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density & ¥°)7] $J3}fine patterning 7)<, via 2719
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Table 1. A235l=] Green Sheet EMX]
Property 951 94310 AMP A6-B2 T8800¢ CT 7004 T20000) GCS78®

Available fired thickness (Mils) | 3.8, 56, 85 45 37,74 33,67 35-15 36,57, 79 38
Dielectric constant 78 75 59 65 72 79 9.1 78
Loss tangent 0.15% < 0.1% <02% <0.5% <02% <02% <0.3% <03%
Insertion loss (dB/n) @ 10GHz 0.12 0.18 <035 <05
Flexural strength (kpsi) 283 17.1 17.1 17.1 406 36 40
CTE (ppm/C) 59 6 75 9~10 6 6.7 56 52
Shrinkage

XY 13+-02% 9.5+-0.3% 15+-02% 14.5+-02% 124-02% 15+-0.2% 1090% 132+/0.3%

Z 15+/0.5% 10.3+/0.5% 25405% 35+/-0.5% 14+/0.5% 25+-0.5% 14.70% 15+-02%
(1) Du Pont (2) Femo green sheet (3) EMCA (4) Heraeus (5) Motorola  (6) NEC '
o S4ol Bs}e] H2sHeAck Table 1 o) et vho} Constrain oree
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A7 R M 3ol 215 FAIETh
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.

Op=(0tg - Otm) AT / {(1-vg)/Eg + (hghm)(1- vi)En} (2)
Om=(0tg - Om) AT / {(1-Vi)/Ey + (h/hp)(1- Ve)/Eg} (3)
A'.l-‘z’l-‘high - Tiow

G : Stress in the glass-ceramic

Glass—ceramic

Metal

Fig. 4. 252} glass-ceramic &gt

O, : Stress in the metal

0, : Coefficient of thermal expansion of glass-ceramic
O, : Coefficient of thermal expansion of metal

Eg: Young’s modulus of glass-ceramic

Em : Young’s modulus of metal

Vg : Poisson’s ratio of glass-ceramic

Vm : Poisson’s ratio of metal
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sl o5t 7]#e] 3 (Camber) 45 oF|AI71A
U 1 grol 2 73t 357 glass-ceramic 7192 Al
£-& glass-ceramic 7] A FEE FET ST Uk
wihx] LTCC 274 AAlel oA F47|9e] Es3%
AFE AHEE ZA0) gh= camber level S ZHEE 24
AAE sledokdith. Fig. 59 LTCC 2A & filler AR
o] i QRuE st A AT 249 o
2] Al2"e) E3% AlTE Jeiith
FE7|HOE AL HAAF = FETFH
Ni42 Alloy,” 28|82 28, Cu/Mo/Cy, Ti, Cr 5L

+ Kovar,




Zero Shrinkage LTCC % Embedded Passive 7|&

OO0

ot
e
9.38ppm/C /.//
8. jilppm/C s
7 75 ppm/ T
a3 7. b()ppm/c T /
o1 ,ﬁ‘/tﬁ ‘
A
i A
an./‘f‘ iio/»ﬁ'
r P N—— g 537 ppm/ T
Fig. 5. Filler AMTHH[0off [}2 HAF A= H35L
o)g&la] LTCC-M 722 S48 4= itk 25 Q3

2go] 739 HEo)Hel GAEE B3l TRl XY
T CrO, AFshehg FAIAF1 3L o] 2%k Akebeta LTCC =
23%-9] glass-ceramic¥}¢] SIEMAAYE Fol 7Hgh
TS o] FA Bk 547)%0] CwMo/Cu®] 79+ Cu
S Mo F¢] AR FAE 2Hs IR ATE
ZAHE F Y= ZAAHo] glort F& 71He) Yt B
gol e Fofobd Atglelt). 18] ¥ Kovar % Ni 42
alloy ] 73-¢-= 430 C ZwellA =33 Ale] st
UL B LTCCY EHA AFe ALY LE7A 9
B Al Hakd 2ARE BoE T AE 24 A
£ sfookdint.

