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(a) dutd oz QY FA Y Hug sp4do] v i
717k A Eelth

(b) FAIY g9 7120l ohd, 5% 7154E AF
2 AFo] Frt- g}

(c) BA9 Mo nx9 7]&Ho| aHT)

(d) A== AEL 1&50y 2o AT NIES
B gich

A Az A 7] - 282 EHo] SEHAY

7I7ke wad g, $82 Bole o3 2k

(a) LEY R AE (Photoresist)

(b) Zus) A= (Inter Layer Dielectrics;ILD)

(¢) IC Passivation and Encapsulation Materials

(d) Display & A5

(e) EAHA FAA 5 (Photonic Materials)

() 1 2 7159H #E A=

(g) 12% ARAF A8

(h) dhdz] AdHd As

(1) A (Sensor) HH A&

=l 1& logic circuit®] 9% @9 chip ¥ H|E
(bits) 7} Ed =] & Agg Jepdtt. /7] - 282 3
o] e 292 AT device’t B AT device inte-
grationo] 2719 @A F - BARRIG CiST] Fa T o
g stz vl 3], microelectronic devicesol ARg-
91 9 %7)-28x 249 ol ST s
6, o] review= @A) microelectronic deviceo] ¥? A} &-

£ #7107 B2 3 53] 200 9QR(ILD) 3}
MCMA R NEsda) BT R8s ofg.

1%l 2= NEC super computero] AF2-¥E multiievel

~
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Ngdsa shagats)

@3t 7194

Stanford University, Ph. D.
IBM ARC, Post Doctor

IBM Almaden Reserch Cen-
ter, Researcher

Advanced  Microelectronic
Materials Group

Organic and Polymeric Materials for Semiconductor Industry
LG2#}38H(Cha Hyuk-Jin, Advanced Microelectronic Materials Group, LG Chem. Electronic Materials Research
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T T T T T
256 Mb - 256 Mb 410 M
/
64 Mb 64 Mb//

7/ Va
o 16MbF- 16Mb /- SIM &
= // // S
S - o
& e DRAM Wic e &
2 wmp 1 oos T10K
z LOGIC ,~ ] g
s 256 kb - - 5
] Pd —~10K
£ BIPOLAR 2
S eakbr LOGIC K

16 kb}- 16;0/ 1K
4kb
4 kb[— a
A /AR R TR
1970 1975 1980 1985 1990 1995
Year

% 1. §=uxe] W3l ¥ (source;Microelectonics Packaging
Handbook).

Polyimide Thin~Film
Signal Layers with
Ground Planes

ip Tab Carri
Flip Tab Carrier Top Surface

Metalization
é Gnd
====—=——u Sjignal

Gnd

@z Y @ZZZE73 | s}

e | o [ oz (Toveré Ground
o) lerzsrss

N

Ceramic Base Substrate
) with Power & Ground
1/0 Pin Planes

1%l 2. NEC supercomputer multilevel thin-film packaging.

thin film packagingg HoJZFt}. On-chip ¥7 (on-
chip wiring)& 32 devicedl A device® dZF3= &
Qo g, BEOL #4(back end at the line process) 2
Egl= 9, chip} chipg 94k 4 FLP 34
(first level packaging)olyt Ex MCM(multi chip
module) @A o2 Bt} o] A dA BEOL ¥
QoA AHEE = A A} (inter layer dielectrics or inter-
connect dielectrics) #3led 7]&d £ MCMd) dist 5
®e 7|

2. ootz JHUSE

AT AR A Ax FAlEY & T BEAE
o7 300 MHz ©]4F¢] mE logic chip?t U= (Gb
o|4}) memory chip& 7jslErt sk Reoldh H|F
GaAs E# =] AF (transistor) 7} silicon] E#AAAE R

E 1. DRAM ¢ LOGIC 7|'#3& Roadmap

Year of first DRAM

. 1995 1998 2001 2004 2007 2010
shipments

Minimum feature Size

(gm)

Maximum Defect Size 0.12 0.08 0.06
(zm)

