“Ultra-Thin Embedded Capacitance
Laminates and how they improve
the PDN and can Impact EMC”
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Agenda

1. Typical/ Traditional PDN

2. The PDN using embedded capacitance

3. Some Causes of Resonance and EMC in PCB’s
4. Ultra-Thin Laminates for Embedded Capacitance
and the reducing impact on EMC

5. Some practical results/ case studies

6. What's Next
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TYPICAL/ TRADITIONAL POWER DISTRIBUTION
NETWORK
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TYPICAL/ TRADITIONAL POWER DISTRIBUTION NETWORK

DC/DC converter

4y (Power source)

_ o electrolytic
SMT capacitors gl 1 1" 1 capacitor
i ql Vgc
ad .

. Capacitor interconnects;

l;_ - - Individual capacitor
1 RN S 1 values and packaging
IC driver Vo [ ] Voo forms:
- Number of capacitors
needed;

- Capacitor placement;

- PCB stack-up;

- Power/ground plane pair
geometry:

- Segmentation and
isolation
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Device Switching And Noise Current

Current Drawn from Power

| Probed.i, mA
i

I/O line or cabls

shoot-through i

current GNP EMI

J. L Knighten, B. Archambeault, J. Fan, et. al., “PDN Design Strategies: I'V. Sources of PDN
Noise,” IEEE EMC Society Newsletter, Winter 2007, Issue No. 212, pp. 66-76. 7
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PDN Design Objectives

1. Ensure charge supply for logic

transitions charge ! ICload,
: T+
Enough capacitance to store Zo% | |TVel
charge I
Enough charge readil curent ~ GND logic 01
gi

available for short transitions

2. Minimize noise voltage
distribution on the V../GND
plane pair

Low power bus impedance
over frequency

Noise decoupling

erl / /,74/1513;11

d / /O line or cable

Noise 1solation

8
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Component density is reaching its limit

Passive
components

R

PP -

Source: Richard Ulrich University of Arkansas

[ High capacitance and capacitance uniformity is the key to embed ]
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Background / Motivation
Trends in PCB Development

Ultra-thin Laminate Approach to Embedded Capacitance Technology-

BENEFITS

e Reduction and/or elimination of surface CAPACITORS and resistors
increases reliability of the device

* ELECTROMAGNETIC INTERFERENCE (EMI) from the PCB is reduced or
eliminated using some ultra thin film based laminates

* IMPEDA NCE is greatly reduced!!!
* RoHS compliant

* Provides more efficient/ excellent POWER DELIVERY (charge comes
directly underneath the device, 1 mil up)

 SIMPLIFY CIRCUIT ROUTING and eliminates 2 vias, traces, and pads for
every capacitor eliminated.

e Allows for a smaller PWB DESIGN- FORM FACTOR if needed.

Y ol CARDEIEN SN
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Background / Motivation
Trends in PCB Development

LCost saving

= Remove thousands of SMT capacitors

= Reduce assembly cost and time

= Improve quality associate with assembly defects
= Reduce board size

5 1 Cost Increase
= Additional cost of BC material

4" roh

10,25° 10.25°
5.25°

#h 18

(a) Original board design (b) Board design with BC
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Background / Motivation

Trends in PCB Development

Ultra thin Laminate Approach to Embedded Capacitance Technology-
BENEFITS (continued)

* BETTER ELECTRICAL PERFORMANCE and HIGHER RELIABILITY
demonstrate the benefit of this ultra thin film based embedded capacitance
approach

e ASSEMBLY COST is reduced by minimizing passives used

* FEliminates or minimizes issues with POOR SURFACE MOUNT
CONNECTIONS or poor joints since the shared capacitor layer is embedded

* This technology is NOT NEW and has been used for many years although there
is now more need for it due to densities of the newest designs

* PCB and assembly will be LIGHTER

Y ol CARDEIEN SN
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Planar Capacitor and Discrete Capacitor

Flanar capaciiog D/hmlw Fﬂpﬂélﬂl'

N

Digcrele c;wrhn;

SMT capaciter

Component

AN

Trace connecting Power/ground
-— capacitor and component planes

,
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Embedded Capacitance Technology

