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PCB Substrate Pre-preg Category

In the PCB industry, there are a couple
major Pre-preg PCB materials to choose from
and our team is proud to have partnerships with
some of these major suppliers.

Laird, Bergquist, Benka, and Sekisui are
some of the mdustrles Ieaders in thermally
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Laird

The printed circuit boards (PCB) material technology is the thermally-conductive
pre-preg (PP) that allows single-sided (SS) and multi-layer circuits to be made. The
PP is formed into sheets in several thicknesses and is used to bond the integrated
heat spreader to the circuit copper for the SS construction and two circuit copper
sheets (DS) as a base for the ML constructions. There are three major applications
for thermally-conductive PCB materials: power converters, motor controls, and
LED lighting.

Tlam™ thermally-conductive PCB substrates provide 8-10 times the heat
dissipation compared to conventional FR4-based PCBs. The miniaturation of
electronic devices continues to pack more and more power into smaller and
smaller packages. The simplicity of the Tlam™ system takes the heat dissipation
requirement in stride without significant design changes. The Tlam™ dielectrics are
the key to these high-performance PCB substrates. The Tlam™ dielectric provides
electrical isolation, thermal transfer, and adhesion layer for the substrates that are
created for your specific needs.

The Tlam™ system is available in a wide variety of constructions. Tlam™ SS is the
single side PCB substrate. Tlam™ DS is a double-sided copper laminates and Tlam™
PP is the dielectrics used to bond multi-layer PCB together. The Tlam™ system is
the most versatile thermally-enhanced PCB substrate on the Market.
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Tlam ML 1KA

Multi Layer Constructions Based on TlamDS1KA and TlamPP 1KA

Tlam DS 1KA is a double sided circuit copper laminate bonded together with Tlam 1KA dielectric. Tlam DS 1KA laminates are
processed through standard FR4 plate and etch operations. Tlam DS 1KA laminates are available in 6-8 mil dielectric and 0.5 —
4 ounce circuit copper combinations.

Tlam PP is a thick, high flow, thermally conductive pre-preg that bonds the Tlam DS board to either an aluminum or a copper
base plate to complete the multi-layer insulated metal PCB (Tlam ML). Tlam PP 1KA is available in 8-12 mil thicknesses to
maintain dielectric isolation on buried 4 ounce circuit copper traces.

The Tlam ML based on Tlam DS 1KA and Tlam PP 1KA materials have 8-10 times better thermal conductivity compared to FR4
and this is the key to keeping components cool. The Tlam ML 1KA boards are processed through standard pick and place SMT
and manual wire bond operations.

e UL® recognized up to 4 e Multi-layer DC/DC power
ounce copper internally converters
e Create cooper core IMPCB e Multi-layer LED substrates

without whole fill step

e UL® RTI of 130°C

® RoHS Compliant

e Environmentally green
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Tlam ML1KA Specification

Continuous AC 120 TBD** TBD** TBD**
Continuous DC VD 95 225 TBD** TED*" TED*"

Peak Recurring 140

THERMAL PROPERTIES _____ _
Thermal Conductivity™ watt/m =K.

Thermal Resistance {:E_'{i]:émtgﬂ {ggg} {gg‘:‘;} TeD** TRD** TBD**

Glass Transition Temperature =C 105 105 105 105 105
Soldering Temperature, Maximum =C 288 288 288 288 288

Heat Capacity 1.53 1.53 1.53 153 153
ELECTRICAL PROPERTIES _____ oIk
Dielectric Constant @ 1KHz/ 1MHz 4.3/41 4.3/41 4.3/41 4.3/41 4341
Dissipation Factor @ 1kHz/1MHz 0.008/0.035 0.008/0.035 0.008/0.035 0.008/0.035 0.008/0.035
Capacitance @ 1KHz pF/in? 161 121 121-244*" 121-244** 121-244*"
olume Resistivity ohm-cm 1.20E+15 1.20E+14 1.20E+14 1.20E+14 1.20E+14
Surface Resistivity ohm 1.00E+10 1.00E+10 1.00E+10 1.00E+10 1.00E+10
Dielectric Strength wimil (kvimm) 800 (20.3) 800 (20.3) 800 (20.3) 800 (20.3) 800 (20.3)
Withstand Voltage VDO 1200 2500 TBD** TBD** TBD**
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Tlam ML1KA Specification,

Dielectric Thickness inches {mm) 0.006 (0.152) 0.008 (0.203) 0.008 (0.203) 0.010(D.245) 0.012 (0.305)
Peel Strength Ibs/in (Kgrcm) 4.5(0.8) 45(0.8) 4.5-6 (0.8-1.20) 4.5-6(0.8-1.20) 4.5-6 (0.8-1.20}
CTE in XY/Z axis < Tg ppm 3243 32/43 32443 32443 32/43
CTE in XY/Z axis > Tg ppm 811N 811N 81 a1nn s8N
Tensile Strength MPa NA NA 522 52.2 52.2
Elongation 25/150°C % MA MNA 0.811 0811 0811
Young's Modulus @ 25/150°C MPa 9700/2700 9700/2700 9700/2700 9700/2700 9700/2700
Poisson’s Ratio @ 25/150°C 0.26/0.16 0.26/0.16 0.26/0.16 0.26/0.16 0.26/0.16
Flexural Strength 497 497 497 497 497

