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“Electronics packaging has become
recognized as a critical technology for
the continued growth of the nation’s
electronicsindustry.” 1

Prof. James E. Morris —Head of Department of Electrical
Engineering, Portland State University, Oregon, USA

L “A Multidisciplinary Sophomore Course in Electronics
Packaging”, Proceedings ECTC, May 1998
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Electronic Packaging

The engineering discipline that
combines the engineering and
manufacturing technologies
required to convert an electrical
circuit into a manufactured
assembly These include at least
electrical, mechanical and material
design and many functions such as
engineering, manufacturing and

A 5 |
CHARLES A. HARPER quality control.
<. MARTIN B MILLER

= Editura McGraw-Hill, Inc. New York & all, 1993, 1 SBN 0-07-026688-3
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Electronic Package

The electromechanical
assembly resulting from
electronic packaging design
and manufacture The level
of an electronic package
may range from the
integrated circuit package
assembly to a printed
wiring board assembly to a
subsystem or system
package assembly.
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Ubiquitious Electronic Systems

~Smart Objects”

* Gegenstiande des taglichen Lebens werden mit
Moglichkeiten zur Informationsverarbeitung
ausgestattet (r. mattern, ETH Ziirich)
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RS232 to 12C
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Tehnologii moderne in
industria electronica
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PROCEDEE DCA -DIRECT CHIP ATTACH

Alaturi de tehnologiile SMT si PTH (THT) atasarea circuitelor integrate la placa de
circuit imprimat se poate realiza si prin procedee DCA — Direct Chip Attach. Utilizarea
acestor procedee a fost ceruta de tendinta spre reducerea dimensiunilor capsulelor.

Procedeele DCA includ:

Conectarea prin Wire bonding — sudura cu fire (Denumire alternativa COB - Chip on

Board sau Chip and Wire)
TAB — Tape Automated Bonded

Flip Chip
Type
30mm
,ééﬁ—ﬁb}\ QFP
1 |
20mm R
— \ TAB
1 |
15mm -
1 /-/I 1 | COB
St csP
mMim
[ | Flip Chip

Area

900 mm? 100%

Comparatie a
dimensiunilor diverselor
tipuri de package

225 mm2 25% pentru chipuri

eimm® 13% semiconductoare

400 mm? 44%
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Wirebond TAB Flip Chip

Rasina epoxi Fata incapsulare pe
Fir activa fata cu terminale Fata
_ Terminal activa
Adeziv al TAB Bumbi

Underfill

/ ;------1

Pad\ _’

.l [

SUBSTRAT PURTATOR

Doua variante Doua variante Trei variante
bila /pana Chip cu fata in sus Jonctiune metalurgica
(ball/wedge) Chip cu fata in jos Jonctiune metalurgica si
adeziv
e — . .
5 ) _Jonctiune cu adeziv .
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Tehnologia de lipire cu fire - Wirebonding este o metoda de a realiza
interconectarea chip-ului la package la care fire metalice sunt atasate intre pinii
| /O ai chipului si capsula corespunzatoare. Se utilizeaza in mod similar si
pentru conectarea chipului la un substrat.

Procedeul are o mare flexibilitate fiind de tip punct la punct. Modificarea
parametrilor sudurii se poate face rapid prin program fara modificari ale
dispozitivelor hardware, ca in cazul TAB.

Exista doua mari tipuri de tehnologii wirebonding utilizate pentru
productia la scala mare:

=lipirea cu fir de aur de tip ball bonding, utilizata in peste 95% din cazuri;
=lipirea cu fir de aluminiu sau aur wedge bonding.

Firele utilizate sunt de obicei din aur de 25 um iar energia utilizata este produsa
de ultrasunete si/sau poate fi suplimentata cu energie termica si presiune
mecanica. Exista astfel procedeele

»Sudura cu ultrasunete (in special aluminiu, varianta wedge)
»Termocompresie (in special aur, varianta ball)
=Termo-sonic — cel mai utilizat procedeu, combinatie a celor doua.
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Feedll s o Ridicare si
Topirea firului si formarea bilei rupere fir

' Pasul 2:
‘ ' Prima sudura (ball)

Wire Bonding
Paul 4: ,"4

Pasul 3:
Formare
bucla si
a doua lipitura ‘ Iy
wedge)

Chip
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Wire Bonding

'R
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Wedge Bond
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Avantaje ale procedeului wirebonding:

»Flexibilitate foarte mare a procesului de interconectare;

»Randament ridicat al realizarii interconexiunilor (defecte 40-1000 ppm);
=Usurinta de programare sau de “invatare’;

=sRata redusa de defectari, fiabilitate ridicata;

»Infrastructura existenta suporta usor aceasta tehnologie.

