The CCL Material Trend
System Products of Nan Ya CCL

High Layer Count Millimeter Wave

‘Low Dk. Df -Ultra Low Dk. Df
-Signal Transmission Speed ‘Low TCDK -Low PIM
‘NPG-171 -NPG-182H ‘NP-822 -NP-735
‘NPG-170D -NPG-186 °-NPG-188H ‘NP-826 -NP-730 -NP-530
*NPG-198K ‘NP-535 -NP-536

-NP-536HC
IC Substrate Automotive
High Tg -Low CTE ‘Low CTE

High Modulus -Low water absorption

‘Low Warpage *Reliability improved
‘NPG-220 -NPG-210 NP-155F/NP-155FBH
NPG-200W NP-175F/NP-175FBH

-NPG-180INBK HDI -NPG-180BH

B 1 308K -Lighter -Shorter "NPG-190BH

*Build up process *Smaller -Thinner
*NPG-150N -NPG-150D
‘NPG-151 -NPG-181 -NPG-182H
*NPGN-150LKHD

o IN [ o

Millimeter Wave
*NP-735 NP-730 NP-826 NP-822 PTFE
*NP-530 NP-535 NP-536 NP-536HC
Automotive
‘NPG-181PY High Tg CITe00O(Under development)

*NPG-180BH/NPG-190BH
*NPG-151
NP-1/75FBH
*NP-155F/NP-155FBH

HDI

High Tg Low Dk NPG-181
-High Tg Low Dk/Df NPG-182H, NPG-192
*NPG-150N, NPG-151, NPG-150D
Low Dk NPGN-150LKHD
Low Dk/Df : High Layer Count
*NPG-198K Super Ultra low loss(Under UL approval)
‘NPG-186K/NPG-186 Ultra Low Loss
‘NPG-188H Ultra Low Loss
‘NPG-182H Low Loss
*NPG-170D Lowv Loss

*NPG-171 Middle Loss

IC Substrate

BT/Epoxy NPG-200WVV, NPG-210, NPG-220
*NPG-180INBK, NPG-180BK

Traditional Product

FR4 NP-140 Tg 140°C

‘FR4 11PY(CT1600)

CEM-3-09HT, CEM-3-10(CTI1600), CEM-3-01 HC(CTI600)
CEM-1-97PM, CEM-1-97(CTI1600)
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High Layer Count Material

Laminates Suited for High-Speed Applications

General Properties

ltem Unit NPG-171 NPG-170D NPG-182H NPG-188H NPG-186 NPG-186K NPG-198K
0 230 210 226 226 220
19 C 170 170 TMA) TMA) (DMA) (DMA) (DMA)
al
7o (ppm/oC ) 40 35 30 30 33 33 35
CTE azo 220 220 120 130 213 213 215
(ppm/C)
Water
Absorption % 0.2 0.18 0.10 0.15 0.12 0.12 0.1
PCT 2 hr 529°C
. 10 10 10 10° 10 10 10'
solder dipping
1260 Min >60' >60' >60' >60' >60' >60' >60'
Td 5% C 365 390 430 420 400 400 410
3.9 3.5 3.23
Dk(3GHz) - 4.14 4.03 4.0 3.9 (10GH2) (10GH2) (10GH2)
0.005 0.0035 0.002
Df(3GHz) - 0.008 0.006 0.005 0.0043 (10GH) (10GHz) (10GH2)
dB/inch @8GHz 0.99 0./75 0.7 0.58 0.54 0.48 0.44
Delta-L dB/inch
@16GH> 1.72 1.35 1.25 0.96 0.93 0.82 0.74
Stable Electrical Properties
DKk vs Temp Df vs Temp
4.2 0.012
4 M 0.01 ‘—.—‘—‘/
3.8 .__.=h—'.'4 0.008
36 . —0—NPG-171 - n____§— ——NPG-171
= —8—NPG-170D & 0.006 M —=—NPG-170D
3.4 M NPG-186 " 00 NPG-186
3-2 ‘ —<NPG-188H —¢NPG-188H
VERRRRVEE . ——
3 —3=NPG-198K 0.002 - - —s NPG-198K
B 20°C 40°C  60°C  80°C 100 °C ! 50°C  40°C  60°C  80°C 100 °C
Temp Temp

