Benefits of UL Certification

L ZZZEDF T

2015 JPCA UL Forum
June 5 2015

© 2011 Underwriters Laboratories Inc.




Objectives HHEJ

UL Background =

Demand Driver for PWB Certification PWBEESED N EH
2015 STP Topics 2015 STPrEw%H

New PWB Services #FHLULPWBH—E X
PWB Information for Submittal B IZHELZPWBIEER




Global Electronics PWB Migration
HRMNLGILIFOZHIAPWBDERS

Industry wants PWBs to be

e Smaller &Y<

« Cheaper &Y%<

 Environmentally friendly RiEIZHELL

 Lead-free and halogen-free
g )—XonN\O7 D) —

OEMs turning to

 Unique rigid PWB constructions
A=—971) oy RPWBHE &

» Flexible PWBs JL3*PWB

Are the new constructions safe?

FLULWPWBREITZEN?




Demand Driver for UL’s PWB Program
UL PWBT R S LILEM

« Driven by end product safety concerns: HEERZDLZEMEIZENT
 Fire X
Electric Shock %E
e Personal Injury 815
« Environmental Hazards RIEGEIRE

« Characterize the behavior of the PWBs: PWBDEE)Z 433+
 Physical, electrical, flammability, thermal 32/, {LFRY, BRME, BE

E

 Used as guidance for end product safety design:

RRHADREFADHAFELTHEA
e Material manufacturer, PWB fabricator, end product manufacturer

M#Ii5, PNBRES . REEATH




Why UL Certification for PWBs?
EHEPWBIZULEREEM ?

Certification is driven by end-product hazards and
requirements

AL IR RBDEREEEKRICE > TRELGS
*PWB safety hazards caused by the potential failure mechanisms
PWBDZE L DERMEFBENGHEANZXLIZERT S
Many end-product Standards require UL Recognized PWBs,
ZLDRMBRE DI TIIULFZEIEDPWBAEREIN TS
for example:
IEC 60950 (Information Technology Equipment)
IEC 60601 (Medical Equipment)
IEC 60065 (Audio & Video Equipment)
IEC 60335 (Appliances)

IEC 62368 (ITE and Audio/Video Equipment)
IEC 61010 (Equipment for Laboratory Use)



Requirements & Standards EREIESHK

N @

Laminates/

Plastics Coati PCBs
oatings Information Technology
Equipment
IEC 60950 Audio & Video Equipment
uL796 |IEC 60065 e
UL 94 ITE and Audio/Video
UL 94 UL 796F |EC 62368 _ .
UL 746E quipment
UL 746A IEC 60601 ; ;
Medical Equipment
ZPMVv2 IEC 60335 :
MEzz2  OMTS2, o>  IECe1010 EPPliances
Q QMJU2 Equipment for Laboratory
ZPVI2 Use

® :



Why UL Certification for PWBs?
EHPWBIZULER

SEAN?

. Certification Is driven by end-product requirements

AL F B EMDBEKRICIOTRELLGD

- Using Recognized materials and components can significantly reduce testing

ULEREEM B ZERI 52 EICK > THE R #EMA KIEICHIBTES
Many end-product Standards require UL Recognized PWBs,
Z<DREHF DRI TIZULEREIDPWBAE RSN TLVS

for example:

* The actual ratings required will be dependant on the end-product and how the PCB will be employed; always check

Product SELV, LPS SELV, LPS SELV, Non- Non-LPS with hazardous
below 15VA | above 15VA | LPS Voltages

ITE, Min. HB Min. V-1 Min. V-1, Min. V-1, MOT under ZPMV2

Audio/Video | under under MOT under | - multilayer, coatings,

IEC 60950-1, | ZPMV2 * ZPMV?2 * ZPMV?2 * spacings, etc. could add

IEC 60065, other end-product testing

IEC 62638 requirements*

with the end-product manufacturer what ratings they actually need the PCB to achieve!

