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* Reading: Senturia, Chapter 1

* Lecture Topics:
% Benefits of Miniaturization
% Examples
* GHz micromechanical resonators
* Chip-scale atomic clock
* Micro gas chromatograph
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Module 2: Benefits of Scaling CTN 1/24/14

Benefits of Size Reduction: MEMS

UL L.
* Benefits of size reduction clear for IC's in elect. domain
Y size reduction = speed, low power, complexity, economy

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

-

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

Speed m) Frequency 1 , Thermal Time Const. v

Power Consumption mE) Actuation Energy ¥ , Heating Power V¥

Complexity mE)> Integration Density A , Functionality 4

Economy mE) Batch Fab. Pot. A (esp. for packaging)
Robustness mE)> g-Force Resilience M
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Vibrating RF MEMS
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A

fﬁf’] Basic Concept: Scaling Guitar Strings

UCBerkeley
_ 6uifar String uMechanical Resonator

Metallized
Electrode

Anchor
Polysilicon
4 > Clamped-Clamped
110 Hz Freq. Beam

Vib. Amplitude

Vibrating “A” [Bannon 1996] Performance:
String (110 Hz) I . . L,=40.8um
f,=8.5MHz m, ~ 1013 kg
Stiffness g 5 Qvac =8,000 Wr=8p.m, hr=2um
\ E-10 = Qair ~50 d=1000A, VP=5V
Freg. Equation: J) ZE WL Press.=70mTorr
IERT | 1 -
/ ’ 2” nlr 25 | -
.. Freq. ) 4. pr 5. .5'1 .5I .sl
q Mass e ’ gqu?Je:cy [:ﬂHz] o 83
& Frequency of a Stretched Wire
I UCBetkeley,
Sealing of Gu
9uidac J{rﬁ; = «hmm/erlel? vi bmd‘l"; stretdod wire
T KW‘M”M&S“?}Q
N s
Swrle , . f;{"’{],o
t 4 P~
Sqped T L e
Hx=oz0 O

= G - Resveras g, (idawordl ) C‘W“Q“““"“

1[5« tension (forz por unit am}
'F( 20\ me

=
This is aomd OFYOK . oo fer it b‘yﬂ\
'Gsra ﬁuﬂ-arsﬁt{ha - Bu*'(:or #QMﬁMSO'evICQ-: ’hochAm' myd'

apoach (oggfh— baker descdoa)
(b('"‘\ Much largo\ i as ¢ boaw

Han thick ress)
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Clampe] (or Fitel)
Metallized SuﬂVd. ‘\
Electrode g, ,[

I-— L
7 ——¥
: St = o for besnome freg. 1 h
Polysilicon i
Clamp.ﬂé:-a(I:‘I-Iamped »{;= i‘ﬁ_\fé—- = (03 g {lé )

hee €2 deg,‘; modmlues [@0]

Exomple . L=40pm, h>Zpm .
(NGis B (9 61, peziiolghe® 2 dovtly [ig0nT]

| , h2 Hhidevierr D]
“ e (o128 (5—{»;‘;32 - £ logth I3

N
vZ/chﬁc velocity = 0B s fs LA

o)
-3

o ‘=> .-

Frequency of a Clamped-Clamped Beam

" UCBerkeley

toule. L= fum — £t Q.oS)(zme)f.;;)'z(—, ,
Smalier

Remorks. GHe breqs. posdble ! Bt
O &.() net accurddy cdhen LEh . (fee Hut )
@ (hon Lch (o whon it tsw mang P 10K, aucden loses kercarre G itng
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K
&

w  Basic Concept: Scaling Guitar Strings

My

UG;Berkeley
_ Guitar Strin uMechanical Resonator

Metallized
Electrode ~~a,

Vib. Amplitude

Polysilicon
Clamped-Clamped

110 Hz  Freq.

Beam
Vibrating “A” | [Bannon 1996] Performance:
String (110 Hz) I . . L,=40.8um
f,=8.5MHz m, ~ 1013 kg
StiffneSS % S5 - Qvac =8,000 Wr=8p.m, hr=2p.m
\ E-w = Qair ~50 d=1000A, VP=5V
Freq. Equation: D} ¢ | Press.=70mTorr
ERN LN | ]
o]
4 ya 2 nlr 25 k 4
- Freq. |V|\ass 546 545 Bs0 Es1  8s2 855

