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MEMS for Power Switching (©

Membrane Signal Path
s i s

Dielectric

1898rFm

oo (B T | Z2Z2Zmm

SEM picture

Si micro-machined, metal membrane

Electrostatic actuation

Capacitive switch using high K dielectric material for high Con/Coff ratio (~150)
Series or shunt switch designs
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MEMS for Power Switching (©

-

MEMS technology used : * Surface micro-machining’

TiW / Al 0.7 um

Au 3.6 um

Si,N, 0.2 pm

TiW/Au 0.6 um

|
-
- SiO, 2 um

AU CPW line Si HR or glass substrate
W =380 um _ Schematic of cross section (Shunt Switch)
S =120 um Control electrode (TiW)

Holes are etched into the membrane in order to facilitate the membrane ‘ delivery’

CNFRS — Nanosciences et radioélectricité — 20 mars 2007

(7) Research & Technology THALES



MEMS for Power Switching (©
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SEM pictures of fabricated switches@

Gap:g=3um

éMembrane width : 100 um
5
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Insertion losses (Membrane in up position) (©
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: Isolation (Membrane in down position)@

25 dB a 40 GHz
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Return Iosses@

S,, Membrane in up position (The membrane is unactuated )
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Thales results @

&

Results under 0OdBm

Key characteristics of TRT MEMS RF Switch

Isolation 32 dB (40 GHz) — 18 dB (20 GHz)
s Insertion losses 0.2 dB (40 GHz) — 0.1 dB (20 GHz)
2 Driving voltage 32-38V
i Con 2-3 pF
% Coff 30-40 fF
% Ron < 2 Ohms
% Switching time <5us
K 81 N/m
; Mechanical resonance 214 kHz
5
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Series MEMS switches @

Line of command

120 plan de masse
80
I =
120 plan de masse

N
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resistors
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Conception

ON state : Membrane in down
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OFF state : Membrane in up
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SEM pictures of fabricated switches@

Gl ES 2 S9KU

THARALES =aKu

N~
o
o
N
2]
S
©
£
o
N
|
)
=
.
-
=
O
Q
]
2
©
©
S
-
[}
(]
[}
Q
c
Q
O
[%2)
o
c
©
P
|
[72]
o
LL
zZ
O

Research & Technology



: How do we improve switch performance’?@

R-Ohstate (menmrane L) R-Cif state (mermorane Down)

| L P O
Increasing switching ratio ( —— )

!

Increasing C,,, for agiven C,
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: Influence of K on switch isolation@
Simulations HFSS

Igolation (dB)
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Much higher isolation in DOWN state than previous design
Replace Si;N, with high dielectric constant ZrO, film
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: Switch measured characteristics: Insertion loss (€

Shunt ZrO,switch characteristics in the UP state
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: Switch measured characteristics: Return loss (©

Shunt ZrO,switch characteristics in the UP state
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Switch measured characteristics: Isolation (€

Shunt ZrO,switch characteristics in the DOWN state
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: Switch measured characteristics: Return loss @

Shunt ZrO,switch characteristics in the DOWN state
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MEMS SPDT Switch (ZrO2) ©
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MEMS SPDT Switch (ZrO2) (©
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MEMS SPDT Switch (ZrO2) without packaging (X band)®©

&

0

-0,2 4

04 - Membrane down position (S;;in the on state)

-1

-1,2 4

Magnitude (dB)

1,4

PaV-V-_]

-1,6

-1,8
O -
-2 T T T T
0 2 4 6 8 10 12 \
Frequency (GHz) =1
10 \
15 \ Ss,
201 \/ﬁ\
_25 B
-30 T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20

S., in the on state (Membrane/down position) Frequency (GH2)

Research & Technology THALES

AN

Magnitude (dB)

CNFRS — Nanosciences et radioéle—+—*=




MEMS SPDT Switch (ZrO2) without packaging (X band)®©
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MEMS SPDT Switch (ZrO2) without packaging (X band)®©
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: Power handling measurements (10 GHz) ©

Power Handling of RF MEMS Capacitive shunt switches
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10-12 GHz TWT-Amplifier -
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Power Handling of RF MEMS Capacitive shunt switch (©

&

PZT Shunt capacitive switch

under 0dBm (10 GHz)

ISOLATION 30 dB (10GHz)
PERTES INSERTION 0.1dB (10GHz) £
5 TENSION D’ACTIVATION 25~30Volts é
S RAPPORT Con/Coff 150
§ GAP D’AIR (entre membrane et diélectrique) 2~2.5um ;
o MEMBRANE 240pm x 100pm
S Cpw 80um/120pum/80um g
5 METALLISATION DE LA MEMBRANE 0.5 um Al, 0.2um TiW g
o 5
é CONSTANTE DIELECTRIQUE UTILISEE (PZT) 160—-170 f
@ £
5 VSWR 1.2
g Switching time 4 us -
g
3
T
zZ
|
(%]
o
LL
zZ
O
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Power Handling of RF MEMS Capacitive shunt switch (©