*ERICHELRTERE. REEREPCBAEDISICHERAINIMNIZLD, BT REEMITIEICPCBICHELEREIER !
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Benefits of UL PWB
Recognition PWBEEIDF &

PWBs covered by UL’'s Component
Recognition Program

UL'&BHH I:Ilb\l:IIE7 D7 71A-ij/ \ é;ha%)PWB
« Type Testing ERELZ4A 7 HlIEAER
« Confident that PWB complies ZEHE{S

* Pre-selection allows for less testing

BENERICK S FHER S EHR
« UL Recognized PWBs used Globally

HRTEH
« On-going compliance FUS
FUSIREZ KD IEFEE D kT
« Audit during production IiFGiE&E

@ Ongoing confidence the component
complies TE2MDMTHITHERR



UL PWB Certification UL PWBEZEE

« Basic Service for PWBs is Safety certification

PWBDEKRY—E X XEZEFiEE
« UL Mark demonstrates PWB certification ULV—Z%2IXPWBEREIZFRT
- UL PWB program accepted internationally ULPWBZO4 S A(XEMEIIZEEHE

- PWB Certification Options PWBEREEA T3>
« Full Recognition — MOT and Flame rating ZJLE2EE - MOT&BAKEE K
« Flame only — Flame rating only BN HREE - RIFEEEDH
« Materials (QMTS2 or QMJU2) # PWBs (ZPMV2) PWB#f#152:E# PWBEREE

« UL iQ Database for PWBs (not the same as IDES)

* Intended for end-product, PWB mfrs, and EMS (Electronic Manufacturing
Services) &R&E &, PWBIi5, EMSH

« Database includes Rigid and Flexible PWBs, Laminates and Coatings
Rigid PWB, 7L XPWBR UPWBEA . a—T 120 HA &k
 Enables searching by UL ratings, company name, type designation and UL File

@ Number ULE.#HLB. . F3M1TE. 774\ BE S THRETHE
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UL iQ Database for Searches
www.ul.com/iq

@ tma UL Q@ for Printed Wiring Boards

Introduction

Company Parametric Type Dsg Tradename

Welcome to UL's iQ for Printed Wiring Boards Database

UL's iQ for Printed Wiring Boards includes materials covered under the following categories

PrntedWiing  Component - Printed Wiring Boards - ZPMV2)
Bodirie. This category covers printed wing boards for USe a3 COMPONENES in devices or appliances. The boards May USE organic or inorganic base matenials in a single or multilayer, nigid or flexdble form.
Circultry construction may include eiched, die stamped, precut, flush press, addtive, and plated conductor techniques_Printed-component parts may be used

Component - Laminates - (QMTS2)
This category covers materials that have been tested in accordance with established methods to define their properties in order to faciltat
These materisls may consist of fiament-wound tubing, indusirial laminates, vulcanized fibre, and other materials for use in fabricating Rece

Laminates

Companent - Flexible Printed Wiring Boards - (ZPXK2)

This category covers printed for use a3 I devices or appiiances. Flexivie 1
properties. The constructions may use fiexible materiais in a single or mullisyer build-up snd in combination wih adeltional flexible or rigid n

[ ] ™
die stamped, precut, flush-press, addlive plated conductors, polymer thick fim, cual access, cast and sdhesiveless techniques. Prirfed-co Underwriters ] (L]
PWB Coatings  Component - Coatings for use on Printed Wiring Boards - (QMJU2) Laboratories Or rl n e I rl n Oar s
Calegory covers permanert coatings for use oartis. These coings may consist of sokder resists (sok
The materials covered inthis database are incomplete in sertsin constructional features or rastricted I performance capabilities and are intended for us

diract sep: inthe fisld. THE FINAL ACCEPTANCE OF THE COMPONENT IS DEPENDENT UPON ITS INSTALLATI
UNDERWRITERS LABORATORIES INC

FINIC Flex PWE's.