Frequency [MHz]

%  3CC 3)\/4 Bridged pMechanical Filter

- uCBetkeley

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

/

-10 -
20 1| /P,=-20dBm

Sharper
roll-off Design:

Transmission [dB]
()
o
|

L,=40pm
0] Wt
h,=2pm
50 - t°=f'§”m
K - tl b= - um
60 [S.-S. Li, Nguyen, FCS’05] V,=10.47V
P=-5dBm

8.7 8.9 9.1 R.=R_. =12kQ

[Li, et al., UFFCs’04]  Frequency [MHz] -

Copyright @ 2014 Regents of the University of California 5
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A

i Micromechanical Filter Circuit
[ UCBerkelgy
RQ Input Bridging Beam
gi/a Coupllng Beam
Resonator
Out ut
_Cv v, [l
i
®
g, M 1’kr° 1 m, 1/er 1/k 1/k m, Uk, ¢ it
® O .
C, 1/k 1/kT c,
1/kb 1/|<b
1/ka

& 1.51-6Hz, Q=11,555 Nanocrystalline

"t Diamond Disk uMechanicnl Reconatar

* Impedance-mismatched stem for
reduced anchor dissipation

* Operated in the 2" radial-contour mod

*Q ~11,555 (vacuum); Q ~10,100 (¢
. esign .
Below: 20 pm diameter disk R=10, W"‘ d=800A, V=7V
g 1. n -
7| 1,=1.51 GHz (2™ mode), Q=11,555
edan & — -84
to D S 6 - f,=1.51 GHz
ey = 11,555 (vac)
B : 3 '90 = 10,100 (air)
-Ponsnllcon “/ _' 2 2 |
lectrode = RN N el
. £ 94-
oo e 2o g 96 1
§ 98
D D ona E -100
S SR 1507.4 15076 15078 1508 15082
Resonato Plane Frequency [MHz]

[Wang, Butler, Nguyen MEMS’04]

Copyright @ 2014 Regents of the University of California
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163-MHz Differential Disk-Array Filter

Com. Array
Couplers . Filter Coupler

' Diff. Array | " Vo

Couplers

[Li, Nguyen Trans’07]

o %

High Q and good linearity of
micromechanical resonators

26 1628 1610 1632 1634 1836
Frequency [MHz]

= = ——— e ——— 1

11
R Sk
|

From TX

Copyright @ 2014 Regents of the University of California 7
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Miniaturization of RF Front Ends
925-960MHz '
RF SAW Filter
N 1805-1880MHzi

. RF SAW Filter
: l Osillator

% Problem: high-Q passives pose a
| bottleneck against miniaturization
_____ P |

11
-"- A/D[D)
1

RXRF LO Q

I
-"»- N =

Mixer Q@  LPF AGC |

897.5£17.5MHz
RF SAW Filter

s
el

Dual-Band Zero-IF |
Transistor Chip

BPF
From TX

Multi-Band Wireless Handsets

[~ UCBerkeley
Duplexer I
| 7~ ¢
cova |BY ~ e
nmu LNA RF BPF | LPF
<—
From TX V - -">,- =S
RF BPF £ A~
Antenna f GSM 900 | AGC
P — %
S
Q
I

LNA LPF
RF BPF
s PCS 1900 A7 -"»:- 'ap Pa
; AGC
LNA
DC
7LNA

[ [
o
: RF BPF
_o/‘; 4 S 1800 0
Tc_
—

RFBPF ||

- % S

A3
CDMA 2000 % LNA
X

RXRF Channel
Select PLL _@:‘
[ From TX

RF BPF * The number of off-chip high-Q

Duplexer . . .
nmu_>_@__ passives increases dramatically
7~ LNA * Need: on-chip high-Q passives

weoA |l From X veea p high-Q p

Copyright @ 2014 Regents of the University of California 8
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f

o All High- Q Passives on a Single Chip

fid
f ucBerkeley

=

Vibrating Resonator
1.5-GHz, Q~12,000

| 1

N —

5

O P e

Vibrating Resonator
62-MHz, Q~161,000
EE—

\

CDMA RF Filters

(869-894 MHz) o~ Optional RF
GSM 900 RF Filter 3 Uﬁrsac_ﬂi‘gﬁ'Q
(935-960 MHz) 3 e
PCS 1900 RF Filter ﬁ m
(1930-1990 MHz) Low Freq.
DCS 1800 RF Filter g‘:f;:fa':g‘:
(1805-1880 MHz) Oltratigh
CDMA-2000 Q Tank
RF Filters
(1850-1990 MHz)
WCDMA
RF Filters
(2110-2170 MHz)