LTCC-M 7|&9] A2 zero-shrinkage S 313k
H, 3% 7199 7)AH B0 E Qste] AAH B
o) =7t FollE A, SRl Yl G 3
4 7S 7 o Feel Atk

J18j1} singulation A 54 F-971 @A Zdo] o
ofsi= A7ME Bl&F7Iek 7123 B4 FHEo] AA]

rf‘

oo H.ﬂﬂ

L gk T VE-S AXIHL glo] FRHE AR
S 9 SAYG] /1R T70) DRk B, ¥5
We Jehe RO 28 ARG slelolobnials ol §

o Zejut EX e AHEE R gl 34
WA} 7} Shield H3HL 1= BB} REXYA]
Z, BEUL PAEA BETR 202D A8 D
o2& S&Fool 4 LTCC-M F27} 33 2.

1
HU_ECE.\LL

F_‘E.

QA4FAE F Utk F LGk LE wet st @
ARl FEol AR FEH O 3-8 HHE A 7 sl
ek,

0]#{ 8l LTCC-M 7]%S 9]23}e] Heater block ©]1}
AEak Aol 83kl AHEHOA & 3o Fig. 6
o] LTCC-M 732 A& 71917} BES 4484t
Lamina Ceramics ol 41 LED packageol] -2-8-3}o] Lamp
L. LED package Aol = AR Q)th

Fig. 6. LTCC-M 7[QJA} 2&

2.2 Inert layer £ AlZ510{ zero-shrinkageE 516}

= gt

THE}) et FEHE Fe
WO R I 7|9E ARSI R &AFOl e F
o)A} F&81= HhY (Pressure Assisted Sintering)” 0|1}
o} Mo 2L %7} & powderE AR 13 A
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T2 AA &7do] o] FoIRA] e EE A AAZE
2) 4-5}ed flip chip bondingoll AF
B501R= bump FAJol B == HiEo] gloH
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2.3 LiE 7=20]| o8t Zero-Shrinkage F8i6H= HiH

ol 9o 2 Y} 248 ZHE 3] constraindl] 2]}
X-, Y-4}3k _g_,] FZo] A HoEMN Z- Ll 0 Z2ul
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o] 91t} Heraeuso|A] 2% 3 HeraLock ™ '>'¥
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0.04%)2] 2t= Hol&E 20 & BIHY rk

~ Zero shrinkage ] 7-9+= ¢ute] LTCC7}X-, Y- Z- |
?*_E 20| 5]o}x) x| 2} Zero-shrinkage LTCCY] 73-¢-=
F&o] Z-18ES Zut o] R0 2 E W conductor &
via 53] via 243 AAoA o|2]gt shrinkage S i3l
ZAJAEA 7Y Hojolgith. & Ynke] LTCC AlAHES X,
Y-, Z- W3R 10 % W9 $5&S HolA % Zero-
shrinkage o] 73-9-= Z- H}3k0 Zul 4=20] 21§) =0 At
LTCC A"t} Z-wgko 2 o] %0] o] FA YAt
A€ot §38] 4 LTCC 29 Via?] 44+ X-, Y-,
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Wepo ) w20l Teislel 240l AASelglon)

‘zero shrinkage LTCC2] 739 viao| oM % Z-HIsk

229 shrinkageTho] ZeIFolobHEE via 24 4]
SOV o] Ho] Tejgl 2447} o|Foizio} e
Zero shrinkage 7]&-& pattern HAMe] FUAdo] =8 A
== RF 3& ¥ EHo)A 9] assembly oA X pattern
o} $1X)7} 8.8 -5 &3] Flip chip bonding ol A 27+
o] pad2] $IX17} $83F 739 ©|21 shrinkage control 2]
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273k AR71719] A4, ARREE ] JA-EE F
PVeEA el A2E )5BS 2712 sl 547
9| %}Q“E*— AAR8] T2 AAFHAA L Ao HA
o] BE el oMo A7 FEE 7 B 7F
i?q‘g BE Uil A33lEe PR A7t X8
I Jok W Fel olekge] £5AE AR AT
NEAAE SMD e 2 AAsis A9 8| 7dle] sol-
der point®] 7FAe) ©)&+ Alg]A A Assembly 33 <)
& solder pointdl] &3t 3|2 7be] 7 EA o] A,
solder pointell A ¢] QJITE XA FAF of7] 59 A Za
o 2t Stk