Introduction Help

: Ty g

[EET ki & Printed Wiring Boards

Construction Iy'pe:lnJia d Company Name: Country: nfa d

Flame Class © equalto &> |nfa & " singe siced (¥ coubleor singla sided Conductor Attributes
. Max Area
Max Operating Temperature (C); |13 ¥ Max Solder Temp (C]:I MinWidth  Min Edge Diam

Comparative Tracking Index (CTI]:Inja d Solder Time (sec]:l I mnm mn mm
Meets UL796 DSR" | nfa hd ™" shaw muliple suider it types oy Min Ext Tk Max Int Thk Max Ext Thk

[ additionally certified in accordance with Canadian National requirements e mic mic

Fhtriangle symbal i marked on those products within @ given type designation that comply with direct suppart of cument-camying parts performance lewel requirements of UL 796, A" i
used to indicate that all baze materials under that type designation comply with direct suppart of curent-camying parts performance lewel requirements of UL 796,

Search
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2015 STP Topics

UL‘s Collaborative Standards Development System (CSDS)
RSN

http://csds.ul.com/Home/Default.aspx




STP 796 and 746E

1. Report for the Addition of Requirements for the Thin Core PWB Program for UL 796

2. Report for the Clarification of Requirements for Solder Limit Evaluation for Laminates and PWBs for UL 746E
and UL 796

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

4. Report on the Status of the Proposals For UL 746E Dated September 17, 2014

5. Report on the Status of the Proposals For UL 796 Dated October 17, 2014

6. Discussion of the Addition of 150° C RTI Laminate ANSI Grades to Section 7 of UL 746E

7. Discussion of XRF Testing for ZnCl Analysis of Vulcanized Fibres to Section 13 of UL 746E

8. Proposal to Add a Tolerance to the 24-Hour Alternate Flame Conditioning Test Described in Paragraph 4.3 of UL
746E

9. Proposal to Add ANSI Grade Definition of Type CEM-3 With Filler to Table 7.4 and in New Paragraph 7.7.7 of UL
746E

10. Proposal to Revise Paragraph 10.3.4 of UL 746E to Clarify the Intent of the Exception to Paragraph 10.2.1.3

® :



STP 796 and 746E (continued)

11. Proposal to Replace References to Type FR-4 Material in Various Requirements of UL 746E with References to
Type FR-4.0 and/or FR-4.1 Material

12. Proposal to Clarify Requirements For Additional Adhesive Tests in Paragraphs 17.11.1 and 17.11.2 of UL 746E

13. Proposal to Clarify the Test Sample Requirements for Conformal Coatings in Paragraph 22.2.1 and Figure 22.1
of UL 746E

14. Proposal to Delete Figures 22.3 and 22.4 from UL 746E

15. Proposal to transfer of Requirements From Paragraph 22.2.2 to Paragraph 22.4.1 of UL 746E

16. Proposal to clarify Sample Requirements in Table 22.1 of UL 746E

17. Proposal to Clarify the Requirements for Direct Support of Current-Carrying Parts in Paragraph 9.3.1 of UL 796
18. Proposal to Remove the Reference to the Dissimilar Material Thermal Cycling from Table 24.1 of UL 796

19. Proposal to Add Requirements Describing the Maximum Area Diameter on the Bond Strength and Delamination
Test Pattern as Section 10.8A of UL 796

® ;



STP 796F and 746F

1. Report for the Clarification of Requirements for Solder Limit Evaluation for Laminates and PWBs
2. Report to Discuss Using the T260 Test Method for Dissimilar Material Evaluation for UL 746F and UL 796F
3. Report on the Status of the Proposals For UL 796F Dated November 14, 2014

4. Proposal to Add Requirements for Alternate Condition for Flammability Samples as Paragraphs 4.3 and 4.4
of UL 746F

5. Proposal to Add References to Section 7 and Table 7.1 of UL 746B, and to Section 8 of UL 746F to Paragraph
8.1.1 of UL 746F

6. Proposal to Add Requirements to Clarify the Required Samples for IR Testing of Non-Homogenous Films to
Table 8.2 of UL 746F

7. Proposal to Add Requirements for Sample Thickness Tolerance as a New Table 8.6 of UL 746F

8. Proposal to Replace References to Thermal Shock with References to Thermal Stress Throughout the
Requirements of UL 746F

9. Proposal to Delete Reference to the Coverlay Test from Paragraph 12.3.2 of UL 746F

10. Proposal to Clarify Requirements for Stiffener Applications and Evaluation in FMIC Constructions in
Paragraph 2.9.2 of UL 796F