Water Absorption after 168 hours

Out-gassing-Total Mass Loss %% wt. 0.57 0.57 0.57 0.57 0.57

Collect volatile Condensable Material 0.06 0.06

AGENCY RATINGS & DURABILITY _____ _
UL Continuous Operating Temperature 120 130 110-120*" 110-130** 110-130**

UL Flammability E165095 4V0 94V0 94vV0 94vVo 94V0
Comparative Tracking Index 600 600 600 600 600

solder Float (3 min. @ 2858°C) Pass Pass Pass Pass Pass
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Tlam SS 1KA

Thermally Conductive Printed Circuit Board Substrate

Tlam SS 1KA™ is a thermally conductive printed circuit board (PCB) substrate. The substrate consists of a copper
circuit layer bonded to an aluminum or copper base plate with Laird Technologies’ 3 watt/m-K 1KA dielectric. Tlam
SS 1KA™ materials are processed through standard FR4 print and etch operations.

Tlam SS 1KA has 8-10 times better thermal conductivity compared to FR4, and this is the key to keeping
components cool. The Tlam SS 1KA boards run through standard pick and place SMT and manual wire bond
processes.

Tlam SS 1KA is designed for applications that require the best thermal performance and resistance to thermal
cycling. Customers have found that Tlam SS 1KA reduces the stress on solder bonds with ceramic devices.

Standard constructions are made with 1 and 2 ounce copper and 0.040 (1 mm) and 0.062 (1.6 mm) inch thick
aluminum. Custom constructions of heavier weight circuit copper and thicker aluminum and copper base plates
are also available.

e UL 746B Electrical/Mechanical e Network DC/DC power converters

RTI as high as 130°C e Battery powered equipment DC/DC power
e RoHS compliant converters

e Environmentally green e Ultra bright LED substrates

¢ Lead-free solder compatible
e Compliant for low bond stress

A COFAN USA

Meeting Your Project Needs



Tlam SS1KA Specifications

Continuous AC

Continuous DC vDC 95 225 450

Peak Recurring
—-———
Thermal Conductivity™ Watt/m °K

i C-mahaty (g:gz) (g:(s)g) (g:;(‘»

Glass Transition Temperature o & 105 105 105
Operating Temperature, Maximum °C 110 120 130
Soldering Temperature, Maximum °C 288 288 288

Heat Capacity Jig °K 153 1.53 1.53
ELECTRICALPROPERTIES | UNTS | TlamsS1KAG4 | Tlam 55 1€A06  Tlamss 1kA08
Dielectric Constant @ 1KHz/1MHz 43/41 4.3/4.1 43/4.1
Dissipation Factor @ 1KHz/1MHz 0.008/0.035 0.008/0.035 0.008/0.035
Capacitance @ 1KHz/1MHz pF/in2 244/230 161/153 121/115
Volume Resistivity ohm-cm 1.20E+14 1.20E+14 1.20E+14
Surface Resistivity ohm 1.00E+10 1.00E+10 1.00E+10
Dielectric Strength VAC/mil (KVAC/mm) 650 (25.6) 800 (31.5) 800 (31.5)
Withstand Voltage VDC 1800 2500 3500
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Tlam SS1KA Specifications

Dielectric Thickness inches (mm) 0.004{0.102) 0.006 (0.152) 0.008 (0.203)
Peel Strength Ibsfin (Kg/cm) 45(0.8) 45(0.8) 5.0(1.0)
CTE in XY/Z axis < Tg ppm 32/43 32/143 32/43
CTE in XY/Z axis > Tg ppm 81171 81171 8117
Tensile Strength MPa 52.2 52.2 52.2
Elongation 25/150°C % 0.8/1.1 0.8/1.1 0.8/1.1
Young's Modulus @ 25/150°C MPa 9700/2700 9700/2700 9700/2700
Poisson’s Ratio @ 25/150°C 0.26/0.16 0.26/0.16 0.26/0.16
Flexural Strength 497 49.7 497

Water Absorption after 168 hours
Out-Gassing-Total Mass Loss % wt. 0.57 0.57 0.57
Collect Volatile Condensable Material 0.06

UL Continuous Operating Temperature

UL Flammability E165095 94V0 94V0 94v0
Comparative Tracking Index 600 600 600
Solder Float ( 3 min. @ 288°C) Pass Pass Pass

P COFAN USA

Meeting Your Project Needs



Tlam SS HTD

Thermally Conductive Printed Circuit Board Substrate

Tlam SS HTD is a thermally conductive PCB substrate. The construction consists of a copper circuit layer bonded to
an aluminum or copper base plate with 150 C rated Tlam HTD dielectric. Tlam SS HTD laminate is processed
through standard FR4 print and etch operations.