Dezavantaje ale procesului:

=\/iteza mica datorita procesului secvential punct la punct;

=l ungime mai mare a interconexiunilor, inrautatirea performantelor electrice;
=Suprafata mare ocupata de interconexiuni;

»Posibilitate de indoire a firelor in faza de incapsulare (mulare) in rasina.
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Mecanismul sudurii cu ultrasunete

Mecanismul de realizare a sudurii cu prin procedeul termosonic nu este complet
inteles.

Conform uneia dintre teorii, energia ultrasonica care este aplicata prin varful de
bondare, numit capilar sau pana, mareste energia de dislocare a firului si a
metalizarii de pe substrat. Pe masura ce densitatea dislocatiilor creste, modulul de
elasticitate si efortul de curgere plastica in fir scad, si difuzia intermoleculara dintre
fir si pad creste.

Energia ultrasonica permite materialelor sa sufere deformari plastice cu un efort
mai redus in comparatie cu situatia cand s-ar utiliza numai energie termica sau
mecanica.

Pe masura ce materialul se deformeaza plastic, sau curge are loc o difuzie in
stare solida a atomilor la interfata de sudura. Daca energia ultrasonica se mentine,
aria sudurii creste. Suplimentarea cu energie termica imbunatateste difuzia si
rezistenta lipiturii.
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Wirebonding prin procedeul termosonic — ball bonding

r

Firde aur 25,4 pm

capilar_#

Substrat

ELAN alumina
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Wirebonding cu ultrasunete- wedge
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Protectia la procedeul Chip-and-wire realizata sub forma depunerii de
rasina — glob top.
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Pompa de dispensare
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Testarea rezistentei sudurii — pull test
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Defecte

‘, Promovarea Culturii Antreprenoriale: Adaptabilitate, Dinamism, Initiativa in Industria Electronica

- e Investeste in oameni !

LISIILITE A B LIHE R AR MIHIHJE%CMT‘IIPI?IOE#L‘EI“N FOrEaLIL :ﬁx:M‘II"Ltm“H" INHrHIIMbiI“iquJ{..?alIi{H:HMI- PrOIeCt Coflnant,at dln FondUI SOCIaI European prln ” 22
i AT ' Programul Operational Sectorial Dezvoltarea Resurselor Umane 2007-2013




Wire bonder manual

Wire bonder automat
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Tape Automated Bonding (TAB)

Procedeul Tape Automated Bonding (TAB) porneste de la o forma de cupru
pentru a realiza legatura dintre chip si substrat. Traseele conductoare de cupru
sunt realizate dintr-o folie izolatoare de tip poliimida (Kapton), folie acoperita
uniform cu cupru.

Se realizeaza la inceput o sudura cu bumbi de aur intre chip si traseele
conductoare (Inner lead bonding). Montarea chipului pe substrat se face dupa
taierea foliei in jurul chipului. Terminalele sunt lipite de substrat cu o termoda
("Impulse soldering"), realizdnd asa numita Outer lead bonding.

Circuite TAB sunt utilizate la dispay-uri LCD, ceasuri electronice si alte produse
cu serie mare de productie sau pe de alta parte in circuite VLSI cu numar mare
de pini.
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TAB

Terminatie exterioara

Terminatie interioard

Fereastra interioara

Tape Automated
Bonding

Fereastra exterioara

N\
Nerwrrsse) T r’f/}///_'//]/_}- fo=> O
Chip siliciu
T
Terminatie interioaré Bumb Adeziv
Folie (bandé) de poliimida Résind Folie de cupru (stanatd)

erminatie exterioaré
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Tape Automated Bonding (TAB)

Plated Au, 25 zm

Silox (CVD). 110 1.5 ym Photoresist

Aluminium, Tum Proces Standard D : .."---u.u...--...
m =sFabricarea bumbilor de

aur:
S0, (thermally grown)
S =Depunere metale de Plated Au, 25 um
contact/bariera
Contacubarrier
Au, 100 nm layar(s), 100 nm sach .Fotolitograﬁe

=Depunere electrochimica
=inlaturare metale bariera

Plated Au, 25 ym

ContacUbarrier
layer(s),
100-200 nm

2
S
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TAB, continuare

Foto cu folie TAB cu forma de Cu, si cu decupajul in folie pentru circuite, si

4géuule_de_de.plasate_a_folte1__
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TAB, continuare

Operatiile
principale de
realizare DCA cu
varianta TAB.