Heat Resistance
NPG-188H 30LB
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CAF Resistance

20200617 C WPG158
SMI ¥-Y Plot { Resistance Data )

No delammatlon
No crack

TH size : 0.25mm
TH pitch : 0.8mm
288°C floating : 10sec x 6times

Resistance [Ohms]

Temp. [C]
Humid. [& ]

e Material : NPG-188H 30LB

e Board thickness : 4.0 mm

e Hole size : 0.3mm, Pitch 0.6 /0.7/0.8 mm

e Precondition : IR Reflow 260°C x 5 times

e Test Condition : 1000 hours, 85°C /85%RH, DC 1000V
e Pass Criteria : Insulation resistance = 108 Q

e Result : PASS

0N miEE SR TR AR A A RA S

NAN YA PLASTICS CORPORATION



High Layer Count Material
Laminates Suited for High-Speed Applications

Decomposition Temp. (T,) and Df @ 10GHz

Ty
NPG-198K B |
400°C ok
NPG-186K |
|
380°C
360C
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Super Ultra
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Nan Ya Materials Application

Nan Ya Products

Applications

NPGN-150LKHD Server
NPG-150D Series Workstation
NPG-170N lade temer
NPG-1/1 Series

Backplanes
NPG-170D NPG-186 Server

Storage
NPG-188H NPG-198K

Telecom
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High Density Interconnect Material

General Properties

ltem Test Condition ~ NP-155F NPGN-150 LKHD NPG-150D NPG-151 NPG-181 NPG-182H NPG-192
1Q C 150 150 155(TMA) 155(TMA) 180 230(TMA)  230(TMA)
7 -axis CTE a -1(ppm/°C ) 40 30 30 30 30 30 30
a -2(ppm/°C ) 240 224 220 210 210 120 130
CT 2 hr Water Absorption %~ 0.19 0.17 0.15 0.16 0.15 0.15 0.10
288 C solder dippng 10 10' 10' 10' 10' 10' 10!
1260 Min >00' >60' >60' >00' >60' >60' >00'

Td 5% C 350 370 350 380 390 425 430
Dk(1GHz)  RC 74% 3.9 3.4 4.1 3.9 3.4 3.5 (RC7O°/§@31OGH2)
Df(1GHz)  RC 74%  0.013 0.012 0.009 0013  0.008  0.005 (RC709%O©91%GHZ)

Thermal Reliability
Materials Construction (7+2+7) Test Pattern Test Item Condition Results
NPG-182H | Reflow Pgazkggorgp > 15 cycles
Core thickness = p— Thermal Solder dipping
60 pm = Stability 274°C > 15 cycles
(1078x1ply) o ; . 25 C x20"/260
Hot OIl Test °C 20" > 20 cycles
Built-up prepreg -55x15min/ 10"
1078(RC70%) el /125°C x15min > 500 cycles
Dielectric Properties/
NPG-182H o NPG-182H
4.4 .
4.2 0.006 X\K\’\’(‘N\X
4.0
3.8 ——1GHz 0006 —o—1 GHz
2 —=—3 GHz S —=-3 GHz
3.6 5 GHz 0.005 S GHz
—¢-10 GHz _L\‘\."*- —=10 GHz

3.4

3.2

3.0

40 S0 60 70

Resin Content (%)

30

0.005

*\’\-‘m

0.004

40 S0 60 70

Resin Content (%)

30

Nan Ya Materials Application

Nanya Products

NP-155F & NPG-150D Series

Applications

1+N+1, 24+N+2, 3+N+3 HDI-process compatible
Desktop
Laptop
Tablet
Mobile Phone
ard Disk
Game Console
LCD TV

NPG-151 & NPG-150D Series

ELIC & any-layer HDI-process compatible
Laptop
Tablet

Mobile Phone

NPG-181 / NPGN-150LKHD Series
(Low Dk Material )
NPG-182H / NPG-192

ELIC & any-layer HDI-process compatible
Tablet
Mobile Phone
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Halogen Free IC Substrate Materials