11. Proposal to Clarify Requirements for Dissimilar Material Test Method Specified in Section 5.14 of UL 796F

® y



New UL Services for PWBs

PWBDOFHLLWLY—EX




PWB Performance testing
PWB/\D#—< 2 AT Ak

IST - Interconnection Stress Testing

CAF - Conductive Anodic Filament Growth

SIT - Signal Integration Testing - SET2DIL

Conformal Coating Performance Testing

IST, CAF, SITIZRITLET—a EF S EEE

®
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Coating Performance Testing
OA—T AT INDAF—I AT R
Purpose E#)

« Conformal coating applied to electronic circuits
to provide environmental barrier and/or
electrical insulation

OV IA—ILaA—T12J [FRIBEREBIZx T 5/\
7 0iEO-HERERICALGNS

Programs Z045.L

 Certification testing F2EEFEHER

« Performance testing /\J4+—< > A E&
« Validation testing /\!) 7 — 3 ER
Testing &%

o UL94 Flammability

« UL746E Electrical testing

e Modular services

 |PC-CC-830 Qualification and Performance of
Electrical Insulating Compounds

@C 60664-3 Insulation Coordination for

uipment within Low-Voltage Systems




Quickturn PWB Certification 41v545—>PwBEE:E
Production Board Testing &7 Xk

Benefits 7| &

 Faster time to market &£YE{HiE~

« No need for specialized UL samples 53|47 LA E
« Two week turn around time = E& 2 5 258 ]
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Engineering Project Review T =7 L E 1—

@1

* Review BOM, construction stack-up and trace layoutto §
determine the test program. EE&ZiRDHST= . BOM,
BERIVIT VT FL—ALATILDLE 21—

» UL consultation to ensure PWB compliance to end-
product requirements. PWBHARR& RER(ZEE TS
MULEFTEEHE

« UL Certification provided as final deliverable. ULZEEE
Testing &%

e Production boards are tested ! 5GEtER

an

'mﬂ
1 \
@

» Specific materials, construction stack-up and trace
layout are identified for certification 4FE##}. fEiER
@/’77“/71 F—RAL AT DN E SN T=EREE

18



Pre-Certification Service LY —F47445—33>

Program J0O4 5.

« Technical consultation with UL engineer T2 =7 D#ffiHHR—k
e Submitting work to UL, need to avoid delays UL~NEZERE

« Predetermine test program and sample requirements FREETOT S LEH

TIVERDEBERIRTE

Benefits Flm=

 Accelerate time to market [ %

« Early engagement with UL EULEEEASULED DY

« Clear guidance of project scope BRFEHLHAS A

« Minimize rework and redesign of samples &=/NED!) T —I0HAER
Deliverables RiE#

« Early communication with UL BWERFEMLDULED OS2 =S —23

« Agreed project scope and expected completion time ZXo—7, #HEAD BEL
« Detailed list of test program and sample requirements F#fi+H > 7 )L Xk

« Certification project price quote FRiF7OTzVFERDRELY

« Credit of 100% precert fee to subsequent certification project A ZEDE F
@ TS —rEAD A (REZERETEEEL)

19



Non-Halogen and RoHS Compliant Certification

J\A & RoHSTE S EREE

Non-Halogen Program /2 /\O/%'> 70455,

» Evaluates materials for halogen content — Fluorine, Chlorine and Bromine
NAT V(TR IER. RR ) @AMAOFHE

RoHS Compliant Program RoHS#E& 7045 5.
« Verifies materials comply with RoHS directive RoHS{EH~ D & A
» Determination of six substance level — Pb, Hg, Cd, Cr6, PBB, PBDE

6B NDLANIVAITE - 88, /KER, ARSH L, Nfliva L R)BRIEEDz=)LRYRED
=)L T—T)L

Deliverable &%)

» Certification listed in Online Directory and iQ Database
oA T4LIM) RUNIQ T—ER—X(ZFES

Benefits Flm

* Find materials that meet RoHS requirements
ROHSDEXKIZHEHELI-MFBZERDITHIENTTHE

e Industry leading test methods through IEC standards
IEC T BL. BB AEZZTAVFT AR =D —k

«.Communicates credibility ERA4%EEA5

@?educe time to market Ti5E TOEREREHE 20



2000 hour LTTA Formulation Variation Program
2000858 LTTAZA—Sal—2av/\UIT—23070d 54
OPPORTUNITY /&