Tlam SS HTD products have 6-8 times better thermal conductivity than FR4--key to keeping components cool. The
Tlam SS HTD boards are run through standard pick and place SMT and manual wire bond processes.

Tlam SS HTD is designed for use in high temperature and/or high-voltage applications typically found in industrial
motor drives and automotive motor controls.

Standard constructions are made with 1 and 2 ounce copper and 0.040 (1mm) and 0.062 (1.6mm) inch thick
aluminum. Custom construction of heavier weight circuit copper and thicker aluminum and copper base plates are
also available.

e Lower thermal resistance e Automotive - LV under hood

e UL® 746 B RTI of 150°C and EV motor drives

* High withstand voltage >6000 e 120-480VAC commercial and
vDC industrial motor drives, UPS and

e RoHS compliant

e Environmentally green

e Significantly reduces power
device temperature

e Lead free solder compatible

welders
e Power Supplies - AC/DC and
DC/DC for telecom and

commercial product;,com” USAB
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Tlam SS HTD Specifications

Continuous AC, Max 2407480
Continuous DC, Max VDC 225 450/925

Peak Recurring, Max 600/1200
____
Thermal Conductivity watt/m °K

et et C.anluatt) (8:323) (82(15(9)(7»

Glass Transition Temperature G 168 168

Soldering Temperature, Maximum b € 288 288

Heat Capadaty Jig°C
____
Dielectric Constant @ 1KHz/1MHz 5.1/49 49/4.7

Dissipation Factor @ 1KHz 0.007 0.007
Capacitance @ 1KHz pF/in? (pF/cm?) 287 (45) 191 (31)

Volume Resistivity @ 25°C ohm-cm 1.4E+15 1.4E+15

Volume Resistivity @ 150°C ohm-cm 2.0E+11 2.0E+11

Surface Resistivity ohm 1.5E+12 1.5E+12

Dielectric Strength VAC/mil(kVAC/mm) 1000 (39.3) 1000 (39.3)
Withstand Voltage (DC) VDC >4000 >6000

Withstand Voltage (AC) VAC >2,500 >3,500
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Tlam SS HTD Specifications

Dielectric Thickness inch (mm) 0.004 (0.102) 0.006 (0.152)
Peel Strength Ibs/in (Kg/cm) 6.5(1.16) 7.0(1.25)
CTE < Tg XY/Z axis ppm/°C 16/36 16/36
CTE > Tg XY/Z axis ppm/°C 18/155 18/155
Young's Modulus @ 25/150 °C MPa 13180/6810 13180/6810
Poisson’s Ratio 25/150 °C 0.277/0.263 0.277/0.263

Flexural Strength 25 °C

UL Continuous Operating Temp

UL Flammability £165095 94V0 94V0
Comparative Tracking Index 600 600
Solder Float (4 min. @ 288 °C) Pass Pass
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Tlam SS LLD

Ultra-bright LED insulated Metal-Core Printed Circuit Board Material

Tlam SS LLD is a copper circuit layer and aluminum or copper base plate bonded together with LLD
dielectric. LLD that are processed through standard FR4 print and etch operations.

LLD is designed for bright and ultra-bright LED module applications. LLD products have 6-8 times
better thermal conductivity compared to FR4 and this is the key to keep components cool. LLD
boards are processed through standard pick-and-place SMT and manual wire bond operations.

Standard constructions are made with 1 or 2 ounce copper and 0.040 (1) or 0.062 (1.6) inch (mm)

thick aluminum.

® RoHS compliant

e Environmentally green

e Lead-free solder compatible

e Uses standard FR4 print and etch processing

e Highway and street lights using LEDs

e Railroad crossing signal lights using LEDs
e BLU for large format LCD TVs

e General lighting

Americas: +1.800.843.4556
Europe: +49.8031.2460.0

Asia: +86.755.2714.1166

CLV-
customerservice@lairdtech.com
www.lairdtech.com/thermal
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Tlam SSLLD Specifications

Thermal Conductivity watt/m°-K Dielectric Thickness inch (mm)  0.004 (0.102)

CivMWatt 0,07 Peel Strength oli (kaficm)  6.0(1.1)
(C-em¥Watt)  (0.504)

Thermal Resistance

CTE < Tg XY/Z axis ppm/°C 16/36
Glass Transition Temperature @ 165 )

CTE > Tg XY/Z axis ppm/°C 18/155
Operating Temperature, Maximum %© 150

Tensile Strength@25/150 °C MD/TD MPa 88/57
Heat Capacity lig°C 1.12 )

-- Young's Modulus @ 25/150 °C MPa 13180/6810

Dielectric Constant @ 1KHz/1MHz 5.1/4.8

Poisson's Ratio 25/150 °C 0.277/0.263
Dissipation Factor @ 1KHz 0.007

Flexural Strength 25 °C MPa 142
e e N sencransaoau | s Tansuoes
Volume Resistivity @25°C ohm-cm 1.0E+15 —

UL Flammability E165095 94V0
Volume Resistivity @150°C ohm-cm 2.0E+12

Solder Float (4 min. @ 288 °C) Pass
Surface Resistivity ohm 1.5E+12
Dielectric Withstand (VDC) VDC 1800
Dielectric Breakdown (VAC) VAC 2500
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Bergquist

Thermal Clad Insulated Metal Substrate (IMS®) was developed by Bergquist as a thermal
management solution for today’s higher watt-density surface mount applications where heat issues
are a major concern.

