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Technology and Service belong together
but

It’s service that makes the difference!

reliable, available, responsible and competent

TECHNOLAM leads the way....

Founded 1994 general distributer of Nan Ya
Employees 30

Production capacity:

Thin multilayer laminate + Rigid  7.000.000 m?2/year
Prepreg 14.000.000 m?/year
20 high-bay warehouse racks for 600.000 m?2

2 prepreg cold store buildings for  400.000 m?2

to FUTURE




Material - Vielfalt

(210um) g
2 - ' I
105pm £ 4 x 26 x 12 = 1248 Varianten !!

2

O

wn

70pum 3

=

©

35um 'cC;

©

18um

ﬁ.

26 Dielektrikumsdicken

1200um |

Mehr als 900 Artikel sind am Lager
und kurzfristig verfigbar!
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Klassifikation von Basismaterial

Cprc

+ Harzsysteme + Produkttiberwachung

+ Thermische Alterung + Feuchteeinfluss

+ Brandverhalten + Mechanische Kennwerte
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UL Standards

my
STANDARD FOR SAFETY
Polymeric Materials — Industrial Laminates,
Filament Wound Tubing, Vulcanized Fibre, and
Materials Used In Printed-Wiring Boards
UL/ANSI type Resin Reinforcement material
FR-4.02 Brominated Epoxy Continuous filament woven glass fabric
FR-4.12:0 Non-Halogenated Epoxy Continuous filament woven glass fabric
FR-5 Epoxy Continuous filament woven glass fabric
NEU! FR-15.0 Brominated Epoxy Continuous filament woven glass fabric MOT150
l-\ FR-15.1 Non-Haogenated Epoxy | Continuous filament woven glass fabric MOT150
v CEM-1 Epoxy Continuous filament woven glass fabric surfaces, cellulose
paper core
CEM-3 Epoxy Continuous filament woven glass fabric surfaces, nonwoven
glass core

Technolam Business Training ©



UL — Recognition process

@) UL 746E

UL Recognition for Industrial Laminates

Relevant standards for Polymeric Materials of the UL 746 series:

= UL 746A Short Term Property Evaluations
Wide range of individual tests, e.g. Flammalbility, IR

= UL 746B Long Term Property Evaluations

Thermal aging at four elevated temperatures
Minimum duration of time: 5.000 hours

= UL 746E Industrial Laminates, Filament Wound Tubing,
Vulcanized Fibre, and Materials Used
in Printed-Wiring Boards
Bond strength delamination and blistering test, MCIL

Technolam Business Training ©
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UL Standards

@) UL 746E

Standard for Polymeric Materials - Short
Term Property Evaluations

Elektrische Zindquelle HWI (Hot Wire Ignition)

Vorbehandlung:
>48h / 23°C / 50 % rel. Luftfeuchte

Ignition range (s) PLC-Klasse

>120 0

| >60t0<120 | 1
| >30to <60 | 2
>15to < 30 | 3
>71to<15 | 4

Oto<7 5

=  mit diesem Prifverfahren werden Entziindungszeiten elektrischer
Isoliermaterialien ermittelt

= es wird hierbei die Zeit ermittelt, die ben6tigt wird, um eine Probe zu
entzuinden, die mit einem Draht umwickelt ist

= anhand der Entziindungszeit wird das Material in PLC-Klassen eingeteilt

= FR-4.0 und FR-4.1 missen PLC 0 erreichen — tiber 300 s

https://www.ulttc.com/de/leistungen/pruefverfahren/brand/elektrische-ziindquelle/hwi.html
Technolam Business Training © n
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Maximum Operating Temperature (MOT)

@ UL 746E

Voraussetzung fur eine UL Listung unter ,Metal clad industial laminats®
- flr das Basislaminat muss einen RTI (rel. Temperaturindex) zugrunde liegen

- Alterungsbestandigkeit von Kunststoffen [T eg] [T ][ ey
= der Multilayeraufbau fir den MOT () Y

Test sollte die dunnsten und dicksten Prepregs sowie die *) \ / \_

groRte Cu — Starke in den Innenlagen beinhalten T

= Vorbehandlung der Proben: 1
- 1,5 h Trocknung im Ofen bei 121°C UL 746E Layout

- 2 4 h Abkuhlung im Exsikkator
- Bestimmung der Cu Haftfestigkeit > 0,525 N/mm : "

- Lotsimulation (z.B. Tauchloten bei 20s / 288°C oder IR Loten)

= MOT Test - Lagerung im Ofen
die Ofentemperatur ergibt sich aus folgenden Formeln:

9/70 pm Copper-foil

t, = angestrebtes MOT rating 117620 Prepeg

18 pm Copper-foil
t,=1,076 (t,+288)-273 fur 10 Tage oder }Sjgiggngzgm Innerlayer
t;=1,02  (t,+288)-273 firr 56 Tage

typischer Lagenaufbau

Technolam Business Training ©



MOT 150°C fur FR4-15

@) UL 746E

= FR4 wurde bis vor Kurzem nur bis max. MOT 130°C von UL gelistet!

= MOT 130°C erfordert:
- 10-tagige Lagerung bei 177°C bzw.
- 56-tagige Lagerung bei 154°C
" Cu Abzugfestigkeit = 0,175 N/mm (nach 56 Tagen) 0,35 N/mm (nach 10 Tagen)

= Ausfallkriterien
keine Knitter, Risse, Blasenbildung, Auflockerung des Layouts, Delaminationen

= MOT 150°C Materialien werden als FR4-15 gelistet.
- 10-tagige Lagerung bei 199°C bzw.
- 56-tagige Lagerung bei 174°C.

