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Product Roadmap- High Speed Application

EM-370(D) Dk 4.1 / Df 0.011 @1GHz Mid-Loss
EM-370(Z) Dk 4.4 / Df 0.012 @1 GHz, Low CTE 1.8
EM-828G Dk 3.9 / Df 0.008 @1GH:

EM-888/ 888(S) Dk 3.7 / Df 0.0073 @10GH: Low-Loss

EM-526 Dk 3.9 / Df 0.0070. @10GHz, Low CTE 1.3

EM-888K Dk 3.2 / Df 0.006 @10GH:z Very Low-Loss

EM-528 Dk 3.9 / Df 0.006 @10GHz, Low CTE 1.4

EM-891 Dk 3.6 / Df 0.005 @10GH:z
A\ 4

Ultra Low-Loss

EM-890 Dk 3.4 / Df 0.004 @10GH:

EM-528K Dk 3.4 / Df 0.004 @10GH:z, Low CTE 1.4

I N

«

EM-891K Dk 3.1 / Df 0.003@10GH:

EM-890K Dk 3.0 / Df 0.0025 @10GHz | i = iliel AR

\ 4

2017 ~ 2018 2019 . .

* Except for EM-891 & EM-891K, all materials above are halogen free materials. 'Iu,y 2018

**The material Dk/Df data are measured by RC50% sample. EMC Con‘idential
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Product Benchmarking B Halogen free [l Halogenated

Df Scope by Df Scope by Benchmark EMC Proposed Sample Production
Cisco S3 (@10 GHz) IBM SPP (@ 1 GHz) g Materials Materials Status Site
>/= Hich L 0.020~ = Standard | 150 IS-400/ 1T-158 EM-825 . OK TWN+KS+ZS
igh Loss NN
0.020 & 0.023 Loss 170 370 HR EM-827 oK TWN+KS+ZS
EM-285
R-1566
150 EM-370(5) OK TWN+KS+ZS
0.015~ Standard 0.015~  Upper Mid R-1555 | EM-355(D)
0.020 Loss 0.020 Loss MCL-E-679FG ey
170 Megtron2 EM-370(D) OK TWN+KS+ZS
TU-862HF
0.012~ Lower Mid RA-555W EM-390
0.015 Loss Nt e OK TWN+KS+ZS
0.010~ Mid. 170 408HR/ I-Speed 888
0.01> Loss 0.008™ | | Wi Ny N13EP EM.-888() oK TWN+KS+75
0.012 OW 055 | [ LRSS EM-526
% Megtron4
Megtron6/ |-Tera
EM-888K
0.005~ 0.004~ Very Low TU-883
170 EM-528 OK TWN+KS+ZS
0010 OV o008 Loss LW-900 EM.891 o
. D(V)/ M-7
NN
LW-910
' EM-528K
~0.005 Ultra Low ~0.004 Ultra Low o TU-933 . A TS
Loss Loss Tachyon 100G EM-891K
M-7N/ D(V)N
~0.003 NA ~0.0025 NA 170 DJN EM-890K oK TWN+KS+ZS
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EM-891/891K Material Features

Halogenated. Very & Ultra 100Gy/:200G/ 400G
Vaterial / Low Loss Application /

> Electrical Features:

v’ EM-891K is made of low Dk/Df glass fabric

v Flat Dk and Df with various temperature and frequency ranges.

Reliability Performance:
Lead Free soldering compatible: LF-260 10X with 0.6mm BGA pitch design

Ideal for multi-lamination & Hybrid design (Low cost solution)

N N X Vv

Extreme thermal robustnesswith IST over 2,500 cycles (Hole pitch 1.0mm)

1,000 cycles (Hole pitch 0.8mm)
Developing for 100G/ 400G Super Computer, back plane, 100G/ 200G/ 400G

switch & router, 5G telecom and RF applications

A
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Material Property Comparison

-
Property e?t_ E-Glass Low-Dk Glass
Condition |
EM-8910 EM-891K
y_ 4
TMA 175 170 190 170
Tg °C

DMA 205 205 210 205
_ Td TGA °C 400 400 400 400
o
S Alpha 1, TMA 40~45 40~45 40~45 40~45
(S . ppm/°C

CTEZ-AXIs — Albha 2, TMA 210~230 180~200 230~250 180~200
50~260°C, TMA % 23 2.2 23 2.2

= O 10 GHz h 36 36 34 3.1
kS (RC50%) : : : :
P .
S Df
v e 10 GHz - 0.0061 0.0053 0.0048 0.0032
T As Received Ib/in 4.0 4.5 4.0 4.5
3 Peel Strength
= HVLP, 1 oz
g ) AL lo/in 4.0 4.5 4.0 45

thermal stress

Halogenated Material
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Agenda

 Electrical Performance
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EM-891/EM-891K Dk vs. RC%