Thermal Clad is a cost-effective solution which can eliminate components, allow for simplified
designs, smaller devices and an overall less complicated production processes. Additional benefits
of Thermal Clad include lower operating temperatures, longer component life and increased
durability.

Bergquist Thermal Clad substrates are not limited to use with metal base layers. In one example,
power conversion applications can enhance their performance by replacing FR-4 with Thermal Clad
dielectrics in multi-layer assemblies. In this application, the thickness of the copper circuit layer can
be minimized by the high thermal performance of Thermal Clad.

Thermal Clad is a complete thermal management system, unlike traditional technology which uses
heat sinks, clips and other mounting hardware. Thermal Clad enables low-cost production by
eliminating the need for costly manual assembly

A COFAN USA
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T-Clad Overview

SINGLE LAYER THERMAL PERFORMANCE DIELECTRIC PERFORMANCE

Impadance*® : " Parmittivit

Thickness' impadance® [*C In¥'W}/ Conductivity* | Breakdown* [Dielectri

[000"fpm] [*CIW]  [*ComiW] [Wim-K] [KVAC] Cons'ant]
376 0.45 0.05/032 22 6.0 7
0.70 g11/0mMm 22 110 7

13

0.65 009/058 85

MU LTI LAY

0.16/1.03
011/ 0N
0.21/1.35

0.70 22 1.0 7

HIGH POWER LIGHTING

Glass UL Peel
Trarskiory  Index® Strength?

[*C] [°C] [ibfin)/ [N/mm]

150 140/140 6/11

150 140/140 611

130/140

9/16

%0

150150
140140

6/11

HPL-03015 1.5/38 0.30 0.02 /0.3 3.0 25 6 185 i 5/09
Method 1-Optical 3 - Calculation from ASTM 5470 6 - ASTM D150 9 - ASTM D2861
Description 2- Internai TO-220 test 4 . Extended ASTM 5470 7 - Intarnal MDSC test RD2014 "CML is avzilabie In pregreg forn
RD201E 5 - ASTM D149 8-UL746E **Pending
Note: For apglications with zn expected volizge over 480 \Volis AC, Bergquist recommends 2 dielectric thickness grezter than 0.003° (T6um)
Note: Maximum test v gl Jz‘sz‘ar ion of material and circuit design Typical proof test does not represent the maximut
Note: Circuit design is the most impartant considerztion for cetermining safety zgency compliance
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T-Clad Operating Temperatures

Mechanical and Electrical Lifetime Prediction
Bare Dielectric Aged in Air in Laboratory Conditions
00,000 Apalyzed by an Exptrapolation o UL T4E
Agsuring 50% Initisl Values = Matorial Lifutime
MATERIAL UL RTI- ELECTRO / MECHANICAL
140°C / 140°C “9"HP. LT CHL
il T
LTI 130°C / 130°C T
CML 130°C / 130°C 1
Choose the dielectric that best suits o0 . . . . . .
. 1E 125 135 |45 |55 |E5 175
your operating temperature Operitng Tengeriare [

environment. For high temperature
applications, such as

automotive, HT offers the right
solution. All of our dielectrics

are UL recognized.
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T-clad

Base Metal Layer Design Considerations

Coefficient Of Thermal Expansion
And Heat Spreading

v ;3: ficient Of Thermal Expansion
\nd Heat Spreading

¥ Coefficient Of Thermal Expansion
And Solder Joints

THERMAL COEFFICIENT OF
CONDUCTIVITY  THERMAL EXPANSION
[VWmK] [ppm/K]

400 17

DENSITY

METAL /ALLOY [afeel

27

Aluminum 5052

150 25

27

150 25

Coefficient Of Thermal Expansion
And Solder Joints

Solger joint fatigue czn be minimized by selecting the
layer 0 “."‘" component expansion. The major concert

correct base
! l-o- . :—_

mz! exparsion is the siress ihe solder joint experiences in power (or
thermal} cycling. Solder joints are not mechanically rigid. Stress
induced by heating and cocling may cause the jcint to fa '"‘g ue as .t
relieves stress _zrge devices extrems emperaiure diferentia bad

r lead-free minimum solder thickness may

:u|"" joint fatigue is typically first zssociated with ceramic based
mpmwr:' 2nd with device termination. The s::'u on “Assemily
Re:cr iendations” (pzae 18-19) covers ihese issues in more detal