= MOT kann nicht h6her sein als der niedrigste RTI eines bestimmten Aufbaus

Technolam Business Training © n
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UL Standards

@) UL 746E

Einfihrung von FR-4.1 (Non-Halogen FR-4) durch UL
Ubernahme in die IPC-4101 Rev. D

FR-4 History and
UL746E Standard Revision

Summary of IPC UL 746E Proposal for STP Ballot: Two New UL/ANSI Types Replacing FR-4

UL/ANSI Type Primary Resin | Secondary Resin(s) Filler' Flame Retardant | Reinforcement FR-4.0 / FR-4.1 max
FR-4.0 (Proposed Brominated FR-4) Epoxy? Any Inorganic Max 45% Bromine Woven Glass 45% Fullstoff

FR-4.1 (Proposed Non-Halogen FR-4) Epoxy2 Any Inorganic Max 45% Non-Halogen Woven Glass

" Examples 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.

Technolam Business Training © n
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Temperaturbestandigkeit
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As{ Tg =
Temperatur (°C) Temperatur (°C) Zeit (min)

| te@so | tamem | Tess(wa) | 7300 (T
NP-155F 150°C 350°C >20’°
NPG-180BH 190°C 370°C >30’
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(14.) Glastibergangstemperatur

5 °C/min
Tg [°C] NP-140
4 20 °C/min
150 —
140 e
130 +
| | | »Methode
TMA DSC DMA
IPC-TM-650 2.4.24 2.4.25 2.4.24.4

Technolam Business Training ©
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Verlinkungen zwischen UL und IPC

FR-4.0/FR-4.1 @

Epoxy, mindestens

Elg?z]zrifem 50% Gewichtsanteil Epoxy, 95 %
y der Organik
Sekundares beliebi 5 % modifiziertes
Harzsystem g oder Nicht-Epoxy
. anorganisch, je nach Typ,
Fullstofte maximal 45 % Grenzwert UL
FR-4.0 bromiert M M

FR-4.1 halogenfrei M |

Technolam Business Training © 12



IPC Standards

( the laminate company

Associgtion Connecting Electronics Industries
Association Connecting Elwctronics Industrins

QPQ IPC STANDARDS —

EVERYTHING YOU NEED FROM START TO FINISH

IPC Standards Tree

[For questions about IPC standards, please email: answers@ipc.org]

I
TERMS AND nzrlumoni ‘
Advanced ACCEPTANCE

I i IPC-DRM-PTH
SMT Reliabili ' 2 g "y 1PCA-
Frpliigergt M I8 Acceptability Standard for ' | 1pcJ-sTD-030 ey
|PC-9706-1PC-9709 Manufacture, Inspection, & Testing .._ IPC-7092 T
of Electronic Enclosures H IPC-7093 g
IPC-ASN | wecs I B v | |
verma [ ' L e ||| [ ] [
' Requirements and Acceptance for ' Storage SMC-WP-005 IPC.MC T30 1PC-DRM-WHA
: Cable and Wire Harness Assemblies : &Handiing pCTR61 ki 1PCWHMA-A 620
Solderability | | IPC-A-620 ‘| ipc-sTD-020 i 7w
IPC J-STD-002 ' ' ‘ \PC J-STD-033 :%'2':35 IPC-70%
IPC J-STD-003 ||: ' Rl
: Acceptability of : “"i :;lmm P T 55
117 Electronic Assemblies i = [
Stencil Design H IPC-A-610 HH
nwwszs : i i| | TestMethods ASSEMELY ssewmLy PRITED S0ARD/
\PC-7526 N Requirements for Soldered | ]| ":g}rmi e e oo
\PC-7527 |3 Electronic Assemblies ] 1PC-9631 KU e oK s
"~ IPC J-STD-001/IPC-HDBK-001, IPC-AJ-820 ' PCTATZ2 S
: : Iﬁm% Adhesives
: || Electrical Test 3570030
Assembl: : 1 o100
Matariall : IPC-9252 ILI;:E-AS;IS el
IPC J-STD-004 | - eI oM
IPCJ-STD-005 | | Surface 1PC-CC-830
IPC-HDBK-005 Finishes
IPC J-STD-006 1PC-4552
IPC-SM-817 1PC-4553 i
IPC-CC-830 IPC-4554 ENCLOSURES
HDBK-830 IPC-4556 PRINTED, 1PCA630
D EMBEDDED
—
High Speed/ ¢ 2 ‘
Solder Mask Frequency !
IPC-SM-840 IPC-2141
IPC-2251
Copper Fots Materials
s Declaration
IPC-1751
IPC-1752
IPC-1755

September 2014

Learn about IPC standards at w.ipc.org/stand.

For more details on these standards, visit the IPC Document Revision Table located at www.ipc.org/revisions

o IPC Headquarters * 3000 Lakeside Drive, Suite 309 S., Bannockburn, ILUSA ¢ www.ipc.org

