Embedded Capacitance
the Next Step in PWB:Design
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DeCOUpllng RUIGS Of Thumb* engineenng daogma

pl ace as close-{o0 Vcc pins as possible

~

el don’t use Z5U use 1 decoupler per Vcc pin
add cap close to ground pin-__
use‘?@iuf separate power
use 1 decoupler per pin  place decoupler under IC
don't use film caps doesn’t matter where cap is .001uF work best

~O /
~ /7

1uUF is preferred /
_ X7R preferred /!
connect directly to Vcc and gnd /

~ /7
~

de-rate decouplers by factor of 2 ten-to-one rule  Use redundant vias:..

tantalum is closest ideal g

always use solid VVcc and ground plane use 4 decouplers pér IC

always follow manufactures guidelines
// -!"Im
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Part |1

An Overview of the NCM S Embedded /,
DeCOUp| | ng CapaCItance Pr O] eCt dlscuason of materials properties /,"/

presented‘by R Charbonneau /
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Embedded Capacitance the Next:Stepiin PWBIDesian

Integrated /
Decoupling /

Source: 3M 7 e
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Why Embedded|Capacitance: 2

- Frees up\ii‘atualgle real estate occupied by discretes.
- Potential for redi]c‘ing\gi ze and number of layers.
- Lower inductance
= Improved eectrica performanééf |
-» Reduces power bus noise and € ectrom\égnetj C interferenc/;e.’
- Quality and Reliability improvement |
-» Reduces the number of capacitors.
-» Reduces the number of solder joints.

4
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Embedded Capacitanceithe NextiStepin PWBIDesIGn

Double-treat
1 oz Copper

Power Plane

Embedded Dielectric

Ground Play‘l'e

Source: Hadco J/
/- NCMd
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HADREOBE 2000

Initial Development Drivers

Reduce assembled PCB. cost. Patented product-HADCO
Save space to add new pefrtsn Polyclad one of two U.S. lincenses
Faster throughput at higher yiel\d‘s‘.\ Product has been in production since 1995
Primary Drivers Today Tl
Superior EMI performance at high frequency. “\\ |
Improved high frequency edge rate and pulse N )/
shape. \\\ /
Technology Point 6f‘€ar3tact Information ///
Very thin (0.0020” + 0.0002") epoxy glass Bill Varneit.
laminate clad with reverse laminated double treat POIZEI%%#? ;nrlyngi?gétmc.\\ /
copper foil used to form a capacitive layer. Franklin, NH 03235 ‘:,:\\
10z Copper )

Tel: (603) 934-5642 /
Pouble Treat ¢ Fax: (603) 934-1243  /

4

bvarnell@polyclad-usa.cqr'rll

1-108 0.0020" + 0.0002°

T

10z Copper
Double Treat

/NI
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HADCO EmEap;!"

— Any Digital Board G\ﬂthQiscrete Bypass
Capacitors (the larger the number of
capacitors the greater this could-improve
overall system cost) T

Products that should NOT be Targeted s

— Analog Boards (individual capacitors cannot
be created with this material)

~

~

HADCO Patent # 5,162,977

Material Supplier-Polyclad

18" x 24” Panel Size

Moving towards increased volumes

of EmCap

Developing modeling methods for

EmCap /

Technology
Standard FR4 filled epoxy
BaTiO, ceramic powder
Laminate coated material - unreinforced
Dielectric constant is 35-90*
Thickness 4 mils

Capacitance values 2-5nf/in?

*not reproducible

Point of Cantact Information /

\\ Vi

Todd Deréga._ /
HADCO Corporation:s. _ ‘
12A Manor Parkway "~/

Salem, NH 03079

Tel: (603) 896-3107 ’ -
Fax: (603) 896-3303  /

4

tderego@hadco.com /
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Embedaded CapacilanGe the:Next:Stepin PWBDesign

d Decoupling Proj ect
Steering Team: . Contracted Services:

StorageT ek* . NIST Gathersburg

Delphi Electronics -._Penn State University
Raytheon Hughes University of Missouri-Rolla
Tobyhanna Army Depot

NCMS \
Materials Suppliers: Board Fabricators:
Polyclad HADCO

Dupont Merix

3M Raytheon Systems

Allied Signal Litton ACD

*project leader / NCms
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Embedaded CapacilanGe the:Next:Stepin PWBDesign

Viaterial-Characterizat

-
Capacitance vs. Temperature

Loss Tangent vs. Ternidératufp

Moisture and Z-Migration

Pulse Discharge Equivalent
Capacitance

Polarization and Electroresistive
Strain vs. Voltage

L eakage Current

Breakdown Voltage

Flex Modulas (3 point bend test)
Thermal Coefficient of

Expansi on Test VehicleO /
s | e
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EmPedaded Capacitance N Step inPWB!Desian
Electrical Performance M easurements