General Properties

Test Item Unit NPG-180INBK NPG-180BK NPG-210
Color Black Black Black
Copper 0Z T T T
Peel strength Ib/in 4.9 4.9 4.0
Permittivity (1G Hz) 4.48 4.72 4.2
Loss tangent (1G Hz) 0.010 0.013 0.006
Tg by DMA C 240 240 310
Tg by TMA C 180 180 270
Storage Modulus at 50°C GPa 22 22 25
Storage Modulus at 240°C GPa 12 12 15
CTE-Z(a 1) ppm/C 30 30 20
CTE-Z(a 2) popm/C 90 90 55
CTEX,Y(a 1) ppm/C 12 12 s 3:223
W.A(D-23/24) % 0.25 0.25 0.14
T288 Delamination with in 20" 220 S60

copper

Nan Ya Substrate Materials Applications

Nan Ya Products

NPG-180IN/NPG-180INBK

Applications

Memory card
CSP

DDR Il , DDR IV
PBGA

NPG-220
Black
T
4.5
3.75(10G Hz)
0.004(10G Hz)
270
200
23
13
28
120

10

0.20

>60'

NPG-180BK

Mini LED RGB
Optical sensor

NPG-210/ NPG-210 Type S

Ultra Low CTE
FCCSP

POP

MCP

NPG-220

Antenna In package

Nan Ya IC Substrate Materials

1. Excellent dimensional stability and through-ho

Features
e reliability

2. Excellent thermal stability and long term reliab
3. Excellent insulation properties for CAF
4. Raw materials integration to ensure consistent

ity

and stable supply
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Halogen Free IC Substrate Materials
Warpage Test of Nan Ya Substrate Cores

e Features :

e Halogen and antimony free. e Reactive type flame retardants.
e Flammability meets UL 94 V-0. e High Tg (DMA> 300°C and

e Excellent long term reliability. ultra low C.T.E will provide

e UV blocking type. excellent dimensional stability
e Superior CAF-Resistance and through-hole reliability.

(Anti-migration).

70
== NPG180INEK

e0 == NPG-210
&
3 . _
30 _ = =
0 :
=
= 20

10

D [ [ [ [ [ | | [ | I |

Heating Heating Heating Heating Heating Heating Cooling Cooling Cooling Cooling Cooling
50C 100°C 1507C 1807C 2200 260C 2207C 180°C 1507C 1007C 50C

Nan Ya substrate cores with low warpage trend.

Nan Ya Low CTE Substrate Cores Comparison
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Dimension Change (um)
o+

Dimension Change (um)
tn

" NPG-210
179.39°C 310.00°C

] Alpha=65.42um/(m-°C) ]
1 120.00°C -
1 Alpha=26.30pm/(m-°C) - " 00°C
2 e ( = Alpha=3.635um/(m-°C)

n f; 1 - =

_ 270.13°C 0 -

1 ' 50.00°C : o

1 Material CTE (50~150°C)

150.00°C ! NPG-210 E-Glass 6.21ppm

Alpha=12.76um/(m-°C)

- NPG-210 S-Glass 4.04ppm

S 5 NPG-210 HD 5-Glass | 3.64ppm

0 50 100 150 200 250 300 3 50 100 150 200 25¢
Temperature (°C) Universal V4.24 Temperature (°C) Universal V4.3A T/

NPG-180IN and NPG-210 are designed with high Tg, low C.T.E and high
stiffness to provide excellent thermal reliability and dimensional stability.
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Substrate Materials for Mini-LED Application

e Applications

e Features

1. Excellent optical properties

* In the visible range (400nm ~ 450nm),
having high reflectivity

* Excellent resistance to high temperature
yellowing (antioxidant)