40%

- Timing
4 of Capaciluis. 450Bn PrisMARK Reference §.12% .
o 0.20%>_§ NG Coupling
35% || Timing 13.22%
D li :
. [] Decoupling Filter /
‘e | | AC Coupling 10.23%
[ ] ritter
250
Q
I:I Energy Storage Energy Sm?}g_
20% . Reference 2.02% Decoupling
48 22%
159G
1094
59% g
0% T I T T T I T £
<10 pf 100 pf 1000 pf 001 pf 0.1 uf 1 uf 10 pf =10 uf

Decace Ranges

— Range for Planar Capacitors

A
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Background of demand for PCB with Embedded Capacitor

v Voltage is decreasing ITRS 2010
150}
l T;: [tanium
100 4V<50mV
=
Time 0?
Allowable AV is J.r5% of Voltage Athalon
50 Pentium 14v<250mV
486 4V<500mV
- W 38
Av_l*R‘FL*dlldt\% ill increase as T s 1 a1
~ -7 clock speed increase 0.51.01.52.0253.03.5 4.0 45 5.0
Will increase as Power increase Voltage  ITRS, Swaminathan etal.
4 )
Voltage Regulator Embedded
% # capacitance laye
— .
l { Power | LxLoop area <Power ground thickness
-— Ground

“Thin” power ground plane is the key parameter to improve electrical
— performance at high frequency!

f \,
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Target Impedance Concept

Target Impedance Trend through Year

Year | Design Rule (nm) | Power (W) Vdd (V) Current (A) | Target Impedance (mQ)
2004 S0 84 1.2 70 1.7
2007 65 103.6 0.9 5.1 0.7
2010 45 119 0.6 198.33 0.3
ITRS, Swaminathan etal.
— 0
Z target = (Vaa X 0.05) / (1 x 50%
Target Impedance Trend
140 ‘\\- 18

4 156 —

120 \ 1./1 c

114 g

100 1129

s a0 .,X —&— Power (W) - e

E \ —e—Target Impedance (mo) | ;E B

= 60 =4 Vo =

o 10 \ ) D.Eg

\ 4 04 g

20 102 "

0 ' . 0

2007
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Decrensing interconmect inductonce

Plane Impedance Characteristic
N Speed of charpe delivery

EXTREMELY | WVeryhigh ! Significam | Low o
high mductance | inductance | inductance | inductance ) Tt Linctags

[y
H
LT Pl
HE I o
SR MR N
L L iramaly ahetll 8 |
H H | H
VRM | Electrolytic | SMT | PWRIGND | le]
bulk £ capacitors | plane + Clonpection

v eapaciors ] packon ge
H i H
}

Amount of chll.Tﬂ.‘ avitilnble for delivery

Target Impedance

\IB ulk Capacitor
| | I

1MHz 10MHz 100MHz

OHz 1GHz 10GHz

f IFARADEIE X« \_
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Solution

High speed computing boards Module boards
Servers, Routers, Super computers Cell phones, PDA, Note book
CPU processor speed % Multiple band t
Operation voltage | More functions %
Power consumption 4 Cost |
Power distribution improvement Miniaturization / HDI
Planar embedded capacitor Discrete embedded capacitor
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Power/Ground Plane Pair

- thin is always better

Ultra-Thin substrate for use as power distribution
layer
Construction of ultra-thin substrate

~__—Copper Foil

Dielectric layer
8 to 24 um

Copper Foil

Y ol CARDEIEN SN
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TYPICAL PCB DESIGN AND STACK UP

f
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10 LAYER PCB STACK-UP
With 2 Power-Ground layers at L2/L3 and L8/L9
(using 24 micron laminate in the Power-
Ground allows for buried capacitance)