Technolam Business Training ©



IPC Standards

IPC-4101 E

IPC-4103 B

IPC-4104

IPC-4562 A
IPC-4563

Base Materials for Printed Boards

IPC-4101, 4104, 4202, 4203, & 4204

Specification for Base Materials for Rigid and Multilayer Printed
Boards

Specification for Base Materials for High Speed/ High Frequency
Applications

Specification for High Density Interconnect (HDI) and

Microvia Materials

Metal Foil for Printed Board Applications

Resin Coated Copper Foil for Printed Boards Guideline

I
Il
lIn
i
®

LAMINATE
Rigid
PC-1730
IPC-4101
IPC-4108
i
IPC-4202
IPC-4203
IPC-4204
- ‘Hﬂll
~ IPC/JPCA-4104

Technolam Business Training ©



IPC-4101 Spezifikationsblatter

Erster Abschnitt

Specification for Base Materials

Klassifizierung

IPC-4101E

2017 - March

for Rigid and Multilayer
Printed Boards

Supersedes IPC-4101D-WAM1
July 2015

An international standard developed by IPC

Zweiter Abschnitt

Laminateigenschaften

Association Connecting Electronics Industries

Circ

Dritter Abschnitt

Prepregeigenschaften

IPC-4101/21
1: Woven Eglass
Primary: Ditunctional &

the laminate company

IPC-4101E March 2017
Secondary 1: Multitun
Revision Date: March 2017 RoHS Compliant Srom
5%
SPECIFICATION SHEET
SPECFICATION SHEET #: IPC-41) UL/ANSI: FR-4.021
REMFORCEMENT: 12 WoveN &
RESW SYSTEM: Primary: DN 110 “C minfmum
— Secondary 1: 18 Secandary 2: NONE
FLAME RETARIANT MECHANISH: FAoHS Compilant SI MINITILT ULS$ Aequirement: V-0
FiLLERS: «
ID REFERENCE: ULANSI: FR-4.0/21 MIL-5-13848 104
GLass TRANSTON (T ): 110 *C minimum - GF, GFN, GFK, GFF, GFM
LAMINATE REQUIREMENTS
il i Specification
=050 mm =0.50 mm
Laminate [0.0197 in] [0.0497 in] Units Test Method Ret. Para.
1. Peel Strength, minimum 39441
A. Low profile copper foil and very low profile
copper foil — all copper foil =47 pm [0.669 mill. | 0704.00] | 07000 248
B. Standard profile copper foil " - e
1. After thermal stress 080457 | 1.05og | Nmm [Win] e 39441
2. At 125 °C [257 °F] 070[400] | 070400 8- 39112
3. After process solutions 055(344] | 08057 39113
C. All other foil — composite
2. Violume Resistivity, minimum
A. DE/35/90 107 -
B. After moisture recistance - 1 M-em 25474 a2
C. At elevated E-24125 107 i0°
3. Surface Resistivity, minimum
A. DE/35/90 10 -
B. After moisture resistance - 10t M 251474 shae
C. At elevated E-24125 107 i0°
4. Moaisture - 0.80 % 2621 34244
5. Dislactric Breakdown, minimum - 40 kW 256 311486
E. Pemittivity at 1 MHz, maximum 2552 34141
— {Laminate & laminated prepreg) 54 54 - 2553 EYTER]
2559 o
7. Loss Tangent at 1 MHz, maximum 2552 31142
(Laminate & laminated preprag)* 0.03s 0.035 - 2553 e
2559 o
8. Flexural Strength, minimum
A Length direction - 445 [60,490] | Nimm? [Ibin®] 244 3913
B. Cross direction - 345 [50,040]
9. Flexural Strength at Elevated Temperature, " -
lomgih girection, miniaum - - Nimm? bin®] [ 2444 3914
10. Arc Resistance, minimum 60 (] s 251 34145
1. Thermal Stress 10 s at 288 "C [550.4 °F],
minimum "
A Unetched Pass Visual Pass Visual rating 24434 042
B. Etched Pass Visual Pass Visual
12. Electric Strength, minimum _ " 34T
(Laminate & laminated prepreg) = Kilmm 2562 34123
13. Flammability, minimum . ai0241
(Laminate & laminated prepreg) Vo v rating uLad 31014
14. Glass Transition Temperature, minimum _ 10 oo 2424 31046
2425 -
15. Other - -
"See SlEmn Sneet 2 N IFC-4121.
March 2017 IPC-4101E
PREPREG REGUIREMENTS
Prepreg ificatis [ Units [ Test Method | Ref. Para.
1._Shelf Life, minimum (Condition 1/Conditian 2) 18090 | pays | maBus | aa7
2_ Reinforcemant As per IPC-4412 or AABUS
3. Volatile content maximum 075 L 23140 38228
4. Prepreg Parameters - AABUS AABUS 1147
5 F ility, minimum (as i V-0 rating uLod 3024
6. Other -

