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What Is a SIP?

System-in-package (SiP) = any combination of
semiconductors, passives, and interconnects
integrated into a single package

SiP (System-in-Package) is a functional system or
subsystem assembled into a single package
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Industry moves to SiP

h

Why a slowdown ?
Missing CAD tools certainly an obstacle

Source: Gartner 1Q06
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Gartner updates every quarter its SiP Market Projection
Gartner view slightly increased since 3Q04 with 10% CAGR 04-09
compared to 5% CAGR 04-09 for Semiconductors: SiP and SoC grow in parallel!

Gartner sees as much SiP in Consumer as Communication

Journée EEA Montpellier 5
Philippe Cauvet, Mar 28, 2007



Applications

Leading Applications for SiPs

* Applications include portable consumer products such as

digital camcorders and cameras

« Mobile phone is the volume driver
— Logic and memory combo
— Digital baseband section
— Transceiver section

— RF section
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Applications: DSC

SiIPs show up In portable devices

*The Sony DCS-T1, a
5MPixel camera, has the

height and width of that of
a credit card.
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Applications: Mobile phones

Top Cie Sire
OB 118 % 0.2 men

Fackage Size

»;

09":.:3 F20wI20% 10 mm
Lokl

r 4 % )
F
i PR ) i
B-B Adnesiva Flipchip #1 (face-dowm}
Adhasiva Flipchip#2 faca-up|

1.00 rmm

Epciy around the 3
component's
perirnesr

Two chips assembled by adhesive fip chip on both sides of & leyer, build-up substrate. Chip
thicknesses viere 015 mm on bottom side and 0 20mmon top - The stacked packags was

underfilled at the package perimeter after surface mount

Journée EEA Montpellier 8
Philippe Cauvet, Mar 28, 2007



Applications: Bluetooth™

Bluetooth Radio:
>1Billion Units
shipped in 2006

Fiiigigy
= 1,

0201

rebbnbimad il

Laminate-based module
7.0mm x 8.0mm, Lamp2
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Applications: OneChipSTB

One board PCB
2 layers
;O cvBs
Analogue video .

I RF input o SVHS
Tuner Channel One package STB - S
sbSIP *technology M Audio Right

DAC

CINCH

Left

M PEG2 Smart
—» Video & Audio Card(s)
Decoder
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SiP vs SoC (1)

Single piece of silicon
Single technology
Single level of interconnection

N\

) . : BICMOS die
Multiple chips with

. . Bond wire
Multiple technologies connections

. Passive filter
Multiple levels of in Silicon
. . With
Interconnection... Flip chip

connections

...and 3D

Soldered discre

passive devices
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SIP vs SoC (2)

Low High
Production Volume

A

\4

Simple A A High
Factors to Consider:
= Production Volume
®* Design Environment
* Dev Cost (Incl. IP Cost)
= Reliability
= Die Maturity
= Technologies (RF, Memories...)
Technical Performance /
Mix Speed
+
Market Environment
Complex v Y Low

Source: Gartner 2006
Contibutor: JM Yannou, NXP SiP
Innovation Manager

A

A\ 4

Time to Market
Short Long
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Focus on EMC (and SiP): new challenges

non SiP system

Components placement is done
empirically after circuits design

SiP

Components placement is done at the
same time as circuits design:
predictability needed!

?

system goes 3D! + components are
closer to each other!

oo -
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Example of an inter-system (inter SiP in susceptibility) EMC challenge

Digital IC

TV:

up to 862MHz
GSM:

from 890MHz on

NS

i R

The GSM antenna emits Decoupling capacitors

signals considered as integrated in silicon (Philips Analog IC
noise by the close-by PICS technology), flip-chip

low-amplitude bumped on digital: -16dB

large-bandwidth TV RF noise reduction measured!

receiving subsystem
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SIP vs SoC

Functional Integration
Trend

PaP

RF Module

FBGA-5D6

UUUUULOLU
.- PiP

- SR — ﬁ
S0C: syst £ .S0C ===
Chip - Jystemon a ' B ASIC / DSP / Memory / RF / Analog/ Sensor
. o Oar' { MEMs / Pass:ves / 1PDs oLp
SIP: System in © dLE‘Ve; S S1P ="\
"
Package t@m fﬂte IPD
IPD: Integrated ratfon
Passive Devices

Integration

Functional integration in SoC, SiP and
IPD enable product miniaturization

P ot
P

Journée EEA Montpellier 17
Philippe Cauvet, Mar 28, 2007



h

Packaging challenges

e Higher integration requires smaller chips, with smaller pad
pitch and size

 More chips = thinner chips (how to handle <100um
wafers?)