* Excellent resistance to UV yellowing

2. High Tg and high thermal reliability

* DSC Tg> 170 C
* High thermal stability
* Low coefficient of expansion

* Property Comparison

. Nan Ya
Test ltem Unit NPG-200yy M company
Color White White
Halogen-
free - Yes N/A
compliance
DK(1GHz) - 5.2 5.7
Df(1GHz) 0.018 0.020
Insplatlon C-96/20/65 65105 O 5*10'3'50
resistance
suface C-96/20/65 6*10'*1°Q 5%10""°Q
resistance
X 15 15
Y <Tg (ppm/C) 15 15
CTE(X,Y,Z) Z 3c 33
/ >Tg (ppm) 170 171
Tg(by DMA) 205°C 200°C
1/2hr PCT Water absorption 0.27% 0.29%
TEST 288°C dipping >10’ >10’
Flame E-168/70 HB HB
resistance

NPG-200W

Reflectivity comparison after
180°C baking

Test Condition :

Temperature : 180°C *240hrs
Reflectivity Wave length © 450nm

Reflectivity after Baking 180C (450mm)
100
30 —4— NPG-200W
80 1\
= | \\ == M company WDI
60
50
40
30
20
10 »
O | | | |
U 50 100 150 200
Substra_te color ;“O'B?N M company
comparison )
after 180°C  Original 1
baking |
48 Hrs
96 Hrs
144 Hrs
192 Hrs
240 Hrs
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FEATURES :

Automotive Application

Excellent Thermal and Mechanical Properties

e Lead free compatible.
e Stable long time thermal storage.

e L ow Z-CTE, high PTH reliability.

Excellent Insulation and CAF properties
Low Moisture Absorption

General Properties

Product Name

Properties

Tg ('C , By DSC)
Td (C)

Fillers
Flammability (UL 94)
Z-Axis alpha 1 max (ppm/C )
Z-Axis alpha 2 max(ppm/C )
Z-Axis % (50~260°C )
T-260 (min)

T-288 (min)

Anti CAF

Material : NP-175FBH 8LB

Board thickness : 1.6 mm

CAF Resistance

NP-155F NP-155FBH
PN Mid TG PN Mid TG
150 150
350 350
Yes Yes
V-0 V-0
40-50 35-45
230-250 220-240
3.0 2.6
>60' >60"
>20' >20"
Yes Yes

Hole size : 0.3mm , Pitch 0.8 /0.9/1.0mm
Precondition : IR Reflow 260°C x 3 times

Test Condition : 2000 hours, 85°C/85% DC 100V
Pass Criteria : Insulation resistance = 10° Q

Result : PASS

TCT Evaluated (Air to Air)

« Material : NP-175F S8LLB
* Board thickness : 1.6mm
* Precondition: 3X reflow @ 260°C

» Pass Criteria :Resistance change < 10%
* Test Condition:-40°C /4+145°C 30min / 10s / 30min 1000 cycle

* Result: PASS

—

| Hours

/

a 200 s00 TS0 100

Change
Rate |

0.85019 0.7928 o =1 08143 O.8Z238
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- 2.959%
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O.71 %

0.8511 0.84 0% 0.7 e 0. 79891 0832

-2 2%

0. 7544 O0.7015 0¥ 25 07254 . 747

-DLE9E%

0.7585 0.7525 o.re O.7FHNE o.748

=1.38%

0.5393 0533 0537 05380 0526

-2 4T %

0 4065 0. 3591 0421 04319 0424

<4 . 36 %G

0. 7979 0.7909 0.7825 0.7898 0.7970

LT 1%

07156 o.7087 07035 | 0.7537 0.7378

2.10%

0.7 1589 0.7 053 0. yO50 o.Fo14 0. 5905

-2 53%

0. 450627 04951 0. 4875 04574 0. 4923

-0 7%

0. 3932 03871 04140 | 04201 0. 2953

0 529

0O.8335 038149 0, F7F30 0. 7822 0. 8011

-2 B0

0.7 245 0,7 291 Q. 7120 0.7673 0. 7435

1. 2456

07425 0.7323 07540 | 0. 7476 0.7218

-2.78%

'U"h*:ﬂh?-‘Whﬂﬂ*{@#ﬂmﬂmh@h}-‘ﬂ-&ﬂiﬂﬂf
|

05175 041458 0.513% 0.%7 38 0. 5035

=& 1%

0. 3000 0, Fa31 D 4155 04322 0,41 0%

2 S5

. Lay up 8LB

L2
L3

L4
L3

L6
L7

LS

NP-175FBH NPG-151 NPG-180BH NPG-190BH
mte  we  MRMTGUWR  WEMIC
170 155(TMA) 185 230(TMA)
350 380 395 430
Yes Yes Yes Yes
V-0 V-0 V-0 V-0
30-40 30-40 25-40 20-25
210-230 210-230 125-145 120-130
2.2 2.4 1.6 14
>60' >60" >60' >60"
>30' >30' >30' >30'
Yes Yes Yes Yes