Technolam Business Training ©



IPC-4101 Spezifikationsblatt 21

IPC-Spezifikationsblatt

TECHNOLAM-Datenblatt

Performance List / Leistungsspektrum 1/2

IPG-4101E March 2017
Revision Date: March 2017 Revision Date: February 2018
SPECIFICATION SHEET NE-T401L, NP-T408
SPECIFICATION SHEET SPECIFICATION SHEET #: P40
RESM SYSTEM: Primary: Ditunctional epaxy ’ RESIN SYSTEME o
Secondary 1: Mulliunclional epary Secondary 2: NONE Secondary 2 NONE )
FLAME RIETARTANT MECHARISH: AoHS Complian Braming Minimum UL34 Requiremant: V-0 FLAME RETARDANT MECHANISM: Minimum UL84 Requiremert: V-0
FILLERS: =5% FI LERS: 5%
D R=FEREMCE: UU'J!N'S'.' FR-4.0v21 MIL-5-13548: 104 D REFERENCE: ULANSE FRAD2T AR -5-73048- NOAT N
GLAsS TRANSTON (T} 110 *C minimum - GF, GFN, GFK, GFF, GFM GLASS TRANSITION (Tal: 170 *C mainirmurn
LAMINATE REQUIREMENTS 7
P P LAMINATE REQUNREMENTS / ANFORDERUNGEN AN DAS LAMINAT
Specification | Specification Specification < 0.50mm | Specific 0.50 rmm ; -
<0.50 mm =0.50 mm - . S ! - Test Method o B
Laminate Requirement [0.0197 in] | [0.0497 in] Units Test Method | Ref. Para. Laminate Requirement D017 in 7in Lhits Wenagsy | R
1. Peel Strength, minimum 3011 S— — gecification | Property | specificstion | Property _
A Low profile copper foil and very low profile ' Strength. m'mf"m ALl
copper foil — all copper foil =17 pm [0.662 mil]. 0.70 [4.00] 0.70 [4.00] - e — S
B. Standard profile copper foil Nimm ] 22‘;4.332 070400 | 0885000 | 070/ 00 0.96 [5.50] 248
1. Afier thermal stress 080 [4.57] 1.05 [6.00] Sina 39444 R 2482
2. At 125 *C [257 °F] 0.70 [4.00] 0.70 [4.00] B 30442 e ther 1.05 6. (0 2483
3. After process solutions 055 [3.14] 0.80 [4.57) 39443 2.4 125°C 257 0704,
C. Al other foil - composite AABUS AABLIS RS L
2. Violume Resistivity, minimum
A, 083590 10° —
B. After moisture resistance - 10" Mit—cm 25474 R ) - Maem 25777 11113
C. At elevated temperature E-24/125 10® i a2 ) o
3. Surface Resistivity, minimum C. At slevatad tamperature £-24/125 10” 10
A, ORAS90 1 _ Wi 251474 a4 Oberflachenwidersand ., B
B. After moisture resistance - 10 o o 10 5070 "o 25177 17
C. Af elevated temperaturs E-24/125 10° 10° B. After moisture msstance iy
4. Maisture Absarption, maximum - 0.80 % 2624 34244 ated temperatue £-24125 il |’”T‘
5. Dislectric Breakdown, minimum - 0 KV 256 31146 e 7
6. Pemnittivity at 1 MHz, maximum 2552 31144 1 MHz. maxmum etriF s kongants
(Laminate & laminated prepreg)® 54 54 - 2553 34124 rminated prepreg) 54 4.3 54 44
25589 o
7. Loss Tangent at 1 MHz, maximum 2552 54142 l T MHz maimum Verlusdfaktor i . i B
(Laminate & laminated prepreg)® 0.085 0035 - 2553 31123 ate & larminated prepeg) 0035 oorz 0o3s oo
2559 o
& Flewral Strength, minimum 8. Flaxural Strangth, mhﬁ'{_ﬂum_ r;n'g-‘.r.n'r R o
A. Length direction - 445 [80,190] | W'mm® [lvin®] 344 3013 A. Length direction Kettrichtung 50072519 244 3q13
B. Cross direction - 345 [50,040] Schussrichitung 400 [58015]
9. Flexural Strength at Blevated Temperature, e ® M 2441 iqnd
length direction, minimum - - Himm® [fin®] 2444 an14 = = = =
120 &0 120 5 5.1
10. Arc Resistance, minimum B0 (=i & 251 341145
11. Thermal Siress 10 s at 288 °C [550.4 °F], rating 24737 370,12
iU ratin 24131 34012 D105 20x 10 ’ - o
A Unetched Pass Visual Pass Visual 9 A T Ax10s Z0x 10s
B. Eiched Pass Visual Pass Visual Spannungss © 0 2562
12. Electric Strength, minimurm _ , 34147 _
{Laminate & laminated prepreg) a0 Kiimm 2582 34123 Entflammarkst [ o o o o rating o
13. Flammability, minimum . 31024 - — — —
(Laminate & laminated prepreg) Vo o rating ULge 34041 74, Clas Transt Clasibaganggampemtur ~ ] )
i 130 T 2424 170.16
14. Glass Transition Temperatura, minimum _ 1o o g:gg 34016 135 2425
- AABLS = As A gread Betwesn Lber and Suppife Whe awischan Kunde und [igfarant varanbart
15. Other - -
"Bee Slash Ehaet 2 In IPC-4121.
16
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Specification Sheet IPC-4101/21

m‘v
<0,5mm 2 0,5mm Laminate
1. Peel Strength minimum A. Low profile copper foil and very low profile
copper foil — all copper foil >17 ym [0.669 mil].  0.70 [4.00] 0.70 [4.00] N/mm [Ib/in]
B. Standard profile copper folil
1. After thermal stress 0.80 [4.57] 1.05 [6.00] N/mm [Ib/in]
2. At 125 °C [257 °F] 0.70[4.00] 0.70 [4.00] N/mm [Ib/in]
3. After process solutions 0.55 [3.14] 0.80 [4.57] N/mm [Ib/in]
C. All other foil — composite AABUS AABUS N/mm [Ib/in]
2. Volume Resistivity minimum A. 96/35/90 106 - MQ/cm
B. After moisture resistance - 106 MQ/cm
C. At elevated temperature E-24/125 108 108 MQ/cm
3. Surface Resistivity minimum A. 96/35/90 104 - MQ/cm
B. After moisture resistance - 104 MQ/cm
C. At elevated temperature E-24/125 108 108 MQ/cm
4. Moisture Absorption maximum - 0.80 %
5. Dielectric Breakdown minimum - 40 kv
6. Permittivity at 1 MHz maximum (Laminate & laminated prepreg)* 54 54
7. Loss Tangent at 1 MHz maximum (Laminate & laminated prepreg)* 0.035 0.035
8. Flexural Strength minimum
A. Length direction - 415 [60,190] N/mm? [Ib/in?]
B. Cross direction - 345 [50,040] N/mm? [Ib/in?]
9. Flexural Strength at Elevated
Temperature length direction, minimum - -
10. Arc Resistance minimum 60 60 S
11. Thermal Stress 10 s at 288 °C [550.4 °F], minimum
A. Unetched Pass Visual Pass Visual rating
B. Etched Pass Visual Pass Visual rating
12. Electric Strength minimum (Laminate & laminated prepreg) 30 - kV/mm
13. Flammability minimum (Laminate & laminated prepreg) V-0 V-0 rating UL94
14. Glass Transition Temperature minimum - 110 °C

15. Other

Technolam Business Training ©



Spezifikationsblatt IPC-4101/21 fur Prepreg

March 2017 IPC-4101E
PREPREG REQUIREMENTS
Prepreg Requirement Specification | Units | Test Method I Ref. Para.

1. Shelf Life, minimum (Condition 1/Condition 2) 180/90 | Days | amBus | 317

2. Reinforcement As per IPC-4412 or AABUS.

3. Volatile content maximum 0.75 % 2.3.19 39228

4. Prepreg Parameters - AABUS AABUS 117

5. Flammability, minimum (as laminated) V-0 rating UL94 3.10.21

6. Other -
1. Shelf Life minimum (Condition 1/Condition 2)  180/90 Days
2. Reinforcement As per IPC-4412 or AABUS
3. Volatile content maximum 0,75 %
4. Prepreg Parameters AABUS
5. Flammability minimum (as laminated) V-0 rating UL94

6. Other —

Technolam Business Training © 18



FR-4.0 und FR-4.1 Epoxidharz

Spezifikationsblatt Nr.