¥ Strength RI I"jl 1"" d v f—

MODULUS OF
RIGIDITY
[GPa]

ight
o Base Plate Copper are *".- "‘3:‘ :C»p.. z bZSE lay

en: 3’;; cec» "s t": p

M
metals and "C’T’CC:I"S have besn used in applic
maich is a factor. T
dard base la;.ers

YIELD STRENGTH

[MPa]

e z0jacen: izble represents sizndard and non-sia

FRé|xy)

259 215

2 230

Base Layer Selection Considerations

PR - 400
% e + 30
W+ b= T hermal Conductivity ’g
pe + X0 -
g s
- T 2z
| &1
? - X0 ‘E
5 10 - S
£ +1s0 Y
3 E
ke To ¥
] S -
3 1
: B

0 - -0

Swinkss  Aluwina

Sten|

Aluminum  Copper




Denka

Speciation
IMaterial Tame Iaote
B isiia] i Slumirnam (10500 10152 0mm
’ Aluminum (5052) 3.0mm With DENKA’s high —value
Dielectric strength .
Z type (AC2EV) —added electronic
Thermally conductive Epoxy resin filled with Dielectric strength
dielectric layer inorganic filler ¥ tpe (AC3KV) components, we
¥ e SIEEATE i accurately identify your
Joum for peneral circuits nEEdS and Contribute tO
: : : forl current . s Lo .
P Copper foil (Ni plating | T0mm e the diversification and
Mi-£&ua plating available) L .
1054 m for largs current sophistication of
cirots
AL40 umiGutojem | T Wi boniing electronics products
9 O circuit with A pad ALl Cu claded foil S L
Al 40 pmiCusBum | [OF [TES current
circunts
Solder resist Epoxy resin, etc. A-=30 M m
High heat resistance, Ultra ligh | General purpose
thermal conductivity tipe TH-1 tipe E—1
Thermal conductivity { Wim ) 4.0 2
Wolume resistivity (52 cm) at 23°C 4.1 1013 2.8x1nld
Croefficient of thermal expansion (2C1] B.T105 TEx 10
Toung's modulus §{ Mime ) 5.4 108 .1x109
DENKH Poizzon's ratio .34 0.30
(Flass transition point (*C ) 155 104




Denka Speciation(

Iateral Tape Mote
Alumi 10860 1.0,1.5210
Ease metal plate um%num I: ) bbb
Alumimam (B05E) 3.0mm
Dielectric strength
2 type (ACEEV)
Thermally conductire Epoxy resin filled with Tt Dielectric strength
dielectric layer inorgarnic filler Hels (AC3KV)
Dielectric strength
X type (ACEKY)
J5 M4 m for general circuits
: : : for large current
. Copper foil (M1 plating ! T4 th o= s
Lo (LA BT Ii-Au plating available) clreuts
105 s m for large ourrent

clroit s

2. Curcircwt wath A1 pad

Al Cucladed foil

A1 40 pmiCull Mt m

For wnre-bonding
ibare chip mounting)

Al 40 pmiCusSh sm

for large current
circuits

Holder resist

Epoxy resin, ete.

B30 m

DENK A Product I

itormaton
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Thermal resistance (L5 W)

Denka Comparison of Thermal
Conductivity

k-1
0.8 Alumina substrabe -

0.6
TH-1
0.4

0.2

':'rs B} o0 15 200 600 EEO

Thickness of dieleciric lapr {wm)

a) Thermal resistance characteristics
*Simulated values are used for alumina-
substrate values.

Transient thermal resisiance | *C0 W)

1.0

0.8

K-1 (Z type)

0.6

0.4

TH-1 (¥ type}——

0.2

0.0

oA

1 10 100
Fulse width |56c)

b) Transient thermal resistance
characteristics (20 W)
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Denka Measuring Method used for
the thermal conductivity of
substrates

T0-220 (230 2233) Comparison of thermal images

Temperature measurement . .
| J Cu foil 352m (1014 mm) by thermo-viewer
Enlderlﬁiﬂ H_l_,‘/ﬁelectric layer 80
Silicone 2resse o~ Al plate (4030 % 1.5 mm)

This photograph shows the
thermal images with a 4A
current applied for 10
seconds (Tr: TO-220). It can
be seen that the
temperature rise of the
"DENKA HITT PLATE" is kept
very small thanks to its
excellent thermal

&1 block ideal heat dizsipation

HITT Plate HITT Plate Other maker’s ..
TH-1 type k-1 type A0 substrate conductivity.
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 The world’s leader in LED materials including
Thermally Conductive PCB Substrate (KNDJ),

Encapsulating Material (SLS), and High Reliability
photo resist (SCR).

 Having been in the material business since 1947, this
Japan based company has grown in size and
capability and is one of the worlds leaders in the PCB

Pre-preg field, amongst many other frontiers in the
modern day and age.

P COFAN USA
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Introduction Sekisui KNDJ

SEKISUI thermal conductive sheet makes LED “ Brighter ” & “ Longer life

Because of <+~

2::538“, r = j Solder resist
£ SEKISUI thermal Decrease LED chip temperature
{ . - ~ conductive sheet with it's excellent heat-release property

3

Aluminum plate

Advantage of KNDJ series

*KNDJ series can provide reasonable CCL & prepreg because of high productivity.