Wiring levels(logic) 4-5 5 5-6 6 6-7 7-8

0.35 0.25 0.18 013 0.10 0.07

v} w2 A9 A9 (switching speed) & YUERII 9L
A, 1Y% A (high-density chip)?l & EWAA
gle] %7} obd mu=FAe] “RC time delay”dl ¢
& ARE7] YEo|ti(ed7]A Re& EA (conductor) ]
Agtoln], Cx 2% (insulator) 9] ##HAIE2(capaci-
tance)o|t}). &l FE Ayl s e, Adel FH2
=49} M98 (dielectric constant)o] W& 279 Mt
o] Ag=ojo} si=d], EXE Fel7t ¥FvEE WA
T glon, AABZE 84 AHE Si0,E AT A
2% 2AE Awo] o d dAold.

¥ 1o DRAM# LOGICH ez sh= 719
Roadmap®® FAIgch @4 vjzid F Aae S48 A
2& IEYPA2ET UF /g dud e, expo
sure technologyX® phase shift& o|&% i-line &%,
KrF(248 nm) lithography, ArF(193nm) lithogra-
phy7} on] ALY GAY AL Felc). old wa}, &
%A (metal composition) ¥4 ¥3l= =6 (i) stacked
Al5} dopant A& £ (i) Cu®t dopants &3
4 2o it 283 d ol Y NF AAA 2
vlot HA B (ILD) e 7o) 714 £33 FHont

zuwo Q2 (ILD) Y A& 20008742 $2
billions o]0z JA4d Aoz «FHn, dA Alled
Signal, Amoco, Asahi Glass, Dow, Dow Corning,
DuPont, Hitachi, Schumacher $o] A &2 7l Hh=o)
th. & Zo¢], Allied Signaldl 4= FLARE(Fluo-
rinated poly(ARylEthers)gh= ¥7}4:43 (thermoplas-
tic) TEAE 7% Folud, o] polymers AHAIH *
o 354 dg)lm B dielectric constant?} §3o]th.
Dowdl]Ax=  divinyl siloxane bisbenzocyclobutene
(DVS-BCB)¢] prepolymer25E <dojxl= BCB
(benzocyclobutene) Al €734 FANL FEn
2ith. guwd oz BCBE olu] B& microelectronics
packagingd] $&5o] ston], Hekslz s}l 95%olAte]
I, F&580) FAowA Ay (adhesion)o] FE s}
E£3)], 72l (copper) B TEE S5 disl F2 ZATA
(barrier) 2 Zgdhe Aeg duExAm vk a4,
BCBE: 350 ‘Col4te] 2xdMe durdez EU4As)
=
SEMATECH @721 Wi, =& A8
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F£E ¢FulEAA Fel2 vrE 9 50% 3= de
vice Ad%o] AEAG, AP HANNES FS A
400%©]/42] device 50| FAE RoE =3t
t}. MCM wiring®} »}371x] 2 BEOLJAE AsA
X ¢ (signal propagation delay)& Zolx= WHiL A7
A& geldrt.

(a) B4 (metal)9] A& FIAT)= R

(b) BAute] dielectric constantE W} w4,
3] o] WhHE 1~100GHz JHdlA A3 ABLET]
electric constant?] rootol] wWHgln g A S AGET
ZUAZ £ Je 7 FEAQ] whgeld. o Al
E"]E‘ A} o] WE&E (propagation velocity )+

£ (dielectric constant) 3 the-#} e IAIE 717

mSL ;2

—_

“Qnﬁzmlm?-Jtm

o714 » = ALEE (m/sec)

c=3x 10%8m/s

e’ = Al A& (dielectric constant)