Pure EM-891 2.70

E- Glass 6.20
EM-891/EM-891K Dk vs. RC% L -Glass 4.60
4.50
4.30
< — EM-891 @1GHz
4.10 —EM-891 @10GHz
3.90 3.7 _ EM-891K @1GHz
270 T ~< - EM-891K @10GHz
-5 3.50
3.30 3.2
3.10
2.90
2.70
2.50 RN
40 45 50 55 60 65 70 75 80

Resin Content (%)

Test method: JIS C2565
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EM-891/EM-891K Df vs. RC%

Pure EM-891 0.0036

E- Glass 0.0070
- - 0,
EM 891/EM 891K Df vs. RC% L -Glass 0.0033
0.0090
0.0080 - =FEM-891 @1GHz
—EM-891 @10GHz
0.0070
EM-891K @1GHz
0.0060 0.0055 EM-891K @10GHz
0.0050 0.0044
a L —
0.0040 T T, e, _m e e 2o
0.0032 ) | e =- - — - . .. 0.0034
0.0030 -
0.0020
0.0010
0.0000 N\ ¥
40 45 50 55 60 65 70 75 80

Resin Content(%)
Test method: JIS C2565

10 EMC Confidential
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[Cisco S3] S21 Test Plan

. ° ial:
PCB Construction Test Material:

> EM-891  +HVLP

(6 Layer 102) > EM-891K +HVLP
> X-6 + HVLP
> X-7 +HVLP
>

X-7(N) + HVLP

® Test Pattern Design:
. » Impedance: 50Q (Single-End)
. » Line length: 16 inch
' » Line width: 8mil (L2)

L6 Hoz Copper foil

PCB thickness: 80mil

11 EMC Confidential
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[Cisco S3] Insertion loss S21 Data up to 20GHz

Frequency (GHz)
0.00
-0.10 d 8§ 10 12 14 16 18 20 S21 Performance @ 16GHz NS
20.20 -0.45 - -
-0.30 0501 \ —
§-0.40 ‘;‘> § -0.554-
=.0.50 - < 0.60. ———
[o\] ~ (]
“ R
5-0.60 = = X-7(N) A
0.70 EM-891K
—_—x7 0701 B
-0.80 EM-891 ' ' ' ' '
X-6 EM-891 X-7 EM-891K X-7(N)
-0.90 — X-6
-1.00
. Material | X-6 EM-891 X-7 EM-891K X-7(N)
8 -0.38 -0.33 -0.33 -0.27 -0.27
12.89 -0.59 -0.51 -0.49 -0.4 -0.39
14 -0.63 -0.54 -0.53 -0.44 -0.42
16 -0.71 -0.62 -0.60 -0.49 -0.47
Benchmark @16GHz +15% 1 -3% -21% -24%

12 EMC Confidential




[Cisco S3] S21 Test by Thermal Impact

® Test Material:
> EM-891 + HVLP

PCB Construction
(6 Layer 10z)

® Test Temperature:
> 20 °C @50%R.H.
> 80 °C' @50%R.H.
> 100°C\@No humidity

.. @ Test Pattern Design:

. » Impedance: 50Q

| > Line width: 8mil (L2)

|| Programmable

Temperature& Humidity Chamber
\ ] 3 ”' 3

L6 Hoz Copper foil
. . . ¥ A T'r:f-:'-'."-.'":"w,:-..'ui...‘..,.._.
PCB thickness: 80mil A"/ /[LLLLTTIRTTY WL

13 EMC Confidential




[Cisco S3] S21 Test Results by Thermal Impact

EM-891 S21 Performance by Thermal Impact

N=5
_Oi8—4$ Intel Ultra Lov;_l.os_s Material
-0.20 - = Reference :7~11%
-0.198 -0.203 R =
-0.25
0301 -0.318 S
—_ = v/
= \- %
£ -0.35 S —
S 0341 0354
s
- -0.40 ~ - &
N
7
-0.45 ~ > - &
-0.481
=
+7%
0,50 - 7%
—
—
055 4 N 0.515 531
I I I I I I I I I
Temperature(OC) 20 80 100 20 80 100 20 80 100
Frequency 4.00 8.00 12.89
Comment:

v" Around 7% increased loss from 20 to 80 °C @ 4 to 12.89 GHz.
14 EMC Confidential




[Cisco S3] Customer’s DkDf Extraction

Horizontal
EM-891K HVLP2 orizonta | 0.00369
Oxide
Horizontal
XX-7409DV(N) ANP \ 3.38 0.00370
Oxide
Comment:
v The DkDf performance of EM-891K is equivalent to XX-7409DV(N) from customer’s
extraction.

a wm wmwm

15 EMC Confidential
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EM-891K (HVLP) Dk Variation at High Temperature

EM-891K Dk vs Frequency

3.60

Dk (Reom Temperature)
3.55

Dk (85°C)
3.50

= 3.45
3.40 B = A
Q1% 0.1%
335 10GHz 14GHz
3.30 v
0 5 10 15 20

Frequency(GHz)