siwafer Kapton film
Bumping o
excizing

Tinning of Photolithography,
C'u foil Cu etch

Inner lead

honding

Protection

Testing

Completed component on film

Mounting,

SEILIMEE 2 BUIHEI R ARA

MIHIETERLIL MUME FALEL I E FERRILL ORI, BLEETEAN
PROTEGTIED BOCIALE PR D
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Excising, soldering
lead hending onto PCB, PCE complete
cleaning ria Electronica
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Wafer cutting
Fabrication of TAB film
Hole punching
Cu foil lamination
Lithography + etch of Cu pattern
Tinning of Cu
Inner lead bonding (ILB)
Protection (glob top)
Testing
Outer lead bonding:
Excising, lead bending
Placement/thermode soldering
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Avantaje ale TAB:

Densitate mare de impachetare;

Poate contacta chipuri cu >1000 I/O;

Proprietati electrice excelente (HF);

Montare robusta;

Se poate pre-testa (contrar lui COB);

Bumbii de aur ofera protectie ermetica chipului;

Lipirea simultana are randament mai mare decat procedeul wirebonding;

Folia TAB poate fi utilizata pentru dezvoltari pe verticala.
Dezavantaje ale TAB:

Proces Non-standard de procesare plachets;

Folia trebuie procesata “custom design”;

Echipament special pentru OLB;

Posibilitati limitate de reparare;

Raspandire redusa, standardizare redusa, disponibilitate redusa pentru
chipuri standard.
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Bond Encapsulation Z

.......
ey Viee s
...........
p 00!

Chip

Substrate

Pass}'ation B}mp Chi Ia’({ Under Bump Sold Pol
Lipirea ILB (Inner Lead Bonding) Lipirea OLB (Outer Lead Bonding)
Zona OLB

Detaliu din
zona OLB

4
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Procedeul FLIP-CHIP

Procedeul flip chip a fost introdus prima data de IBM in 1962. Mai tarziu, in
1970, IBM a denumit procesul Controlled CollapseChip Connection, sau C4,
pentru asamblarea circuitelor integrate. Tehnologia Flip chip este o forma
avansata de SMT la care chipurile de siliciu neincapsulate sunt intoarse cu fata
in jos, (de aici si denumirea flip chip adica cu fata activa in jos) si atasate direct
la circuitul imprimat. sau pe un substrat de tip chip carrier.

A fost conceput initial ca o alternativa la tehnologiile wire bonding, care erau in
majoritate manuale la acea perioada.

Spre deosebire de wirebonding, care este o tehnica ce face sudurile pe
perimetru si secvential, la procedeul flip chip toate contactele | /O se realizeaza
simultan.

Tehnologia flip chip C4 utilizeaza bumbi din aliaj de lipit cu mult plumb, uzual
93%Pb/7%Sn, bumbi ce sunt depusi pe suprafata activa a semiconductorului.
Lipirea se desfasoara ca la un proces reflow, dar la o temperatura ceva mai
ridicata.
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paduri pe substrat

substrat bumbi

flip chip

flip chip underfill

bumbi substrat

, . . . zlectronica
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Copper Pad with i
4 Device Underiill

Top Surface
Nickel, Gold ") —-_._‘ |
. wr o o . Device Aluminum Pad
Passivation
Solder E—E _ ~ ﬂ
Mask — S| | ST TE — Chromium ﬂ

Chromium-copper—//’ Solder
Copper / Bump
Gold Flash

(a) Solder Interconnection

Interconnect
System Under Bump

Metallization Bump

Bond

Underfill T 1 o
Encapsulant gl ; Metallurgy
Ialjay

Substrate
Metallization
Structura unui flip chip clasic ey | .
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Copper Ball
(Ni and Au Plated)

Cr-Cu-Au
Terminal Pad

Al-Si

Al-Si Stripe
Metallurgy

Pb-Sn Solder

Fired Frit Glass

Thermal Oxide
(P205-SiOp)

Primul flip chip: SLT- Solid Logic Technology (IBM — 1962)
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Flip chip attachment (FCA) este cea mai avansata forma disponibila de
interconectare a chipurilor.

Un package flip chip are urmatoarele avantaje:

=Package de tip Area Array (nu perimetral).

Se utilizeaza intreaga arie a dispozitivului pentru pini I/O, alimentare si masa.
De asemenea se pot optimiza traseele de semnal si distributia alimentarii pe
chip.

»Performante electrice superioare

Dimensiunile reduse ale bumbilor in comparatie de ex. cu firele conduc la
elemente parazite reduse. Inductanta unui bumb este mai putin de 10% din
aceea a unui fir.

