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Introduction
- Nomadic Devices
- Miniaturization
- Thinner electronics
Packaging Platforms for thin RF
- Today - Heterogeneous mix of IPD, LTCC, Laminate, Flex
- Tomorrow eWLP, RCP, Embedded die?
Design Methodology
- Technology File
- Mechanical Objects
- Closed Loop EM Design
Design Examples
- GSM 3G Transceiver
- Ultra Thin GPS Solution

Conclusions
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Multi-function RF System Integration

| : I
« System on Chip (SoC) : RF BB ! : RF BB :
» Long Design Period | SoCA SOCA || ' soCA |! RF BB
+ High Risk : | . | soCA B
« High Design Co_?t h| [ rF 8B | | RFBB ||
- Homogeneous Technology | ! 1] 6oCB |1
- Smallest Size i I soc B | :
 Lowest Production Cost - . 1_ .
» System in Package (SiP)
» Short Design Period N N SR
- Low Risk SoC A RF BB
» Low Design Cost SoCA B
- Heterogeneous Technology soca || sace el
- Si, SiGe, GaAs,.. e
» Slightly Larger Size
» Low Production Cost 1year 3 years 5 years




s BE SiP

« Complimentary to SoC Metal shield  Flip-chip semiconductors SMT 0201/0402
» Needed for nomadic devices l
with SoC
» Allows Mix of Technologies
* Si, SiGe, GaAs

» SiP Technologies to match
requirements

« LTCC, IPD, Laminate
* TSV, eWLP, RCP tomorrow?

"

LGABGA FF Functionality
interface Ealun, Diplexer, etc Substrate
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e Laminate based (er 3 - 5)
- 4 to 6 metal layers
- Interco. RF Baluns in substrate

e LTCC based (er 7 - 10)

- 6 to 20 metal layers

- Interco. RF baluns, Filters,
matching in substrate

e IPD Glass or Si(er 11.2)

- 2 to 4 metal layers + doping \

- Interco. RF baluns, Filters, | _
matching and high C in substrate ... sl




Laminate

- Reduce # & thickness layers 4L
- Flip Chip Bumps

mm

- Thin die

-  Prefer LGA interface

- Use overmold (not shield)
- Use only 0201 SMTs

- Minimize thickness of substrate
- Flip Chip Bumps
- Thin die

- LGA

- Overmold
- No SMTs

= 0.35 mm

= 0.2 mm
=0

= 0.15 mm
= 0.4 mm

= 0.5 mm
= 0.1 mm
= 0.2 mm
=0
= 0.15 mm
=0

- Interco. RF baluns, Filters, matching in substrate

Glass or Silicon Based (er 11.2)
- Use 2 layer flex for support

= 0.1 mm

- Thin IPD high density interconnect & dcpl = 0.15 mm

- Flip Chip Bumps
- Thin die
- Overmold

= 0.1 mm
= 0.2 mm
= 0.15 mm

Min Ht 0.95 mm with NO SMTS
Min Ht 1.05 mm with 0201s

Min Ht 0.7 mm
SMT 0402 with no extra penalty
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e Freescale RCP
e eWLP

Imberra
Ibiden
Infineon
NXP

ASE

e Stacked die with TSV

Leadership & Innovation in Packaging

Freescale’s Redistributed Chip Package Technology

Benefits

+ Industry Leading Miniaturization —
30% size reduction, 30% in thickness

vs. PBGA
« Ultra Low k compatible
» Green (halogen and Pb free)

« Eliminates package substrate, wire

bonds and flip chip bumps
+ Flexible technology
= Single, Multi Chip, SiP
* Good Thermal Management
« PoP, MEM compatible

Stacked die with TSV
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SiP Layout
and coupling

System Design
|

Partition Functions
Die, SMT, Substrate

Detailed Design of

Buried Functions

Layout Complete SiP _

Integrate all Functions
|

Measure Buried
Functions
|
Adjust BoM
|
Test Complete SiP

__N &R

|
Production

Electrical Schematic
Optimise

Choose Layer
Structure

Generate Parametric
Mechanical Objects

EM simulate
Parametric Objects

Optimise Circuit with
Parametric Objects

Auto-generate
3D layout

Full EM simulation
of 3D layout

ok? N

Y

Optimise
Layout

RF Function Design

Inside layers of
RF SiP structure

IPD vertical in 2/3 layers

Laminate vertical
structure
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S Parameters ParametricalMechanical S Parameters

Acti iseLlits Fo ject
- -

Circuit Simulation, EM/Circuit Simulation, Layout/EM
ADS, Designer, ... ADS, Designer, HFSS... ADS, Cadence, Designer,...