Flammschutzmittel None
Fullstoff None
UL HB

Tg None

Flammschutzmittel
Fullstoffe
Harz-System

UL

Tg

206100

None

None

HB

135 -
175°C

L21 FR-4.0 D

BrRoHS3)
< 5%

Epoxy 4
Multi 5/None

V-0
>110°C

22 G-119

23 Fr50

Br 2
None
V-1

135 -
185°C

24 Fra0v

BrRoHSS)
< 5%

Epoxy 4
Multi 5/None

V-0
>150°C

27 None V)

Br 2
None
V-1

>110°C

26 FR-4.0Y

BrRoHss)
< 5%

Epoxy 4
Multi /None

V-0
>170°C

I
Il
)|
L}
n
Il
)

1) Bezeichnung nach UL / ANSI

2) Flammschutzmittel Brom:
Br = nicht RoHS konform!!

3) Brgons = ROHS konform
(TBBPA ist chemisch gebunden)

4 Primary Resin System
- Epoxy
- Difunctional Epoxy

5 Secondary 1
- Multifunctional Epoxy
- Cyanate Ester

6) Secondary 2
- Modified Epoxy or Non Epoxi (max. wt 5%)
- Non Epoxy

) halogenfrei:
Definition nach IPC 4101:
max. 900 ppm ClI
max. 900 ppm Br
2 Cl + Br = max. 1500 ppm

Technolam Business Training ©



FR-4 Gruppe Tg > 110°C

( the laminate company
Spezifikationsblatt Nr.  21rr4 00
Tg >110°C
97 FR-4.0 1 82 FR4 92 halogenfrei 93 halogenfr ErsatZIOS gestnChen
Brrons? P
Fllstoffe ~ Conains

Rev. C nach Rev. D

inorganic filler

Difu-E 4
Harz-System ~" P

: 7 halogenfrei:
Multi Definition nach IPC 4101:
max. 900 ppm ClI
UL V-0
Tg >110°C

max. 900 ppm Br
% Cl + Br = max. 1500 ppm

Technolam Business Training ©



FR-4 Gruppe Tg > 150°C

( the laminate company
Spezifikationsblatt Nr.  24rr4 ov
Tg >150°C
98 FR-4.0 Y 83 FR4 94 halogenfrei 95 halogenfr ErsatZIOS gestnChen
Brrons? P
Fllstoffe ~ Conains

Rev. C nach Rev. D

inorganic filler

Difu-E 4
Harz-System ~" P

: 7 halogenfrei:
Multi Definition nach IPC 4101:
max. 900 ppm ClI
UL V-0
Tg >150°C

max. 900 ppm Br
% Cl + Br = max. 1500 ppm

Technolam Business Training ©



FR-4 Gruppe Tg > 170°C

Spezifikationsblatt Nr. ~ 26rr-20v

Tg >170°C

—————*

Fullstoffe

Harz-System

Permittivity

uL
Tg

72 FraoD

BrRoHSS)
> 5%

Epoxy 4
Cyanate Ester
Non Epoxy ©

4.1 (1 MHz)

4.0 (1 GHz)
3.9 (10 GHz)

V-0
>170°C

73 Fra0 D

BrRoHsg)
> 5%
Epoxy ¥

Cyanate Ester 9
Modi or Non Epoxy ©

4.2 (1 MHz)

4.1 (1 GHz)

4.0 (10 GHz)
V-0

>170°C

4

5)

6)

-

7)

( the laminate company

Primary Resin System

- Epoxy

- Difunctional Epoxy

Secondary 1

- Multifunctional Epoxy

- Cyanate Ester

Secondary 2

- Modified Epoxy or Non
Epoxi (max. wt 5%)

- Non Epoxy

halogenfrei:

Definition nach IPC 4101:

max. 900 ppm ClI

max. 900 ppm Br

2 Cl + Br = max. 1500 ppm

Technolam Business Training ©



IPC-4101C (Aug. 2009) = IPC-4101D (Jul. 2015)

August 2009

the laminate company

IPC-4101C

Revision Date: August 2009

SPECIFICATION SHEET
SPECIFICATION SHEET #:
REINFORCEMENT:

REsIN SyYsTEM:

IPC-4101/21
1: Woven E-glass 2: N/A

Primary: Difunctional epoxy
Secondary 2: N/A

Secondary 1: Multifunctional epoxy
L=a=mequirement: V-0

F : Compliant Bromine
 FiLLers: N/A
T RErereres— O7ANSI: FR-4/21

MIL-5-13949: /
|_GLASa=FrmmsTTION (1] bl2C _minimum . GFN, GFK, GFP, GFM
QUL Max. OPeraTING TEMP: N/A
R ——— E——

N/A = not applicable - nicht anzuwenden -
wird ersetzt durch NONE und eine Obergrenze

IPC-4101D-WAM1

Revision Date: August 2009

sPECIFIcATION sHEET 101 = Tg 150°C
SPECIFICATION SHEET #: IPC-4101/101

REINFORCEMENT: 1: Woven E-glass

RESIN SYSTEM: Primary: Difunctional Epoxy
Secondary 1: Multifunctional epoxy
RoHS Compliant Bromine

FLAME RETARDANT MECHANISM:
FILLERS (25%): Contains inorganic fillers
ID REFERENCE: UL/ANSI: FR-4/101

