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PURPOSE OF THE -(Pﬂ-

PRESENTATION ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

sms» Introduction to LTCC Technology:
General aspects

s> Major problems encountered with
commercially-available products:
Solutions developed

s> Fabrication of 3-D structures for
sensor and micro-fluidic applica- -
tions: C-based sacrificial layer .“ "

LIS B

SINTERING'05 August 29, 2005 — Grenoble/F




B

AN OVERVIEW oA A
LTCC for Wireless Applications LTCC in the Automotive Industry LTCC in Military & Space
_ Environments
Base Station Amplifier Modules Engine Management Systems
Transmitters and Receivers Gearbox Management Systems Transmitters/Receivers
Handset Power Amplifiers Anti-Lock Braking Systems Phased Array Radar
Low Noise Amplifiers Global Positioning Systems Amplifiers
Voltage Control Oscillators Gas Discharge Lamp Controllers Filters
Mixers lgnition Modules Converters
Filters Sensor Modules Power Drivers
Power Splitters and Combiners Sensors
Matching Networks Source: C-MAC Micro-technology

pr—

Bluetooth-Module @ 2,45 GHz ' 3

Source: Prismark/Binghamton University &

Epcos FRONT END MODULE
- Key component in new Nokia mobile phone architecture
- Integrates diplexer, switching, LC and SAW filters
- Analysis of LTCC integrates passives and SAW filter packages
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OUTLINE OF THIS -(Pﬂ-

PRESENTATION ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

Challenges Fabrication
LTCC Technology
& of
Solutions Devices
—>Introduction - Differential shrinkage = > Micro-fluidic structures
using C- sacrificial layer
—>Advantages —>Chemical incompatibility

- Sensors

—>Conclusions
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INTRODUCTION:
LTCC MATERIALS

B

"" up to 80 layers *at 70°C
Sousce:
SOREP-EUROLEC

Zzz_ S SSs

SYSTEM ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE
LTCC tape Blanking Viapunching Viafiling  Conductor pnnting
& & & s

Post-prnting/finng

M - Colating Laminating Co-fiing S T

Singulation

*® < 000°C

v

‘,m&,,. T o
‘8 oo o

Screen Printing Technique

Squeegee _Conductor Paste

Stencil

Glass-frit: low firing T

dimensional stability
. blended in organic-vehicie ﬂ JVL 'J @ JVL ﬂ B B
& cast on mylar sheets fowmor AR Vacuum
B
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Glass wetting and ceramic
rearrangement occur
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ADVANTAGES OF LTCC
FOR SENSOR .( Pﬂ.
APPLICATIONS S e

High density packaging
= T e Vin diatete Machinability of tapes

=3 conductor

Internal conductor HermetiCiw

Buried resistor .
Buried via Thermal vias

-------------------------- Chemical / thermal
stability

Stacked vias Cost effective

I‘—’| Bottom side external |‘—‘|

Via stagger conductor Via pitch  Sowrce: DuPont

Buried capacitor

Diel layer

Mechanical and electrical
functions in one system
LIS B
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OUTLINE OF THIS -(Pﬂ-

PRESENTATION ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

Challenges Fabrication
LTCC Technology
of

Solutions Devices

- Introduction - Differential shrinkage  —> Micro-fluidic structures
using C-sacrificial layer
—~>Advantages - Chemical incompatibility
- Sensors

—>Conclusions
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DIFFERENTIAL P

SHRINKAGE e
Not desired for test-patterns
Dilatometry Analysis ‘
10 = T
£ 0 l/
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5 20— DP 951-AX AN N\
& ——ESL 8837 -Au
£ 30 ——DP 5744-Au "\“*h-
= -30 |——DP 9473 Ag/Pd
o —— ESL 9562 AgiPd/Pt T~
——DP 5092 PTC
——DP 5093 PTC
-40
300 400 500 600 700
Temperature (°C)

Thick-film components starts densifying

- prior to LTCC (~150-250°C) and
- at a higher extent than LTCC
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COMMERCIAL L (al

PASTES-1 FEDERALE DE LAUSALINE
Paste Specification Additive
SiO,” LTCC
DP 9473 Ag/Pd 10% 10%
20% 20%
ESL 9562 | Ag/Pd/Pt 10% 10%
20% 20%

*Si0,: Sihelco, Sikron B 600
** Fritless conductor with Cu additions(Ag/Pd~16)

Shrinkage Match Analysis with DP 9473 Shrinkage Match Analysis with DP 9562
I I I ! 5 ! T I I
([1]) E—— A — A — R A—
: : i ; 0
0 5
—_
) £ -10
o -0 g
= = .15
T T -
20 [ —— DP 951-AX LTCC tape -20 | ——DP 951-AXLTCC tape
——DP 9473 -pure ——ESL9%62
——— 9473 +10%SI02 ss | ——ESL 9562 +10%5i02 5 ;
. : 25 | ——ESL 9562 +20%Si02 | oo N
——— 9473 +20%SI02 . . : :
30 | ——o473 +10%LTCC f e R —— ESL 9562 +10%LTCC ; !
; l | i
0 200 400 600 800 0 20 = e 800
Temperature (° Temperature (°C)

Y\l _

SINTERING'05 August 29, 2005 — Grenoble/F



MODIFYING

COMMERCIAL -( Pﬂ-

PASTES-II ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

~ Pure Ag/Pd
Paste T %Shrinkage "

(ratio of doping) cC) -)

DP 9473 516 23
DP 9473 + 10% 618 7.7
DP 9473 + 20% 644 2.3

ESL 9562 430 5.5
ESL 9562 + 10% 615 3
ESL 9562 + 20% 646 0.7

T, :Onsel temperature of shrinkage of the paste (A1/1<0)
%Shrinkage ' Amount of paste shrinkage at the onset
temperature of the tape shrinkage (670°C).