With 50 micron FR4 Power- With 24 micron Power-Ground
_Ground
e R ER T 4| Layerl Layer 1
PREPREG PREPREG
Power Layer 2 Power Layer 2
3 Layer 3
G d i IEoA L 5
Ground «:| Layer3 roun PREPREG
PREPREG _ _ y
L 4 s ER e e Re e s Reta|  Layer 4
ayer R4 Laminate
T & 4] Llayer5
| Layer5 PREPREG
PREPREG e _ T Layers
Layer 6 O . -
FR4 Laminate
.:‘:.:;I e 3 = 3 -I_I. .E -.':‘.a__. .'-‘-I—_I .E = A * :;I'.:f Layer 7
| Layer?7 PREPREG
PREPREG
Ground Layer 8
Ground Layer 8 Layer 9
Power PREPREG
Power 4] Layer9
PREPREG Layer 10

Layer 10
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PCB Example Sun Microsystems PCB

High Vol
24 Layer Board igh Volume Server

24 LAYER BOARD

P.P
I ——

o

} Capacitor Core

5 LKL

L21

g} Capacitor Core
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IMPROVED IMPEDENCE/ INDUCTANCE

f
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PCB Electrical Performance

MEASURE Sz BY DIRECT STIMULUS INJECTION INTO THE COPPER PLANES

VNA —

4 LAYER TEST BOARD CROSS SECTION VIEW

FILLER PREPREG

I« DIELECTRICLAYER
UNDER TEST

\ FILLER PREPREG
1

VIAHEIGHTS REMAIN CONSTANT
FOR ALL DLUT THICKNESS

|<— 0.050 »I

f \,
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100 L zBc 2000 e
B TP g -
- = ZBC 1000 A\
o2 R S N Sample
g5 _/_?q_{;-;;:jjf;/ N Design
20 e ; *~  Goal
= 0.10
E g (130 m#)
oS
E Q BC 24
N g
0.01
ZBC 2000 Optimal
ZBC 1000 Performance
BC 24 hangs
BC16
BC 12
| | i
10 MHz 100 MHz 1 GHz 4 GHz
<= Bulk Bypass Caps (2F)
(Capacitance)
Midrange (Distributed) Bypass Caps (nF - pF)
{Inductance)
On Chip Bypass Caps =
(Proximity)
[
el

Eanmina-5CI Confdentls

SAMMIMA-5C|"
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PCB Electrical Performance

Self Impedance (ohms)

10

0.1

ZBC-2000 -50 micron FR4

l BC1000 -25 micron FR4
BC24 micron

BC16 micron

BC8 micron

BC12TM micron Filled

BC16T micron Filled

Significant Reduction of
Impedance

£

0.001

| | |
A A Effect

1E+06

1E+07

1E+08 1E+09

Frequency (Hz)

1E+10

Dlscrete capac1tors of 0.1uF have a resonance frequency of about 15 MHz

| J1SCTCTC Cd I'I l—

f 1\

. ._of\ 0 01pF have a resonance frequency of about 40 MHz.

Panel Size= 50 in?
80% Retained Cu
Product NnF
ZBC2000 | 16
ZBC1000 | 32
BC24 40
BC16 64
BC12 76
BC8 124
BC12T 180
M
BC16T 440
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PCB Electrical Performance (Upto 1l GHz)

0.50

0.45

—+—2ZBC-2000
—+—2ZBC-1000

0.40

——FaradFlex BC24
——FaradFlex BC16
——FaradFlex BC12TM

.

Panel Size= 50 in?
80% Retained Cu

—e—FaradFlex BC8
FaradFlex BC16T

Product NnF

e
N
=

Self Inpedance (ohms)
o
N
(3

0.05 |

0.00 N

ZBC2000 | 16

ZBC1000 | 32

1E+07

1E+08

2E+08

3E+08

4E+08

5E+08
Frequency (Hz)

6E+08

7TE+08  8E+08 9E+08

BC24 40
BC16 64
BC12 76
BC8 124
BC12TM 180
BC16T | 440
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PCB Electrical Performance (Up to 3 GHz)

(ohms)

Self Inpedance

10 §
E | ——ZBC-2000

E | ——2zBC-1000
09 F—
E | —— FaradFlex BC16
0.8

t | —e— FaradFlex BC8

°© o o @
H o0 o N

o
w

0.2

0.1

00 °
1.0.E+07

f | —— FaradFlex BC16T

—+— FaradFlex BC24

—»— FaradFlex BC12TM

______

BC8TM

5.1.E+08 1.0.E+09

Fr

2.0.E+09

1.5.E+09 2.5.E+09

equency (Hz)

