 746A Sec.9)

Table 9.1

Test considerations based upon compound variations

Additive Addition Deletion Replacement © Change in Level
(absolute %) (absolute %) (absolute %) {(normalized %)
<2 See A =2%, See A =1% See A =30%, See A
Acid Acceptor = 2% but =5%, =2% but <5%, See BE =1% but =2 5% See =>30%, See
(Scavenger) See B BE
>5%, See‘lBDE) =>5%, Se@, See @ =2 5% See@
Antimicrobial, - - - -
Copolymer145), <30%, Seg-B
Crosslinking Agent, . @
Curing Ageg\t, £Ilrlame Se Se Se >30%, Se
Retardant, Polymer
Blend1%3) Impact
Modifier
Conductive Material < 5%, S < 5%, Se <2 5%, See <30%, Se
=5%, Seg FD >5%, SeelFD =2 5% , Seg¢ FD =30%, Seq FD
. - )

Antioxidant

<0.5%, See A
=0.5%, See BE

<0.5%, Sel
>0.5%, Sed

<0.25% Sek
>0.25%, See

Increase or De se
=30%, Se
Increase =30%, See A
Decrea%, See

Antistatic Agent,
Compatibilizer,
Halogen Scavenger,
Low Wear Additive,
Lubricant/Release
Agent, Processing Aid

=5%, Seg-#

-5%, Sed@DD

<5%, See A
>5%, See @

<2 5%, See A
=2 5%, See 1@

<30%, See A
=30%, SeeBDEY

6

| Blowina Aaent(2)

<1%, See O

See O

<0.5%, See O

For all Decrease or
Increase =30%, See O

35



Program Code of Polymer Variation in UL746A Table 9.2
RUT—N\)IT—23vI2EFH5TRTS5.La—F

Program
Code Test Program
A

< T m U O W

Flame

Code A + HWI, CTI, HDT or VT or BP
Code B + HAI, Strength, Impact

LTTA

UV and/or Water

Code C + DS, VS, Dimensional Stability
Strength, Impact

36



Case Study for Polymer Variation

RY—/\ YT =328+ BHEH
Generic RTI
or
Code DZL =T (i 55
g (Code A, B, C, For M)

/\ Elevated RTI

+
Polymer Code DHY £ (i = =+ o =
v +

Elevated RTI
+

Code D&Y | = st =l

(Code A, B, C, F or M) + 2000hrs$E A7 05 5 L

37

%E&at%i%] g (Code A, B, C, F or M) 2 Temp or 4 Temp



Steps for the200hr LTTA Program
2000hrs REARER T O T S LETDORTYS
Step | Step |l Step i
CIRFERS
éz.a' E [ics
AR SRR
. = s's;ssszzfc 2000hrs
435 0l F= B A B
EERNLD o045 5.
IRHIEROMEE 2. 72 HAFT 5L BR
B8R
piulyis NN
RTE
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THANK YOU.