ARk o2 7} B Rol|A Qe 5 Al 87E
£z 2 A3 ge 2 7dare'? ohg Table 29
2tk

Table 2014 Wehdt vpehzdo] -g-Fofel wzt 1 8
TEE 5ol Z7)9k WAt xe)7t siAE T

Decoupling capacitort} %= Q1EE o] A= 589
27} 10~20% B =] ARZES 7EA T A-8-0] 7F531A]
7 HE Foll A HE A E S JIYE S B¢
10% ©]3te] |5 8733 Utk RFO) -85 A=
FollAlE T ko] 2ot miA 3 =E s $st
o A2 A9 2771 A1 ol A& A=A
=9 A717F Agrs] 24 ookt Kl At
E9] SRF gto| ARE-3h= ol B} FololslEa 4



Zero Shrinkage LTCC % Embedded Passive 718 ()
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Table 2. Requirements for Embedded Passives'®

Application Value range Tolerance (%) Other requirement
Decoupling capacitors 001 - 0.1 mF 10 - 20 Low series inductance
Pull-up/down resistors 1-30 KQ 10 - 20
Digital application Terminating resistors 20 - 100 Q 1-10
Capacitors 10 - 100 pF 10-20
Filter resistors 1-10 MQ 20
Resistors 10 - 100 MQ 1-10 Tightly matched ratios
Signal capacitors 10 pF - 10 nF 5-10 Tightly matched ratios
Analog and Mixed-signal application Decoupling capacitors 001 - 0.1 yF 10 - 20
EMI filter capacitors 1- 10 oF 10 - 20
Choke inductors 1-10 pH 10 - 20
Signal inductors 1-20nH 1-10 High Q and self-resonant frequency
Signal capacitors 1 -20pF 5-10 High Q and self-resonant frequency
. o Decoupling capacitors 001 - 0.1 pF 10 - 20 Low series inductance
RE and Microwave application Choke inductors 1-10 uH 10 - 20 High Q and self-resonan! frequency
Terminating resistors 20 -100 Q 1-10
Signal resistors 10 -100 Q 1-10 Tightly matched ratio
A2 parasitic EAEE 7R Fole TEE 32AA R=(p/t) YW)=R(/W) (4)
2 A8 A A7 o]FoIxof gl p : volume resistivity
LTCC A Agoj A} & AR 2= A21e] 18] v o t : thickness of resistor
= &g A0 ZdE] Upid) ok ARE 1EE & R; : sheet resistance
XS = =-9] Hx= : length of resistor
A/d3led o} FolA HEE WAL} S Baks 1+ length of resist
Fuy)e 9 O ek a4 71%9) A0 Slall A% W width of resistor
ok oj 24} AZAIL] T HAE Fo17] Hsle] 918l 2ol Age] A28 AATh A¥e] Aol &

2 ZZ32 9]

O]%‘é}‘oq i‘:}’ Xég'“‘o‘]-?ﬂ =g =2 g aeT
ov} o) A% 3 Wl o) YOEE Uoks T

Wik B3¢ Hsjolop gk

oxl 32

3.1 Resistor

A FAIA AR A 718l AM-EE A3 slolx
Ex= A AR AddArle] glass frit, TCR modifier 2 ©]
FoJXe} AT 4702 AgPd, RuO,, Ir0,, BinRuy 05,
Pb,Ru,Os, Ag-Pd-PAOE &32)71x] AEA7} glom A%
3 4w AaAdEe] A Bl w4 Qsq.
ol A <= MCQVsq. 71| €] sheet resistance S T8 4~ Stk
o] ¥ 3t AEEe QFEA S EE TCR (Temperature
Coefficient of Resistance), VCR (Voltage Coefficient of
Resistance), STOL (Short Term Overload Voltage) <]
RoH A A E 55 7AA ok gtk

Ao 2 AP thEe] 4o 2 vhehfolxith
(Fig. 9)

o Al
‘60]-‘—IE'.

