MEMS-based tunable true-time delay and composite

right/left handed transmission lines
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Periodically loaded transmission lines

MEMS Bridge
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Two states for the loaded line impedances: Z,, and Z,4
Select Z,, and Z,4 to have a return loss better than RL, .,

Ground  Signal  Ground Select the Bragg frequency, i.e., the cutoff freqeuncy: fz> 2f,
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Distributed RF MEMS phase shifters

Increase C, ~2.5 by employing static capacitors in series with MEMS switches
Digital design
RL . ~- 15 dB (still acceptable)

Increased degree/dB performance
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Digital RF MEMS phase shifter

Extern Ground
bias registor

O High-Q MAM capacitor for static capacitor realization
[0 External bias resistors for each bit (only for three cells)

[0 Internal bias resistors to carry DC bias in each bit

J. Perruisseau-Carrier, R. Fritschi, P. Crespo-Valero, A. K. Skrivervik, "Modeling of periodic distributed MEMS-application to the design of variable
true-time delay lines," IEEE Transactions on Microwave Theory and Techniques, vol.54, no.1, pp.383,392, Jan. 2006




Modeling of true-time delay structures

using distributed MEMS transmission lines

It is not enough for Julien to model the MEMS with a simple shunt capacitor

3 ) I ) NS SR s 0 - .
Zo Zo Cp=Cn/2Cr
det/2 - /2 , g o
B . 0.70 Rp
d/2 a2
08

Re(Z ) [Q]

Etch S 02t
ots
holes 0 >
0
G o
"
J. Perruisseau-Carrier, R. Fritschi, P. Crespo-Valero, A. K. % -2 _
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to the design of variable true-time delay lines," IEEE Transactions 3, . ” o m
on Microwave Theory and Techniques, vol.54, no.1, pp.383,392, f [GHz]
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Inspired us to develop a similar model for such structures:

K. Topalli, M. Unlu, S. Demir, O. Aydin Civi, S. Koc, and T. Akin, “New Approach for Modeling Distributed MEMS Transmission Lines,” /IEE Proc.-
Microw. Antennas Propag., vol. 153, no. 2, pp. 152-162, April 2006.



Digital RF MEMS phase shifter

Improved circuit model

Distributed MEMS transmission line

— - =T — (DMTL) structure
0, Eeff, — . .
oo, Lo=5/2 Co/Ced Loaded (overall impedance), Z, is
Self- internal  external .
Rou/Red resistance  bias bias switched from 58 Q to 44 Q
of Cs resistors  resistor

BNt =, i | Unit cell provides ~11°
%R% %R%{ 28 cells cascaded for a 3-bit structure

45° bit
4 switches

90° bit 180° bit
8 switches 16 switches

DC actuation pads

28x0.8 mm=22.4 mm 6




Monolithic Phased Array
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* One of the few examples in the literature
« Totalarea: 6 cm x5 cm

K. Topalli, O. Aydin Civi, S. Demir, S. Koc, and T. Akin, “A monolithic phased array using 3-
bit DMTL RF MEMS phase shifters,” IEEE Trans. Microwave Theory and Tech., vol.56, pp.
270-277, February 2008.
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June 2005: Measurement sessions at EPFL-LEMA




Interested in learning Turkish

31.10.2005; Julien wrote:




Julien’s contribution to CRLH Transmission Lines
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J. Perruisseau-Carrier, A.K. Skrivervik, "Composite right/left-handed
transmission line  metamaterial phase shifters (MPS) in MMIC
technology," IEEE Transactions on Microwave Theory and Techniques, vol.54,
no.4, pp.1582,1589, June 2006.

J. Perruisseau-Carrier, K. Topalli, and T. Akin, “Low-loss Ku-band Artificial

Transmission Line with MEMS Tuning Capability,” IEEE Microwave and
Wireless Components Letters, vol. 19, no. 6, pp. 377-379, June 2009.
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CRLH Transmission Line

Si-Cr Resistors —1—1 Simulation results

(i) Sputter Si-Cr on a glass wafer and pattern
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(iii) Deposit PECVD SisN4 and pattern with RIE —

light line N
Sacrificial Polyimide —l

(iv) Spin polyimide and pattern for anchors

L | |
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vz e e Frequency [GRz]

(v) Sputter Au structural layer and pattern the bridges * MEMS process on glaSS substrate
» Reconfigurable leaky-wave antennas and series feed networks.
—  Differential phase shift over losses (38°/dB at 14 GHz)
-—r_ _1—- * Quasi-zero drive power consumption

* Monolithic and has a total footprint of 4mm?.

(vi) Etch sacrificial polyimide and release

1t



CRLH Transmission Line
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J. Perruisseau-Carrier, K. Topalli, and T. Akin, “Low-loss Ku-band Artificial Transmission Line with MEMS Tuning anchor
Capability,” IEEE Microwave and Wireless Components Letters, vol. 19, no. 6, pp. 377-379, June 2009.

» A CRLH cell to exhibit a controllable negative/zero/positive phase shift at
a given frequency, as symbolized by the arrow ‘A’.
» 0° phase shift f, of the CRLH unit cell: The operation frequency could be

dynamically controlled by varying f,, as shown by the arrow ‘B’ >



Possibly the longest e-mail traffic in our lives to complete this work

13.08.2008; Kagan Topalli wrote: 13.08.2008; Julien wrote:




June 2005: Julien was presenting a paper at MEMSWAVE conference







