Thema | gHdE mjiAlg

LAE

uo] 2.2 A| A (Microsystem)o| 143} 9 A% 3VE o wah, MR
2 9 470 Q72A| A4 oR 2o}t 9low), o HARE
3} 2AES 54 Bl A5 vRo] 23skEofof gk 43
Shi =4, 059 Fri4717)2) WA e Tof Hat ¢ Fa a1 9l
=

o]t = PCB(Printed Circuit Boards)=h 7| 7 E 1 ool A3 75
e AT A 59l $FREE 219 134 o PCB 3ol el
PCB Y52 4] o] 4] o]0} 2H& Slahe sa18 & Q=2 meks Aolch. of
S o5 PCB 7B Sle] 254 Aok B 24
2= glo] Attl 2] © & PCB 7|wo) Whe ofo] 218 Ak 3t 4= Qi) & 4%
S S5 4 Bolot Fobd Aeus il gol g
A7) A QLS 7|8 4 9 xdmu 2:0] ZkA 0] o] PCB 7|3 A&
A 2) AL 7 ohe 4 ol B A D70 S4B L AURE
o SMTHHI 714 Aol 1%9401 QJ¥|T = PCB7} A of2) 34 o

AT T

»Filers

*« Switchies.

=hntennan

*Decouphing
£apacitors

= Resistorn

- Indductors

| SR

copperinterconnects - Ran R Twmwmln, IEEE Spectrion, Jime 2006

Embedded Thin-Film Componanis
Developed for System-on-Package

22l 1. System-on—package Test Bed.
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2 Printed Wiring Board 2] 50 %7}A| x}#] gttt
Embedding Passiveol| 23| A& 3t®ut obizl,
Signal PathS Aes] 24471, 2RH o2 12
o 2259 AA A5 gAYl 7195 Parasitic
Noise & #4318 4= Qltt.

Embedded Passive Component A} o] of] A,
Capacitor= &2 2 7] Z9 lojA 8
HZo]o, Resistoret Inductore]] H|3l| & o E2gH
T2 2 Embedded 9] o] 8- 2ol 7H & WA
A= o1 - Kingon 52 Spin Coatingo] 2j5}o]
Copper Foil $Jofl EAJgt 774 A| Lead Zirconate
uhat 9] Capacitance Density7} 2F 300 nF/cm? A =
2 B usteh2:3]. 2ev}, 2R BF 550 C ol
o §& 24 L& ujRo| PCB Ao AgHol
2| 23ttt o2 SiOye~3.9), ALOs(e~9)2} Ta,O4e
~25)9} Z+-& UARHA Q) ASHE-2 W& 2ol A A2}
o] 7ks3tt, W& FAEE Qs &3 MIM
Capacitorg A& 3}7] Y3l A= A7 ATh4-5]
ohetA, 2L A& AFAA Hrof hgt dst
A7t Bas dAolt

PCB Embedded Capacitor®] A& 2] glof A F 71
219l 313 Atgto 2, A #HA, Polymer -based

CCL(Copper Clad Laminates) 7| #-& A3t 7
S FHLEE 250 Col3tE A|gHETt. o] 2jEt o] -
Z PCBY|| A& 7158 204 AA5HE7] of gl
PZT, BT, BST 53 22 24 3} High-k 78 A A A
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FALTE RF=HAA RS s S o
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Polymer Core $]°f] Cug A7|=&3}7] Wj & £¢
o] H]Z & AALHR,>0.5 ym). Wafers 7|gte 2 3}
=gt FA TR §A3 PCB-embedded
Capacitoro] thzl o] 7|2e| A& 7| Si-wafersh=
AH 8] ot 2 &84S AlFgit

2. QHYE AYAEE AT M=

21 Bismuth& 7|8t E Sk= Pyrochlore?} Fluorite
NE

BismuthZ 7|8t 2 3t A &E52] Pyrochlore
¢ Fluorite +28 1¢ 3o Yet ot 53]
Pyrocholre +2 & 714+ AWAHELS & 104
E R 52 &R 2 AsdFE Y
BRI Qloj A A YHiH E ATAIHZ S &4
o #5& W Q= A E0|th

o} 3k Bismuth 7| 5He] A oAl g EHES

\ Embedded Hesistor

Embeddod Capacitor

Metal

Core Metal
Core
Core Metal

18 2. Embedded components composed of resistor and capacitor.
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Special

PLD(Pulsed Laser Deposition)y] &2 3}o] Ah2.0]
A Cu/Si 7|4l 22 A8 5 PySized by 100
um x 100 m)E AR A0 2 3] MIM(Metal(100
nm)/ Insulator(200 nm)/ Metal(100 nm)) - % & &) 2+
g F A7HY ] WE AW FFE Y 490 YE
et PCBol| AAIE 24 9] 582 H3llH= R
2 FAAREAH106 A/am? @3 V)& 275t =T
7 4004 B upel gro] B2 A =ofA 3V

7HAY Al 106 A/em? 0]3}9] AN FEAHE Hof
FoH, 53| BMN o] 49 7h4 w2 gh(108
A/em? @ 3 V)S UEH AT & 2= g T

Fluorite structure (AX,)

a3 3. Bismuth-based (a) Pyrochlore and
Fluorite Structure for (b) Embedded
- Capacitors on PCB.

