(EESHECBIBYjEs BAY
EVolltion Erapplicationsial

LraVErs des| pProjets

europeens STREP-IST

E.Kerherve (IXL), P. Ancey (ST), M. Aid (LETI), A. Kaiser (IEMN)

W T LRIV
.‘mﬁ%‘ﬁ..— R | S8 N RGN,




g

- [
Coriclusior)



Contexte

z > 4 {
LS < & o

| o
1
¢

.

- CB-Intégration ICs, passifs et RFMEMS
Partitionnement & co-design HW/SW

ntéaration de I'antenne / codesian aveﬁ
Interstage

FILTER

On-chip functions
(silicon technologies)

) . ~C- ™
System sSW
280 composants discrets passifs pour FILTER
15 ICs.
80% des composants sont passifs !
+
Interstage
WCDMA \_ FILTER 4

802.11.x: WLANSs
802.16a: WIMAX ...

System Integration
(BAW-SiGe Technology)



RF filter technologies

SAW Filters Ceramic Filters

| size: 3x3x1 e size: 4x4x2 mm size: 1.5x 2 x 0.6 mm
i nsertion 1oSeEt | insertion loss: 1.5~2.5 dB insertion loss: 1.5~2
& rejection: ~30 dB | rejection: >35 dB

S W _ S Power handling

Frequence limit: Large size U capability:

3 GHz : 3W
Trade-off:

Power handling size x insertion loss Frequence limit
capability: up to 16 GHz compatible

1W with VLSI-CMOS
processes




Technologie SAW

— IDTs (FIR) ou
| résonateurs (Ladder ou L
* limité en fréquence et en puissanc

IDT
1L  2.0dB
BW 80 MHz
W
Taille 2.5x2.0x0,9 mm?3




Technologies BAW

e 'onde acoustiqu'ést ot

* pertes de propagation moin:

« filtres = résonateurs couplés

= ;_

résonateurs couplés acoustiquement (SCF, C

Réduction de 10* des longueurs d'ondes = résonateur 100um en bande S

Tres haut coefficient de qualité : 400 pour du ZnO a 900 MHz




Principe de fonctionnement
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Filtre BAW
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FBAR

(Film Bulk Acoustic Resonator)
— L Avantages

Inconvenients
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EBAR
F|Im Bulk Acoustlc Resonator

Passwe part

acoustic insulation with
membrane & alr-gap

3ICMOS-SiGe wafer

Active part

transduction of energy

electric — mechanic - electric AN s



EBAR' Process Elow
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EBAR
(Film Bulk Acoustlc Resonator
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Shunt resonators

R. Aigner, CICC'2003
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SMR
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SMR
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CRF
(Coupled -Resonator Filter )

el antages

Acoustlc waves are generated at
the input resonator (piezoelectric
coupling)

&=

~ 1st stage

top resonator layers Drawbacks

coupling layers
bottom resonator layers

acoustic mirror
(Bragg Reflector)

. wide bandwidth
Substrate (Si, SiGe) @,

‘3@ * 10 : : slow roll-off
3l - E ¢ i ici
ECR AR 3 :

Acoustical Active circuits ] igh Y
coupling: ST 0 rejection
in-band ripple and Optimal discontinuity: 400
bandwidth Acoustic waves are reflected and o] s dd/
confined in the structure g e
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CRF
(Coupled-Resonator Filter )

CRF Filter Dimensions

layer

Dimension

thickness

top electrode 0.145 um
1st resonator piezoelectric layer 1.760 um
bottom electrode 0.145 um
area 275.50 nm?
thickness
q.é’ coupling low impedance 0.675 um
E’ layers high impedance 0.610 um
= low impedance 0.675 um
thickness
top electrode 0.145 um
2nd resonator piezoelectric layer 1.760 um
bottom electrode 0.145 um
area 137.75 nm?
§7 1stresonator | area 137.75 nm?
>
2 2nd resonator | area 68.87 nm?

output
(200 Q)

',"-‘ ¢

A. Shirakawa & al., EuMC’2005

165 um

S21@f1= 0.422dB
S21 @ f2=2.320dB

-rejection at

- stopband X S21

-60 IT]IIIIII[I1IIIllfflIIIII]I]IIIII1IIIT]I
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freq, GHz
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Choix des Materiaux Piezo

permissivité électrique

coefficient de température

coefficient de couplage eletro-
acoustique

pertes acoustiques

velocité du son
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Compensation en; Temperature

PN
ST

>

Matériau piézoélectrique
AIN, ZnO

Coefiicientde variation en
iemperatune negatifi s

Ry &F

:atériau de TCF conm
SiO

2

Coefficient de variation en
température positif




Projet MARTINA

~ Monolithic Above IC Reson
Archltectur 1 mobile and

Objective: To make a Mono-Chip WCDMA RX including a 60MHz AIC
BAW BPF from 2.11GHz to 2.17GHz with a TX frequency rejection
(1.95GHz) better than -28dB.
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Projet MARTINA

On-Chip Band-pass
BAW Filter

Duplexer

Band-pass filter

5 A‘i %_ From transmitter




i - f","
]
128

A

m15
freq=1.950GHz
§ dB(SAW EPCOS.. §(2,1))=-47.230
. m14
BAW freq=1.950GHz
- dB(S(2,1))=-55.168
16 1.17 1|.8 | 1|.9 | 2.|0 | 2.|1 | 2!2 | 2.l3 | 2!4 | 2|.5 | 2.6

freq, GHz

Projet MARTINA

Iter characterization

Specifications

SAW filter
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-9 o 4
-10 L L L LB ] |‘L| [T
2.025 2.065 2.105 2.145 2.185 2.225 2.265

freq, GHz

Insertion loss(dB)




Projet MARTINA

“omplete WCDMA RFFE Photo S

Effective chip area 2.44 mmZ, including the BAW filter (0.45 mm?)