Panel Size= 50 in?
80% Retained Cu
Product | nF
ZBC2000 | 16
ZBC1000 | 32
BC24 40
BC16 64
BC12 76
BCS8 124
BC12TM | 180
BC16T | 440

OAK-MITSUI TECHNOLOGIES *




RELIABILITY
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Reliability Tests

500Vmax)

Description
6x Through Hole Solder Shock PASS
6x Blind Via Solder Shock PASS
Dielectric Thickness per Cross
Section within +/-10% PASS
T-288(>20min) PASS
IST Testing (500 cycles) PASS
Core Level Hi-Pot Testing PASS
100Cores(100V/sec; 500Vmax)
Finished Circuit Level Hi-Pot
50 circuits (100V/sec; PASS
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PCB FABRICATION/ PROCESSING

f
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Processing guideline

Pre-clean

- Standard process
Dry Film lamination
- Standard process
Expose Image

Important Standard process

/ Pattern etching

- Thin core compatible line recommended
Ex) Thin core Schmid etching line

- Use leader board if not confident

- Careful Handling required

Black oxidizing or alternative oxides

- Thin core compatible line recommended

- Use leader board if not confident

- Horizontal line preferred

\ - Careful Handling required /

Y ol FARDEIEN AN

7 Cu(18,35,70um)

Dielectric
é —>
/ ‘/ (8,12,16,24pm)
¢
Patterning .

. .

B/O or Alternative process

[ 1 [
L]
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Comparison of Inner layer Processes

8 um to 24 ym Film based
laminate and partially filled
1. Pre-Clean
2. Dry Film lamination
3. Expose Image
4. Pattern etching (Both
sides)
Black Oxide or Alternative

Cu (18,35,70 micron)

Dielectric

(12,16,24 micron)

Cu (18,35,”Q micron)
v

Patterning
=_:

B/O or Alternative Process

oo Nloorwn
D

Second Imaging Step

/

—
.

Second Lamination/ Laminate Subassembly

16um (Highly Filled with High Dk
Particles)

Pre-Clean

Dry Film lamination

Expose Image (Pattern/Blanket)
Pattern etching (One side)
Black Oxide or Alternative
Laminate Prepreg/Cu to Imaged

Pre-Clean

Dry Film Laminate

Expose Image (Both Sides)
Pattern Etching (Both Sides)
Black Oxide or Alternative

Subassembl

<—Patterned Layer
<—Prepregic (Cap)
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POWER DISTRIBUTIONS NETWORK SIMULATIONS
RESONANCE/ NOISE/ EMI

¥ -.\\
! .

f \
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Why Buried Capacitance Designs Using Buried Capacitance
Can Reduce EMI

1. Can minimize loop area (E,=1.316 x 10" xIxfP xS/r)

E : Electric Field Strength

| : Normal Mode Current

2. Can minimize power bus noise

f : Frequency

3. Can minimize resonance
S : Loop Area

r : Distance

4. Can minimize propagation to the edge
(Related to Transfer Impedance (S21))

De-Cap IC High-Speed Current
GND Plane

Power Plane

OAK-MITSUI TECHNOLOGIES *




Transfer Impedance Simulation (£21) with PIStream

Transfer Impedance Analysis 2 Mil FR4 VERSUS 1 mil Laminate

FR-4 (0.6 mm Core)

If the transfer impedance is too high...

1. Increase power bus noise
2. Digital circuit noise would affect RF or Analog circuit.
3. Increase EMI (related to 521)




Resonance Distribution

ikl > Can not place caps!