Dk @ Room Temperature Dk @ 85°C Variation (%)

10 GHz 3.409 3.413 0.1%
14 GHz 3.405 3.409 0.1%

16 EMC Confidential
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EM-891K (HVLP) Df Variation at High Temperature

EM-891K Df vs Frequency

0.0060
Df (RoomTemperature)
0.0055 , 5
Df (85°C)
0.0050
& 0.0045 G ‘L
0.0040 /F '1‘
7.2% 7.2%
10GHz 14GHz
0.0035
0.0030 )
0 5 10 15 20

Frequency(GHz)

Df @ Room Temperature Df @ 85°C Variation (%)

10 GHz 0.00422 0.00452 7.2%
14 GHz 0.00423 0.00453 7.2%

17 EMC Confidential




[Cisco S3] EM-891K+ HVLP2 Cisco 8L S21 Sl Test

PCB Construction Insertion Loss Test
(8 Layer 10z) Backdrill L1-13 ® Test equipment :
L1 (Must Not Cut L3) Keysight N5224A
2116x1,RC57% ® Test Frequency: up to 40GHz
L2 ( ___________ \ ® Test Sample:
: 10mil,1/1,HVLP2 I v'( Line length 16”, Single ended
3l (2116x2,RC58%) I v Impedance Control: 50 ohms
I 2116x2 RES7% I . ¥* Design Line Width: 9.0 mil
\ _,I ¢ v With backdrill L1-L3
14 T TaTexaRrGS1% | 'L  Measurement Flow
12.6mil Dummy core | | | (1) TRL Calibration
s 2116x2,RC57% ' A (2) S Parameter Measurement

{
2116x2,RC57% 9 S21 SI Results

L6 10mil,1/1,HVLP2 ’ S21 Insertion Loss (dB/in)
1221628R%Y 14GHz | 28GHz | 40GH
z z z
L7 BN\

2116x1,RC57% 13 9 -043 -081 -1.16

L8

PCB thickness: 91 mil

18 EMC Confidential




-___________________________________________________________________
[Intel Delta-L] SDD21 Test for Server Platform

PCB Construction ® Test Material:

Lo “f #a:TeE’ 1Ff|’z)_ - > EM-891  + RTF/HVLP
oz Copper Tl [FTE) +Plating _ Thickness > EM-891K -+ HVLP
10781 3.2 > X-6 + HVLP

L2/3 3mil 1/1 1078x1 3 ® Test Pattern Design:
Soiigiea ] el > Inpadie: 850 (Differential)

mow 00 » Line length: 5/10 inch

s L_"_TT'_' 1E313X1 _______ 4 > Line width /space :
S 2A1EXT s A8 , L3 4.8 /6.7 mil

L6/7 12mil 1/1 3313x3 12 - L5 5.0 /6.25 mil
SRS | L8 6.25 /6.5 mil
con 0782 6.2

— T E——— ' P

L8/9 Smil 1/1 2116x1 5

L oouext 48
L10/11 4mil 1/1 3313x1 4
Cooqe7exl o 32

PCB thickness: 77mil j

19 | 7 EMC Confidential




-___________________________________________________________________
[Intel Delta-L] SDD21 Performance for Server Platform

EM-891/EM-891K

Frequency (GHz =
0.00 q y ( ) N=3pcs

12 16 18 20

-0.20

-0.40

-0.60

-0.80 : EM-891K+HVLP

= + -L5: EM-891K+HVLP

: EM-891K+HVLP
= = L8: EM-891+HVLP

-1.20 = - -L5: EM-891+HVLP
——L3: EM-891+HVLP

Avg. SDD21 (dB/in)

e
o
o
—
w

-1.40
R A

3. 6.25/6.5 -0.26 -0.41 -0.59 -0.63 -0.71

EM-891K HVLP ) _L‘5_ 5.0/6.25 -0.30 -0.47 -0.66 -0.70 -0.78

L3 4.8/6.7 -0.31 -0.48 -0.67 -0.72 -0.79

L8 6.25/6.5 -0.32 -0.52 -0.74 -0.79 -0.88

EM-891 HVLP L5 5.0/6.25 -0.33 -0.54 -0.77 -0.82 -0.91

L3 4.8/6.7 -0.34 -0.55 -0.78 -0.83 -0.93

20 EMC Confidential




-___________________________________________________________________
[Intel Delta-L] SDD21 Performance for Server Platform

EM-891/EM-891K/XX-7409DV/XX-7409DV(N)/X-6
Frequency(GHz)

0.00 N
() 2 4
=~
-0.20 St
\\T‘\\&z
. ST~
.
< -0.40 ST
o
)
< -0.60
()
()
Y 0.80
:>:D ' ——EM-891K
100 XX-7409DV(N)
——EM-891
-1.20 XX-7409DV
- X-6
-1.40