Projet MARTINA

A RX RFFE ConversionA '

BIOCk (|iagl‘am M DOUBLELLATTICE

r__?ﬁﬁ__]l
Y [T Matching
[ ]

IN BALUN T I network
| 1
L o — — — groemd b= = -
0 Ohm 50 Ohm u

| F = 2.14GHz
| G =31.3dB

Simulation

TX Band —» (F;==1_1955éag|§ Measurement  http://www.isen.fr/martina/
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Projet MIMOSA

, Proof of concepts &
1demonstrators

Applications and
service

OPEN PLATFORM FOR AMBIENT
INTELLIGENCE

System integration

and system platform
WP2

System
wp2 Architecture

......

Technology
wpP3 Platforms

Shortrange Comtext tser Energy
; CORNNU - Jwareness interface to | scavenging
= cation & actuation dndient
w intelfigence
WP3A WP3B WP3C WP3D

H Microsystems
wp4 Integration



Projet MIMOSA

Fitness
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! Receiver architecture

-MEMS high-Q LC — balun for antenna matching
-MEMS BAW differential preselect filter

-Differential LNA with internal inductive load

-First down-conversion to low IF with fixed RF local oscillator (BAW resonator matched to filter)

-Second |Q down-conversion with integrated ring-oscillator
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Projet MOBILIS
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Second generation : Full integration BAWY filter BICMOS7 Hipower

. /
\ IPAD
Flip-chip
BAW
Filter PA
(DCS)

Flip-chip
BAW
Filter

WCDMA

PA

Testbench

BICMOS7RF
(backup)

[

Swifch SO
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Second generation : /
Full reconfigurable PA

v/ A 4
Power-BAW  Transceiver

technology




Plateforme BAW CNRS

artenaires : ESIEE, IEMN, IRCOM

ssement avec
11§ ption
eurs, LNAs filtrants, VC
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caracterisation et de modeles



Plateforme BAW CNRS
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Plateforme BAW CNRS

(RXLadder)

5

1@ 1.95 GHz
1@ 2.08 GHz
2@ 2.20 GHz
1@ 2.22 GHz
Rejectlon 35 dB (1.92 — 1.98 GHz)

A. Shirakawa, IXL-ST-LETI, Sept.05
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Plateforme BAW CNRS

(RX Lattice)

Ordre: 4
Zéros: 2@ 1,955 GHz

2@ 2,370 GHz
Réjection : 60 dB (1.92 — 1.98 GHz)
Adaptation : 18,5 dB

sortie

Analyse EM +
Modeéle de Mason




Plateforme BAW CNRS

(TX Ladder-Lattice)

Ordre: 5

Zéros: 1@ 1,800 GHz, 1 @ 1,905 GHz
1@ 2,040 GHz, 1 @ 2,165 GHz

Réjection : 40 dB (2.11 — 2.17 GHz)

Adaptation : 16 dB

M‘W A

o

B VIR VA O

Analyse EM +
Modeéle de Mason

y




Plateforme BAW CNRS
(FBAR overtone)

—

differential
input

differential
output

T -

FBAR FILTER REQUIREMENTS

Specification Value

Centre Frequency 27.0GHz |«
Passband 30MHz | =
VSWR 2

Input Impedance 50 Q (differential) very selective
Output Impedance 50 Q (differential) narrowband filter




Plateforme BAW CNRS

STRUCTURE MATERIALS AND LAYERS THICKNESSES

(FBAR overtone)

Layer Material Thickness
Bottom Electrode Mo 0.032 um
Piezoelectric AIN 0.484 um
Top Electrode Mo 0.032 um
Acoustic Loading Si0, 0.002 um

The acoustic loading layer is exclusively added to the resonators 2 and 4.

i3 resonators f
, active area | 240 umx24.6 um.
110 um /

—*

air bridge

filter 110
input um an ] f1 =26.985 GHz (-3.015 dB)
i f2=27.015 GHz (-2.998 dB)
f3 =27.000 GHz (-12.011 dB)
-5[' ] T T T T I T T T T l T T T T | T T T T | T T T T I T T T T
26.85 26.90 26.95 27.00 27.05 27.10 27.15
freq, GHz

filter output g ctrate

(Si, SiGe, GaAs,...) BW = 30MHz @ 27GHz




Conclusion

o

% , v >,

gL r acririe ogleﬁBAW Y@ t potentlel (IntEgration,
- olissarics; freqﬁence), fficile’a maltrlser’/ MalSideja
SpeIeEliEtion (AGient, yeon PRlips (iR 2095),
SIHEFEEEOS(?)) r

er)ce r\gr | tendan g utm{flon des

, S VSISAVREE