=Cheltuielile de asamblare sunt reduse

=Fiabilitate

Experienta de utilizare in computere main-frame si in automobile a aratat o
buna fiabilitate, desi stresul termic este foarte mare la aceste capsule.
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Tehnologia DCA Wire Bond TAB Flip-Chip
Materiale Al Au Cu SnPb
Temperatura topire [°C] 660 1064 1084 310
Geometria lipiturii diametru 25um folie 25x100 um  diametru 125um
X 2,5mm lungime X 2,5 mm lungime inaltime 100pum
Pitch tipic  [um] - 170pm pe 200pm pe 250pm
_perimetru perimetru  pe toati aria
Pitch minim [pum] 60um pe 70um pe perimetru 50 um
perimetru pe toata aria
Rezistenta jonctiunii 6 10 50 30
[grame]
Rezistenta terminalelor 142 122 17 1,2
[mMOhm] _ _
Capacitatea inter-terminale 0,025 0,025 0,006 <0,001
[PF]
Inductanta [nH] 2,6 2,6 2,1 <0,2
Rezistenta termica ? ' |
[°C/mW] per jonctiune 80 52 8 f 0,5
Nr. de I/Os per chip
Pitch tipic
Chip de 8 mm 184 160 1024
Pitch minim
— || Chip de 8 mm 266 400 15150 W

“ Investeste in oameni !
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Package de tip 3D

Conceptul System-on-Package (SOP) este legat de tendinta actuala spre
miniaturizare fiind opozabil conceptelor System-on-Chip (SOC) la nivel de IC si
System-in-Package (SIP) la nivel de modul. Prin SOC este posibil sa se realizeze
miniaturizarea prin reducerea dimensiunilor litografice de la scara micro in anii
1980 la scala nano in prezent.

Miniaturizarea in SIP mai este obtinuta si prin subtierea circuitelor integrate de la
800 microni la 50 microni si etajarea (stivuirea) a pana la 10 de astfel de circuite,
unul peste altul in forma circuitelor 3D. Acestea sunt interconectate fie prin
tehnologia wirebonding fie prin flipchip.

Recentele progrese in realizarea Through Silicon Via (TSV) vor miniaturiza SIP
inlocuind flipchip-ul cu lipire pad la pad.
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SYSTEM-ON-PACKAGE (SOP) STACKED ICs AND

PACKAGES (SIP)

BIO-SENSORS MEMS PACKAGING
e —————— " “ "
THERMAL SOP SYCTE MEMS

PDITIA SYSTENR WN-CHIP (SOC )
S T - l'- '--'-' - -
S T . WAFERLEVED Pﬁ.‘tmczmp AND ASSEMBLY : :

S LAY ' I l OPTOELECTRONICS 117118

l_r_l !

RF
l EMBEDDED CO i. ENTS v

- L BALIERY ]
L
HIGH DENSITY /O
MIXED SIGNAL SOP DESIGN SOP ELECTRICAL TEST MIXED SIGNAL RELIABILITY
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Broad range of 3D Packages

2 die stack in
Bottom Pkg

ngh PaCkage on
Package (PoP) lee—m—
Pkg Stacking o tr——

3 +Die Logic + 2 Mermory
Stacks ; ;
_
o TSOP (NAND stack)
2 Chip Stack f—_-i
Flip Chip + ey
Wirebond FIIpStack csp

2 Chip Stack QFN
Wirebond

Kk
!I -l J .I I |'[ﬁ Eﬁ;ﬂt|

FlpStackBGA

Functional Integration
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IC Integration

Cinci tehnologii majore la

ASICS

RF-IC eﬂfr‘:;“e nivel de sistem
OE-C e 1. System-on-board (SOB).
o P s Componente discrete
integration SRAM interconectate pe placi ale
. proce“orught s;:saig\ifggdevice[s}ense - sistemului.
Source: Hallay, 0 Mcrosiectraics 2. System-on-chip (SOC).
SOC: A complete system on one chip Sistem partial pe un singur IC cu
Package-Enabled Integration dOUé sau mai mUIte funCtii.
| RFIC || Digital IC | | Opticallc 3. Multichip module (MCM).
e e T — Integrare orizontald sau 2D a dou&

sau mai multe IC sub forma de
package pentru performante
electrice superioare ale sistemului.

gy~ Package. SN
oL | 5 ;Lﬁq é’ j*x 4. Stacked ICs and packages (SIP).
™

MCM: Interconnected componenis
IC

ot ’ =N A1l Stivuire 3D a doud sau mai multe
Super IC Stack (ASET) Package (Fujitsu) Stacked IC (Amkor) IC Subtiate’ sub forma de package
SIP: Stacked chip/package for reduced form facfors pentru miniatu rizarea SiStemU|Ui.