(c) O8 39 BT R Zo] MN57} FH ol HAl
Aglg Fol= A. FoJ3 dielectric constantol]A] A5
A3} groundAlele] - Agle impedencedl] o3 ZAAH
t}. 2322 “cross talk”& HAFEHE T AT
Az7re] A7t A3} groundE® Alole] ARG
Fob (B 3a). iy, Y ofFel dielectric
constant7} @o}x|®, & impedenced] thsld, &
A3} groundBHe] Ay} FAFHA HoH(OR 3b). o]
ARZ Q8] AT A7t 7eAA ol 3=
71 B A<, A5 AGEY] Azt FolRA H
o] 3]2Y% (circuil density)”7} 271828 3¢).t

A MeET e 2 Z9EFILD)ES U
o o] B3 € FA wet gokdT

(1) A == 729+ TEOS(tetra ethoxy silane)/ <.
Z(ozon) #2]%0

(2) &el=u}(Plasma) %2

(3) HDPCVD( High density plasma chemical
vapor deposition)

(4) SOG(Spin-on-glass) #&17

(5) §71-22z BEu89

E 2= YEFHQ] 29 HAE
constant(e” ) & Yepdth

2.1 Fluorinated Oxide R & D &%

o] #hal 2 Applied Materials, Lam, Anelva %3} 2

VD ZidAldlA g 59 waoz @) *}%3}

B4 (fluorine) g8 2~

HA(LD)¢] dielectric

3
=
3 @) dielectric processol]

DEXastn sl A 7dE63 1996 129

!
I‘ L

o \\\\
\[Jjjjj =~

[ HAAALHARRR RN A\

N\

(a)

{
1

NSS4 ..I,.‘,\,\. Polyim?de N
S\ S
W S

s
\n

(b)
f-—- 1/2s + 1/2s —~|
{ TN, oty

Polyimide
N\ —f
!

i

(c)
@& 3. Dielectric constant?] 3] 2U%9} crosstalkol] #3F G

H 2. Dielectric Materials

Dielectric

Material Process
Constant
TEOS/Oj5 film 45) CVD
PECVD Silane Oxides 3.9-4.1 CVD
PECVD TEOS Oxides 4.1-4.3 CVD
Silicon Dioxide 3.9-4.2 CVD
Polyimides 3.0-3.5 Spin-on
Spin-on-Glasses 2.7-3.1 Spin-on
Polyquinolines 2.8-3.0 Spin-on
Fluorinated Polyimides 2.6-2.9 Spin-on
Fluorinated Poly(arylene ether) 2.5-2.7 Spin-on
Benzocyclobutanes(BCB)
Poly(norbornenes) (PNB) 2.6-2.7 Spin-on
Parylene 2.5-2.6 Spin-on
Teflon AF 2.4-2.5 CVD
2.1 Spin-on
Foams
Polyimide 1.9-2.3(IBM/LG) Spin-on
(Alternative Dielectrics) (1.9 Spin-on
Xerogels 1.1-1.8 Spin-on

(Source : LG Chem./Advanced Microelectronic Materials
Group).

14% 744 771 WHo R, FxSiOye] +28 71l
o. B 3& E44H3E (fluorinated oxide) @] precursor
d w& EA(fluorine)gere] xjo]e9} dielectric con-
stant2] W35 Jepdoh
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# 3. FxSiOy uhute] Precursord] & Dielectric Constant®] w3l

Precursor Z Z 4 e F3Ek(%)
SIOC,Hy),+0,+NF,  Helicon-PECVD 35 4
SI(CT,Hg) 4 +CoF'g PECVD 3.6 14
Si(OC,Hsg) 4+CF, PECVD 34 35
Si(OCHy),+0,+C,Fs  PECVD (37 2-6
SiF,+SiH,+0, ECR-PECVD (3.2 10
SiF,+0, ECR-CVD 37 810
SiF,+NO, PECVD
FSi(0C,Hg)3+0, PECVD 36 24
FSi(OC,Hy) 5+HO, PECVD 3.7 2

FxSiOy #retzAe uE 22 B4 (fluorine) T4l

E20] outgasing @AM, substrate}e] adhesion 7
4 Z9o] Aol 9leon}, 0.35 wio|aE IH2RomE
AHgd Aoz HAygdn ?ﬁxﬁ FxSiOy dhetat 3 3l
oot e At A Q)