Acc.V  Spot Magn Det WD Exp F———— 10 Hm PAcc.V  Spot Magn Det WD Exp ] 10 pm
15.0kV 2.0 2000x BSE 10.0 1 DP 9473 - pellet fired at 900C 200 kV 2.0 2000x BSE 100 1 DP 9473 + 20% (wt) Si02
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-> Mobility of glass phase is supressed by SiO2 addition



CHEMICAL

INCOMPATIBILITY: -( Pﬂ-

GLASS LOAD ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

Low glass load conductor (pellet and interface)

Au

High glass load conductor (pellet and interface)

- The type and amount of
glass load,

- The chemistry of the
material,
- Processing conditions

DETERMINES

->The

>The
abrupt - broad - diffuse
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INCOMPATIBILITY: (T
D I FFUSION ECOLE POLYTECHNIGQUE

FEDERALE DE LAUSANNE

ED X Analysis Across the S R-S Region
for a Buried Sample

Diffusion of elements at

30 o Al o Si & Pb x Ca .
SUBSTRATE - [NTERFACE _ RESBTOR | || INF. |SUB. the |nterface
[l i ]
< 25 [l o Ll
% bl a |70 o @ o
® b F
i T LEADS TO
o i o Sty
§ 5 >
@ 1 P
- 7] & l!.."
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2 SreRe : g o
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x o, ; (s2-8) of the com-
0 1 1 Jooo L I 1 -
24 s22 23 s24  s25  s26  s27  s28 Acc.V SpotMagn Det WD Exp ———— 1 204m ponents (I‘eSIStance, ..)

150 k¥ 30 1500x BSE 10.0 1 5711-2612@875C-huried

Positions of Measurements

2600
100 Ohmisq CDP 9473
2400 2400 pprn /K.
CDP 5744

2200 :7;% = ESL 8837
2000 +
1800 —
1600 -
1400
1200 —

EEX TR

HH

%

T

AT

Det WD Exp 1 10pm o, Det WD Exp 1 10pm
BSE 100 1 DP 9473 - pellet fired at 300C 5.0 BSE 10.0 1 130-b-850C-5

TCR (ppm/K)

1000 + —

RZ (reaction zone) Matrixin LTCC

Element | Atomic % Element Atamic %o Element Atomic % Element Atomic % 800
Ag 76 0 57 0 59 0 55 e
Pd 24 Zn 10 Na 4 Al 10
Al 4 Al 10 Si 26
S1 8 Si 15 Pb
Bi 18 Pb 4 Ca

Others 3 Bi 6 Na

Others 2 Others

400 -
200 +— —
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OUTLINE OF THIS -(Pﬂ-

PRESENTATION ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

Challenges Fabrication
LTCC Technology
&

Solutions Devices

- Introduction -~ Differential shrinkage > Micro-fluidic structures
using C-sacrificial layer
—>Advantages —>Chemical incompatibility
- Sensors

—>Conclusions
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CHALLENGES IN

FABRICATION OF -(Pﬂ-

MICRO-FLUIDIC STRUCTURES ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

Saggin
Unsupported cavity is deformed
during:

—>Lamination (lamination stress)
—>Sintering (over TQg)

Delamination / Disintegration
Occurs due to:

—>Poor lamination
->Geometrical constraints
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CARBON SACRIFICIAL
PASTE PREPARATION

Product Function Specification Supplier
dsp: 1-2um * Aldrich,
(used lot) 28.286-3

Graphite | Sacrificial | dg: 11um MG

Timrex-KS25

) TIMCAL,
Caot 13, 3pm * Timrex-KS5-25
Ethyl finder control of Aldrich,
cellulose rheology 43.383-7
. ' e, | Fluka,
Terpineol | Solvent slurry viscosity 36430

Acetyl

Dispersant
acetone p

dispersing
additive

Sigma-Aldrich,

P775-4

hLE" v B

SINTERING'05

Temperature (°C)

Finng Profile of LTCC

B

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

440°C - 120 min

T

B75°C - 25 min

I
140

Time (min)
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FABRICATED -( Pﬂ-

ECOLE POLYTECHNIQUE
STRU CTU RES FEDERALE DE LAUSANNE

: 40 m thickness / diameters (7,10, 15, 18mm) / spacing (10-100 m)
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CONCLUSIONS ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

(O Compatibility of the LTCC materials
system is extremely important:

- thermomechanical properties,
-> selected material (glass),
—> processing conditions

must be well-known and optimized

(O Shrinkage-match of commercial conduc-
tors possible by modifying the pastes

(O Carbon sacrificial pastes effectively used
for fabrication of membranes/channels

(O Final membrane features dependent on e e
graphite powder and LTCC properties oo kv 30 ohe S 196 1 Awize ESL2612
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