SS
S

Power/Ground Plane Resonance*
- Measure impedarice vs. frequency of

~

equivalent circuit AN

~
~

Power Supply Ripple*

- Measure differential voltage across Ve .
and ground

~

Electro Magnetic Interference* *

- Measure radiated field strength at 10
meters

Power Supply Current* Test Vehiclel

- Measure simultaneous switching currents

* University of Missouri
** Storage Technology Corporation

/
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Embedded Capacitanceithe NextiStepin PWBIDesIGn
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Embedaded CapacilanGe the:Next:Stepin PWBDesign

PWB Cross Sections

HADCO EmCap ™ (6 layer) HADCO EmCap ™ (7 Iayer)//

Source: Merix K
‘M
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Embedaded CapacilanGe the:Next:Stepin PWBDesign

PWB Ifébﬁigation & Lessons L earned

Artwork Border Changes Exposed Copper on Card Edge /,’/

/
/

Source: Merix K
‘-~ NCmy
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Embedaded CapacilanGe the:Next:Stepin PWBDesign

Critical Success Factor 3Q98 4Q98 1Q99 2Q99 3Q99 4Q99

Project Agreement h'v

TVO Design & Layout

Materials Characterization A v

TV1 Design & Layout A v

Modeling A '

TVO Reliability Testing A W

Document Results A L)

Program test vehicles have been designed and the reli abil Ity-test boards have'/
been fabricated. Reliability testing began in 2Q99 and is expected. to be
completed by 4Q99. ~

Assembly of the electrical test boards is complete. The electrical testi ng and
model development is scheduled for completion by Nov 1999.

We expect the Project Report will be available in Feb 2000.
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Embedded Capacitanceithe NextiStepin PWBIDesIGn

« 2-day project me\e\t\ihg\i\r] St. Paul, MN on Oct. 23 and 24.
Continue accelerated reliab\i\ITtngsti ng at Delphi Delco.
Begin high frequency testing at NIST \Gathersburg

Begin EMI testing at StorageTek and power bus modellng
at UM-Raolla.

/
/
4
/NI
,/ &_Collaboration that works.
, =



Part |11
Swept Frequency R&sponse
of Power and Ground Planes mesisass
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liestiSet=up

HP8753D Network Analyzer
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SWwept:Erequency Datai- 1up ERANAlied Signal 406)

| mpedance

Phase

7 Sep 1999 11:56:89
CH1 Z:R lin MAG 2 Usr REF @ U l: 16.111 U
- 1| 824 p991 943 M
PRm I [
| /
Cor [IMARKER 1 ] / /
Dal 1.2499]1943 dHz / / /
/ A /
/ ! ) d
\ / L~ /
N — V4 %
\f
CH2 S;; phase 55 ©4 REF @ © 1 161.42 ©
1| 624. @91 943 MHz
PRm —_— —r — Wr-
Cor
Del
START 1.008 800 MHz STOP 3 POO. POA PP@ MHz
Frequency

/

/
/

Fabricated
by: Merix /'

/NI
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SWwept:ErequencyDatai- 1up ERANAllied Signal 406)

8 Sep 1999 @7:58:19
CH1L Z: R I in MAG 2.5 U/ REF 8 U l: 3.3351 U

139. 453 7d3 M
8 PRm
S cor [[scaLE ! AL /
(5] Del 2.5 Unitssdiy | / /
Q. / / U1 /
e \ / P 1 ///
- \_1_ d r// 1 /| )/
X e / \V J
\ J,,..-f"‘f %8 v //
CHZ S;; phase 65.45 °/ REF @ °© 1 -172.37 o Fabricated by:
139. 853 7¢3 MHz| 3M subcontractor
PRm /
h_n_______‘_./.v; “'_-'—ﬁ,\} ~ //
g Cor J[ S~. J/
S De' ﬂ‘ ///\\\\\
D— // \\\\
START 1.900 @98 MHz STOP 3 P0P.200 BO@ MHz ,"
Frequency
! _»NCIM
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SWwept:Erequency Datai- Lup ER4ANNelco4000:6)

8 Sep 1999 B8:42:19

CHL Z:R lin MAG 2.5 U/ REF B U 1: 18.768 U
£} 2] s67. 844 112 MHz
D) PRm
O
% Cor | MARKER 1
EB Dat 2. E67844112 dHz &
o I 7
= \ A \ ,
\ - —— /_r"' \/ //
\ ML,——‘T-"" //
/
. /
CH2 S;; phase 65.45 ° REF B ° 1 1s8.7 ° Fabricated J
2[567. 844 112 MHz S !
T by: Litton /!
PRm /
~ /
% Cor \\\\ //
~ - /
c Del :,4\
o AR
/ So
’ S o
/ ~
/
/
/
/
/
START 1.900 PP@ MHz STOP 3 P20. 290 888 MHz )/
/
/
Frequency /
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SWept Erequencyibata- 1up BE2000 M palylad)