GLass TRansimion (Tg): mum
UL Max. OPERATING TEMP: AABUS

—

Revision Date: August 2009

SPECIFICATION SHEET 126 = Tg 170°C
SPECIFICATION SHEET #: IPC-4101/126
REINFORCEMENT: 1: Woven E-glass
REsIN SysTEM: Primary: Epoxy
Secondary 1: Multifunctional epoxy
FLAME RETARDANT MECHANISM: RoHS Compliant Bromine
FiLLERS (25%): Contains inorganic fillers
RENCE: UL/ANSI: FR-4/126
GLAss TRANSI H i gmum
UL Max. OPERATING TEMP:

July 2015

Revision Date: July 2015

SPECIFICATION SHEET
SPECIFICATION SHEET #: IPC-4101/21
REINFORCEMENT: 1: Woven E-glass

RESIN SYSTEM: Primary: Difunctional epoxy

Secondary 1: Multifunctional epoxy

3 S Compliant Bromine
 FiLLeRs: <5%
D HErEREves— SETANGI: FR-4.0/21

GLass TransiTIoN (T): 110 °C minimum

MIL-5-13949: /04
- GF, GFN, GFK, GFP, GFM
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IPC-4101E (Mar. 2017)

Kapitel 3.13 Substitutability (= Ersetzbarkeit) Seite 21 Ty

3.13.1 Permissible Substitutions of Specification Sheet Materials For purposes of use, the following base material sub-

stitutions in Table 3-10 shall be allowed:

Table 3-10 Permissible Material Substitutions

Qriginal Drawings Rele@ Permissible Substitutions from Other IPC-4101
Before December 31, 2016 Current Revision Sﬁ:ification Sheets

/21 /24, 12697, /98, /99, /10D, /121, /124,626 /129

124 /&/98, /99, 124, (126,y129 T'

/26 (126)/129 -

/30 /135 /

129 /98, 199101, /128) /

I

Contains inorganic filler

Wenn: Dann:
Zeichnung bzw. Daten vor dem Zulassige Substitution von anderen aktuellen
31.12.2016 Spezifikationsblattern aus anderen IPC-4101 Revisionen
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Substitutability (= Ersetzbarkeit)

Flamm-
schutz

BrRoHS
Brrons
Brrons
Brrons
Brrons
BrRoHS
Brrons
Brrons
Brrons

Brrots
Halogenfrei

Brrons
Halogenfrei

Brroms
Halogenfrei
Halogenfrei

Brroms
Halogenfrei
Halogenfrei

Filler

<5%
<5%
<5%
Filler
Filler
Filler
Filler
Filler
Filler
<5%
<5%
<5%
<5%
Filler
Filler
Filler
<5%
Filler
<5%

Slash
Sheet

21
24
26
72
73
97
98
99
101
121
122
124
125
126
127
128
129
130
131

21

21

24 26 72 73 97 98 99 101 121 122 124 125 126

X X X X
24 X X
26
72
73
97 X X X X
98 X X
99 X
X 101 X
121 X
122 X
124
125
Kann ersetzt werden durch e

Material mit Slash Sheet
Nummer....

127 128 129 130 131 Tg

X >110

X >150

X >170

>170

>170

>110

>150

>150

>110

X >110

X >110

X >150

X >150

>170

127 X X >110
128 >150
129 >170

130 >170

131 >170

X
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Nan Ya Typen vs. IPC-Spezifikationsblattern

I N e T P S N A T
Tg [°C] =110 > 150 2170
Td 5% [°C] -- - 310 310 310 310 - --- 325 325 325 325 340 340 340 340
Fullstoffe25 Gew.% <5% ja ja <5% <5% ja <5% ja ja <5% <5% Ja <5% ja <5% ja <5%
UL FR-4.0 FR-40 FR-40 FR-40 FR-41 FR-41 FR-4.0 FR-4.0 FR-4.0 FR-40 FR-41 FR-4.1 FR-40 FR-4.0 FR-40 FR-4.1 FR-4.1
CTE z ay [ppm/K] 60 60 60 60 -- 60 60 60 60 60 60 60 60
CTE z az [ppm/K] --- -~ 300 300 300 300 --- 300 300 300 300 300 300 300 300
TE 50-260 °C [%] - - 40 40 40 40 -- 35 35 35 35 30 30 30 30
T260 [min] 30 30 30 30 - 30 30 30 30 30 30 30 30
T288 [min] 5 5 5 5 5 5 5 5 15 15 15 15
T300 [min] ---  AABUS AABUS AABUS AABUS ---  AABUS AABUS AABUS AABUS 2 2 2 2
UV Block FR-4-86 X

NP-140 X (X)

FR-4-11PY xX) X (X)

NP-155F X X X X

NP-175F, NP-175FBH X X X X X

NPG-150N, NPG-151 X X

NPGN-150PY X X

NPG-170 X X X
NPG-170D X X X
NPG-180BH X X X

kein Abgleich mit der MIL 13949
(X) nicht uneingeschrankt anwendbar
Technolam Business Training ©



Aktuelle Version IPC-4101E

the laminate company

IPC-4101E March 2017
Revision Date: March 2017 UV BlOCk FR-4-86, N P-14O

SPECIFICATION SHEET

SPECIFICATION SHEET #: IPC-4101/21

REINFORCEMENT: 1: Woven E-glass 2: NONE

RESIN SYSTEM: anary leuncilonal epoxy

uretional epoxy Secondar

FLAME RETARDANT MECHANISM: Minimum UL9F Requirement: V-0

FILLERS:

ID REFERENCE: MIL-5-13949: /04

GLAss TRANSITION (Tg): 110 *C minimum - GF, GFN, GFK, GFP, GFM
March 2017 IPC-4101E

Revision Date: March 2017

NP-155F

SPECIFICATION SHEET

SPECIFICATION SHEET #:
REINFORCEMENT:
RESIN SYSTEM:

IPC-4101/99

1: Woven E-glass

Primary: Epoxy
Seconda;y 1 Multlfunctlonal epoxy

FLAME RETARDANT MECHANISM: R

FILLERS:

ID REFERENCE:

GLass TRANSITION (T ):