-

B

)

1 1 €

'y

Ln
};':

Chip-Scale Atomic Clocks (CSAC)
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Vol: —3.7 m?3
Power: —500 W
Acc: 1x10-15
Stab: 3.3x10-15/hr

After 1 sec
Error: 1015 sec

@

Loses 1 sec every
30 million years!

I UGBerkeley

[

'y
-

Better Timing

Secure Communications

More efficient
spectrum utilization
Longer autonomy periods t
Faster frequency hop rates I
Faster acquire of
pseudorandom signals

Superior resilience
against jamming or
interception

7

Benefits of Accurate Portable Timing

?\Networked Sensors ?
- 7 7N

Larger networks with
longer autonomy

Fewer satellites
needed

Higher jamming
margin

Faster GPS acquire h

Copyright @ 2014 Regents of the University of California
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Vol: —3.7 m?3
Power: —500 W
Acc: 1x10-15
Stab: 3.3x10-15/hr

After 1 sec
Error: 1015 sec

Loses 1 sec every
30 million years!

e

e

=y

1st Chip-Scale Atomic Physics Package

I UG Berkeley

\

NIST’s Chip-
Scale
Atomic
Physics

A

Total Volume: 9.5 mm3 Stability: 2.4 x 10 @ 1s
Cell Interior Vol: 0.6 mm3 Power Cons: 75 mW

-~ CRZY wrvy -l

Copyright @ 2014 Regents of the University of California
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Tiny Physics Package Performance

I uCBerkeley
: * Experimental Conditions:
Cs D2 Excitation
External (large) Magnetic Shielding
External Electronics & LO
NIST’s Cell Temperature: ~80 °C

C?\iﬁ;i‘;g'e Cell Heater Power: 69 mW
Physics Laser Current/Voltage: 2mA / 2V
Package RF Laser Mod Power: 70uW
— Stability Measurement:
™ L]
Open Loop Resonance: - Drift . .
6 10° Issue m e
< .
5.67 g o
= 8 10104 R
s Sufficient 3 . Lt
5 to meet (=] 4, . o a
£ 5.66 CSAC c 11 N ° A
Z.; Contrast: 0.91% program % o Rb (D ) te Laan CS4CG
* 565 T goals — 12 T : 1 hour 1 day \oa‘
40 50 60 70 8 90 10 100 10" 102 10°  10% 105
Frequency Detuning, A [kHz] . )
from 9,192,631,770 Hz Integration Time, t [s]
fl-_ L d
i Atomic Clock Fundamentals
[~ UCBerkeley

* Frequency determined

. ca Energy Band Diagram
by an atomic transition 4y 'ad

energy -
AE=1.46 eV
- e
Excite e- to v=AE/h
the next =352 THz
orbital = 852.11 nm
A
AE = 0.000038 eV

v=AE/h
=9192631 770 Hz

Copyright @ 2014 Regents of the University of California
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CTN 1/24/14

o

'T?j‘

Carrier
(852 nm)

Sidebands

pwave osc

Miniature Atomic Clock Design

pe
1 —u@.gogr k‘.ﬂ_ l [ .

Atoms become
transparent to
light at 852 nm

V=
=9192 631 770 Hz

Hyperfine
Splitting Freq.

Photo
Detector

A

Mod 7

Close feedback
loop to lock

uwave osc

| Atomic Clock Concept |

MEMS and
Photonic
Technologies

* Key Challenges:
% thermal isolation for low power

Mod f GHz
v, Photo Resonator
4.6 GHz Detector in Vacuum

Detector
Substrate

% cell design for maximum Q
% low power pwave oscillator

Vol: 1 cm?
Power: 30 mW
Stab: 1x1011

Chip-Scale
Atomic Clock

Copyright @ 2014 Regents of the University of California
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I‘. 3 . .
& Challenge: Miniature Atomic Cell
[ ucBerkeley
Large Vapor Cell Tiny Vapor Cell
1,000X
Volume
Scaling
Surface % » More wall collisions
Volume = stability gets worse
Atomic
Resonance
4 Resonaree  [lowestQ
‘n
c
(]
£
Wall collision dephases H A > Mod f
’.atworﬂns = lose coﬂfnrent state ) lower Q i—-/g,z GHz
= Challenge: Miniature Atomic Cell