*KNDJ series can reduce CCL manufacturing costs because of excellent handling ability.

*KNDJ series shows excellent insulating properties and quality stability.




Features of the KNDJ Series

Unique resin/filler design

1)KNDJ series can be controlled
the volume of thermal conductive
filler (~90wt%)

Good handling before curing without
glass fabric (SEKISUI only)

2) Thinner insulation layer is
possible (~30um)

scthermal resistivity is proportional to thickness

R=h/A- A

R :thermal resistivity
h:thickness
A:contact area

A :thermal conductivity 37

Glass fabric disturh heat
diffusion and film thickness
reducing

3) Easy handling @ ply-up

i

Large area press possible

Roll to roll press possible j
7

A COEAN USA
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Sekisui KNDJ Specifications

Properties KNDWU0O3 KNDWJDO2 KMNDJDO1 remarks
Thickness 50~300 pm 50~300 pm 80~300 pm IPC 4101
Themal conductivity 1.0 Wim-K 2.3Wim-K 2.8 Wim-K ASTM E1461
Tg 136°C 125%¢C 122°C DA,
CTE(=<Tgl =Tag) 41ppm1 27T ppm 34ppmM23ppm 11ppmf28ppm ThA
E' (-50°C) 11,000 MPa 19,000 MPa 26,000 MPa
E' (25°C) 6,800 MPa 15,000 MPa 21,000 MPa DA,
E (120°C) 1,800 MPa 1,100 MPa 1,500 MPa
Young's modulus 3.8GPa 5.1 GPa 18.0 GPa Tensile test
Water absorption rate < 0.5% =< 0.5% = [0.5% 121°%Cf2 1atmd1 00RH% 2h
ASTM D145
EBreakdo oltage (AC) = G KW/ = GV =4 KVS .
reanaown voliage mm mm mm {Test condition A)
L J6E+17 27 1.9E+97 27
Surfa i 1.9E+17 &2/ —
urface resistivity - 3.3E+17 @ 2TE+T @ JIS KEa11
87510 O Kk (Test condition A/
L . - L TE+1 *CITl G.0E+18 2 -cm/ I5°C O0RHY% 96 h
Volume resistivity 4 FE+18 2 cm S 496418 O -cm 1 0E=18 O-cm )
1.5 kgficm 1_9kgiem 1.6 kgticmn JIS CE481(Test condition &)
Cu peel strength (10z) 1.5 kgficm 1.Skgfiem 1.7 kaffemn JIS Ce481(@ 1207C)
1.4 kgffcm 1.Skgiicm 1.3 kgtcm Heat treatment (260°C  2min)
1.4 kgifcm 1.3 kgiiicm 1.3 kgticmn Heat treatment (288°C  2min)
Dielectric constant (1MHz) 45~855 55~635 F.a~80
Static capacitar method
Dielectric loss tangent (1MHz) 0.022 0029 00112
Solder float (288°C) = 20min = 20min = 20min
High power hot plate
Solder float (300°C) = 10min = 10min = 10min




Different Thermal Conductivity
Measuring Methods

Measuring

method
(Standard)

Hot wire type
(ASTM C1113)

Laser flash type
(ASTM E1461)

Thermal resistance type
(ASTM D5470)

Maker el
a
":r
e Analysis tech co., Itd
{ TIM tester
=] ™
Principle LT
o P - \ . load
heater 7] - heat —
measurement oule : heater — \- Insulating
..n.,‘__ s La sarrpb M L
- -
measunng —-— . [~ thermo
sgnp-b _ mb
reference heat release apparatus
A =(gd minft2-H W T2-T1) Calculate the thermal resistance from
Calculate the thermal conductivity amount of heat{W) and temperature
AZthermal g heat value from temperature rising curve by rising (& T) @ heat insulating box.
conductivity simulation fitting. =Convert the thermal conductivity
t time T: temperature h- thickness
A=hi(R-A) R: thermal resistance
A sample area
Thiin film sample = : =300 & m Thin film sample OK
Features e “ _ Standard for thermal resistance
Contact measuring Non contact measuring measuring
(Low precision because of (high precision) (3%Have a tendency to show
contact thermal resistance Multi layer sample OK high themal conductivity)
@ probe/sample) (CCL etic.,)




Nano-Flas

-

(DSingle layer sample measuring
Cdcdd_e_lhe thermal Simulation model: Cowan+
conductivity from sample | Baseline model: Linear
Thickness, Cp and p.

(2Triple layer (CCL) sample measuring

h herm

Baseline model: Linear

Simulation model: 3heatioss+ |:

Calculate the thermal conductivity
from sample thickness, Cp, p and
characteristic value of Cu & AL.

-Conductivity Test
=

-------------------------------------------------------------

:" < principle of measurement >

Calculate the thermal conductivity
from temperature rising curve by

.