&

Measured down-state isolation versus input power at 10GHz
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Power Handling of RF MEMS Capacitive shunt switch (©

&

Measured up-state Insertion Loss versus input power at 10GHz
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Lifetime measurements (10 GHz) (©

High power RF lifetime of THALES MEMS switch at 10GHz

TWT-Amplifier

10-12 GHz

Synthesizer

R
.
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RF lifetime of THALES MEMS switch at 10GHz (©

Cold switching (37 dBm)

20,06 - Measured up-state Insertion Loss versus input power at 10GHz
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RF lifetime of THALES MEMS switch at 10GHz (©

: Cold switching (37 dBm)

335 - Measured down-state isolation versus input power at 10GHz
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RF lifetime of THALES MEMS switch at 10GHz (©

RF Lifetime at 10 GHz
10 Billion Cycles at 37 dBm

32 Devices Tested at 36 dBm and Room Temp.
25 Devices Completed 10 Billion Cycles (Stopped Test)
6 Devices Completed 1 Billion Cycles (Stopped Test)

1 Device Failed at 0.72 Billion Cycles
8 KHz Cycle Rate

0.69 Billion Cycles/Day

10 Billion Cycles in 15 Days
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CNs switch @
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J. E. Jang et al., Appl. Phys. Lett. 87, 163114 (2005)
“Nanoelectromechanical switches with vertically aligned carbon nanotubes”

Department of engineering, University of Cambridge
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CNs switch @
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Voltage(V)
Research & Technology

Current-1st CNT(A)
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NEMS @ TRT ©

&

Why carbon nanotube based NEMS?

* High isolation, low losses — from MEMS properties

appro

* Low actuation voltage — <10V

. . From nanometer size of CNs
e High switching speed — -~ afewns

ed without Thales' prior written

e High power handling — exceptional electrical and mechnical properties of CNs

ot be reproduced, disclosed or us

* High integration density
e Low cost
e Low consumption

cluded are the property of Thales. They cann:
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Main difficulty
* Achieving reproducible and routinely fabrication process of CN switches
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. NEMS @ TRT ©

ITRT has developed a

' growth technology of |

highly, homogeneous
vertlcal CNs |
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NEMS @ TRT ©

+

+

: Ohmic switch

i (metal/metal contact)
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Capacitive switch
(metal/dielectric/metal contact)
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NEMS @ TRT ©

Coupling CNs with coplanar
waveguides for RF switching

CNFRS — Nanosciences et radioélectricité — 20 mars 2007
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CN Antennas @

Proposed architecture
Frequency-> channel -> interconnect

Long nanotube
antennas, each
resonant at a
d:'fferen{ frequency.

mm

Integrated
Na nosystem

IHHH

HHH

nbled DNA)

||HHHH

Particular electrical properties

* High relaxation frequency (>50GHz)
* High wave velocity (A/50 - A/100)

FI
: : o |
e High characteristic impedance & high losses Q t >) &“J&?&fﬁom
. . nera

Research & Technology

Advantages of CN antennas:
e High integration

e High density circuits

e High frequency resonnators

Applications of CN antennas:

* Wireless communications between nano-sized
devices/organisms and macroscopic world

» Antenna arrays at high frequencies

* Thales: 60-110 GHz

Radiated /4

: MAav
Dipole Dipole

THALES
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CN Antennas @

Technical issues:

Focused lon

Beam

Carbon Nanotube

* Dipole fabrication: FIB

* Impedance matching: 50Q - 10kQ

« Emission pattern measurements:
Radiation efficiency — 60 dB

CNFRS — Nanosciences et radioélectricité — 20 mars 2007
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Signal
Generator
{80-110 GHz)

Impedance
matchin
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| Conclusion ©

val.

Conclusion

appro

» Key RF performance characteristics for a Zro,-SPDT switch are at 10 Ghz:
insertion loss of 0.15 dB and isolation of 28 dB .

ed without Thales' prior written

* RF lifetimes exceeding 101%cycles achieved at input Power level of 36 dBm
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* Research on nanotubes RF NEMS is underway at Thales Research & Technology
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Thank you for your attention
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Bare chip Characteristics: Insertion losses @

Membrane in up position

CNFRS — Nanosciences et radioélectricité — 20 mars 2007
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0.04-20 GHz measurements
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