(1) A& (silicon) 7 £ (fluorine) Yzt(atoms)
Agel B A7

(2) A (stabilizer) 2412] 424 (hydrogen)o] &
ol B3 A+

(3) HDPCVD| A silane WA A& AE

(4) 24 (fluorine) ¥-§- precursor 7|

2.2 §71- RA &utot HEEF(ILD) R&D &8

gl 4= IBMA}Le] 3182} et HAER 7ha-o
&o] 8 Al#Ql advanced copper/polyimide integrated
chipe] four-level-structure® Jepbdc}. @Al polyim-
ide(e’ ~3.5)2 ©]&3 module wiringe] ©]&-H A}
= IBM system/390 A¥73FE, DECe] VAX 9000
main frame, NEC®] super computer 53 IBM PC
9} AppleAle] prototype moduleo] 9lom, BEOL %
A M= IBMe] CMOS logic devicedl AREE5L ¢ct.
A &7 282} BEE o] £38 2kt AAEZ(ILD)
o] AFE E 404 Bojd A e oy 7 4EE
Bgdog zbe B3] ud FHsin vk F @2
dielectric constant o]elol=, &3 AN, Fe F
A, £& GFC(gap filling capability) 1} adhesion &
2o Aol dot. w3 A BA" EH, A A
A7} etch A4
ing) {4
sic),

fﬂ?ﬂ, weA B AzrdA Sl o Agd zue

A £ 9? 2000 %] o|2m, o]F 20~30 o

i/] 2do] IBM, LG Chem., Hitachi, TOK, DuPont,
Allied Signal, Intel, TI Z12)1 SEMATECH SoA 3
FHoz AFHL e ARtk E 4% sfEs oo}
3h= ILDE 29| specificationg& Yehdt.
oubd o 2 high quality dielectrics(HQD)&lx £l
e xue JAEH A7 NLTFS o 2ok

ok )

, CMP(chemical mechanical polish-
Q8 Aol naselol

-
So] Zuhot A

o
%

IBM’s Copper/polyimide Approach

M4
Cu studs

M3
Nitride ——
P15810 M2
Cu lines , - M1
W stds P = e

Devices Oxide

2] 4. IBM9] advanced copper/polyimide approach.

E 4. vt A8 s) Specification

ILD &4 B4 54X FR LGAHAAAF4 Scope
A7|A &4 Dielectric Constant (3 Frequency 3% %
(Electrical Dissipation factor ~ ¢0.01 KHz{{(GHz

properties) Dielectric breakdown )1{MV/CM)1MHz@40C

eHEY T, 1380 C T %434 5 w2t
(Thermal asg it

o

400 °C TGAREE 71Fo2 1%
2% 24 25

properties) ¥$H4

YA 5 (TEC) low
I5EE (2.5%
7142 &4 Adhesion -
(Mechani- o] AL A A3l
cal proper- e Test 8
ties) i) ZFAF Peel test
ii ) #% Compatability
test
iii ) Realibility test
Tensile modules Y1 Gpa Micro-tensile test
Tensile strength 1200 Mpa "
Elongation at break 5%
Crack No-crack  Crack test

234 HAF
ILDs¢} 34, ¥7]4eett

Hardness Hardness test
ety B4 FE 5 (1% 100% &=
(Chemical Solvent resistance A @7], §7184) Strip-
properties) per, developer S F7
v FA o] glofot &
FELH ~ppb

o
2
o
oX.

Etch Z4olA testdh=
ZgAYEe etch rates}
etch selectivity 24 LG
M= 1 level multi-film
structure & AML3HS 7)F
A

Fich 234 €4 -

CMP3% 43

HeEs (10% 8dlo|nE 7IEo2 3%
Gap fill 80%
FYE
Step coverage

71e 713 ($1200/kg 4-7% RBL& 71FE0=2

A7) ~609 @ BaAER

HQD*= dielectric constant7} 3.0 ©]3te] B3 =ZA|, o
o3} e §7]-382 Edo]l Algd 4= ).
( 1) Fluorinated poly(arylene ether)
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difunctional base polyamic acid

(a primary amine)

acid dianhydride

3 5. Polyimided] #pahrz.