AdA AAM
Xe laser
12 a: t{cm2/s)
«=0.1388 I: sample thickness(cm)
195: half time of maximum
temperature rising(sec)
A= 'CP'P Cp: Heart capacity(J/g-k)

p: sample density(g/cm3)

_____________________________________________________________

‘Q—--—----—--—-—------——----——--—--‘



Nano Flash Results

Measuring type KNDJOO1

Prepreg (1 layer)

ey 4.7 Wim-K 1.7 Wim-K 1.0 Wim-K
measuring”

CCL(3 layer)

o 2.8 W/m-K 1.7 Wim-K 1.0 Wim-K
measurng -

#1 test specimen: prepreg after curing
*#2 test specimen; CCL ( Al 1.0mm, insulation layer , Cu: 35um (1 0z))

P COFAN USA
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Heat Release Performance Test

7

Load control
(0~ 100kg)

Heater

Thermo couple
(@ sample)

< heater control > X
Measuring sample Compare the heat

({electric power rising curve
(W) control ___—— Heat sink
2heater
temperature 60
control e (BB
8 50 ——
F [z
'g 40 ’,7/ — Competitor (2W) H
a 35 — SEKISUI(2W) [
E a0
= 2
%4 type different heat sink 29 . 2(.)min. AOm?lmtie()(l;;\c) 80.min‘ '1‘0(.)mi ‘ ;20mi
< measuring method > Heat generation
chip (20W) Load Sample
E Qemy
| LD
i PP 80um

Heat sink ——
(1.2 °CAW, Size 15cm x 14.7cm = 5Cim)

AL (5052 type)




Heat Release Performance Data
(AL/CU)

Thickness Chip
Insulation layer AL (type) temperature
35 um 80 um 1.0 mm (5052) 55.5°C
35 um 80 um 1.5 mm (5052) 542 °C
KNDJOG3 18 um 80 um 1.0 mm (5052) 56.1 °C
{(1Wim-K type)
70 um 80 um 1.0 mm (5052) 55.3°C
35 um 80 um 1.0 mm (1100) 54 4 °C
KNDJ0D2 5
WIm-K type) 35 um 80 um 1.0 mm (5052) o4 2 °C
39 um 80 um 1.0 mm (5052) 537 °C
KNDJOO1 35 um 80 um 1.5 mm (5052) 234 °C
(SWim-K type) 18 um 80 um 1.0 mm (5052) 54.0 °C
70 um 80 um T mm (5052) 535°C

¥¢Heat generation chip : 20W, Heat sink: 1.2°C/W (Size 15cm x14.7cm x S5cm), Sample size: S5cm x 5cm



Thickness Chip

Sample :
Cu Insulation AL (type) temperature
2W type 35 um 80 um 1.0 mm 56.4 °C
N-company 3W type 35 um 80 um 1.5 mm 558 °C
(JP) 6.5W type 35 um 80 um 1.0 mm 55.7°C
12W type 35 um 120 um 1.5 mm 551°C
D-company (JP) 2W type 70 um 80 um 1.0 mm 56.6°C
L-compan 35 um 120 um 1.0 mm 57.5°C
pany 3W type
(USA) 35 um 120 um 1.5 mm 55.6 °C
70 um 120 um 1.5 mm 55.1°C
D-company (KR) 2W type
35 um 75 um 1.0 mm (5052) 56.2°C
C-company (TW) 2W type 35 um 100 um 1.5 mm (5052) 55.6°C
35 um 80 um 1.0 mm (5052) 55.5°C
KNDJOO3 35 um 80 um 1.5 mm (5052) 54.2°C
(1W/m-K type) 70 um 80 um 1.0 mm (5052) 55.3°C
70 um 80 um 1.5 mm (5052) 53.5°C
SEKISUI
KNDJOO2
(2Wim-K type) 35 um 80 um 1.0 mm (5052) 54.2°C
<5 um 80 um 1.0 mm (5052) 53.7°C
KNDJ0O01
AWIm-K type) <5 um 80 um 1.5 mm (5052) 53.4°C
70 um 80 um 1.0 mm (5052) 53.5°C

#Heat generation chip : 20W, Heat sink: 1.2°C/W (Size 15cm x14.7cm x 5cm), Sample size: 5cm x 5cm

P COFAN USA
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Comparison Table

SEKISUI SEKISUI SEKISUI Doosan
“KNDJ-001"  “KNDJ-002" “KNDJ-003"
Dieleciric 700 ~120
Thick B0 pm 810 gm 80 pm am 95 ~100 pm 120 pm B0 gam IPC 4101
Thermal Nano flash
Conductivir 2.8 Wim-K 1.7 Wim-K 1.0 Wm =K 1.0 Wim =K 1.6 Wm-k | 30 Wm-K | 1.6 Wim-K @ CCL
1.6 kgficm 1.5 kgficm 1.5 kglifcm - 1.1 kgficm | 0.7 kgficm -_
Peel strength i1oz) (loz) {1oz) (toz) {1oz) ifoz) 1oz} JIS C6481
s —_ — 2.7 kglicm 2.7 kgficm —_ —_ 2.2 kgficm | (Test condition A)
(2oz) (2oz) {2oz) (2oz) (2 0z) {2oz) (Zoz)
Dielectric break ASTM D149
down vol (AC) - 4KV -~ GKV ~ 6KV - GkV I~ kV J~f KV = bRV (Test ition A)
Solder float Above Above Above S~Ahove 2 3min 35 min Abowve High power
(288C) 20min 20min 20hmin 20mmin 20min program hot plate
*{ Thesa are representative values, and not guaranteed values

i | Bigsize
filler

SEKISUI samples show well-
balanced properties.