I UCBerkeley
Large Vapor Cell

1,000X
Volume
Scaling

Tiny Vapor Cell

Soln: Add a
buffer gas

Intensity

Atomic

Lower the mean free
path of the atomic vapor

Resonance

7

» Mod f

Copyright @ 2014 Regents of the University of

California

CTN 1/24/14

14



EE 247b: Introduction to MEMS
Module 2: Benefits of Scaling CTN 1/24/14

\ Mod f GHz
Vv Photo Resonator
0]
4.6 GHz Lwave osc Detector in Vacuum

Atomic Clock Concept

* Key Challenges: |

% thermal isolation for low power
% cell design for maximum in-

9 . Q Chlp_ Scale Power: 30 mW
% low power uwave oscillator Atomic Clock

Detector

MEMS and Substrate

Photonic
Technologies

Stab: 1x10-11

i Micro-Scale Oven-Control Advantages
I UCBetkeley,
Macro-Scale Macro-Oven 300x300x300 um3 Micro-Scale

(containing heater
and T sensor)
»

Atomic Cell @ 80°C

Thermally
Isolating Feet

N < P
R,,= 38 KIW
Cp= 22 JIK

I
T Sensor .) Long, Thin

/(underneath) Polysilicon
Ctﬂ; Tethers

_ support length R,,= 83,000 K/IW
X-section area Cy= 6.3x10¢ J/K

' Cy, ~ volume '
[Presrc)=15w] INETETTEEI| - @ 20-0) = 26 m

I Warm Up, 1 = 16 min. ! 7,300x faster warm up Warm Up, t=0.1 |

th

Copyright @ 2014 Regents of the University of California 15
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o

S

“UCBerkeley

Heater/Sensor

x Suspension

Cesium cell

Physics Package Power Diss. < 10 mW

* Achieved via MEMS-based thermal isolation

VCSEL /
Photodiode Frame
~ Spacer Only ~5 mW
VCSEL heating power
; needed to
\ Suspension 12 achieve 80°C
Symmetricom / w0l cell temperature ]
Draper Physics _ S
Package Assembly 2 8t
E — Model
8 6T
& af
o
2 3
0 (34
0 20 40 60 80 100 120 140
Temperature [°C]
';'" . . .
i Thermal Circuit Modeling
I UCBerkeley
Macro-Scale Macro-Oven | = Theemed Gapacifoma:
m——-- (containing heater vcr'
||3 cm,|  and T sensor) Cy. - S— .
Atomic & _ #° ) 1‘\ specific hegt
Cell @ Insulation
80°C denslﬁ volvme
= Thermd Resirtana:
e~
Ryc g
Thermally k{\-\$ Crosss .
Isolating Feet
Hernel C
2 A physiol pices poesa = Thanad G
Hamd) Gpacify § a Hamd
s e
h 20!‘6:1'9@{0‘0 =
area

Copyright @ 2014 Regents of the University of California
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ﬁa Thermal Circuit Modeling
[ UG;Berkeley
w
heden W Kofass ® 10k
Atom& quv, Chef--

e => ignord flo small Ry, of Hecelp
=> igrwe the smaty Cp of o fodt
Cit,ce®

Thermally

\ )
‘ — ¢ g
Isolating Fe\t}at Ece.ee’ lem %{\if} ];Ei -

Exaple, Favor 4o iautah ol T-36% Rit ot « Terperhi
= £ matenids ‘enfificd It ‘/ Redire T=PRy, M
Rgoe: (ak gl o, Tk
Cplgl,,f 0.§T/C8.IC) P -I-' Rﬂf’#
(olgk” = 2500 ("ﬂllns = Citnalt
o Thermal Circuit Modeling
" UC;Berkeley
= clen pous: is swifeled am and foc Fe cel:
Ci,ca- P V.o C,

_——— skeody st ol [Gor el Tpighes 2
%m; o v < Go Yoo £) 7 o)
ot " ' ﬁ;e x(ZO.?M(o_:)#,z)