\ Metal 1

Step Metal 2
/

Silicon Dioxide

Silicon | Device
j

Metal 2 Polyimide Dielectric

Silicon Dioxide ™™

e .
Device

Silicon

&l 6. CVD dielectrics$} polyimide®] &3} vz,

(1) Aromatic polyimide

(ii) Fluoro-polyimide

(iv) Polyimide siloxane

(v ) Fluoropolymers

(vi) Fully cyclized heterocyclic polymers

(vii) Polysiloxane(SOG)

Fluorinated poly(arylene ether)& Allied Signald]
Al FLARE#l= 4Fo= AlgEY, 4ddds v &
Aol EAo|y, dielectric constant® 2.4-2.60]T}.

2 5= Polyimide2!!*1? gutziol z2 el
Aromatic polyimide Al€¢ AlEo 2+ DuPonte] PI-
26103 Amoco®} Ultradel 1608D7} ¢Jow, fluoro-
polyimide A8Be] AlF o 2= DuPonte] FPI series7}
Jt}. Polyimide® €37, 71413 Aldo]
line processibility7} %3%3lY, £& step-coverages
vehdth, 18 62 @A A AEHI As S0,
CVD9} v 3t polyimide®] step-coverage ZH-<& UE}
Ak,

A $£A32A DowdlA 723 BCB(bisbenzo-
cyclobutene )+='% o]u] ®W& microelectronics packag-
ingoll ™ g-g5]0] $hr}.

gtz o 2 BCBy polyimided] H|s} dxoz B¢
A Aoz de{An glont, HIZd slgd DVs-

F38aL, in-

DEX s Jlg A 7A 63 19963 129

|a1, IGI!
O 00
c, ax,
3] 7. Diviny!
(DVS-bis-BCB) .

tetramethyl  disiloxane-bis-benzocyclobutene

100 ———

ol AIR PURGE i
i

— NITROGEN I’LR(xl'

60 1
i

TGA Weight (%)

40

20

0 100 200 300 100 500 600

Temperature (C)

33 8. DVS-BCBe] d9t44 AL

BCB+ divinyl siloxane  bisbenzocyclobutene2]
prepolymer 28] <ojxl= BCB=z Hetslx7l 95%
oldoli, F5&o| #on, Mg (adhesion)eo] 578
ool gForn A% Aer g vt d
2| 72 DVS-bis-BCB monomer?] #%& uJehich
=l 88 DVS-bis-BCBo] TGA A3 3lakd Ax2
vepdict. dioleldl vEebd wiel ol EHF DVS-
BCB&= 400 C olddMx 43 Hads Jebd e ¢
T Aot

Polysiloxane®#®d dAF-7/12& F3 Allied Signal,
Dow Corning, 22!3 Hitachi Chemical EojA 335}
A o Allied Signal?l X-418, Dow Corning®l
FOX, 12]3. Hitachi Chemical®] HAG-2209S7} &4t
o AAED 88 A g AEsEY Ut o5
dielectric constant:= 2.7-3.02.2, A&l 994 Boiz|=
RA#} 78 SOL/GEL ChemistryZ o] 43t} o] o] Al
Allied Signale] X-4182 hydrogen silsequioxane
(HSiO3/5)n) Aol Ed=2, d¥HE<Ql spin-coaterE o]
&3t HA 71EZ A ~%§ RAe Fde] AUk L

oN

2 crack 4 5] A7} 9&‘:}-

dEHo2 XF dA AREHL e xuu 2d8d
9] dielectric constant®= 4 HZoln, I 7
Si10, Z&kAld] fluorines =YdtozA] 3.2-3.5 A%
A & Folrt. ey wu}

