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Outline

RF SiP Why and When?
RF SiP

- Technologies

Desigh Methodology
- Initial Design Phase
- Detailed Design Phase

Examples

WLAN Modules
Integrated IQ Mixer

GPS Modules

Under the die integration


Présentateur
Commentaires de présentation
Outline the high points of the presentation you are giving.  Don’t include the title or conclusion in your outline. You should state the purpose of the work described in your paper.  Describe the big picture of why you did the work, not the detailed technical objectives your work accomplished.
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bInsight SiP

Motivation

e RF SiP is a road to get system solutions to market fast
and at reasonable cost

e Optimized choice of SiP Technology gives lowest
production costs

e The design methodology has to be:
- Fast and accurate
- Adaptable to all available technologies
- Allow for maximum design creativity for new passive structures

e The design strategy is proven
- for LTCC, Laminate and Thin Film IPD
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Présentateur
Commentaires de présentation


The Motivation Slide is your opportunity to sell the audience on why they should pay attention to your talk.  Explain WHY you are working on your particular topic.  How does your work benefit your target audience?



This is one of the slides mentioned in the article on giving a good presentation.  It is posted on the IMS2004 web site:



Joseph F. White, “Your Paper Has Been Accepted!”, Applied Microwave & Wireless, Winter 1996, pp. 10-23.
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Pros & Cons

e Feasibility study is key to make best SiP choice

 Methodology gives close to first pass success for
embedded passives (matching, filters,
baluns,..)

e System related issues tend to be discovered
during initial testing
- Requires a pro-active approach to reduce
digital/clock interference issues

e Design spins can be created by chip related
issues that are discovered during SiP debug


Présentateur
Commentaires de présentation
The Pros & Cons Slide (or the Pluses and Minuses Slide) is your chance to get the audience on-track and pay attention to your talk.  You want to enumerate all of the positive aspects of your research as well as the negatives or problem areas!  Be candid.  Engineers understand and respect this.



There are always drawbacks to a given approach, and the author should not try to gloss over them.  The author should list the drawbacks (the negatives); otherwise, the audience (being good engineers) will sit there and try to figure out what the author is "hiding".  The audience won't be focused on the presentation.  We never have enough time for questions, and this is a way of eliminating obvious questions about the shortcomings of a topic.



This is one of the slides specifically mentioned in the article (p. 14) on giving a good presentation: Joseph F. White, “Your Paper Has Been Accepted!”, Applied Microwave & Wireless, Winter 1996, pp. 10-23.



After this slide of your talk come the slides that detail your presentation.  Most speakers will use between 40 and 120 seconds per slide, so plan accordingly, and rehearse your timing!  Time limits cannot be violated.
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ght SiP
RF SiP Why and When

A
- i ?
Why to SiP P
e We need More than
Moore

 We need to prove
system in market prior
to developing SoC .
- When tO S]P ~1gzrae — 2005 >
e Early products

e Products that need
technology mix

e Lower volume
products

L MRWEE 1 IeWwe 1 el mwe o o mwe omualomiie 1 mwe mn

- -
e | [ [
ICs in SMT packages

Smaller FTHs
E‘%HQLU Multilaysr PCBs

ICs in DIP packages

PTH technology
Two metal layer PCBs
m

Discrete transistors
Single sided PCB

Performance\Density
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s ght SiP

SiP life cycle

Time to Market in Months
Design cost

A
48 +
e 10x 14 i sip
3 Loy 5Xx 5mm
20 & 30 A
M SiP
1T 10 x 10 mm
12 a 18 1st |evel of Integration on PCB
30 x 30 mm
s Prototypes
6al2 50 x 50 mm
>
(Bluetooth Model) Design Complexity — Level of

Integration — Size reduction
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e Complete 3D RF system
- RF BB semi-conductors
- SMT passives
Buried RF passives
Interface to application PCB (LGA,
BGA)
e Fully self contained system
- Tested
- Semiconductor package format
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Présentateur
Commentaires de présentation
Let your slides highlight your talk, and not be a substitute for what you have to say.  You, the speaker, deliver the message and let your slides augment your talk.



Use fonts that do not have a blurred appearance or look like 70’s “computer characters”.  Arial and Helvetica fonts are two fonts that project well.  If you use other fonts, we suggest you project them electronically to get a feel for what your audience will see.



36 point titles with 28 point supportive text are visible from the rear of the session room.  Smaller fonts may be visible at the front of the session room or on your monitor, but NOT from the rear half of the session room. USE NOTHING SMALLER THAN 28 POINT FONT! Larger font is even better. 



Make your text large enough so that your audience instantly reads your message.  If they have to concentrate to read your slides they will be concentrating on the screen, and not on what you are saying, or they may just walk out on you...
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RF SiP Technologies

Insight SiP

Plastic

 Laminate based (€, 3 - 5) “’}

- 4 to 6 metal layers
- Interco. RF Baluns in substrate

o LTCC based (€, 7 - 10)

y

- 6 to 20 metal layers reegi o
- Interco. RF baluns, Filters,
matching in substrate \ / p

?