 More functionalities = more power

e Cost of materials
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Packaging

3D Package Families

PiP molded

Stacked-Die PiP spacer

—

PiP Flip Chip

PiP shield

Source: STATSChippac
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Packaging

Wire Bond Mnld Cantilever Wire Emd Mold

bond

Tcp Die

Interposer
/_I Bottom Die

Substrate

Same-size (or reduced
botton die) stack

Reverse wire

g e —.--.-.-..-. e ———
Y s

Intel quad stack

Source: DPC
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Packaging

Intel

= Package-on-Package construction (folded flex

circuit from Tessera)
— Processor, flash & SDRAM

= Prototype of 8-dies stack with no interposer
(50um die thickness)

= Intel is now using copper pillar bumping for its
processors

h
|

Active circuitry on
top

Bonding Interface

h OB B6 B-B)
-—tl.rrtrt\l

Metal Pad

Bofior Bonding

e Structures

Source: Intel
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Tessera Packaging

ot
58

K508
%

TESSERA

Carrier Interconnectivity

Tafp
Sk nge

» Package-on-Package (folded carrier)
— 2 metal-layer polymide providing electrical and mechanical properties
for interconnect

» Processor with associated memory

AT F e b
Top Fpoaags

Configuration examples

Folded Stacked CSP assembly process
Sources : Prismark wireless technology report — March 2005
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Packaging

MMM6000 Module

Freescale

H IO
(¥ "

= Single package transceiver for quad
band EGPRS (GSM/GPRS/EDGE)

— 11.2x9mm

— 9 SMDs 0402

— 18 SMDs 0201

— 2.8x2.6mm 0.13um CMOS

— 2.7x2.9mm 0.18um RFCMQOS
— |.Ixl.Imm IPD device

2.0 mm
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Sychip

Packaging

= Silicon substrate with integrated passives

Size (mm) 9%9
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Packaging

NXP Silicon-based SIP
Standard
concept HVQFN
I
Flip chip —
Passive die

Passive die

000000000000000000000]
Active die

Key benefits

* Performance (flip chip interconnects)
¢ Inductance / 4 to 6!

* Size (3D stacking, passive integration) Active die
* Low thermal resistance

Flip chip
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MEMS Packaging

f’/ I-Ia;ar * ' Deciors .
[ "-..‘;“_‘ ..-":

= -

Sensing'.,
: dire ctiony,
ditioning
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MEMS packaging
SAW filter on silicon substrate

LiTaO3 substrate — } SAW filter

I e o M—— Cavity

jil

Polymer pattern on PICS
PICS substrate

Assembly:
Thermo-compression

iiiii Assembly enabling an electrical

contact and sealing

PICS
substrate

SAW
filter

Polymer seal ring

Gold stud-bump

A 4
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MEMS Acceloremeter stacked die package

STMicroelectronics

= Targeted applications
— Toys, medicals, phones, anti-theft

Piﬂhjl.t alEe=Ty7 f.-":l'#rl’r' R

4.3x4.0x0.4mm MEMS die
3.9x4.0x0.4mm cap die
3x2.8x0.2mm logic die

QFN 28 I/O, 2 stacked die

Die to die and die-leadframe wirebonds

£
b
L |
[ ]
- ]
-

Eul
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SIP vs SoC

Compared to a SoC, a SiP may have more...

Circuit Supply
Functions Voltages

Process p o B SR Signal
Techno. st Frequencies

ey | =1 Signal
Supp’iers LT P, (PERPFTRRTRTT: CRPTTRTRRISTIN PO bR e Leve’s

Quality Failure
Levels mod./mech.
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NXP SIP Test Vision

Today:

+ Test of PCB

§ + Interconnects
N + Passives

e + Functional

Test cost = 3U . | Test cost = 4U

& E With a Higher

'
Coverage! ives (almost 0!)

ctional

Test cost < 3U Test cost << 4U
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.

A Complex Test Flow...
Wafer Test Final Test

Fab of X
s | Known
\\R‘CM e ’ SiP SiP
: Fab ofB G OOd Packaging. Final Test
NERR Dies!
PCM Test

System-level Test:
o DT
» Fast Diagnosis
and...
* Known-Good-Dies!
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Known-Good-Die

KGD Definition:

(from a test perspective)

e Good enough to meet, at die level, at least the same
quality level as a packaged IC

* Implies that :
* KGD test = WT + FT of a packaged die!!
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Cantilever RF probing concept

Package: Die under probes:

Wire bonding Iength Needle length

h

Bonding: 1-3mm
Leadframe: mm size

Rule of thumb:
10mm represent 10nH serial inductance
- iImpossible to test a PA @freq, for example!