9] dielectric constant&

F2 2o HAEHo| 717 el g olof
°]Ed EHES CVD ¥o] ofd #7]-mEAA L AN
EZ AGE 2. A7 A B2 2 dielec
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hydrolysis
=5i-OR+H,0 — Si-OH+ROH =

eslerification
=Si-OR+HO -8 — Si-0-Si+ROH =
waler condensation
=Si-OR+ HO - S «— Si-0-8i =+H,0

12} 9. General SOL/GEL Chemistry.

tric constant7} 713 we EAL g ZE(Teflon AF)
5

olt}. |} Teflon AFE BI=x|E2A ) o] &5 3%
ot} B/ 557 compatability, adhesion 5 £ &
A7t Qo] zutet AAEA R AMgo] Brbesith

Xerogels 9Al 71AA A3} processibilityd] & &
A7t YAA AR FRA Herle Rt 2y
molecule?] %9} 1y, 388 E47te] #AE &
ol g3, viex BAFTAHY FAFPY EFL NEE F
Qed, 28 102 2w ddgdgoz A7 -/LE
22 Z, dielectric constant7} 713 Yo dAM %, HAlF
Aol 487158 Ede| &xd wlE dielectric con-
stant9] W3l VERdct

3. MCMAE JHUEE

HE]3 2E (multichip module)!>'® wpaje H gol
AMe5] = BA) (packaging) W2 o 2, IC(integrated cir-
cuits) 2} PWB(printed wiring boards)9] #8& &%
3 Zo]t}. Multichip modules& 9% A @S] /LS
A dEHo 2 IC componentEL MEHoE BA3}
E A WgsteE 2o EAES 248 4 A =AU
MCM>)% (Multichip module technology)-2 th&utat
Az AT (multi layer interconnection structure)
£ E3 silicone AIERHE ZFUAZOZMN BAEE
(packaging density) & &8 ZHo| 4yl JlojH=
714 (hybrid technology)3 ©tg& FHeojt}. MCM& (i)
2% A% A4 (interconnections)©] 7AW (i)
cross talko] HaAslsojop 3= R (i) dHd2A
ZzAs ot sk A9 (v) B2 7
9] 4% A} (passive component)”} capacitori} pull-
up ¥ pull down A 2E TFH 429 B &&
"o Hey REMCM)L 1EE43AZE = (inter-
connect density)E ZAA3=  713¥7]|& (substrate
techbnology)ol wal =4 MCM-L, MCM-C 181

(impedence line)&

2.5

—e— e'(10K}-1st

24} —m— e'{100K)-1st
—a— e'{IMHst
2.3} —0— ¢'{10K}-2nd

—8— ¢(100K}-2nd
—a— e{iM}2nd

2.2¢ #!!l.l""

Dielectric Constant

21t atf #
m-n--" ‘g‘h
g off oo acesenoonommamad > otaataatisgl
1.9}
1.8 1 L L 1 L
-150  -100 -50 0 50 100 150

Temperature (C)

a2 10, AAL 2Fe] 2xe] W dielectric constante] W3} !
Open symbol& 8o g&ko] wjAlE Jeje] 2Ho|n, closed sym-
bole 7t B9 F54d B8 Hgoltt. o] EWe F¢ dielec-
tric constant= 2.0 A%£o]u, dry sample®] 7$ frequency®] 7
o 233 A& HaETh

= 5 MCM71&9 §3

7eRs Substrate Metalization E A
MCM-L Organic Laminated copper 2.5 mil line width
-Polyimide 3(e' (5
-Cyanate ester low 7',

-Polyester Up to 46 layers
-FR-4(Epoxy glass)
-Kevlan
-Clad metal
MCM-C Ceramic Thick film 3mil line width
-Alumina 7{e’ (9
-Ceramic glass low TCE(6-8ppm)
Up to 63 layer
MCM-D Organic Thin film (1 mil line width

Inorganic Up to 8 layer

MCM-Dz 28t} E 5= MCM 7€ 53& a9
gt

3.1 MCM-L

MCM-L(high density laminated printed wiring
boards)7|&& SalAdg7 BE Bz v HAE
(laminated polymer dielectric)d] 2|2 # =] (cop-
per conductor)& ARg3gc}.