Bismuth 7)4e] A B A6 BUEL MM 722 4
A% 5 o2 47 EAES Brlste] el Aol
o},

o] & Bismuth 7|29 Y2 E FHEARL &4
£0] 40-499] ¥ TH B L ez Qo
Dissipation Factor = 1~0.6 %] %2 ¥ ¢ Ujof 4 tﬁ_
3}3k31 Qlt}. Breakdown Voltage(BDV )= AA}ofj A
106 A/am?e] FHAFHE doldlE W2 wets}
AL 0 F7~10VE & ZHS 7HX T 9l AL o

%9l

¥ 1. Room Temperature Dielectric Data for
Pyrochlore Compositions Measured at 1

MHz,
Composition £' tan &
Bi,Zn,,sMbops 0y 143 0.00025
Bi,2n,4Ta,,0, 67 0.0001
Bilig, b0 210 0.0003
Bi, M, 72,50, 80 0.0001
Bi NiynMNb, 50, 122 0.0001
Bi,ScNbO, 174 0.008
Bi,ScTa0, 143 0.0053
8i,1aNbO, 142 0.0024
8i,inTa0, 89 0.0008
B1,0u,,Nb 0, 250 0.08

T T
—dh—BTO

Leakage Current Density (A/cm?)

108 64 20 2 4 6 8 10
Applied Voltage (V)

a8 4. 1=V Curves of Various Bismuth-based
Thin Films Deposited by PLD for
Embedded Capacitors on PCB,
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# 2. Dielectrics Properties of Various Bismuth—based Thin Films Deposited by PLD for Embedded

Capacitors on PCB.

{ ENOF1IEL ;g Fx

—

Capacity | .. . .. Real Leakage
C (pF) E; - -7 | Dissipation | _, .
; density thickness| current BDV (V)
(@100KHz) | (@100KHz) | (o’ factor (m) | (® 3V Afer?)

Bi, sZn, oNb, ;07 | 21.31 40.67 213.1 169 2.34E-8 8.40
Bi, Ti,O; 21.70 41.43 217.0 0.01114 169 1.05E-7 5.35
Bi;NbC, 22.81 49 .46 228.1 0.01072 192 2.48E-8

Bi,Cus,,;Nb, -0 21.47 42.93 214.7 0.00721 177 2.40E-8

BiMg,/;Nb,,0, | 2094 | 3998 | 200.4 | 0.00739 169 '

100 -0.08

o0k —~ 10"
2 J0.05 & . —&— 10 mtorr
G el s F= é’ ° —— 30 mtorr
Q TM jom i T ~&:-— 50 mtore
8 70 E 7\ A > . %—@— 70 mtorr
1003 @ 10 '
Lo - c 1 é g . ,
<§ 50 . Jooz & T -
G 3 g g 10°
£ a0f {001 3= E -
' . a
sob b =+ Jo.00 & 1o* :
gm" é’
20 30 40 50 w0 70 L ] L ;f L
Pressure (mTorr) e s 4 2 0 2 4 ® 8
12l 5. Dielectric Constant and Dissipation Voltage(V)

Factor as a Function of Working
Pressure of BZN Thin Films Deposited
by PLD System,

2.2 BZN zjiA|Eq

Bismuth Zinc Niobate(Bi; sZn; (Nb; O, BZN) #|
YA 8= d¥HA 2 2 Pyrochlore 30|, 2 &
AA4(170~220)9 & EHETX104E 2 A
22 43 A dri6]. BZN 2tahe Metal Organic
Deposition3t RF Sputtering, Pulsed Laser
Deposition(PLD) 5-& §3to] thokst g o2 A
27} 7hs AR A AR 9A B2 2R
AEAIZ 4= Qleh A9, PCB 7]39)of At =
5t7] flof B2 3AHLE=E FAI5s Aol st
ot BZN HetE PLDH 0.2 stof AF2oA F2H4

(Sl =

. =V Curves as a Function of Working
Pressure of BZN Thin Films Deposited
by PLD System.

3t 5 Pt(Area Sized by 100 ym x 100 ym)S A2
203 3ol MIM(Metal(100 nm)/Insulator(400
nm)/Metal(100 nm)) +25 LA 1Y 59
39 62 PLD 0. & A| 2% BZN €heto| {48t
FARFTEAS 52 Al AlaE ol kAl LrebY]
I Qleh AbasEgo] 10 mTorr Yuf Ab2-0f A Z2}
¥ BZNY4-o] § A= 2k 603 YEFY 9l o1 ©]
1w} Dissipation Factor 3t 02 % o|3}9] @& 1S
e LIl FEAFEAANANE 108 A/am? 9] &
2 3 A 10V 0] 48] BDV EA& Leh i)
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2.3 BMN F{o{AIH