5. System-on-package (SOP).
. Cea mai buna integrare a IC si a
“ Codesign 9 >

SOP-Based Integration

S|, RFIC | [, optoic, | | DigitaliC | / ’ a :
i QN Opte | O Electrical © | oo sistemului pentru ultraminiaturizare,
“, Package with opto, RF, digital functions Dptimization functii mu|tip|e’ mega functii,
Best of: performante ultra-inalte, cost redus
; : ne¢ . o - T o
A Iningietion si fiabilitate ridicata.
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* System integration nal Sectorial Dezvoltarea Resurselor Umane 2007-2013” 42




Si chip carrier stacking

£
i
H
H

TSV
Chip stacking
: 2007-1BM
2001-ASET 2006-Samsung
2001-Intel, Tessera
Package stacking -
NON-TSV

Chip stacking
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Aceste circuite par a fi realizate pentru viitor?

Poate chiar acum utilizati chipuri etajate 3D la telefon sau la automobil!
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7e - Investeste in oameni !
Sy

Proiect cofinantat din Fondul Social European prin
Programul Operational Sectorial Dezvoltarea Resurselor Umane 2007-2013” 44



Size Comparison of Electronic Modules

“Through Hole“/,,.Surface Mount*
(THT/SMT) Technologies

Direct Chip Attach / HDP

Top View

= .
Dielectric — |[m=

IS RL IR SRR S Substrate

C 0000
Passive 0000

Components |,5¢ oo

Bottom View
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Theoretical aspects
» Theoretical electronics engineering knowledge

« PCB/MCM basics ( technology, die attach, test, etc.)
« PCB/MCM design tools and methodologies
* Case studies 2 i i

EDA aspects

* Design Tools, Design Kits
* Thermal Simulation

Technological aspects

* Practice at modern assembly tools
» Manufacturing of a own demonstrator

ELAN
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Glossary knowledge — an important aspect!

IC Package, "packaging”

Ball Grid Array (BGA)
Substrate, also board, carrier
Chip Size Package (CSP)
Wafer Level Packaging
Direct Chip Attach (DCA)
Chip On Board (COB)
Multichip Module (MCM)

High Density Packaging (HDP)

Container for one or more ICs that provides pro-
tection and connection to the next level of integra-
tion

IC package with an area array of solder balls atta-
ched to the bottom side of a package

A material which serves as the base for the me-
chanical and electrical connection of ICs

After packaging the component size is roughly the
die size

Modern CSP techniques allow packaging on wafer
level. It is an additional wafer process.

Chip is attached upside down direct on a substrate
(Flip Chip)

Assembly of one or more bare dies on a substrate
by wire bonding

Assembly of two or more bare dies on a substrate
by any bonding technology

Large scale integrated and miniaturized systems,
advanced packages

ELAN
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Layout Design

T Design Rules:
a
@ ( @ : L line : min. width w
de [ Db via: min. pad diam. dc

min. drill diameter. dd

c min. spacings: line -lines
via - line a
[ Cu | | solder mask via - via b

| dC |
’ min. oversize of:solder mask c
bondbad geo. bg

height of: metal layer hm
dielectric layer hd

ELAN
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Tipuri de gauri de trecere (via)

Burried Via Through Hole Via
Metal 1
Metal 2
Metal 3
Metal 4
BGA Pad . .
Micro Via
Ni/Au — || Solder Mask
.
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Micro Vias

Through Hole Via
Blind Via

Cross Section

Micro Via

Blind vias measuring less than 150 um in diameter

on a 350 um or smaller diameter pad
.
ELAN
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Design for high density packaging

Technologies/Substrates
Hybrids (COB)
MCM-L (Laminate & flexible)
MCM-C (Ceramic)
MCM-D (Deposited)
Assembly (wire bonding, TAB, flip-chip)
Packaging
Test (electrical, reliability, failure analysis)

ELAN
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Advice ! ‘Technology selection * Substrate
l *Bare Dice Supply * Assembly
*Designh methodology * Packaging

*HF / RF Simulations

. |
el Ay analy3|s| ‘Thermal Simulations

*Quotations

Design :

Design and
Design for testability\ - Phvsical Desian Manufactu ring
smmmmee——  Flow

* Prototyping (done by

* Schematic Design

Tests \ EPMCM manufacturer)
ELAN
. Promovarea Culturii Antreprenoriale: Adaptabilitate, Dinamism, Initiativa in Industria Electronica
Te ‘_; Investeste in oameni !