2 FAe e 20 ZUEA L 3 B 2TU A
A5l 9ste] ARHAXA T LTCCY A5+ FAA
2JAle] F819] whg-o] kol st AEste]of st
sheet resistance ZHA|2] M3} Sold) sl BAlo] XA
2HE Fole AR T ojFolAokgitt. A3A| o =
= AEA AR 1 F9E fEdEe]l 2L UE
ZE F3 JdoH AgAe ANAE 7]
EZ2 RuOoA 2282 BEd

stod A7} o] FoR| T Yokl Huglck 71Ee) &

—
& A

%2 hopping=

termination

resistor

Fig. 9. Schematic diagram of resistor.
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A2 i< st Al FF= PIAA Ak ol
722 A% EAL Ru0,9) B ¢ JE X frit glass <]
HaU= 7],

1l

9 AE 2 29 Wk wkg B,
Q 4o o]} @7‘4301 ABE o]y
st g A4 34 23k} A3l AL
E = frit glass 3719] A, frit glasse] Y=k
3717} & 79 RuO,E o] FojX e HE =g 43}
© A& cell boundarye] FAZF Y& 27171 Z2 7
o) BlEled FA H AA] A& frit glass= 717}
E A7 Agdgte] BAHEER olotigt 27t Q)
oY TN ES} Agre) w3 BAHE Ao,
Aghs WEAEAT e 7399 9 8 739 A
Ak 2pol7H S = Utk o)k A3k Apolol] Tt
Ao g Wi A% =HE 749 79 IBANEE 4
SR CECREEER ST TR
el ¥isks B3y iy gtk & A%k o] jFol] A
el 7399k ol ARHAX = 73 F919 T
E9} B EolAE WA} Ao]} on g ojsf e
Hhgoll ojate] O AaH T} i Fo) AAs]oiz] F9-
o] A3 ol FORASIZ) olsh 2 kel 2ol
+ Ru0,9] ¢l wlgh 1 A3gte] 2o} 74 Wsls &
ZAAEE e Aghfe] FF(void)e] ERIZ ©]E A
Haked B9 Ao 95 E¥o] A5 )¢
A3 B M) AAA] 33 Fhhol o8t W2 AE)
e Zetia Ageta dnk' el 2e wsd
T E W) uj xR SX18F A9 b=
719 eJate] gheleAA]E AE 2 F3AA HEFTt
3RS wro 12 FjElzle] Wl e Q3RS u|X)A Hrk
A= 910 1A AESe] whgel ozt AFgto]
FIFS PR A3)e] A71E A eJ3tedF termination
electrode 2o Wh-3-ol| 23l & A 3lglo] FEFe WAE
T} A &}e] sheet resistance o] H2 73-9-= termination
elecrode ZH-E] Ag7} AaA] W52 Zalksle] A gzke
=) 5|8 2 2 &3k} 748] 73-$- termination elec-
trode ] paste A& FHo] FQ3jch
Aggke] Fop S AT EY, A3 gho] ¥
T APAE ©]F+= Ru0, 9] o] Ald2E fe