35- 0.1pF caps
for power
supply

35- 0.1pF caps

for power supply
+44-0.1 pF caps

for resonances

0.4mm (16 mil P/G)

24 um P/G
Dk 4.4

No additional
caps

26dB
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Resonance Distribution- Lower Noise Threshold

400 pm (16 mil P/G)
79 caps

ﬁ M“mal—':.
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Test Board -Simulation #2
Standard core(400umFR-4) with no caps  Standard core(400umFR-4) with caps

e LE
T WAD EER p=D TED e

®
wh

.8
NEds8 S0 [-55 hE-HELS
)l B \ r
R L &

L~

W4 v DATAY CHART I;-;_,}: W DATAY CHART -

Tk
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Test Board- Simulation #2

P/G Plane
FR-4 400um /. /G Mere ,
With Caps [ S ayy e mi SRS

_ IEHES SR B-
NEEa8 S8Ry &®-

Fa ] L]
i@ - E wihide - &
WA - i3

0« v W DATALCHART /-
1\ DATA GHART 1=

P/G Plane
Y2 mil

P/G Plane
16 micron
Dk 30

) -
DEds% &R (-5 ? s

1®
Arabidle - &

o) <% WNDATARCHART /-
W« 5 W\DATALCHART O e e e e el R B [
Tk




CASE STUDY 1

OAK-MITSUI TECHNOLOGIES *




PCB Construction of Reference Board

No. Layer Thickness[mm]
resist
1 | Signal 0.057 Include Plating
prepreg 0.1
2 | Gnd(Plane) 0.032
core 0.15
3 | Signal 0.032
prepreg 0.17
4 | Gnd(Plane) 0.032 Ultrathin Core
prepreg | 0.14 =) 1> mil high Dk
5 | Vdd(Plane) 0.032 and 1 mil
core 0.15
6 | Signal 0.032
prepreg 0.14
7 | Gnd(Plane) 0.032
j core 0.15
4 8 | Signal 0.032
- prepreg 0.14
i 9 | signal 0.032
core 0.15
10 | Vdd(Plane) 0.032 Ultrathin Core
prepreg 0.14 e - 1> mil high Dk
11 | Gnd(Plane) 0.032 and 1 mil
prepreg 0.17
12 | Signal 0.032
core 0.15
(by courtesy of NEC System Technology, Inc. 13 | Gnd(Plane) 0.032
& NEC Information Technology, Inc.) prepreg [ 0.11
14 | Signal 0.057 Include Plating
T resist
Tota [ 1] P5%) /s02mim
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A Conception Diagram of The Distant Place Magnetic Field Measurement

- Antenna direction is Horizontal (Hori:

- Antenna direction is Vertical (Vertica

- PCB Horizontal

l S

- PCB Vertical

rontal Polarized Wave Measurement)
Polarized Wave Measurement)

Antenna

_Source; Noise Laboratory)

Control Terminal PC
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' I ' I ' I ' I '
401
>
2
2 30}
1_1él>(
>
3 AU —e— 177 2EM
%) —>*~ 1 mil core Horizontal
o W/0 caps
i.?__) 10 1 | ] J
0 800 1000
. 40+
> L
2
2 301
By |
g 201 —e— Reference Board
& R —<= 1 mil core Vertical
- % 10 1 | 1 w/o caps
= 400 600 800, .. 1000
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Comparison between reference board with Caps and BC without Caps

“ 1 mil Laminate .

Field StrengthdB [u'V/m]

U i i i i i i i i i
0 100 200 300 400 500 g00 700 200 900 1000

Frequency MHz

| 1/2 mil Laminate I ¢+ 9

oy

Field Strength dB[uY /m]

o |0 200 S00 400 200 GO0 700 200 00 1000
Frequency MHz

,
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CASE STUDY 2
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» L1 =3Signal ¥2 Oz

L1 - Signal ¥: Oz = L2 —Power 10z 33V
Embedded Material
3 3V L2 = 3.3\ Power 1 Oz L3 =GND 10z
L3 - Signal 1 Oz B | 4= 3ignal 10z
L4 - GHD 1 Oz —p  L5=GHND 10z
L5 = Signal 1 Oz