150 °C minimum

2: NONE

Secondary 2: Modlfled Epoxy or Non-Epoxy (m@
Minimum V=0

March 2017

IPC-4101E

Revision Date: March 2017

NPG-150N

SPECIFICATION SHEET
SPECIFICATION SHEET #:
REINFORCEMENT:

RESIN SYSTEM:

IPC-4101/128
1: Woven E-glass
anary Epoxy

FLAME RETARDANT MECHANISM:

FILLERS: P i
ID REFERENCE:
GLAss TRANsITION (Tg):

2: NONE
Secondary 2: Modified Epoxy or Non-Epoxy (max. wt. 5%)

Minimum UL94 Requirement: V-0

Il -S.13040:- NOMNE
ﬁppm max. Br or Cl and 1500 ppm max.@
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IPC-4101 Laminateigenschaften

( the laminate company

L inate R . ¢ Specification[Specification]  Units #21 #99
aminate Requiremen < 0,50 mm | 20,50 mm . Test Method| IPC-4101
Anforderung an das Laminat [0,0197 in] | [0,0197 in] metric FR-4-86UV NP-155F NP-175F [ NPG-150N IPC-TM-650| Ref. Para.
Specification | Specification | [English] NP-140 NP-175FBH| NPG-170
1. Peel Strength, 39.1.1
minimum Kupferhaftfestigkeit o
A. Low profile copper foil and very low profile
copper foil - all copper foil >17um [0,669 mil] 0,70 [4,00] | 0,70 [4,00] [N/mm [Ib/in] 2.4.8
B. Standard profile copper foil '2.4.8.2
1. After thermal stress (35 pm) 0,80 [4,57] | 1,05 [6,00] |N/mm [Ib/in] '2.4.8.3 39111
2. At 125 °C [257 °F] 0,70 [4,00] | 0,70 [4,00] [N/mm [Ib/in] 3.9.11.2
3. After process solutions 0,55 [3,14] | 0,80 [4,57] |N/mm [Ib/in] 3.9.1.13
C. All other foil - composite AABUS AABUS
P. Volume Resistivity, minimum Durchgangswiderstand
A. C-96/35/90 . 100 i MQcm 25171 | 31113
B. After moisture resistance - 104
C. At elevated temperature E-24/125 103 103
3. Surface Resistivity, minimum Oberflachenwiderstand
A. C-96/35/90 104 -
B. After moisture resistance - 104 MQ 25.17.1 31114
C. At elevated temperature E-24/125 103 103
Y. Moisture Absorption, maximum Feuchteaufnahme - 0,5/0,8 % 2.6.2.1 3.12.1.1
5. Dielectric Breakdown, minimum Dielektrischer
Durchschlag - 40 kV 2.5.6 3.11.1.6
6. Permittivity at 1 MHz, maximum Dielektrizitatskonstante 2.5.5.2 31111
(Laminate & laminated prepreg) 54 54 - '2.5.5.3 3'11'2'1
'2.5.5.9 T
7. Loss Tangent at 1 MHz, maximum Verlustfaktor 2.5.5.2 311.1.2
(Laminate & laminated prepreg) 0,035 0,035 - '2.5.5.3 3'11'2'2
'2.5.5.9 T
8. Flexural Strength, minimum Biegefestigkeit '
A. Length direction - 415 [60190]] N/mm
B. Cross direction - 345 [50040] [Ib/inz]2 24.4 39.1.3
0. Flexural Strength at Elevated Temperature } ) N/mm 2441 3014
length direction, minimum [Ib/in?]
[10. Arc Resistance, minimum Lichtbogenbestandigkeit 60 60 S 2.5.1 3.11.1.5

Technolam Business Training ©
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IPC-4101 Laminateigenschaften

( the laminate company

L . R . SpecificationfSpecification]  Units #21 #99 #126 #128
aminate eqwremen.t <0,50mm | 2050mm (Lo el NP-175F | NPG-150N [TESt Method] IPC-4101
Anforderung an das Laminat [0,0197in] | [0,0197 in] NP-155F IPC-TM-650| Ref. Para.
Specification | Specification | [English] NP-140 NP-175FBH| NPG-170
[10. Arc Resistance, minimum Lichtbogenbestandigkeit 60 60 S 2.5.1 3.11.15
11. Thermal Stress 10 s at 288 °C [550,4 °F], minimum
A. Unetched Thermische Belastung  |Pass Visual|Pass Visual!  rating 24131 3.10.1.2
B. Etched Pass Visual [Pass Visual !
[12. Electric Strength, minimum Spannungsfestigkeit 3.11.1.7
(Laminate
& _ 30 - kV/mm 2.5.6.2 31123
laminated
prepreg)
13. Flammability, minimum Entflammbarkeit . . . 3.10.2.1
(Laminate & laminated prepreg) V-0 V-0 rating uLo4 3.10.1.1
14. Glass Transition Temperature, minimum 2.4.24
Glastibergangstemperatur E'm - aonson7ol  ec 24244 | 31016
DSC 2.4.25
[15. Decomposition Temperatur, minimum (5% wt
0SS) 325/340 325/340 °C 2.4.24.6 3.10.1.8
Zersetzungstemperatur
. Thermischer
6. 2-Axis CTE Ausdehnungskoeffizient
Z-Richtung
A. Alpha 1, maximum vor Tg - 60 ppm/°C 2.4.24 39.1.7
B. Alpha 2, maximum nach Tg - 300 ppm/°C
C. 50 to 260 °C, maximum (Total Expansion) Ges;mtaus- - 3,5/3,0 %
ehnung
17. Time to Delamination (TMA) (Copper removed)
A. T260, minimum Zeit bis zur Delamination - 30 .
B. T288. minimum ) 5/15 minutes 2.4.24.1 3.10.1.9
C. T300, minimum - AABUS/2
18. Halogen Content, maximum Halogengehalt
-Chlorine 900 900
_Bromine 900 900 ppm 2.3.41 3.12.14
-Chlorine+Bromine 1500 1500
19. CAF Resistance CAF-Bestandigkeit - AABUS Pass/Fail 2.6.25 3.12.1.5
P0. Other
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IPC-4101 Prepregeigenschaften