a1
e EY 5 o8 84
Z-o|| FE
BEke A EH

oaf

54 || Aizin| £ £

2=
EUA

Hoh 3 oj= R JYulie] 348 Aol =
255 W] EAlshE 48 AR vlge)] Folxz
o] A& AR 29 7| EHE el o] 21| A&l
2831 "k g o|ephE A8} 29 ok E 7|AA
B B ol 322 0 2 termination electrode s} F¢
ground plane2}e] 7|AY FHAARIL F&] F+9) Axlete]
parasitic EIE ZA)54A Dk Table 30 ¥ A5} 3
) ZEIsielobet Afatol thale] 2]}tk Embedded
resistorE THE off, YA LTCC A2FHE A&
3= A9, X-, Y- ko 2.9] shrinkage S Y 3shed 1
AR 24E R0kttt = o|2gt shrinkage7}t x}o]
7t U5 A A FHolA FRA FE2E Aol o
g g Fo| TAEA "ok whebx] I A Ao o9
73-& Fio) frelsiedolsict. olof wkaled Zero-shrink-
age®] 79E X-, Y- 980 2 9] shrinkageE 72314
Role Ho g JH Ast ZAol| A Zero-shrinkageo]] 2]
29+ JE 249 3$ 993

Al 240l 2/ddA e F2o8 23tk

&} constrain stressS

3.2 Capacitor

NAANEIE FHS= P2 TANEES o] &3]y
TR W o) AE % ol &-3led T3 PHOE
Ur% T Utk IHXNE ZAE o)

£ TUNE Z7te] 2 FHA 2O o) 83)e) 1 2
AA S clelZe) M ThSEhs AT YA A5

Table 3. X|3 T3IA| =0 ofst 4™

Device property Key determinants
, Sheet resistance,
Resistance R (W) Width and length
Temperature coefficient (ppm/C) | Sheet resistor material
Resistor thickness
Tolerance (%) Pattern line width variation
Resistor line width

Maximum power, Prax (W) Substrate thermal conductivity

Sheet resistance, minimum line

and space size

Resistor length, width, thickness
Resistor area, substrate and encapsulant
dielectric constant

Substrate conductivity (loss tangent)
Separation from ground plane,
substrate dielectric constant

Maximum resistor density,
D (Wien)

Series inductance, Ls (H)

Parallel capacitance, Cp (F)

Resistance to ground, Rg(W)
Capacitance to ground, CG(F)
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€ : dielectric constant
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Table 4. FHTIAE] 73| B2 Haio'

Device property Key determinants

Capacitance C (F) Dielectric constant, thickness, area
Temperature coefficient TCC(ppy/'C) | Dielectric material

Tolerance (%) Dielectric thickness variation

Qualty factor, Q Dielectric loss tangent, electrode mate-

rial and geometry

Capacitor area, aspect ratio

Dielectric constant, thickness

Dielectric loss tangent

Electrode material and geometry
Electrode geometry

Substrate conductivity (loss tangent)
Device area, separation from ground
plane, substrate dielectric constant

Self resonant frequency
Capacitance density (pFfcm?)
Parallel resistance, Rp (W)
Series resistance, R; (W)
Series inductance, Ly (H)
Resistance to ground, Rg(W)

Capacitance to ground, C6(F)

3.3 Inductor
Inductor®] 9= &A}ol| ul} loop, meander, spiral
7t l.em Q-factor, =A] A3k ke Hoj 3|4 A

MBY HM3L, 200549 69 || 55
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Table 5. QICHE| T3A| 2 Haiea™™

Device property Key determinants
Line width and space, inner radius, number of
Inductance L. (H) tums, metal thickness
Quality factor Metal thickness, metal line width
Tolerance (%) Metal line width and thickness variation

Inductor area, substrate dielectric constant
Metal thickness, metal line width, total length
Line space, device area, substrate and encapsu-
lant dielectric constant

Substrate conductivity (loss tangent)

Device area, Separation from ground plane, sub~
strate dielectric constant

Self resonant frequency
Series resistance, Rs (W)

Parallel capacitance, Cp (F)
Resistance to ground, Rg(W)
Capacitance to ground, Cg(F)

A7} Z2.8) BTk
Table 56> QIEEl FEA] F2 AL thaie]
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