LIHILINE A BURSIPEANA MIHI}.'!II r'II_IrI .M‘IIINn":II\I LU IEI B FOrEaLIL :;E:ﬂ:.lﬁillllt.'-‘:»'l AN III:H”IIIIII.II{\.I‘Ir e I‘\II{:\H TLFALE PrOIeCt COfInantyat dln Fondu' SOCIaI European prln
R T uf i o Programul Operational Sectorial Dezvoltarea Resurselor Umane 2007-2013” 52



System Design Flow

( \ T behavioral
> S>> System Design } < " information
= ‘Z, .

3 ©

" c

o <

= | > | MCM Design } << c

S =,

= o

c @

o o

:

Q 2> Physical Design ] <

Test } e).(act phy.sical
L information
.
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PCB/MCM Design Flow

Pinpoint Production
the problem staged Prototype
\ i
Feasibility Test and
Analysis Verlflcatlon
Selection of
Prototypin
suitable Dies h I
Schematic Redesign Electrical and
Entry Physical thermal Sim.
Design

ELAN
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Feasibility Analysis

Specifications
and demands

Bare die
availability J

Létstoplack

Ni/Au

_ 4
= _ Area Cut
- L estimation Preprag

Heat
calculation

Manufacturer
. Overall cost
selection , ,
estimation
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Die Supply Service

e Supplying Bare Die & CSP com onents

e One contact point:

— for the requester
— for the Die & CSP supplier

DIE SUPPLY HOUSE & COMPONENT MANUFACTURER
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Design for high density packaging
Technologies/Substrates
Hybrids (COB)

ELAN
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COB and Hybrid circuits

Are the earliest forms of MCMs (“70s)
Mixed assembly bare die/SMT

The bare die is wire bonded directly to the substrate (PCB or
flexible tape) and protected with a glob-top encapsulant

Used in low cost,
low density applications  (e.g. (watches)

»
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light light ]

metal (plating base
| dielectric | plating )

-—- resist, developed
’—_—‘ resist, developed _ _ P and
metal ‘ \ dielectric

‘ \ dielectric

M B metal deposition Semiadditive
\ Plating

metal etching
| and resist removal

‘ \ / resist removal
‘ and etching

| —

Fj,\ ]
| |
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Design for high density packaging
Technologies/Substrates

MCM-L (Laminate & flexible)
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Laminates

Ni/Au solder resist
metal 1
metal 2
core (FR4/5) preprags
metal 3
metal 4

drilled via (burried) \ micro via

Core: subtractive etched or
semiadditive plated,
vias drilled

Preprags: Cu subtractive etched or
semiadditive plated,
vias drilled or etched

Q053388

pejpng
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Characteristics: Material Epoxy Glass
Dielectric Constant 2,8-45

Line width / pitch >20/50 um
Via diameter > 200 ym

Layer numbers 2.4.8

TCE 14 ... 18 ppm
Thermal dissipation  poor, medium

Substrate Costs low
Assembly COB, DCA
ELAN
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Flex

metal 1
metal 2
metal 3

metal 4

etched via Polyimide, BCB

Substrate: PI, therefore DCA favourite

Dielecitric:

coated Polyimide or BCB,
Metal subtractive etched or
semiadditive plated,

vias laser drilled or etched

BIMIILIPE A B UHEIEARA

MIHIETERLIL MUME FALEL IF)
PROTEGTIED BOCIALE

AMPIRIRU

e
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PR DR L
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<
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20072013

Polyimide

-1
=
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=

ELAN

Promovarea Culturii Antreprenoriale: Adaptabilitate, Dinamism, Initiativa in Industria Electronica

Investeste in oameni !
Proiect cofinantat din Fondul Social European prin
Programul Operational Sectorial Dezvoltarea Resurselor Umane 2007-2013”

63



Characteristics: Material Polyimide

Dielectric Constant 3 -4

Line width / pitch 75175 um
Via diameter 200 um
Layer numbers 1...4

Flex

e e

g [ [ R N l..:# Sl

CTE [Si] 27 ppm x it
Thermal Dissipation medium =1k
Substrat costs low
Assembly DCA favourite

BIMIILIPE A B UHEIEARA
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Design for high density packaging
Technologies/Substrates

MCM-C (Ceramic)
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Ceramic

screen printed via

metal 1 —o] Hu \\ \\‘/

metal 2

ceramic (Al 0,)