10 12

14

N=3pcs

16 18 20

EM-891K
XX-7409DV(N)
EM-891
XX-7409DV
X-6
21

HVLP

L3

4.8/6.7

-0.309
-0.310
-0.338

-0.339
-0.373

-0.480
-0.482
-0.545

-0.549
-0.600

-0.672
-0.674

-0.782
-0.784
-0.854

-0.715 -0.793
-0.717 -0.795
-0.833 -0.926
-0.836 -0.929
-0.910 -1.011

EMC Confidential




[Intel Delta-L] SDD21 Test for 100/400G Ethernet

EM-891/EM-891K
HVLP

L1 Hoz Cu Foil

10mil 1/1 HVLP
2116 RC55%x2

8mill/1 HVLP
3313 RC56%x2

L8 Hoz Cu Foil

22

® Test Material:
> EM-891 + HVLP
> EM-891K +HVLP

® Test Pattern Design:

» Impedance: 95Q (Differential)

» Line length: 4/24 inch
» Line width /space :
L3:6/9 mil

" Secondary side

S3line 24" differential’

S3 line 4” differential = -

S6 line 24” differential
S6 line 4” differential

J

EMC Confidential




-___________________________________________________________________
[Intel Delta-L] SDD21 Performance for 100/400G Ethernet

Frequency (GHz) _
010 N=3pcs

_0.300 2==4 6 8 10 12 14 16 18 20 22 24 26 28 30 3234 36 38 40

-0.50
. -0.70
=
g 090 | -
S Differential Stripline |
- -1.10 ' Construction ' <N d
3 A\,
a -1.30 - 5mil 1/1 - <
(1078x2) .
gb -1.50 - . Foil: HVLP
< PP: 1035x2
-1.70 - - EIVIE8 911K
® Impedance: 95 ohms
-1.90 .~ ® Line Width: 6/9 mil V1291
® Line Length: 5/10 inch EIVI=8941)
Unit: -dB/in
Application Copper Foil Frequency EM-891 EM-891K
(GHz)
100G (NRZ)
25 Gbps x4 HVLP 12.89 -0.72 -0.63
400G (PAMA4)
56 Gbps x8 HVLP 14 -0.77 -0.67
800G (PAM4)
112 Gbps x8 HVLP 28 -1.41 1.23

23 EMC Confidential




Agenda

* Reliability Performance
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EM-891 26L IR Reflow Test Result

1035x2,RC75 ® Test Vehicle Attribute:

3mil,H/H,1086x1 ® Layer Count: 26 ,t130 mil

1035x2,RC75 ® Finished Hole Size: 8 mil
3mil,H/H,1086x1 . .

1035x2,RC75 — ® Hole-To-Hole Pitch: min.0.7mm
3.5mil,1/1,1037x2 ® Max. Copper Weight: 4L 20z inside
1035x2,RC75

3.5mil,1/1,1037x2 .

1035x2,RC75 ® Test Condition & Result:
4mil,1/2,106x2 > Precondition: IR reflow 260 °C X10
1080x2,RC71 » Result: with no'abnormality )

=v -

4mil,1/2,106x2

Pitch 0.7mm Pitch 0.8mm Pitch 1.0mm

1080x3,RC71

4mil,2/1,106x2
1080x2,RC71

4mil,2/1,106x2
1035x2,RC75
3.5mil,1/1,1037x2
1035x2,RC75
3.5mil,1/1,1037x2
1035x2,RC75
3mil,H/H,1086x1
1035x2,RC75
3mil,H/H,1086x1
1035x2,RC75

HMANE YR EEER

25 EMC Confidential




-
EM-891 32L IR Reflow/CAF Test Result

Layers EM-891
L1 Copper foil .
038 RC 679% 1 ® Test Vehicle Attribute:
12/3 2 mil 1/1 1035*1 » Layer Count: 32, t145 mil
1035 RC71% x2 > Finished Hole Size: 8 mil
L4/5 3 mil H/H 1086*1 _ .
1035 RC71% x2 > Hole-To-Hole\Pitch: min. 0.8mm
L6/7 3 mil H/H 1086*1 » Max. Copper Weight: 4L 20z inside
1035 RC71% x2
L8/9 2.5 mil H/H 1078*1
. 103? R/C71% X2 ® Other Reliability Test Result:
L10/11 2.5 mil H/H 1078*1 . °
1035 RCTL% 2 > Precondition: IR reflow 260 °C 10X
L12/13 3 mil H/H 1086*1 > CAF 50V DC/ 65 °C/ 85% RH, 596 hours
1035 RC71% x2
L14/15 3 mil 1/2 1086*1 Passed
1035 RC75%*3
L16/17 6 mil 2/2 1086x2 .
1035 RC75% x3
L18/19 3 mil 2/1 1086*1
1035 RC71% x2
120/21 3 mil H/H 10861 Pattern pitch  Drill Size IR Reflow 260°C X10
1035 RC71% x2 Test Result
122/123 2.5 mil H/H 1078*1
1035 RC71% x2 1 1.0mm | 0.25mm Pass
L24/125 2.5 mil H/H 1078*1
1035 RCT1% 2 0.8mm | 0.25mm Pass
L26/127 3 mil H/H 1086*1 3 0.8mm | 0.20mm Pass
1035 RC71% x2 A
128/129 3 mil H/H 1086*1 4 0.65mm | 6mil uVia Pass
1035 RC71% x2
130/L31 2mil 1/1 1035*1
1078 67%
L32 Copper Foil