15um
PP: 7628 x |

CCL : 0,15t 1
PP: 1080 x2
CCL: 0,15t 2
PP: 1080 x2
CCL : 0.15t 1
PP: 7628 x1
ISpum

Migration Test chart(85°C /85%RH/DC350V 1000hrs)

LEHS

1.E+13 |

1.E+12 ¢

1LE+1

1.E+10

1,E+08 — NP-175FBH 0.9mm
— NP-175FBH 1.0mm

1.E+O7 |

0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900 960

Time(hr)
Material : NP-175FBH 8LB
Board thickness : 1.6 mm
Hole size : 0.3mm , Pitch 0.9/1.0mm
Precondition : IR Reflow 260°C x 3 times
Test Condition : 1000 hours, 85°C/85% DC 350V
Pass Criteria : Insulation resistance = 10° Q
Result : PASS

Check Item : Corner crack, pad lift, outer layer foil crack
No defect found

Check Item : de-lamination, separation of
layers, measlings, laminate or prepreg voids,
resin crack, pull away, resin recession, resin
recession inner layer, Plating crack
No defect found Check Item : Wedge Void, plating crack, inner layer foil crack

No defect found
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Automotive Electronic Material Trend

Internet of Vehicle ADAS New Energy

Automotive Product Update

Passenger
- Compartment

Headliner Ignition Surface On Engine

Remote From Engine Close to Engine Surface

~105°C ~125°C 140°C~150C 160°C

NP-155F

NP-155FBH/NPG-151
NPG-170N
NP-175FBH

NPG-180BH
NPG-190BH
2000V
NPG-190BH
1000V

500V

390V
100V

50V

N\

500hrs 1000hrs 1500hrs 2000hrs
CAF Test time
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High Voltage & Heavy Copper CAF test

Test information

e Precondition: 3X lead free reflow at 260°C
e Test and bias voltage: 1000 V, 85 °C, 85% relative humidity, 1000hrs

e Test material: NP-175FBH

e Pass criteria: All insulation resistance are higher than 1.0E+08 ohms

o Test Patterns :

PP 2116 RC56% x 3

CCL: 12mil 2/2

PP 2116 RC56% x 3
CCL: 12mil 2/2

PP 2116 RC56% x 3

Result

Pass
Pass
ass
ass
ass
ass
Pass
ass
ass

Pass

Pass

Test Test Pattern Test Quantity Test
Sample (mm) (PC)
-H 1.400 10
-H 2.000 10
H-IL 1.075 10
H-IL 1.500 10
L-IL 0.775 10
NP-175FBH &It 1.100 10
6LB 207 o Ok20 19
OL-OL 2.4 0
OL-OL 3.2 10
OL-OL 2.4
(Soldermask) 10
layer-layer
15X 15 10

UL, L LTS o
nin I

1000V CAF test results for different TV design

e l—

1,00E+09

1.00E+06

1,00E+03

1,00E+00

As
Received

98 h

e (H1: H-IL 1,075

e CH5: OL-OL 3.2

198 h

298 h

398 h

e (H2: layer-layer 15x15

NPG-180BH 6LB with 60z inner layer

e Precondition: 3X lead free reflow at 260C
e Test and bias voltage: 500 V

85 +/- 2°C, 85 +3/-2% relative humidity, CAF 1000 hours
e Test Patterns : HW-HW 2.6mm, H-IL: 1.75mm:; L/S:1.4mm

e Pass criteria: All insulation resistance are higher than 2.0E+07 ohms

e Result: Pass (All resistance high than 2.0E+07 ohms)