PREPREG REQUIREMENTS
Prepreg Requirement . . #2l #99 #126 #128  Irest Method| IPC-4101
Specification Unit NP-175F | NPG-150N IPC-TM Ref. P
Anforderung an das Prepreg NP-140 NP-155F NP-175eBH| NPG-170 C-TM-650 ef. Para.
Verarbeitbal

. Shelf Life, minimum (Condition 1 / Condition 2) Keit 180/90 Days AABUS 8.17
2. Reinforcement Verstarkung As per IPC-4412 or AABUS
3. Volatile content maximum Flichtige Bestandteile 0,75/1,5 % 0,75 1,5 1,5 1,5 2.3.19 3.9.2.2.8
Y. Prepreqg Parameters Prepregeigenschaften - AABUS AABUS 1.1.7
5. Flammability, minimum (as .
aminated) Entflammbarkeit V-0 rating uLe4 | 31021
6. Other

IPC-4101E — gultige Version seit Marz 2017

Circ

IPC-4101E

Specification for Base
Materials for Rigid and

Multilayer Printed Boards

Prepreg Eigenschaften AABUS = As Agreed Between User and Supplier

Supersedes:

IPC-4101D-WAM1 - July 2015
IPC-4101D - April 2014
IPC-4101C - August 2009
IPC-4101B with

Amendments 1 & 2 - April 2007
IPC-4101B with

Amendment 1 - February 2007
IPC-4101B - June 2006
IPC-4101A with

Amendment 1 - June 2002
IPC-4101A - December 2001
IPC-4101 - December 1997
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FR-15.0 NP-175FBH-15 MOT 150°C (UL File 98983)

the laminate company

Industrial laminates:

@ TORY Home Quick Guide Contact Us UL.com Bl.lild up R.T.I. H
Min H|H]|V|C Meets Meets
. - Mtl ANSI Thk Flame Elec Mech WIA|T|T 746E 746E
Work smarter with UL Product iQ™ gt tal s epee ACCOUNT today! Dsg Type Color | (mm) | cClass | (°€) | (°c) | 1 | I | R | I | Non-HAL | DSR
Improved access to UL's certification data. _ _
Epoxy (EP) Industrial laminates, furnished as sheets.
QMTS2.E98983
Polymeric Materials - Fi d Tubing, T ial Lami ized Fiber, and ials for Use
in Fabricating Recognized Printed Wiring Boards - Component NP-175FBH-15
For enhanced search functionality, please visit UL's 10™ Family of Databases.
Click on a product designation for complete information.
Pane Bottom FR-15.0 NC 0.20 V-0 150 150 o] 0 -l - - Yes
Polymeric Materials - Filament-wound Tubing, Industrial Laminates, Vulcanized Fiber, and Materials for Use in 0.38 V-0 150 150 ol o -l - - Yes
Fabricating Recognized Printed Wiring Boards - Component
See General for Polymeric Materials - Filament-wound Tubing, Industrial Laminates Fiber, and Materials for 0.63 V-0 150 150 0 0 - - - Yes
Use in Fabricating Recognized Printed Wiring Boards - Component
NAN YA PLASTICS CORP CCL DEPT ELECTRONIC MATERIAL DIV E93933 1.40 V-G 150 15@ CI D - 3 - ‘lres
201 TUNG HWA N RD
TAIPEI, 10508 TAIWAN
Metal clad industrial laminates:
Bld
N P 1 75 F B H up Clad Cond Thk Max Max Solder Lts
Metal Lam- Pre- Min Min Max Max Area Oper
14 = = Clad inate preg ANSI Thk Ext Ext Int Dia | Flame | Temp | Temp | Time
next blg Step In Dsg Dsg Dsg Type | (mm) | {mic) | (mic) | (mic) | (mm) | Class | (=C) | (=C) | (sec)

Epoxy (EP) Metal clad industrial laminates for use in multilayer printed wiring boards with copper on one or

th e rm a I res i Sta n ce” both sides, furnished as sheets.

MP-175FBH-15/NP-175FBH-15B

MP-175FBH-15 | NP-175FBH- | FR-15.0 0.20 9 102 102 50.8 V-0 150 300 30
158

0.38 9 02 10z 50.8 -0 150 300 30

0.38 9 102 210 50.8 -0 130 300 30
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FR-15.1 NP-180BH-15 MOT 150°C (UL File 98983)

the laminate company

iq.ul.com
Materials for Use in Fabricating Recognized Printed Wiring Boards E98983
Guide Information
NAN YA PLASTICS CORP CCL DEPT ELECTRONIC MATERIAL DIV
201 TUNG HWA N RD, TAIPEI 10508 TW
NPG-180BH-15
Industrial laminates furnished as sheets
ANSI Min Build Up Flame RTI Elec RTI Mech Meets 746E Meets 746E
Type Color Thk(mm) Class (2C) (2C) HWI - HAI  HVTR  CTI Non-HAL DSR
FR-15.1 NC 0.63 V-0 150 150 0 0 - - Yes Yes
1.40 V-0 150 150 0 0 - 2 - Yes
Report Date: 2020-03-03 ’
Last Revised: 2020-03-03 © 2020 UL LLC
IEC and ISO Test Methods
Test Name Test Method Units Thk (mm) Value
Flammability |IEC 60695-11-10 Class (color) 0.63 V-0 (NC)
1.40 V-0 (NC)
IEC Comparative Tracking Index IEC 60112 Volts (Max) - -

Tradenames/Trademarks for File E98983: \.J’,
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‘ the laminate company

Roland Schonholz
Technisches Marketing

r.schoenholz@technolam.c
+49 173 2520003 i
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