> |G -3Signal 1 Oz

15V LG =48V, 12v_A 1.5V Power 1 Oz 15V

- L7 - Power 10z

LT =GHD 10z

> L8-GND 102

L8 - Signal 10
ignal 1Lz » |5-Signali 0z

L9 =16V, 1.8V, VCC, 12V_B Power 1 Oz - L10 - GND 1 Oz

L10 = Signal 1 Oz

]_5V L11 - GND 1 Oz

> | 11 - Signal 1 Oz

A 12 Power 1 0z 1 5V

L12 = Signal = Oz Embedded Material _
L13=GND 10z
Current Stackup B L14 - Signal % Oz
Total Copper:
Power - 30z Emb Capacitance Stackup
GMD - 30z
. . Total C :
781 0.1uF decoupling capacitors Power ~ 30z
GND -5 oz
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Capacitance Measurements

(courtesy of Univ. of Missouri at Rolla)

Plane Pair | FR-4 (nF) 24pm (nF) 12pm (nF) |1)2K gg‘ | (nF)
1.9V/GND | 76.1 (75.8) [179.5(179.0) | 286.7 (266) 487 (478)
3.3VIGND | 21.2(21.2) |323.8(321.3)| 551 (541) 1148 (1082)
From LCR Meter Note: 1.5V plane is split resulting in

smaller capacitor area
Extracted from VNA

Replaces 78.1 yF of capacitance on standard board

(781 capacitors of 0.1 pF )

OAK-MITSUI TECHNOLOGIES 2
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Board Impedance Measurements (S21, Z11)

Measurement Equipment : Agilent 87530 (Vector Network Analyzer)

Decoupling Capacitor Pad

Probe Point

tan"'

- - __-]
1
[ [ ——
ESSE3Ess:
—-—Z=—ZI-=-Z=-Z-3
—=F====3=Z=o] "
TIroCIooiooord
b m = ———
1 1 ul.
SSSskssssdssssg
ST F=-==Z=3====:7
SSSSESIIIISSCE]
o TOaTTAEANTT T ﬂHHHHﬂHHH“_._.HHH”n
|I||_ ||||_||||_|||I
SssssizEfesimemsnenninieny
O T T R R
1 1 1
===czi=zz=zkz==zzd===zzd==z:45
i) ool s oo oo}
SIZ=pZE==rs=s3sEss
Jr E Y T [ —————
—— ] —— S U [ I
1 1 1 1 1
T e e e

LT - G Pl Pl

1 TR P P
T T T T
w12

»

T EREO CORPORATE GROL
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Time Domain Power Bus Noise Measurement

Measurement Equipment : Agilent Infinilum 54855A (Digital Sampling Oscilloscope)

Probe Point : Decoupling Capacitor Pad

1.5V/GND (FR-4] 50 pm 1.5WIGND 24 pm 1.5V/GNC 12 pm 1.5WGND ( 12 pm Dk 10

3.3VIGND (FR-4) 50 pm 33WGND 12 ym
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ise Measurement

Power Bus No

N

Frequency Doma

Tested to 1 GHz

Measurement Equipment : Agilent E7404A (Spectrum Analyzer)

Probe Point : Decoupling Capacitor Pad

1.5wGNL 12 um Dk 10

1.5WIGND | 12 pm

24 ym

1.5WIGND

50 pm

1.5VIGND (FR~

12 pm Dk 10

3.3V/GND 12 pm

3.3VIGND 24 pm

J.IVIGNI

3.3V/GND (FR-4 50 pm

1 1 I
Fe— L L _d_
1 1 1

1 1
f———p === ==
1

-
1 I

———t -

I
I
L]

1
1
d
I
1
1
4

»
—
S

T EREOW EORPORATE GROU
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CASE STUDY 3
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The Embedded Passives Journey

IPC/APEX — April 2, 2008
Authors:
Bill Devenish — Harris Corp., Mechanical Advanced Development (MAD)
Andrew Palczewski — Harris Corp., PCB Technologist

WHEN ENHANCEN PERENRMANCE 1S RENIIREDN
WHEN ENHANCED PERFORMANCE IS REQUIRED

OAKMITSUI TECHNOLOGIES &
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-Part Cost
CAPACITORS F1.19