LGA interface RF Functiona lity B-10 layer LTCC substrate
Balun, Ciplexer, Filter, L, C
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RF SiP Technologies

Insight SiP

e Silicon Based (€, 11.2)

2 2 tO 4 metal layers + doping E\ id SMTFD—7JSBmconducturs /strate sm/uzm
- Interco. RF baluns, Filters, \

: . : - / |
matching and high C in M
substrate
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SiP vs SoC

s ght SiP

Parameter SIP SoC
Development Costs x 1 Millions $ x 10 Millions $
Development Duration 12 to 15 months | more than 3 years
Time to market 1yr 3-4yrs
Technology mix Yes Filters/Xtal No
Typical size 5x5x1.4mm 3x3x0.9mm
Need for external components No Yes
Production costs Low Very low
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RF SiP Design

G I sioht SiP

e Design for manufacture
- Highly integrated (RF) systems and sub-systems

e System in Package approach

e Multi-technologies : PCB, LTCC, Thin film, Thick
film...

e Emphasis on optimum overall cost in production

e Use of “mature” non proprietary technologies
available on the open market
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RF S1P Design

@ nsight SIP

e Initial Design & Feasibility
e Determine tradeoffs
e Select technology platform
e Determine system partitioning
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RF S1P Design

Insight SiP

e Detail Design
e Create and optimize schematic

e Generate and validate layout and
assembly

 Build and validate prototypes
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Initial Design & Feasibility - Aim

e Chose System Architecture

- Performances according to the Market
Requirement,

- Production and Development Costs,
- Design to Production Lead Time.
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[. BInsight SiP
Initial Desigh Feasibility - Method

e System partition
e Semiconductor Technology Choice : Si, GaAs, SiGe,...

e SiP Technology Choice : Laminate, LTCC, Silicon Based,
Thin Film on Glass,...

e Assembly options (Flip-chip vs Bond-wires)
e Buried passives vs thin film passives vs SMT

e Compare SiP substrates
- Size, Cost, NRE

« Compare Assembly options
- Wire-bonding, Flip-chip, RDL, bumping, SMT,
« Compare test options
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Initial Design Feasibility - Example

UWB Laminate Module
Courtyard Totaf Total
Description Part # Die size d::rf'::sai?:fls Cnrgf::em Dimensions Cog:l::rd H'::;T“ Quantity | courtyard | Component
IPC7351 area area
X Y X Y
Dimensions MM % mm mm feeles] mm* feelet] i mm* feelet] mm* mm®
Actives
RF + BH SoC \WWHE_ 100 Flip chigax g a & 25 a5 5,5 30,25 0,5 1 30,25 25
Total Actives 2025 25
RF Passive Functions
3to 5 GHz UWWE Filter |Filter on top LTCGC 3xd 2 4 8 3 5 15 0,6 1 15 [E]
Total RF passive functions 15 8
RFC,L
Capacitors =22pF 0,5 03 0,15 1.1 0,5 0,55 0,4 g 2,75 1,1
Inductors =27nH 0,5 03 0,15 1.1 0,5 0,55 0,4 5 2,75 i1
Total RF ¢, L 55 2,2
Crystal MNE25205A 40MHz 2520 2 25 5 3 3,5 10,5 0,65 1 {08 2]
Total Crystals 0.3 =]
Fassives 0201 Capacitars Decol 0201 0,5 0,3 0,148 1.1 0,5 0,55 0,4 10 0,0 1.9
0402 Capacitors DecolC0402 1 0.5 0.5 1.5 0,75 1,125 0,6 3 3,375 1,5
0201 Inductars LOZ01 0,5 03 0,15 1.1 0,5 0,55 0,4 1} 8] 8]
0201 Resistars RO201 0,5 03 0,15 1.1 0,5 0,55 0,4 1 0,55 o0.45
Total Passives 9,423 375
Maximum Height of components 0,65
Total sum of courtyards 70,675 43,35
Estimated dimensions with 0.2mm kepout for overmold 8 10
U U Height
Overall Estimated Size
8 10 1.4 o
)
Substrate 05
SMT solder thickness 0,05
Maximum Component Height 0,65
Owermaold clearance 0,2
Overall Module Height 1.4
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|pitial D
|UWB Laminate Module