2

ALO,: screen printing of
metal and dielectric,
vias printed

metall ———e

[ |
metal 2 —e O LTCC
metal 3 —.[;| |._—(| r.J—

metal4 —e

LTCC: screen printing of
metal paste,

filled via ﬂl and filled
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Characteristics: Material ALO,, Glass-ceramic
Dielectric Constant 6 -8

Line width / pitch 125/ 250 uym

Via diameter 200 pm
Layer numbers 4..12

CTE 7,9 ... 10 ppm
Thermal dissipation high

Substrat costs moderate
Assembly COB, DCA

TB-BGA48 memory module,
source FhG IZM

MCM-C (Ceramic)
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Technologies/Substrates

MCM-D (Deposited)

ELAN
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Thinfilm

etched via Polyimid, BCB
metal 1
metal 2 \'
metal 3
metal 4 /.

Si (oxidized), glass

Substrate: Si, therefore DCA favourite

Dielectric: coated Polyimid or BCB,
deposition of metal on
plating base
vias etched
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Characteristics:

Material

Dielectric Constant
Line width / pitch
Via diameter

Layer numbers
CTE [Si]

Thermal Dissipation
Substrat costs

Assembly

Si, Polymers
28..12
15/40 pm
30 um
2.8

2,6 ppm
high

moderate, high

DCA favourite [Si]

MCM-D (Deposited)
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3D Packaging

Carrier TB-BGA48N =7
7

@ | =4
T—o v e & & s,
® | | ®
<0 ®%e ¢ e oo
L N
e o o & o,
The v o & @d ox‘z
T ® o q & .
size 12,5 x 12,5 x 2,5 mn# o e o ¢ @ @ O,
use volume 9,6 x11,0 x 1,4 mm? @ » o ® QO
pin count 48 ,_"_/. .;2.
BGA pitch 1,27 mm
TB-BGA cover AgPd pads
—— ':é':':L AuSn bumps
Au pads
. . - internal electrical vias
\ \ frame layers H
1 S 3D Box of Bricks
———mmmm—— for Micro Syst
——FB-BGATamer PbSABEGA———
ELAN
Promovarea Culturii Antreprenoriale: Adaptabilitate, Dinamism, Initiativa in Industria Electronica
Te ‘/ Investeste in oameni !
LISIILITE A B LIHE R AR MIHIETPILI MUNTIH PSS FOMELL BOCIA BLREERAN INETHLMENTE RTHLUETURALE PrOieCt COfinantlat din Fondu' SOCiaI European prin
e " A s Programul Operational Sectorial Dezvoltarea Resurselor Umane 2007-2013” 71



Miniaturisation of a 16-bit uC

MCM-C
12,5x12,5x7,5

MCM-L
24,0x 24,0

MCM-D
23x 11,5

Units: mm
16-bit uC MCMs realized with different substrate technologies
T
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MCM Comparison

MCM-L MCM-C MCM-D
Availability high good poor
Wiring density  good good very high

Repair/rework good good poor
Power Dissipation low medium high
Performance low medium high

Relative cost 1 1.5-2.0 2-10

-
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Design for high density packaging

Assembly (wire bonding, TAB, flip-chip)
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Wire Bonding

Step 4: > . . -
Step 1: Lift and
Melting a ball wire tear off

' Step 2: /T\
‘ ' 1st bond (ball)
X ﬂ RN

I'
\

Step 3:
Loop and
Chip 2nd bond
(wedge)

| 4
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Ball Bond Wedge Bond

X300 ——— Simm
S1imm e
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TAB

Tape Automated
Bonding
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Bumping

Die

Aluminium Pad

Zincated Die
Aluminium Passivation
Au
Substrate PWB
Solder Mask
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Flip Chip / DCA

Direct Chip Attach

-

x68 0011 25kV 588uvm

PITCH: 200 pm
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Design for high density packaging

Packaging
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Leadframe

2t

9

SRR

Wire bonc

e
pd [TTTTTTTTN
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Encapsulation

Techniques:

Surface Mount Tech.

SMT / SMD

Ball Grid Array

BGA

Chip On Board

CcOB

Chip Size Package

CSP

....................
AMPIEERL
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ELAN
Promovarea Culturii Antreprenoriale: Adaptabilitate, Dinamism, Initiativa in Industria Electronica
- / Investeste In oameni !

