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EE 6245 - ME 6218 * Reading: Senturia, Chapter 1
Introduction to MEMS Design "Lecture Topies:
% Benefits of Miniaturization
Fall 2011 & Examples
* GHz micromechanical resonators
* Chip-scale atomic clock
Prof. Clark T.-C. Nguyen * Micro gas chromatograph
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Lecture Module 2: Benefits of Scaling

& Benefits of Size Reduction: MEMS &
B ey L W
* Benefits of size reduction clear for IC's in elect. domain

% size reduction = speed, low power, complexity, economy

* MEMS: enables a similar concept, but ..
MEMS extends the benefits of size reduction
beyond the electrical domain

- Vibrating RF MEMS

Performance enhancements for application
domains beyond those satisfied by electronics
in the same general categories

Speed m)> Frequency 1 , Thermal Time Const. ¥

Power Consumption EE)> Actuation Energy ¥ , Heating Power V¥

Complexity mE)> Integration Density 4 , Functionality

Economy mE)>Batch Fab. Pot. A (esp. for packaging)
Robustness mE) g-Force Resilience 1
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w  Basic Concept: Scaling Guitar Strings Frequency of a Stretched Wire
| UuC:Berkeley L e

_ Guitar String uMechanical Resonator

Metallized
Electrode
oy

Vib. Amplitude

i Polysilicon
+ Clamped-Clamped
110Hz  Freq. Beam

Vibrating “A” || [Bannon 1996] Performance:
String (110 Hz) | B - - L,=40.8um
f,=8.5MHz m, ~ 102 kg
Stiffness g cr Qvac =8,000 W,=8um, hr=2um
gop Qar =50 d=1000A, V,=5V
Freq. Equation: Pi £ | Press.=70mTorr
N CEg | NI _
! 2z \m, =l i
i Mass Frequency [MHz]
T A
% Frequency of a Clamped-Clamped Beam 5 Frequency of a Clamped-Clamped Beam
| UCiBerkeley 1 UG Btk e

Metallized
Electrode
S

Polysilicon

Clamped-Clamped
Beam
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Vib. Amplitude

Metallized
:Z Electrode ~—a,

Polysilicon

String (110 Hz) |

H Clamped-Clamped
110Hz  Freq. Beam
Vibrating “A” || [Bannon 1996] Performance:

Tt

Freq. Equation:

— I ,=85MHz
Stiffness

S Quac =8,000
wh  Qar ~50

L,=40.8um
m, ~ 103 kg
w, Sum h,=2um
d=1000A, v =5V
Press. 70mT0rr

Transmission [dB]

:;a 3CC 3)/4 Bridged pMechanical Filter

“UCBerkeley

Performance:
f,=9MHz, BW=20kHz, PBW=0.2%
I.L.=2.79dB, Stop. Rej.=51dB
20dB S.F.=1.95, 40dB S.F.=6.45

\

g

P,,=-20dBm

AR R
S © o o
L L L

roll-off Design:
i i L,=40pum
= h,=2um

A
o
I

Transmission [dB]

-50 4 L.=3.5um
P , L,=1.6um
60 [S.-S. Li, Nguyen, FCS'05] Vo=10.47V
P=-5dBm

8.7 8.9 9.1 Ryi=R00=12kQ

[Li, et al., UFFCS'04] Frequency [MHz]

fo i ﬁ 0 | .
2 \ m, L 1
Freq E Mass 848 8 "9Fmi:f‘cy [:'\El‘z] B52 653
!: H M 4 . .
i Micromechanical Filter Circuit
" UgBerkeley
RQ Input 4 Bridging Beam

Coupling Beam

4_kResonator

Output

Tk,

4T3

# 1.51-6Hz, Q=11,555 Nanocrystalline
‘i Diamond Disk uMechanicnl Resonatar =

* Impedance-mismatched stem for
reduced anchor dissipation

* Operated in the 2" radial-contour mod

* Q ~11,555 (vacuum); @ ~10,100 (¢
. esign .
Below: 20 um diqmefer disk R=10m, t=2.2um. d=800A. v v
; 7| £,=1.51 GHz (2" mode), Q= 11,555
-84

prd f, = 1.51 GHz
il 8g | Q =11,555 (vac)
B — 3 '90 Q =10,100 (air)
vPoI silicon : - 2 77 .
gym Ll R N EEZ Q #10,100 (air)
. £ 94
- < 96
§ -08 -
- S -100 ; ‘ ; |
AR e ST s 1507.4 1507.6 1507.8 1508 1508.2

Frequency [MHz]

[Wang, Butler, Nguyen MEMS'04]
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s  Linear MEMS in Wireless Comms

High Q and good linearity of Filters for front-end
micromechanical resonators frequency selection

=T

Com. Array
Couplers

626 1628 1030 1882 1eNd 18N8
Frequency [MHz]

Couplers

DIff, Array |

[Li, Nguyen Trans’07]

Miniaturization of RF Front Ends

— L Duplexer
RF Power | ey -Dlplexer ~J,
Amplifier | = ) * CDMA > o]
] 925-960MHz LNA RrF BPF
1 =8 RF SAW Filter From TX
897.5+17.5MHz iB
J . Antenna
ra 1805-1880MHz
RF SAW Filter

I UCiBerkeley

LPF
-||-@- |

RF SAW Filter ?

| & LPF
Dual-Band Zero-IF [T | reser
Transistor Chip 26-MHz Xstal r3 PCS 1900 a X7 -"- Y=Y
Oscillator % A - }
_ . RF BPF RXRF LO
3420-3840MHz Problem: high-Q passives pose a o = DCS 1800 0/
VCO il bottleneck against miniaturization 9.;3 2
mepermmreer e . — LNA
Antenna r Mixer | LPF ! Duplexer RF BPF
7~
Diplexer hmu ~ Q
CDMA-2000 e LNA

From TX

RE BPE * The number of off-chip high-Q

]
I D”gxe' > H  passives increases dramatically
> weovan |R ke, LNATX * Need: on-chip high-Q passives
___________________ 1 rom
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Vibrating Resonator
1.5-GHz, Q~12,000

CDMA RF Filters
(869-894 MHz)

GSM 900 RF Filter
(935-960 MHz)
PCS 1900 RF Filter
(1930-1990 MHz)

DCS 1800 RF Filter
(1805-1880 MHz)

CDMA-2000
RF Filters
(1850-1990 MHz)

(2110-2170 MHz)

All High- Q Passives on a Single Chip
" usBerkeley

I‘i 0.25 mm

S

WCDMA % ﬁ
RF Filters - - -

Vibrating Resonator
62-MHz, Q~161,000

Optional RF
Oscillator
Ultra-High Q
Tanks

o g0

Low Freq.
Reference
Oscillator
Ultra-High
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