High thermal conductivity, Good
peel strength, Good BDV

and excellent heat resistance.

Foreign object

# COFAN USA
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NO.

1
2

0 N o U»n

Checklist

FR-4 PCB Fabricated documents checklist

ITEM

customer's specification
gerber files

(1) aperture list

2) drawing

3) drilling program

4) inner layers pattern

(
(
(
(5) outer layers pattern
(6) solder mask pattern
(7) legend
(8) ET program

(9) other
drawing

drilling data

solder mask
legend

surface treatment
V-scoring

DESCRIPTION OK
must be provided if customer has it's spec.
with ZIP format : ZIP, RAR, JZIP, ARJ.
must be provided unless using RX-274X format
must be provided if customer has drawing.
gerber format or txt. or hole chart.
at least 2 files for 4L, 4 files for 6L, 6 files for 8L,...etc.
at least 2 files.
at least 2 files.
1 or 2 files.
may have ET program with format IPC-356 if customer has it.
may have readme file if customer has it.
dimension, tolerance, hole chart, construction, material,...etc.
drilling program.
PTH/NPTH definition.
hole quantity.
color.
color.
OSP, HAL, Pb-free HAL, ENIG, Ni/Pd/Au, immersion Tin,...etc.
web thickness & scoring angle.

N/A

A COFAN USA
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PROCESS
IMS

Hole drilling

PTH/Copper plating
Dry film

Solder mask

Process Procedure

ITEM

nominated aluminum thickness
copper foil

nominated panel size for Laird
dielectric thickness for Laird
thermal conductive for Laird
nominated panel size for sekisui

dielectric thickness for sekisui
thermal conductive for Sekisui

nominated layer stack
min hole drilling size

max hole drilling size

IN HOUSE
0.5/0.8/1.0/1.5/2.0/3.0mm
0.3-40z
18" X 24" (457 x 610 mm)

4/6/8 /10 mil

3 W/ mk

510 x 605/ 510 x 640 mm
3 mil

2 W/mk

1L+pp+alu. / 2L+pp+alu. / 1L+pp+alu+pp+1L
0.050" mm for copper, 0.040" for aluminum, general size : 0.080"
0.240" ( above 0.150" using step drilling)

true position +/-0.004"

min. board thickness 0.003"
min. board thickness after plating 0.006", H/H 0.003"
min. board thickness before plating 0.015", H/H 0.003"
min. line width/spacing see attachment

resolution tolerance of line width/spacing >= 0.005" +/- 20% +/- 20%
resolution tolerance of line width/spacing < 0.005" +/- 0.001" +/-0.001"
min. distnce from hole to inner trace 0.010" 0.010"
registration +/-0.002"

thickness at crest of trace 0.6 mil

thickness at corner of trace 0.4 mil

min width of solder dam 0.004"

registration to pattern +/- 0.003"

A COFAN USA
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Process Procedure Il

Legend min. stroke width 0.006" 0.006"

min. distance from legend to solder pads 0.006" 0.006"

registration to pattern +/-0.008" +/-0.006"
Surface treatment (tk) HAL with sn/Pb 80 - 2000 U"

HAL with sn/cu/ni 80 - 2000 U"

HAL with sn/Ag/cu 80 - 2000 U"

OoSP 0.2 to0.5U"

ENIG 100to 300/ 1to 8 U"

immersion Ni/Pd/Au 200/4 U"

electric nickel/gold plating 100 to 300/ 1to 50 U"

immersion Tin 25to 40 U"
Routing min. slot width 2 mm 2mm

min. internal radius 0.9 mm 0.9 mm

dim. tolerance +/- 0.005" +/- 0.005"

min. distance from copper to routing 0.5mm 0.5mm

min. distance from slot to routing 0.5mm 0.5mm

min. spacing between PCB 2.5mm 2.5mm
V-Cut dim. tolerance +/- 0.005" +/- 0.005"

registration upper/lower +/-0.003" +/-0.003"
Bevelling dim. tolerance +/- 0.005" +/- 0.005"
Punch dim. tolerance +/- 0.003" +/- 0.003"

min. slot 0.035" 0.035"

min. distance from copper to punched edge 0.5mm

min. distance from slot to punched edge 0.5mm

min. spacing from punched edge to panel edge
min. slot width

. see attachment of punched spec
min. square slot

min. hole dia.
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