" ,,,,,M,,:,',"f{ Proiect cofinantat din Fondul Social European prin

HLE TLBEALE

Programul Operational Sectorial Dezvoltarea Resurselor Umane 2007-2013” 82



Chip on Polymer

E.g. flexible Tags
f=13.56

MHz
] chip (Si), h =40 pm

] Ni/Au-Bump, h = 10um
B coil (Au) h =10 pm
| | PIfoil, h=5,10 pm

100 um

-y
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Transponder Systems

Challenges

High volume

Higher frequencies

Transponder in metal environment
Transponder as data logger

SMDs ASIC

coil reed /
———— ;
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RF Applications

RF modules

for mobile products

Mobile Phone, 0,9 - 1,9 GHz
Bluetooth, 2,4 GHz
Distance Radar, 70 GHz

Bluetooth module
on LTCC substrate
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Example: packaging trends for mobile products

Paper thin Chips (d < 40um)
Paper thin Substrates (d < 10um)

Fine pitch interconnections (p < 50um)
Sion Si > MCM-D - Chip as Substrate
Sion Pl > MCM on polymer (MCMflex)
One Package Systems
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MEMS- Micro Electro Mechanical Systems
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TENDINTE

2004 Application fields Bane
Industrial & Aerospace, defense Aerospace, defense
process controko, Homeland security Homeland security
° 1% Industrial & 1%

19 Household
\ a 1% Others

Telecom 20/, process controlg o,

Telecom

)/_1% Household

0% —~
Consumer
Electronics
Consumer
Electronics -
- IT peripherals
Automotive
22%
IT peripherals
Automotive
(total $12 billions) (total $25 billions)
NEXUS MARKET ANALYSIS 2004-2009
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TENDINTE- Roadmap - 3D WL System Integration

3D TCT/TSV

H eGrain

WLP w. TSV 3D Stacked Processors

w. Cooling

R =]
11 s hieposed |11 |

| [IeH

iStacked Memory on
TSV Interposer

Controller /
Memory Stacks

3D Interconnect Complexi

IPD & RDL

—] © Fraunhofer IZM

2005 2006 2007 2008 2009 2010 2012 Widsa:
Year
.
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TENDINTE- Smart Systems

Health Monitoring
Bracelet ' \ \

Aye Pressure Sensc,

&?,

Continious Drug | _
Delivering '

Hearing Aid

Retina Implantat

Heart Pacemaker

ECG Shirt

.(
N

‘ .
s,
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Senzor de presiune pentru pneuri

MEMS-Sensor
Au Stud Bumped on TX

Courtesy: Infineon

BAR
Au Stud Bumped on TX

Transceiver (TX) with TSV Microcontroller (uC
FC SnAg on uC with RDL and Microbumps (SnAg)

Infinecn, 1ZM, Sintef, SensorNor



ELECTRONICA BAZATA PE POLIMERI - ORGANIC ELCTRONICS
ELECTRONICA IMPRIMATA- PRINTED ELECTRONIC - POLITRONIC

electro-
chromic

display

>
system

inte-
gration

OLED-display
flexible keyboard hi
microbattery v

>

« photovoltaic
cell

« photonic
sensor

<

logic circuit

A A
film substrate

optical inspection

Modul demonstrativ

Sursa: Organic Electronic Association

Fe -

_ ¥

conducting patterns

FERRILL ORI, BLEETEAN INETRLMENTE HTHLETLUBALE
PR DR L 20072013

Organic Field-Effect Transistor

Semicon-

&ﬂﬁ?‘.‘l ductor

Insulator
) / Substrate

+—Electrodes

A 4
© OE-A

Tranzistor FET organic-OFET

Organic Photovoltaic Cell
Cathode
- Polymer Blend
Hole Conductor
1\
—l Transparent Anode
Flexible Substrate
Light

© OE-A

Celula fotovoltaica organica
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MAI DEPARTE INCOTRO?

ELAN
- Promovarea Culturii Antreprenoriale: Adaptabilitate, Dinamism, Initiativa in Industria Electronica
m e ‘1, Investeste in oameni !
PR S R S .:.-f‘-.g-.. N Proiect cofinantat din Fondul Social European prin
" A A s Programul Operational Sectorial Dezvoltarea Resurselor Umane 2007-2013” 94




{
@
{

ELAN

Promovarea Culturii Antreprenoriale: Adaptabilitate, Dinamism, Initiativa in Industria Electronica
‘f ; Investeste in oameni !

R ,:._','f”,d — Proiect cofinantat din Fondul Social European prin

s Programul Operational Sectorial Dezvoltarea Resurselor Umane 2007-2013” 95

BIMIILIPE A B UHEIEARA MIHIETERLIL MUME FALEL IF)
PROTEGTIED BOCIALE

AMPIEERL