Test of Substrate Manufacturing
Buried Functions Multi-layers / Thin Film

SiP Final Test

Based on multi-layer Electromagnetic Simulation coupled to
Schematic level Simulation with S parameters
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Flipehip side

— CONCOICR1VAa
L ] LTOPGSICE tape

[ ] L&DPESIC2 pn

Flipehip side

] Ls0PesIC2 tape

« Vertical Definition of Structure —— o
» Metal layers — ! =
=>» Thickness — =

2 o

O — Oxide layer 1
Thickness 0.6 um £ 0.05 um
0

0 = . <
=>» Conductivity .
Ceramic Tape _— _ -
Dupont 951
" . 78
- Dielectric Layers :
G2 thickness 4
P2 thickness 1 Ceramic ™
(] Thick Film Ziver CV¥1, C [
=> Thickness Bl
Conductivity 4 1 Wi = Metal layer 1
Thickness § pm + 0.5 pm
( o =5x107 S
F
n

=» Permittivity
=»Loss Tangent

45
R1 —Resistar layer

* Relative position of layers
) EaCh Technology i { BT Core MGC CCLHLE32NXA

BT Prepreg GHPL-B30MNXA

- Radically Different

Solder Mask
T Lo Duter Copper Plated Copper 20
echnology file :
| nner Copper Plated copper 20
Core laminate CCL [&

Inner Copper Plated copper

+ Each Supplier
» Specific Technology file

Total Thickness 260

BT Dielectric properties

47

Tand 0.013

Copper Conductivity 5 x 107 S/m
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» Mechanical Objects
 Multi-layer shapes
« Controlled by mechanical
parameters x, y, z,...

« Parametric Multi-layer Objects
» Inductors
» Capacitors
» Resonators
 Baluns

 For each technology type
« LTCC = Multi-layer
* IPD =» 2 — 3 layer fine
resolution
« Laminate = mostly Ls and
Baluns

IPD 2Turm Inductor

G‘il"' W1
g

Coupled Rezonator
YR resonator ht — frequency
Y& zero return - coupling

LTCC Resonator

13



IPD 2Turn Inductor

o

e 2 turn IPD inductor
» Main Metal
» use thicker lower loss metal
« Crossovers on secondary metal
 can be Al
* 4 mechanical parameters
» W1 — width of outer winding
« W2 — width of inner winding
» G — gap between windings
Y — vertical dimension
» Can be mapped
« To alternative metal types
* To alternative substrates
» To alternative dielectric thickness

W1 25um
W2 25 um
G 5um

Y 300um

W1 50um
W2 25um
;. G5um

! Y 400 um
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« Complex 2 pole resonator
» Folded line to reduce size
* Length controlled by vertical dimension
* YR
« Zero position controlled by ground return via

position
Coupled Resonator
/ YZ YR resonator ht —frequency
YZ zero return - coupling
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* Folded Balun X

* Folded line to reduce size
» Uses 3 metal layers + 2 gnd layers l
Y \

» Center Frequency controlled by
 Length (X and Y parameters) W2
» Matching and Impedance
Transformation Ratio controlled by
« W1 W2 and technology file Out + Out -
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Technology File

IPD 2T}1m Inductor

w1

el
_.;,_5.\ = P v
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Mechanical Object

Coupled Resonator
YR resonator bt — frequency
YZ zeroretumm « coupling

S
o

Schematic

) {FEAL-

Batch Mode
EM Simulation

Frequency
Resa_15_cpl
X’ Y) Z"" Reso_15 CPL
Rezo 15 CPL1
YR =YR15
¥Z=Y215

Electrical Model
of Mechanical Object
Within “Tech File” Environment
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e (= J
- Library Created at Project level %15 ;
» Mechanical Objects —

Feso 15 CPL

» Existing Library oo 16 CR1
* New objects for project (Creativity) 12-4215

« Schematic Object Schermatio cbiec
» Based on Tech File + Mech. Object Lock-up Table data

« EM simulation based

 Captures all local parasitics
« Changes in Technology

* Re-spin EM simulations

» Use new Tech File

Mechanical Object
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Generate Parametric _

Mechanical Objects

%" = S(XY)
{J—[}

Parameters X.¥

Ll ]
Lol
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« 2G/3G Transceiver
[ x Baluns under die
o/ X 7 X 1.2 1

*GPS 2 chip solutions
Laminate based
Full system with IPD
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Tx Side - 5 Baluns and 5 matching networks
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Tx Side - 5 Baluns All baluns integrated in IPD
and 5 matching networks under active die in package
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IPD+bumps Active die

0.3 mm 0.25mm
Total pkg
0.9 mm
Bumps Substrate
0.25 mm 0.1 mm

5 channel Baluns + Matching using EM based design methods
Wire bonds and Ground plane interaction included in model

=>» First pass design success = 1.2 mm Height

Ultimate thinning =

Active die ca0.15 mm -

Bumped IPD ca 0.25 mm |

Wire bond overhead ca 0.25 mm 0.8 mm
BGA bumps ca 0.15mm |
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Substrate 4L
FC die
SMTs
Overhead
Bumps

Total Height

Substrate 2L
IPD thinned
FC Die

LNA
Overhead
Total Height

0.35 mm
0.35 mm
0.1 mm
0.15 mm
1 mm

0.06 mm
0.15 mm
0.3 mm
0.4 mm
0.1 mm
0.7 mm

24



« Requirement for smaller and thinner solutions
e Current RF SiP Technologies and future trends

e Design methodology for RF SiP
- Multiple technology platforms
- Ensures first pass success for thin solutions
- Takes care of coupling during design

e Examples

- 2G/3G transceiver
- GPS
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