26 EMC Confidential
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EM-891 32L CAF Test Procedure

Reflow Reflow
Pre-test Point
Set-up Post-test

27 EMC Confidential




EM-891 32L CAF Test Result

Resistance (Ohm)

Resistance (Ohm)

10E+15
1.0E+14
10E+13
10E+12
10E+11
1.0E+10
1.0E+09
1.0E+08
1 0E+07
1.0E+06
1.0E+05
1 0E+04
1 0E+03
1 0E+02
1.0E-01

1 0E+00

Test Name:[106071002500H]  Meas Condition:[106071002500H]  Graph of Passage Data
Cl Group: A Point:1] CH Status: Time Over
[ ———Temo BEGAFT |

Hum

- -80
200HD0M 500HIDOM

Passage

100HD0M A00H/00M

Pdnﬂ{ndnrm] Print(Header dbsent) l

300H00M

1.0E+15
1.0E+14
1.0E+13
10E+12
10E+11
1.0E+10
1.0E+09
1.0E+08
1 0E+07
1.0E+06
1.0E+05
10E+04
10E+03
10E+02

1.0E+01

1 DE+00

Test Name:[106071002500H] Meas Condition:[106071002500H] Graph of Passagp Data
CH:|Board:6 Group: A Point:4] CH Status: Time Over

Humi

[———Tem0 B5GAPL |

Spec: Insulaition resistance min. 10 MQ-;

100HDOM

200HMDOM

300HD0M
Passage Time(Hour)

400HD0M

Resistance (Ohm)

Resistance (Ohm)

1.0E+15
1.0E+14
1.0E+13
1.0E+12
10E+11
1.0E+10
1.0E+09
1.0E+08
1.0E+07
1.0E+06
1.0E+05
10E+04
10E+03
1 0E+02
1.0E+0)

1 DE+00

Test Name:[106071002500H] Meas Condition: [106071002500H] Graph of Passage Data
CH:[Board:6 Group:B Poini:1] CH Status: Time Over
[———Teme B5GBPT |

Humi

100HDOM 200Hm0M 300HD0M 400HDOM

Passage Time(Hour)
Prinw(Header Present) Priny(Header Absent)

1.0E+15

1.0E+14

1.0E+13

10E+12

10E+11

1.0E+10

1.0E+09

1.0E+08

1 0E+07

1.0E+06

1.0E+05

1 0E+04

1 DE+03

10E+02

1.0E+01

1 DE+0O

Test Name:[106071002500H] Meas Condition:[106071002500H] Graph of Passage Data
CH:[Board:6 Group:B Point:2] CH Status: Time Over

[———Tem

Humi

B5.GBF2

400HMOM

Pd!ﬂ'lnﬂumll)

200Hm0M 300H00M
Passage Time(Hour)

100HDOM




e
EM-891 32L IR Reflow& ATC Test Result

Copper foil . .
1078 RC 67% x1 ® Test Veh|C|e Attrlbute:
L2/3 2 mil 1/11035*1 - » Layer Count: 32, t145 mil
1035 RC71% X2 ¢ . ) i
/s 6 il ¥/ S0, $ > Finished Hole Size: 8 mil
3313 RC57% x1 > Hole-To-Hole'Pitch: min. 0.8mm
L6/7 3 mil H/H 1086*1 > Max. Copper Weight: 4L 20z inside
3313 RC57% X2
L8/9 3 mil H/H 1086*1
; 3313 RC57% x1 ® Other Reliability Test Result:
110/11 3 mil H/H 1086*1 ..
3313 RC57% x1 ’ » " Precondition: IR reflow 260 °CX10
L12/13 3 mil H/H 1086*1 1 > ATC -35 °C to 125 °C (15-5-15 min),
1035 RC71% x2 ; 400 cycles Passed
L14/15 4 mil 1/2 33136*1 :
1078 RC67%*2 R
L16/17 8 mil 2/2 3313*2 : ]
1078 RC67% X2 b=
L18/19 4mil 2/13313*1 = orill size 'R Reflow 260°C X10
3313 RC57% x1 ' ;E Test Result
120/21 3 mil H/H 1086*1 -
3313 R57% x1 .3 1 1.0mm | 0.25mm Pass
L22/123 3 mil H/H 1086*1 1 g '
3313 RC57% x1 § 2 0.8mm 0.25mm Pass
L24/125 3 mil H/H 1086*1 N\ 3 0.8mm | 0.20mm Pass
3313 RC57% x1 | o
126/L27 3 mil A/H 1086*1 § 4 0.65mm | 6mil uVia Pass
3313 RC57% x1 .
128/129 3 mil H/H 1086*1 i
1035 RC71% x2 ATC
130/L31 2mil 1/1 1035*1