7 Sep 1999 12:82:27

CH1 Z: R lin MAG 2 U/ REF B U 1: 4.8232 U
™ 2[ 812. 495 544 MHz
(ab) PRm
O
S Cor [ marRKER 1
'8 Del 2.B1289%584 dHz /
o K
= L /
— ﬂ’y\ //
t- \-a——"_'r_ "—‘\-\_ﬂ’"—#ﬂ.—#’ ~ ///
\ "] . /
> Fabricated J
CH2 S, phase 65 °r REF 8 © 1 189.44 © bv: Hadc )/
. 0]
2[812. §95 544 MHz y /
~ /
PRm V .o K
. Se /
g Cor ~\</
o FAR T
D_ DQI // \\\
/ \\\
/ ~
/
/
/
/
/
/
//
START 1.000 BO® MHz STOP 3 PPQ. PB@ PPO MHz J
/
/
Frequency
s | e
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SWept Erequencyibata- lup EmEan i royclad)

7 Sep 1999 12:81:05

CHL Z:R I in MAG 2 Usr REF @ U l: 3.827 U
L 2| 887. 237 474 MHz
(O] PRm
O
S Cor [mMARkER 1
3 Del 2.B87237474 dHz
Q. K
/
E 4 /
— ,_.-—.-—-vir-c-' 2
e /!
..-—o—""’"\'"-—'_—-A - ///
g Fabricated y
CHZ S;; phase 55 °©/ REF @ ° 1 171.58 ° ] ,
2| 687. 237 474 MHz by- Hadco /!
/7
PRm ~. )/
\\ /
g Cor ~~. /
\\i
s Del // \\\\
al / ~..
/7 Se
Vi ~
/7
/
— /
/7
/7
/7
START 1.900 208 MHz STOP 3 PPO. PP BOD MHz /!
//
/7
Frequency /
/
/7
‘>N
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Swept:Erequency Datai- 1up ER4AN palycladTetrail)

8 Oct 1999 17:51:00

CHL Z2R Iin MAG 2.981 U/ REF @ U 4: 7.505 U
[ , 2| 678. $48 226 MHz
PRm
S T3 U
% Cor | MARKER 4 2:
z
-8 Del 2.p78849226 QHz .
= :
/
= [\ y
\ ___,.-/E,-_-——— ,’
] = ///
CH2 S;; lphase Fabricated by: /
RTIS /
PRm S~o //
g Cor _Q *\\ R ///
_C D.l //\\\\
o K S~
- , ~..
/ ~
/
/
/
/
//
START 1.000 §O® MHz STOP 3 090. 280 BO® MHz K
///
Frequency /,'
/
! =NCmd
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SWept Erequency bata- 4up EmEap i eolyclad)

| mpedance

Phase

CH1

PRm
Cor

Dal

CH2

PRm

Cor

7 Sap 1989 13:31:@2

Z:R lin MAG 2 U/ REF @ U 1 3.8526 U
™ 2| 812. 495 54 MHz
e e il T~
Si1 phase B5.45 °/ REF @8 © 1: 171.52 ©
2| 812. $95 584 MHz
o
START 1.208 B@8 MHz STOFP 3 2P0.080 @2@ MHz

Frequency

/

/
/
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SWept:ErequencyDatai- 1200 ER4: (Nelco4000:6)

7 Sep 1999 14:55:86

CH1 Z:R lin MAG 2 U/ REF @ U 1: 5.1883 U
" 2] s@8. 397 295 MH=z
(ah) PRm
O
% Cor [ mMaRKER 1
'8 Da 2. BeB839T255 GHz
o K
= FAN /
— " " NN%M //
A LY. /ﬂhr/'_"/ T ///
‘_,_...-4»-"""/ l /!
. : /
CH2 S;; phase 65.45 °/ REF @ ©° 1 168.37 ° Fabricated K
2[ se8. 397 295 MHz i )/
7 by: Litton |
PRm - - ,
\\ /
g Cor *\\\ //
\\(
c Del AR
o /
/ \\
/ ~
/
- /
/
/
/
/
!
START 1.000 980 MHz STOP 3 00Q. PP@ 80P MHz K
/
/
Frequency /

‘>N
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SWept Erequencyibatai- 12up EmEap tirpayclad)

7 Sep 1999 13:23: 44

CHL Z:R lin MAG 2 Usr REF @ U 1L 4.4327 U
'- 2| 812. §95 584 MHz
@ PRm
% Cor
Q 1 /!
SZ - /
E N_/-‘JW = //
/7
_..—------""'"'—"_-'-m'-‘—'--’-N‘W_1 //
. 7
CH2 S; phase 65.45 °- REF @ © 1: 17e.@s o [Fabricated //
2] 812. $95 544 MHz by: Hadco K
PRm é /
- ,
\\ 7
Cor | 'scALE N
g Del B5[. 445 P-div A
/ Se
- / RO
o / ~.
7 ~
/7
7
7
/7
. /7
START 1.900 @08 MHz STOP 3 000.080 @08 MHz //
//
/7
Frequency /

‘>N
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Conclusions

~ Higher diel ectric constant embedded capacitance materials
- Damp out the f‘eang\nt peaks present in FR4 materials.

> Results indicate alower-Z over awide frequency range
possibly reducing power bus-noise.
> Represent certain handling issues inboard fabrication.

» Swept frequency responses -
> FR4 materials exhibited significant resonant peaks h
> Results varied between different FR4 epoxy materials. /

> Results are essentially the same for 1up, 4up and 12up
configurations with embedded capacitance.
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