acinn Fogasibility - Example

Componun| O

Coutttyard | Max
‘mmm L] (Die wize oy { mﬂ Py H\Ww\m::n am‘v'arn
L

[k

— ~UWB SbSiP Modul
AL EFES L] 7 1 I 0 u e
Package | Compivent Touyard Courtyard | bax
7 Desctipion Part e sz Diiisbinis iy |coirtyard | Campanant
Vit [Filwrniop LT (120 = I e 5 ] bt ek [ it K war | awm
X k] | S I
Dimengiony min 1 mn | | m
Awvs
et~ — UWB LTCC Module
B8 |04 | QlomAme
T PRL18 Pt I FRTL S0, Pathay Componont|  E ey | an Toaf Ioni
T80 o P i [ e 0 50 0 Bicen 341 H 7 encriplion (Pan Do sizn ,,,mm,'::,, . If,, Dimeivslans ',:':d it Guanity | ecurtyard | Conpnent
1 34 IPCTISY ana ama
o TORIRT pivame funchons ] ¥ X ¥
8 L0 1 ORr lonwcon 1 |cimensions mm £ e mm | mn | wm | om | mn' | mm ! e
1 L T el G T v
(1] O T T M 7 B— UARF + BB o [\F/E O Y00 Filp ehig (515 5 5 ] 55 | 55 | 1% |05 1 W01 ]
L I . ol Actiw £ 3
TofRFCL F
S (T EITTET 10 & GHz LW Filer [unad in LTCC i I i 4 5 | 4 1 ® ] 0] 1 [ 0 | 0
— e e Tl 1%,“,;, 3] I T Tofal B sty tinchions I LTCC baed Thgars Fil []
Overall Estimated § s EmEEESz=EL)
Vera S |ma E IZE AT T (L [ I 12 2 [0 5 | 17
(0701 Inielors (X] [T %] Ol BF &L bured I LT i
{fotal BF €L buried i LT
8 10 1 4 e CH T M L [ K] ol e ol ineimaI LTEE T
[ ri Crysial [H25I0SA, &0MH: =0 2 25 [] 3 15 05 [ 1 108 ]
! T —— Mol Cryis 108 5
E Pasimii 0201 Capacdiei DoeiugCIR01 05 [ 1 [ (3 04 10 [
D402 C i CO407 i 05 15 076 1125 [T 3 3378
= - (G301 et ] [ 05 | L | 05 | 0% |6i] 0 0
Overall Estimated Size 81 B A 3 0 Y R R 3
Tatal Pagines 944 FLE
ielghi of compananis [T
8 9 1 4 fotalsom of comtyards | : LEm |
1 silmated il jons with 0.2mm kepou for overmold ! ]

Overall Estimated Size
7 8 14 "

[ubistiate 05

e SIP Comparison

- Substrate Size & Performances vs type
- Assembly options
- Cost & Time to Production
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| pinsight SiP

Detail Design

System Design
I Electrical Schematic
Partition Functions Optimise
Die, SMT, Substrate
Choose Layer
I Structure
—, DetledDesgnof_ Generate Parametric Standard EDA
Buried Functions : .
Mechanical Objects
. sl L software based
Layout Complete SIP_ S Optimise
Integrate all Functions Parametric Objects Layout :
| : Optimise Circuit with FIeXI ble prOCGSS no
Measure Buried Parametric Objects : . .
Furcrs fixed libraries
| Auto-generate
Adjust BoM 3D layout
| — Step-by-step Process
Test Complete SiP Full EM simulation
: of 3D layout
N oo
| okr M
Production Y



@5
g% Insight SiP

Detail Design

e System model development
e Project-specific component library

e Circuit Optimization taking interactions into
account

e Exhaustive simulation of electro-magnetic
behavior

e Performance Optimization through electro-
magnetic simulation feedback to circuit model.

e Proven two-pass success
(with one-pass objective)
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ey

Detail Design EDA Tools

S Parameters Parametrical/Mechanical S Parameters

AUS . Fo“Ct

Circuit Simulation, EM/Circuit Simulation, Layout/EM

ADS, Designer, ... ADS, Designer, HFSS, CTS... ADS, Cadence, Designer,...

Test of Substrate Manufacturing

SiP Final Test Buried Functions Multi-layers / Thin Film
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Electrical Schematic

Choose Layer Structure

SSa929Nns ssed auQ

EM Check Layout

Optimise Layout
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Insight SiP

Examples

e« WLAN Module 7 x 7 x 1.2 mm LTCC
e SiP based 433MHz FSK Radio

o GPS Modules Laminate and Silicon
e RF transceiver with Tx baluns
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RF /O
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lInsight SiP
| SiP for ISM FSK Radio

Passive part of IQ mixer

Passive part of PA and
LNA matching

Transmit ASIC

Baseband Passives
e Analogue filters (RC)
e DAC resistor network
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i Insight SIP

e Laminate based module
- RF + BB
6 x4 x1mm
4 layer laminate
EM simulation of coupling
to optimise sensitivity
e |IPD based module
- RF + BB
- Includes RF match
- Chip to chip bumping
e On bond pads for RF
- Height < 0.5mm
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l"lnmght SiP
RF Transceiver with Tx Baluns

 Initial design
- BGA package + 5 ceramic baluns +25 SMTs

e |IPD enhanced design
- SAME BGA package
- INCLUDES Tx Baluns
- IPD is Flip chip under active die
- Active die is wirebonded
- IPD design includes Laminate and wirebond design

o e »,_ 5 O SExE e o g e
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G 1151501 SiP

Conclusions

e RF SiP offers short time to market

e Feasibility allows choice of best
technology

« Design process is under control
e Design process remains flexible
e Close to first pass design success
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