1078 67%
L32 Copper Foil

22 EI\‘/IC‘Con idential




EM-891 32L ATC Test Results

CH:[Board:3 Group: A Point:1] CH Status: Time Over — CH:[Boaxd:3 Group:A Point:2] CH Status: Tme Over —

Temp(High) R: h ResistLow, I
250
240 [.60700
230

h) Low| Resist{High| izsist{Le

0.70600 |

0.66600 210 0.64900

063700 051000
0568800 140 057200

054300 110 2 053400

Resistance change<10% PRE I Resistance change<109
Be s PASS i e PASS

Resist.(Ohm)
® =
s
0
Resist.(Ohm)

20 |
0.43100 10 042000 §
0
-10
038200 -20 3100
‘ : -30 :
i H -40
: : -5 |
035200 e ‘ = e L radtes S S 03:3004°
d i i i i ! i -0
+ t T + T -80 T T T T .
4b 80 120 160 200 240 280 320 360 400 40 80 120 160 200 240 280 310 380
‘ Passage Time(Cycle) Passage Time(Cycle)
Header Present Print | Header dhsent Print 220 Header Present Print . Header #hsent Print
Wy | — o]
CH:[Board:3 Group: A Point:3] CH Status: Titne Over — CH:[Board:3 Group: A Point:4] CH Status: Tiine Over
—— Temp[High) Tenp(Low] Resisi(High) — Resist{Lowl I [ Temp(High Tenp(lowl ResisiHigh] — Resist{lLow] I

071100 YT R R

0832004 -~ 0.57900

059200 054300

055300 0.50700

MR Resistance change<10% SERE: | Resistance change<109
AN PASS
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EM-891 30L IST Test Result

L1
1078 RC 67% x1
L2/3 2 mil 1/1 1035*1
1078 RC 67% x1
L4/5 3 mil H/H 1086*1
3313 RC59% x1
L6/7 3 mil H/H 1086*1
1086 RC65% x1
L8/9 3 mil H/H 1086*1
3313 RC59% x1
L10/11 3 mil H/H 1086*1
1078 RC67% x1
L12/13 4 mil 1/2 3313*1
1078 RC67%*2
L14/15 4 mil 2/2 3313*1
1078 RC67% X2
L16/17 4mil 2/2 3313*1
1078 RC65% X2
L18/19 4 mil 2/1 3313*1
1078 R67% x1
120/L21 3 mil H/H 1086*1
3313 RC59% x1
122/123 3 mil H/H 1086*1
1086 RC65% x1
L24/125 3 mil H/H 1086*1
3313 RC59% x1
L26/1L27 3 mil H/H 1086*1
1078 RC 67% x1
128/129 2mil 1/1 1035*1
1078 67%
L30

31
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Test Vehicle Attribute:

Layer Count: 30, t3.8mm (150 mil)

Finished Hole Size: 0.20mm (Drill Size.0:25 mm)

Hole Pitch: Min.0.70mm

Max. Copper Weight: 6L x20z inside

Test Condition & Result:

IR reflow 260 °C X5 with'noe-abnormality

Solder float: 288°C'6X passed (Pitch: 0.7mm)

IST: R.T. to 150 °C, 1000 cycles passed (Pitch: 0.8mm)
Criteria: Resistance change<10% )

0.7mm Pitch X-section (Solder Float)
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C-SAM Inspection Data

#1(00016PB-06 EM891)

No delamination was found .
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C-SAM Inspection Data

#2(00016PB-06 EM891)

No delamination was found .
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EM-891 28L (14+14) IR Reflow Test Result

1035x2 RC71%

Test Vehicle Attribute:

» Layer Count: 28 (14+14)

» Board Thickness: 3.0mm (118 mil)

» Finished Hole Size: 8 mil (Drill.size: 0.25mm)
» Min. Hole-To-Hole Pitch:0.6.mm

Test Condition & Result:
> IR reflow 260 °C 5X with no abnormality

L2/3 2mil 1/1
1035x2 RC71%
L4/5 2mil H/H
1035x2 RC71%
L6/7 2mil H/H
1035x2 RC71%
L8/9 2mil H/H
1035x2 RC71%
L10/11 2mil H/H
1035x2 RC71%
L12/13 2mil H/H
1035x2 RC71%
L14
1080x 2 RC69%
L15
1035x2 RC71%
L16/17 2mil H/H
1035x2 RC71%
L18/19 2mil H/H
1035x2 RC71%
L20/21 2mil H/H
1035x2 RC71%
L22/23 2mil H/H
1035x2 RC71%
L24/L25 2mil H/H
1035x2 RC71%
L26/27 2mil H/H
1035x2 RC71%
L28