Total Probe length: 10-15mm
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Thin film technologies
for RF probing

Microstrip
transmjssion line

i lmed ¢ 2>um
ER S 4
40um-60um

/‘ Rule of thumb:
0.05mm represents less than 0.5nH serial inductance
(typical 0.2nH specified)

Ground plane

Forced-delivery Terminations
mechanism and bypasses

/|

Carrier PCB Membrane vv\\

Contact bumps
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MEMS technologies for RF probing

*Springs for solder
bumps

*Cantilevers for
contact pads

*RMS roughness 15
nm

sLength to 600 um
*Width 29-55 um
*Thickness 11 pm

*Planarity 1.07 pm
over 1 mm range

copper

& 25kV zZopoum
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Signhature-based Testing

(Vpp Test Pattern)

ANAN

(Reference
Clock Signal)

CLKI

lDDL

R

Full Test at Wafer
Alternative Test Methods

||
P

 Power supply sweep
o |-V Signatures
* Multiple observation points

e Simple method
* “black-box” methodology

* No functional testing
e Short test time
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Management of diversity

Which leads SiP package test to:
v’ Require greater diversity of ATE resources than SoC
v’ Require greater diversity of test & reliability screen methods than SoC

v' Have large disparities in test times and resource utilization among die

Solutions:
v' Insert in multiple testers

v’ Better scheduling of test resources to allow independent, simultaneous test
of each accessible chip in SiP

v BIST/DfT/ DSP
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System Testing Issues

Intermediate Test Points may affect signal
integrity and leads to longer test times

Data

S
TX-FEM Transceiver Baseband

So, what to do?
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1. Test Rx and Tx paths independently

Ref: “Seamless test of Digital Components in M/S paths”, S. Ozev et al

TX-FEM Transceiver Baseband
Pro: Contra:
- close to the application conditions - expensive ATE
- two-pass test = reduced test time - quality of contacts critical
- reduced risk of signal degradation - diagnosis??
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2. Test Rx and Tx paths together (loop-back)

Ref: “Wafer level RF Test and DfT for VCO Modulating Transceiver Architectures”, S. Ozev et al

Data

TX-FEM Transceiver Baseband
Pro: Contra:
- low-cost (no?) ATE - need DfT (not a simple short-circuit!)
- benefit from PICS capabilities - correlation with lab measurements
- test simulation - mgt of yield / test escapes
- easier BIST implementation - diagnosis??
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Loop-back slarts at the beginnin

. Augxiliary function ___@
Biggest advantage: |

P frem
Full digital test L« < - g“
S

Auxiliary function —-—@

Mixed Signal Die

&
&
R

BPF

o)

R
&
&

Challenges:
o Loop-back: Analog Design For Test issue
o Test methods: digital post processing

v ADCs DACs test

v Compensate data converters errors wmmy |mprove their performances
- S//77//ar fo measurement instruments

v Test each block through other blocks

h
|
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Loop-back slarts at the beginning

77 T LLL, ; i I

=R

@)

g Digital o Analog Part 2

part 1 8
Y <
> ;-
"TRF Part — )
i & Digital
part 2
Analog | DAC Analog -
Part 1 Part1 L —
i il R TR s
ANC
[ 1
m—— Digital o i
m~— part 3 Digital
= part 4 O
w
! IRARNRRN]
Strateqy:

1. Find DSP-based methods / algorithms to re-use the analog/ms blocks as instruments

2. Implement hardware that supports the methods
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SIP Testing

* Diagnosis capabilities using signatures

Transceiver Baseband
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Testing Wirelessly (LIRMM+NXP)

Transmitter/
Receiver

ATE V/))) <<<(

SIP

Architecture for testing a SiP wirelessly
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Summary

* SiP is:
* significantly growing
* not a SoC
* represents many challenges in:
* design (tools, EMC,...)
* packaging (stacked, planar, PiP, PoP, ...)
* test (KGD, System Testing,...)

NG,
- }
o\ 1
AR b

thus, SiP technologies offer
many perspectives |
opportunities

to students, researchers
and engineers
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Executive Master
in Microelectronics
System Design

and Technology

Mostare «BAC +0s,
occrehing por ho Conférence des Gronces Ecoles

Le Mastere Spécialisé « Microelectronics System Design &
Technology » forme des spécialistes de la conception de systemes
micro-électroniques & micro-technologiques

The specialized Master in « Microelectronics System Design &
Technology » trains specialists in micro-electronic and micro-
technological systems design
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Introduction 20h

SoC Design Methodologies 60h

Bﬂ:ﬁ@ @ Eﬁ] Coupling Effects 60h

€xecutive Master Advanced Processes
in Microelectronics 60h
System Design _—
WAS TeEaNalEgN Manufacturing 40h
m‘mhmﬁafi dhes Gronclas Ecobes
CONTACTS SiP Design Methodologies
80h
erre.vancaenegen@ensicaen.fr Advanced Tests 80h
christophe.goupil@ensicaen.fr Zl)JhSi”eSS Management

nathalie.carpentier@nxp.com
» 1470 hours

* 560 h classrooms (5 months) and Executive Master's

» exercises (1 month) D e g ree
e 910 h Internship (6 months)

(Ran+ﬁ)

» 2 intakes: February and September , .
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