RESISTORS $9.77

- Cost of Quality
Component Body
CAPACITORS $e 0

OE03
0402

RESISTORS $11.06

0201
0402

-Assembly Cost $11.82
Total Parts 9

Used with the
permission of Harris
Corporation
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Original Panelization - 16 Up

Sitd
Pael 180 80
Ay G 6E I
Pt A7 18
Pl Tiald
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16 Bt Tola
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[F T
O Pl 2 wdl, O X558 1) 0O
e Aviry Tl

CriPaned 01809

il SR
Pareel Bardears:

LER 1 E Rght 308

Top D80G BoBore 0BG
ATy Buedary

Ll 053 B D23

Tog G883 Bomew 03

Used with the permission of Harris Cor

OAK-MITSUI TECHNOLOGIES 2

Revised Panelization - 40 Up
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Analysis Results:

Conventional
Board

Comventional Embedded
Board YWidth {inches) 25 242
Board Length {inches) 4.0 387
Number Up 30 32
%f Murmber af Layers 12 10
] E Fanelization Efficiency 0.69 0.69
28
=

Component Caost Difference

Assemhly Cost Difference
Board Price Difference

Swstern Total Cost Difference

Embedded
Board

Fositive walues (red) indicate increases in cost when passives are embedded.

Megative values (green) indizate decreaszes in cost when passives are embedded.

PlotEesulis | | FlatHistograms | Print Report

Discrete
Passives

Results

Courtesy of Harris Corp. and CALCE
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Other Benefits
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Capacitor Material vs. FR4

Properties NiP/Capacitor NiP Core Remarks and Conditions
Core FR-4 (control)

Sheet Resistivities (ohm/square) 25 25 Nominal

Material Tolerance +/-5% +-5 %
MIL-STD-202-108lI

Load Life Cycling Test Ambient Temp: 70C

Resistor Size: 0.500" X 0.050" On Cycle: 1.5 hrs

Loaded: (A R%) @ 150mwW <0.9 after 3200 hrs.) <5 Off Cycle: 1.5 hrs

Unloaded: (A R%) <0.74 after 3200 hrs.) Length Of Test: 10000 hrs
MIL-STD-202-308

Current Noise Indexin dB @/v <15 Voltage Applied: 5.6 Volts
MIL-STD-202-103A
Temp: 40 °C

Humidity Test (A R%) 05 0.5 Relative Humidity: 95%
Time: 240 hrs
MIL-STD-202-304

Characteristic (RTC) PPM/°C 50 Hot Cycle: 25°, 50°,75° 125°C
Cold Cycle: 25°, 0°,-25°, -55°C
MIL-STD-202-107B

Thermal Shock (A R%) 0.2 0.5 No of Cycles: 25
Hot Cycle Temp: 125 °C
Cold Cycle Temp: -65 °C

Solder Float (A R%) MIL-STD-202-210D

After 1 Cycle 04 \ 0.5 Temp: 260°C

Atfter 5 cycles -0.6 Immersion: 20 Second

Power Density (mW/mil %) @ \\ 0.15 Step-up Power Test

derated at 50% \ Resistor size 0.020" x 0.030"

f

Synergistic Effect !

3X better
power density
through
resistor due
to better heat
conductivity
of the buried
capacitor
laminate
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Buried Capacitance™ Core Standard Core

—_—— L

P

Some ultra thin laminates | =T
have 3 to 5 times better
heat transfer

Thinner dielectric provides better heat transfer

OAK-MITSUI TECHNOLOGIES *



* Embedded Capacitor and can Improve System Price/Performance

- Reducing Discrete Caps
- Reducing PWB size
- Increasing Functionality
- Improving power distribution
- Improving Signal integrity
* Thinner Power Distribution Planes are required for improved
Impedance Performance at high frequency
* New Substrates have demonstrated excellent electrical performance
and physical properties.
* They are compatible with PCB processing; a truly “drop in”
material.
* Materials are commercially available from many Fabricators

e Substrates Filled with Ferroelectric Particles have better
performance, but result in higher cost PCBs

* _GREEN and Lead Free Solution

f (FARADEVEXIIRN

T EREOW EORPORATE GROU



Thank You
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