34
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L15/28
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EM-891 20L HDPUG Test Result

1 » Layer Count: 20
_ 1086x1Rees%  logeximces  ~ Board Thickness: 3.0mm (118 mil
23 smil 1/1(2116x1) 4.2mil 1/1(106x2) ; F|r.1|shedI Hole Slzle:8.mrl]l(Dr|IIS|ze:0.25mm)
T 1086x2RCES%  1086x2 RC69% Min. Hole-To-Hole Pitchy(@.,tfn
S .' ................... ——————— Test Condltlon & Result:
4/s  Smil 1/1(2116x1) 4.2mil 1/1 (106x2) . _ ,
_____ 086,72 RCES 10862 RCEo > IR reflow 260 °C 6X'with'no abnormality
DR X2 RO - - - )% 2. RCO97% - -
"""""""" NNt it > IST, Room temperature ~ 150°C ,1000cycles )
16/7  Smil 1/1(2116x1) 4.2mil 1/1 (106x2) -
111086% 2 RC65% 1 1086x2 RC69% EM-370(z) HDPUG ¢ Lead Free MaterialsReliability EM-891
L8/9 Smil 1/1 (2116x1) 4.2mil 1/1 (106x2) 2000 Phase 5 Results for Stressed (6x 260°C) IST Coupons L
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 1
---1086x2.RC65%. 10862 RCBI% . - 2500 : I
|
110/11  S5mil 1/1 (2116x1) 4.2mil 1/1 (106x2) oo Run #1 Run #2 R“”##I :
- 1086%2 RC65% 1 1086x2 RC6I% 1500 ' :
|
112/13  Smil 1/1 (2116x1) 4.2mil 1/1 (106x2) . I |
................................... I
1086 x2:RC65% -~ 1086x2 RC69% - - ‘ I | | I ‘ :
................................... <00 !
. . I
aess smi /1 2i6a) azmi /1 oeay (7l I 0 LD L HE
~-1086x2:RC65% - -~ 1086x2 RC69% - - EEREBE B 5ok o o 5 1% & !
................................... SEREREEE RBEBEEEEER 8 BiEE,
116/17  Smil 1/1(2116x1) 4.2mil 1/1 (106x2) R T T e e
______________________________________________________________________ __[
1086 2-RC65% 1086 x 2 RC69%- m0.032'/0.8mm M 0.040"/1mm
118/19  Smil 1/1(2116x1) 4.2mil 1/1 (106x2)
___________________________________ Material Material Resin 0.032"/0.8mm Grid Size
-1086x1 RC65% - 1086x 1 RC69% - - Type Code | Content 1 2 3 4 5 6 Mean
P HosePlatine ™ HoztPlating EM-891 141 Low 3000 3000 3000 2832 3000 3000 2972
EM-891 142 High 1294 1298 1217 1274 1457 1112 1275
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EM-891 Multi-lamination Performance

Stack-up and Pattern Design

S Lo
1080,3.8mil pr—
1080,3.8mil
1080,3.8mil

2116x2,11.4mil
5mil,1/1,2116x1
1080x2,7.6mil
5mil,1/1,2116x1
1080x2,7.6mil
5mil,1/1,2116x1
1080x2,7.6mil
5mil,1/1,2116x1
1080x2,7.6mil
5mil,1/1,2116x1
1080x2,7.6mil
5mil,1/1,2116x1
1080x2,7.6mil
5mil,1/1,2116x1
2116x2,11.4mil

1080,3.8mil
1080,3.8mil
1080,3.8mil

Test Vehicle Attribute
Layer Count: 22 (3+16+3)
Board thickness: 118 mil (3.0mm)

VV VYV VYV VY

PTH DHS: 10 mil

Laser Drill size: 6 mil

= =
PBooNou puNR

Hole-To-Hole Pitch: min. 0.7mm
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EM-891 Multi-lamination Performance

Test Condition:
IR reflow 260 °C x10
Test Result: No abnormality was found

Type A Pattern Type C Pattern

Type B Pattern
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Hybrid Application :EM-891+EM-827 26L Test

Layers EM-891+EM-827
L1 Copper foil
EM-827 1080 RC 66%x1
L2/3 EM-827 4 mil 2/2
EM-827 1080 RC 66%x1
L4/5 EM-827 3 mil H/H
EM-827 2116 RC 66%x1
L6/7 EM-827 4 mil H/H
EM-827 2116 RC 66%x1
L8/9 EM-827 4 mil 1/1
EM-827 2116 RC 66%x1
L10/11 EM-827 4 mil 1/1
EM-827 1080 RC 66%x2
L12/13 EM-827 4 mil 1/2
EM-891 1080 RC 69%x2
L14/15 EM-827 4 mil 2/1
EM-827 1080 RC 66%x2
L16/17 EM-891 4 mil 1/1
EM-827 2116 RC 57%x1
L18/19 EM-891 4 mil 1/1
EM-891 2116 RC 57%x1
L20/21 EM-891 4 mil 1/1
EM-891 2116 RC 57%x1
L22/23 EM-891 3 mil H/H
EM-891 1080 RC 69%x2
L24/25 EM-891 4 mil 2/2
EM-827 1080 RC 66%x2
L26 Copper Foil