BiyMg;,3Nby/;0;, (BMN) # A 8l = PCBo]|
AAZAH FETT Q= -2 2109 AL
2103 %9 W& 2AHES 7H= A= ol BMN
g gk o Sputtering® & 2 3F o A} 2 of A
CCL(Copper Clad Laminates)$| ol 5-2}%|q1c}. o]
g7 A|z¥ BMN gtk Pt(Sized by 1 mm x 1
mm)e] vl 2 WAL A ARATE 0] 83}
of MIM (Metal(100 nm)/Insulator(100 nm)/Metal(
100 nm)) 22 FABHTh 17 72 ok AZ o
2 4488 CCL 7129 g o],

a7 9% 19 102 o]FA +A4E MIM 725
7HA 2 BMN A9 FA54E Aot #4
A Q72 & EA(C « 1/d; C = Capacitance,
d = FAA Y FA)NA &5 He} Zo] BUN
grako] 2A|7E SIS AR L gho] A
3t A& & 4 ok 100 nmo] FAE 7HA =
BMN 32h& o 300 nF/cm?®) AHAHAE et
Wl on, 13 804 2 vhe} o] 2 A7)
W@ 2 CCL 7102 o8| 1 9o 525 BMN
of 27 A7) E3F hE Si Wafer 7]3+8] Cu 313
A2 9] 228 BMNRT 27 tebdeh. oleld
ol 4.2 9l4| 1 10014 BE0] 100 nm EAZ 7}
A CCL 712810 A2 BMN dhote] a4z
ENL105A/am2@3kV/cm A== v 1A &7
LHERATHE]

SN =3 4PV
BMN: RN &

e PN TS 0PN
a4 film

CCL (Copper Clad Laminates)

) l e film
PHWR+EE =3

& 7. CCL(Copper Clad Laminates) Substrate.

" rms roughness (A)

100

—8— Various substrates
80} —0— 100nm-thick BMN

on various substrates
60 O

/-
40 H/
20 /
ol H
Cu/Ti sub. CulCr sub. CCL sub.

(d)

12 8. AFM Images of (a) CCL Substrate (b)
Cu/Cr Substrate (c) Cu/Ti Substrate and
(d} Surface Roughness(rms) of
Substrates and BMN Thin Films
Deposited on Various Substrates.
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T ! @ BMN thin films

i 800 on CCL substrate %0

S 700} €
[}

g 600 J

) - j -40 S

@ s00 S

> =

g anol 0 0 % 0 3

[} H 430 @

b= -]

5 300 2

& 200} u

5 i P

s 100}

§ 1 A 1 i 1 " 1

50nm 100nm 150nm 200nm
(a)

‘“g 500 | b) 100nm-thick 4100

E asol BMN thin films |

75:: a0of {80 ¢

8 3s0r ®

g 300 .— j 460 8

g \j._—-—-—-‘? g

2 250} ] £

5] 2

@ 200F 140 2

g O a

8450} TTrooeg—=0o

(%] L

§ 100} ' 420

CulTi sub. Cu/Cr sub. CCL sub.
(b)
3& 9. Capacitance Density and Dielectrics (a)
at 100 kHz as a Function of Thickness
of BMN Thin Films Deposited on CCL

Substrates, (b} on Various Substrates
with 100 nm-thick BMN Thin Film.

3 YU AWAE NFEYT Y

3.1 2H|c|= HTYAE Al BEg

At = PCBE £5H-E0] WAy o 2
7|3 E4o] £ PCB 7| & #7|Ho=2 £ &
o] AIAl =2 PCB AA|= Aol vpats 7}0}1
Qo AxFAY o T3 t) R e} - YELY I
2 PCB 714 E FA4E AF3IT ek MEYUA

K Eiu:n--ug! I S

10° (a) 100nm-thick BMN
10° —o— onCCL
10'

E o on CulCr/Si
i —&— on Cu/Ti/Si
r .
1

Leakage current density / (Alcm’)

(] 200 400 600 800 1000
Applied electric field / (kV/cm)

(a)

0 E —O0--on CCL sub.
(3 on Cul/Cr sub.
-1 —&—on CufTi sub.

Leakage current density @ 3V / (Alcm’)

50 100 150 200
Thickness of BMN / (nm)

(b)

2310, (a) -V Curves of 100 nm-thick BMN
Thin Films Deposited on Various
Substrate, (b) Leakage Current Density
as a Function of Thickness of BMN
Thin Films Deposited on Various
Substrates by Sputtering System,

=0 17924 @)t DEA T L2 44
& 875HHA o] df-g-3h= 2utetat viAjs 2 A
A AAE 7h6A st A2 A7 71871850
Lo F7] gEolth 4~5d Ats| = PCBY| 3] 2
AZolut St FA1= 200 i W Aok Tt 22
de 3 2A &N S FA7H100 un o[ 3t = Zo
=9 HeAqE 4711 gioh

AP AL B = 20051 o)) 10T) %

A2 BE - 279
A7 AL A W B EFOR Y

5 5
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