lay up of test vehicle

" PP: 7628 +1080+106

CCL: 0.25 6/6
PP:106+1080+/628x2+1080+106

CCL: 0.25 6/6

PP: 106+1080+7628

CH6: H-H 2.000

£ o

e (CH3: OL-OL 2.0

e CH7: H-H 1,400

T AWy, | P
498 h 598 h 698 h 798 h

898 h

e CH4: IL-IL 0,775

e CHB: H-IL 1,500

1.OOE+11

1.00E+10

1.OOE+09

1.00E+08

1.OOE+07

L.OOE+12

[nitial

100h

200h

300h

400h

500h

600h

700h

800h

900h

1000h
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5G Network Application Materials

FEATURES :

e High speed and high frequency application.

e Low Dk/Df, high Tg, high heat resistance and high reliability.

e Suitable for communication and network (Router, server, switch)
equipment.

e Hydrocarbon bondply NP-535B have Low Dk/Df and good resin flow,
suitable for multilayer application.

5G Network application

W small cell

Mobile
phone

5G Home
router

5G Base
station

General Properties

NP-  NP-535B  NPG-

ltem Unit NP-730 NP-826 NP-822 NP-530 NP-535 NP-536 536HC Bondply 186 NPG-198K

Resin System - PTFE Hydrocarbon PPE
Flame Halogen Halogen Halogen Halogen Halogen
etardant - Froa Froa Foa Halogen Halogen Halogen Halogen Halogen Froa Froa
Dk (10GHz) - 3.0 2.6 2.2 298 345 355 366 3.50 3.9 3.23
Df (10GHz) - 0.0028 0.0025 0.0014 0.0036 0.0033 0.0036 0.0033 0.0037 0.0050 0.0020

Pee'(ﬁgg)”gth b/fm 10 10 10 6.0-7.0 6.0-7.0 6.0-7.0 6.0-7.0 6.0-7.0 6.0-6.5 5.0-6.0

T288 Min >60' >60" >60" >60’ >60’ >60’ >60’ >60’ >60’ >60’
Td 5% C 540 541 539 365 360 360 412 400 395 404
Flammability UL-94 V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0

PIM dBc =-158 =-158 =-158 =-158 =-158 =-158 =-158 - : :

outgassing - pass  pass  pass - - - - - i i
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High Frequency Millimeter Wave Materials

FEATURES :

e Low dielectric constant and low dissipation factor at high frequency

range.

e Tightly controlled Dk tolerance enables more consistent performance.
e By choosing low roughness copper foil to reduce skin effect and signal

loss.

e Excellent dimensional stability.
e Suit for Automotive Radar, 5G Infrastructure and Aerospace application.

Products

NP-536HC

NP-730

NP-735

NP-826
NP-822
NP-536HC
NP-536
NP-535

NP-530

NP-535B
(Bonding Material)

NPG-186

NPG-186B
(Bonding Material)

NPG-198K

NPG-198K
(Bonding Material)

Electrical Properties
(at 10GHZz)

Dk=3.66 Df=0.0033

Dk=3.0 Df=0.0028

Dk=3.5 Df=0.0030
TC=0.75 W/m - k

Dk=2.6 Df=0.0025

Dk=2.2 Df=0.0014

Dk=3.66 Df=0.0033

Dk=3.55 Df=0.0036

Dk=3.45 Df=0.0033

Dk=2.98 Df=0.0036

Dk=3.5 Df=0.0037

Dk=3.9 Df=0.0050

Dk=3.23 Df=0.0020

Composites

Hydrocarbon
Ceramic-filled Glass
Fabric

PTFE
Ceramic-filled Glass
Fabric

PTFE
Ceramic-filled Glass
Fabric

PTFE
Glass Fabric

PTFE
Glass Fabric

Hydrocarbon
Ceramic-filled Glass
Fabric

Low Dk Resin

Ceramic-filled Glass
Fabric
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Applications

Automotive Radar
(24GHz)

5G Infrastructure
Base Station
Antenna

Power Amplifier
Low Noise Block
RF Components
Aerospace

5G Infrastructure
Base Station
Antenna Power
Power Amplifier
Low Noise Block
Network station
Switch Router
Server