38

Test Vehicle Attribute:

Layer Count: 26, t140 mil

Finished Hole Size: 8 mil
Hole-To-Hole Pitch: min. 0.7mm
Max. Copper Weight: 6L 20z inside
Test Condition & Result:
Precondition: IR reflow260 °CX10

with no abnormality
B A V.

i
|

VYV @®@VVYY @
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EM-891 Plus EM-827 Hybrid 36L Test

39

EM-827 1080 RC 68% x2

L2/3

EM-827 3.5 mil 1/2 1037*2

EM-827 1080 RC68% x3

L4/5

EM-827 3.5 mil 2/1 1037*2

EM-891 1035 RC71% x2

L6/7

EM-891 4 mil 1/1 1035*2

EM-891 1035 RC71% x2

L8/9

EM-891 4 mil 1/1 1035*2

EM-891 1035 RC71% x2

L10/11

EM-891 4 mil 1/1 1035*2

EM-891 1035 RC71% x2

L12/13

EM-891 4 mil 1/1 1035*2

EM-891 1035 RC71% x2

L14/15

EM-891 4 mil 1/1 1035*2

EM-891 1035 RC71% x2

L16/17

EM-891 4 mil 1/1 1035*2

EM-827 1080 RC68% x3

L18/19

EM-827 3.5 mil 2/2 1037*2

EM-827 1080 RC68% x3

L20/21

EM-891 4 mil 1/1 1035*2

EM-891 1035 RC71% x2

L22/1.23

EM-891 4 mil 1/1 1035*2

EM-891 1035 RC71% x2

L24/1L25

EM-891 4 mil 1/1 1035*2

EM-891 1035 RC71% x2

L26/L27

EM-891 4 mil 1/1 1035%2

EM-891 1035 RC71% x2

L28/L29

EM-891 4 mil 1/1 1035*2

EM-891 1035 RC71% x2

L30/L31

EM-891 4 mil 1/1 1035*2

EM-891 1035 RC71% x2

L32/1L33

EM-827 3.5 mil 1/2 1037*2

EM-827 1080 RC68% x3

L34/1L35

EM-827 3.5 mil 2/1 1037*2

EM-827 106 RC72% x2

L36

Test Vehicle Attribute:

Layer Count: 36

Board Thickness: 205 mil

Finished Hole Size: 8 mil (Drill Size 0.25 mm)
Hole-To-Hole Pitch: 0.7Zmm minimum

Max. Copper Weight: 6L 20z inside

YV VYVY

Test Condition & Result:
> IR reflow 260°C 5X with no abnormality
> Solder float 288 °C 6X with no abnormality

— ———
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Hybrid Application :EM-891+EM-370(D) 26L Test

Layers EM-891+EM-370(D)
L1 Copper foil ® Test Vehicle Attribute:
EM-370(D) 1080 RC 66%x1 » Layer Count: 26, t140 mil
L2/3 EM-370(D) 4 mil 2/2 » Finished Hole Size: 8 mil
EM-370(D) 1080 RC 66%x1 > Hole-To-Hole Pitch: min. 0.7mm
L4/5 A0 &l » Max. Copper Weight: 6L 20z inside
EM-370(D) 2116 RC 86%x1 ® Test Condition & Result:
L6/7 EM-370(D) 4 mil H/H - S
EM-370(D) 2116 RC 66%x1 > Precondition: IR reflow260 °CX10
L8/9 EM-370(D) 4 mil 1/1 » with no abnormality
EM-370(D) 2116 RC 66%x1
L10/11 EM-370(D) 4 mil 1/1
EM-370(D) 1080 RC 66%x2
L12/13 EM-370(D) 4 mil 1/2
EM-891 1080 RC 69%x2
L14/15 EM-370(D) 4 mil 2/1
EM-370(D) 1080 RC 66%x2
L16/17 EM-891 4 mil 1/1
EM-370(D) 2116 RC 57%x1
L18/19 EM-891 4 mil 1/1
EM-891 2116 RC 57%x1
120/21 EM-891 4 mil 1/1
EM-891 2116 RC 57%x1
122/23 EM-891 3 mil H/H
EM-891 1080 RC 69%x2
L24/25 EM-891 4 mil 2/2
EM-370(D) 1080 RC 66%x2
L26 Copper Foil
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Q&A

THANK YOU.
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