« Any polymer variation ¥ A TODRJT—/\JT—3>
« Acandidate versus A’ control {Ef###f VS E#H N
« Addition, Deletion, Replacement, Change in Level B0, Bllf&. X&. LkELEH
* Reduced testing - Final ratir_lg_s after 2000 hour LTTA confirmation test
AEREURAL - 2000FFfEHEREGER DR . IR TS

EVALUATION &

» Analysis of chemical formulation, analytical data, and performance data for comparable
results between control and candidate

IBEEMEEEMDRIFTHLINDHERE

» Basic analytical testing conducted at UL (IR, TGA, DSC, DMA, PDSC)
AHTERERIZULTITS

» Short-term side-by-side testing per UL 746A, Table 9.1
REAR Y ALY A FEBRIX UL 746A, Table 9.1

LIMITATIONS R _
* Validate the same RTl only FEILRTIELTDHEEE
« Not for an increase’in RTI RTIQ 7T D= TlL7LY i
« Not for an evaluation of a reduced thickness E#&% &3 AL M TIEAELY

® .



LTTA Fixed-Time Program
LTTA 2499 RREA LTG5 L

Benefits: F|
Consistent, faster completion time (5k hours vs 10k hours)
— B L7=. dLE/E5E T BFRE (5000/5fE vs 1000085R)

—>  Timel F50templ  Requirement:
1.Minimum 10°C spread of aging temperature.

2.Reasonable aging intervals; 552hr, 1008hrs, 2016hrs and 5040hrs are preferred.
3.Linear regression is used to determine end point temperature.
4.Minimum 500 hours required for 1° aging interval (Time 1)

Time2 F50 temp2

. Ui AR 5.Minimum 5000 hours required for 4t aging interval (Time 4)
HVb ri d 6.No spread limitation for end point temperature of Timel~4.
— Time4d F50 temp4
Method
Templ F50 timel Requirement:
) 1.Minimum 10°C spread of aging temperature .
—>  Temp2 F50 time2 2.Best Fit is used to determine end point time, it could be linear/ 3 or 4 order polynomial/
3 Temp3 F50 time3 exponential. ) o
3.Minimum 500 hours required for end point time of Temp1
Temp4 F50 timed 4.Minimum 5000 hours required for end point time of Temp4

® ;



Summary of New FR-4 Groups #LL\FR-45 )L—7
Established in 2013

2013FER1T

New UL/ANSI types replacing FR-4 in UL 746E

(Non-Halogen FR-4)

Primary Secondary —_— Flame Reinforce
UL/ANSI Type Resin Resin(s) Filler Retardant ment
FR-4.0 Inorganic Max . Woven
" Epoxy? Any Bromine
(Brominated FR-4) 45% Glass
FR-4.1 Inorganic Max Non- Woven
| 2
Epoxy Any 45% Halogen Glass

1TExamples of inorganic fillers include, but are not limited to: Silica, Clay, Talc, Ceramic, Calcium
Carbonate, Aluminum Hydroxide, Fumed Silica and Titanium Oxide.

2 Epoxy functionality, minimum 50% by weight of organic resin.

®
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MyHome@UL, online access to UL info

A —L@UL

Benefits #i4&

» Exclusive to UL customers

o 24x7 password protected access

« Staff from your company access to UL documents

Features 4

 Request Quote

 MyProjects — status of project

UL Reports

« Variation Notices and Inspection Report — alert to notices within hours of
posting

o UL Staff Directory

UL IQ Database and Online Certification Directory

SetUp tyt7v7

» Access , click on “MyHome login”

 Company subscriber number needed

® y



PWB Info for Recognition Submittal

SRR I EIIPWBIEHR




PWB Evaluation and Testing: Overview
PWB®D R, HERDFEED

 Most common PWB tests PWB®D—fg B4R ER
 Bond Strength, Delamination and Micro-section Analysis
 Flammability: Uncoated and Coated
 TAT - 3 weeks to 10 weeks based on test conditioning time
AR ER AT Z RFRE - 3 — 108 ]
« Constructions requiring additional testing (complex)
EMEBRNBLEGEE (i)
 Conductive Paste, Silver Plating, Plugged Holes, Undercoats and