3.2 MCM-C

MCM-C(co-fired ceramic technology) Hale- Tl
Algbe] 89 (multilayer ceramic tape)& AM-3hH= Ao
2, Zg]28 (molybdenum)olry} B AHl (tungsten)
metallization g o]&-5h= & A&t (high-temper-
ature cofired ceramic, HTCC)3} 2] (copper),
(silver), F(gold) 59| metallizationg ©]-&3 A2 A|
b= =k (low-temperature cofired ceramic)©] Uth.

3.3 MCM-D

MCM-D(deposited thin-film conductor and poly-
mer dielectric material technology)& Agl&, dz&
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® 6. MCM-L E35¢] B4

TEC
2 3 ,  Dissipation i (l[; l::) T, 3FHxas
= € factor( %) p T AMRET
out-of-plane
Polyimide 4-5 1.8 15 55 230 250
Cyanate o, 03 16 55 240 200
ester
FR-4 4.5-55 2.2 16 60 130 130

Yol Ed}o]=(silicon  nitride), Ei | AEdo]H
(wafer) 9joll Zulet F4%3 ddgg U= W0l
o} Qutd oz MCM-D7|&dlAE& polyimide A%
(dielectric) @ <¢Fv]H52% (aluminum metalization)
& Alg-dith, MCM-DE dhed] 234 Aus 33&
ol&3l, 24x24 ino] iAA FA (large-area proc-
ess)o} 7Hs3ith.

olddls Al 7HA wae] gt oplal, 24
(combined substrate technology)o] Bo] Al&2 Zo
2 AP, 53], PWB $ld) MCM-D& H&3H= %
2le] 27171 JAETh 7] MCM-L Asids &
A Abgule TR 7)ed.

MCM-L E&Agd maisliol & 298 &4 43
£¢, dielectric constant, dissipation factor, &A1
(temperature coefficient of expansion(TCE)), 18]35
$2] A 0] &% (glass transition temperature)o]t}. E 6
& FA AeHT JE BAEY 54¢ Jvepd). 24
£ (dielectric constant : &’ )& A9 AE ML F2o
A olu] 71&31%o0], BA9] A3s}(electric charge) X
=88 2A43s1= %7} ¥, characteristic impedence
1} propagation delay, crosstalk 9] 938 € + U
t}. Dissipation factory IF3<=(high frequency)d
oA powere] HAufH|He] dissipation® YER=
He a2, BAA(frequency)? Fgolt}. o} dissipation
factor= 7)¢¥ E29] upper frequency limitZE 1L}e}
YE 298 Hzolth. MCM-L 7A9$9 TCE &
glass filler] 28 & 93Fe W], 2 o=
filler= resin®} TCE7} ©t21 (i )fillers loldlo] A
(lamination) ©]¥ in-plane M&o] ez I
out-of-plane TCE(¥¥Fg o= 55ppm)& 7HAA &
t}. o} gr& FElo] TCERT & ge=, F29} resin
Al (interface) | Al 22} (delamination) & f2&lA,
crack& FEAIZIL} dukdeo g TCEe & zbole, A
e A AE (soldered capacity)d] -2 -2 (stress) &
FEUAA AFEFE R o)A YL = g F
A} (conductive epoxy)E& Alggte =x A" 4 Uch
F7189] faAAo|=(T,) ¥A AN F23

ngxnsn 7jg A 7H63 1996 129

Azojt}. T o3l E2E& 998 FE(rigid struc-
ture) S ZHA =AW, Teid0ME Ak (softer) ¥t
BRA 5548 2 "o dnyoz TCEE Tpold
daE 2o HA¥A(linear) 02 WsapAR, T 014
A FA Frlsle], 2% wie} sujelid v HE A
(non-linear) 0.8 Z7}8ic}. ol8l FAE Zrl2 <o
Hlo}(via)Lb FA A chip component)d] & &
WA A B flolElegn AAEA AF] 1y

ajo} & Abgolch.
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