Overcoats, Embedded Components, Flex PWBs, Thin Core, Hybrid,
HDI and Metal Base Multilayers




PWB Pre-selection Programs
PWBT+tL 923> T7aT 54
 Generically similar materials can be added as
alternates with little or no testing
FUMFHIDGEORER. HONIELRBKRLGELTEMTELIELNH S

 Two pre-selection programs for rigid materials:

JO9RPWBTIE2DDT) 2L Y23 Tny 3L
e MCIL or CCIL Program MCIL(CCIL) FA4Y 5L
« Permanent Coatings Program /N\—< AR bha—T425 70554

 One pre-selection program for flexible materials:

JLEPWBTIE12DT L YarTng 3L
 Polyimide UL/ANSI-like Flex PWB (FMIC) program
@ Pl UL/ANSISA Y7Ly APWB7 05 5 L

27



Types of PWBs ) rEirDiELE

Single-layer TE#R
* No internal circuitry
« Single-sided, or
« Double-sided

Multi-layer %Rk

« Contains at least one internal layer of circuitry
Mass-laminate

HDI

Hybrid

Metal-base AAJLRN—R

 Metal core supporting the thin insulation material
» Metal core not part of the circuitry and usually used as a heat sink

Flexible L+

« Single or multilayer construction with flex properties
 Refer to UL 796F for specific requirements

®
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PWB Construction PWB#&E:&

— Information Needed WE1H$H
4 layer Example

Cu Plating
Ex. Cu Foil

Prepreg

Solder Resist

Surface Finish

Key information for UL: »%E &R

Material Laminate/prepreg — Mfr., Grade, Thickness
M Coatings: Solder Resist, Plug hole, etc. — Mfr., Grade, Color
Construction Laminate/prepreg thickness — Min. & Overall Min. Build-Up
; Copper thickness — Min starting outer layer Cu foil. (Max=102um if no specified)
=
Maximum inner layer Cu thickness
Parameter Pattern Limits — Min. Midboard/ Edge trace width, MAD
INSA—A Temp — MOT, Solder Limits
Processing Each step with temperature higher than 100°C
JOo+x Any lamination step with pressure — specify max pressure temperature & time
Any plating step
Surface Finish type

29



Manufacturing Process #&E70+X
- Information Needed »Ei&F#f

Any process step over either 100° C or the maximum operating
temperature of the PWB:

* Need to know max exposure time above this temp, max temp, max
pressure, and max number of cycles

100CHANIIMOTODEELL LD ITRRIZOLT,. R RKERH. ZEaE. R KT .
mAHEY IR L[EI2E

All final finishes, hole plugging materials, and coatings to be used

REWNE, D, a—T4T#

Details on plated through holes (PTH’s) and contact fingers
AI—R—IL, IHFERODEFHH
If etchant is chromic sulphuric YOLBEOITYF Y

Best practice - notify UL engineer about all process steps and they can
@ advise you what is critical

RER | INTOREIEZEMoELZSY, 30



PWB Listing Card Information
YRT4TH—F

Wiring, Printed - Component E99999
ULLLC
333 Pfingsten Road Northbrook, IL 60062-2096 U.S.A.
ML-PWB
Multilayer printed wiring boards
Cond Cond Cond Cond Cond Max) fSolder Solder\ fMax N
Width Width Thk Thk Thk SS/  Areal | Limits Limits | JOper Meets

Min Edge Min MaxInt MaxExt DS/ Dia Temp Time §fTemp Flame} JUL796
(mm) (mm) (mic) (mic) (mic) DSO (mm (C) (sec) (C) Class DSR CTI
0.05 0.05 9 70 102 DS 50. \260 20 "/ L130 V-0 >y All 0

* Type Designation

 Circuitry Limitations

] ] Report Date: 1965-10-01 “
Solder Limits Last Revised: 2015-06-05 ©2015 UL LLC (H Us

Maximum Operating Temperature (MOT)
Flame Class (V, VTM, HB)
Direct Support (DSR)

Comparative Tracking Index (CTI)

@ Slide 31



PWB Circuit Parameters PWB[E|&/\TA—4

Min line width: thinnest trace on the PWB
&/MRIE : B E RO &L VERIE

Min edge width: thinnest trace within 0.40 mm of PWB edge
/NIy IR : PWBIFA50.40 mm LIA D &REHHALVERIE

Max area diameter (MAD): maximum unpierced conductor area
MAD : iz KSR 7R E1Z

Min conductor thickness (external): minimum Cu folil thickness
B/NAVEVZEGNE) m/NRTERE

Max conductor thickness (internal & external): maximum Cu foill

and plating thickness

ERIAVFVZE (AR, VB &KEABE+AVFE

® .



PWB Solder Limits v/L5—1)3vyk

o Solder limits simulate the assembly process
VYILE—)IYMEIMBAREETEEZIaL—b
e Maximum temperature HKXKEE
« Maximum cumulative exposure time X Z &R

 Designed to evaluate the physical fatigue of the anticipated
soldering temperatures during assembly

MeamEEFOFHMTTEEDOMENEFZHET 56
Assembly is typically surface mount technology
HMRREF—RHNICREEE

« PWBs exposed to at least three cycles of soldering PWBII&
E3BIOFASAIIL

 One cycle for single-sided; two for double-sided; three for PTH
soldering or rework F . WE. HAFHEHIVEIFEL

 Multiple solder limits represent the reflow temperature profile
@ TILFTILYILE—IYMEYZ70—BETOI7/ILEZKE 2



Maximum Operating Temperature

Minimum acceptable MOT specified by end-product requirements
R GMDBERICEYDBELGMOTARES

 End-product exposure under normal operating conditions B&EEDH
EEHT TORBREMINE
=N =

 Represents PWB maximum temperature PWBD&EEEZHKE
e« Cannot exceed base material RTI E#DORTIZHEBZ S EIFTEAL
« MOT # RTI

 LPS/SELV end products may not require MOT LPS/SELV & & [EMOTAH
WA TIEAZLY

Simulated on PWBs with short-term thermal conditioning
BHMEEEHEEIaAL—

 Exposure temperature based on PWB manufacturer request &2
ElX.PWBIEDIITRANILS

« MOT determined by analysis of PWB physical properties: MOTI[ZPWB
MHERHTIZEYIRTE
 Conductor adhesion and PWB delamination
@ « 10 day or 56 day Bond Strength / Delamination testing 34



RTI vs. MOT

RTI (Relative Thermal Index) - The temperature below which
the critical property of a material will not be unacceptably
compromised through chemical thermal degradation,
over the reasonable life of an electrical product

ERAROBEELFHHMIThIY ., EZRMRI LT, HHOBEREE
HRTERVELBRDNENEE

MOT (Maximum Operating Temperature) — The maximum
continuous use temperature the PWB may be thermally
exposed to under normal operating conditions in the end
product
PWBNRBREGRICEWTEEDEERG T TEIoSNIGRKERERRE

PWB MOT shall be equal or less than the Material RT]
@ PWB MOT [dMaterial RTIEEIUMNZN LT

35



PWB Flame Class PWBBEE

Minimum acceptable flame class is specified in end-product requirements
BB MBEER IR EMDERIZLS

Determined by performing UL94 burning tests on the PWB

ULI4D ABERRBRIC K YIRFED
« With and without coatings based on finished PWB
aA—T42THY. %L
« After thermal stress exposure to simulate the assembly process
MEEEIREZEEL-Y—VILANARER
Classification represents small scale sample evaluation and burn time
S BMARDY T )L SRR KD

Flame Classes
- V-0, V-1, V-2
- VTM-0, VTM-1, VTM-2

@- HB 36



PWB Marking Example PWB<—*> 4%

All Marking Information in Close
Proximity
TRTOFEWMSTEESED

« Company Name or Trademark
#HBaHD NI —FT—S

» Factory ID (required if more than

one factory)

J7UR)—ID(ITHEN2DLULEDHE)

PWB Type PWB%A

UL Mark ULY—% (optional)

Flame Class [ABEtTE+ (optional)

CTIl and/or DSR (optional)

® .
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