£o

7 Tom coutort lemare, | 7 Cthcan ST WK

e o how Sout Ty con ke

power

achtewd Bind Ros st
= ot o(fwev;r:ov:

thd Cﬁ o (“‘Q ass

= Fird yolurro of do c¥ S@Z"M g ran
V@:AW[’HR(;,-L Himm

= BemBa(3em)-T(e(2an) | Regt>2mm  Acy-TRey
‘= 20.7 C'n-z L'&°+=2nm

(again, ignnete Ry, of tecdf)

Copyright @ 2014 Regents of the University of California 17
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ﬁ, Thermal Circuit Modeling
[ UCBerkeley
’-.fod' 2 vmm
R — y ) "':
= Riefost = 151.6 k/w (R%'-(
Sine Hhore a Y fed, He Henmd Tmreqd""bwﬁmup
c(k: ber:m.- foi, He equinkd # Shabilize Lill be 3% i’
. Y :v gl coait 6T pain.
N L * bofve sy Hhir clod |
-ch%.co@ R oot
~ - ~ 4 Now, lefs S what hogpons whon ve
To shovk #e §iz of the ofomic celd to
=find d fo mamtuin To MEMS-Iitp drmevsions ..,
el sy
Tl (30725 —
R et/4) 995

ﬁﬁ MEMS Thermal Circuit Modeling

I UC;Berkeley

300x300x300 pm? 7 hollw co/

X o b Zlo ik walls C‘h,c&’ lm:er‘e,Qc lesr
7 9 kS

Heater

Atomic Cell @ 80°C
= (ZSDO l’ES) (S.O‘l?mb"zhz)

x (20 72 %)
= Checte® éjﬂb_’f 3
L b ‘/V‘n”lah X M
R‘ﬂ’,.ﬁw= /r'lk ” —— ‘H\Q\ ch
T Sensor') Long Thin W'N“'ﬂv' h.Sufp
(underneath) Polysilicon Svo,,
( _—— Tethers ( )(29‘)(“%) = $3,333 kiw
5'60/4,.,._(00? / lolum—'ﬂvf&, 20/4»--0"& m sl/z?x Iomow
and...
Vet (309:(300:)(200:) - (:80)aS0)(23p) - (30- 25) g% gl
= SoYFxI02nE " 83,333 Al due
Y of caute, mudy smalbfhon maen ¢ -<‘“ 730X fastr o scalibg

Copyright @ 2014 Regents of the University of California 18
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1 U B .
Micro Gas Analyzers (MGA)

& Micro Gas Analyzers

" UGiBerkeley

* Objective: enable remote detection of chemical agents via
tiny, ultra-low power, fast, chip-scale gas analyzers that
greatly reduce the incidence of false positives

* Approach: use micromachining technologies to implement
separation-based analyzers (e.g., gas chromatographs, mass
spectrometers) at the micro-scale to enhance gas selectivity

Conventional Sensor Separation Analyzer B

Capacitor
Plates

Gas Sensitive Species A
Polymer

Species A 1 Species B

i
- AC ~gas conc. AI * Result: species A & B now
separated = can identify

and analyze individually

* Problem: polymer has finite BD
sensitivity to both A & B

Copyright @ 2014 Regents of the University of California 19
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Chip-Scale Gas Chromatograph

Det

Preconcentrator

ector Array

5mm

“““““““ Separation Micropump
Column
Size Size 2cm®
Sensitivity 1 ppb Sensitivity 1 ppt
Analysis Time 15 min Analysis Time 4 sec
Energy Per Analysis 10,000 J _Energy Per Analysis 1J

Tiny Dimensions
» fast time constants
» 10,000X gain factor
via multi-staging
» enhanced sensitivity
> lower power

Tiny Dimensions
» faster separation
» lower power

G e

k
w  Basic Approach: Separation Analyzer
[~ UCBerkeley
Compacted Separated
Three Slice of Analytes Electronic
Analytes Analytes Processor
Input Gas
Mixture Pre-Concentrator = Separator Detector
S
Fm |
N
S _l_=-_"_. . .
2 SRS
©
£
= -

Copyright @ 2014 Regents of the University of California
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& Scaling Leads to Faster Separation
" UGiBerkeley -
* Example: gas chromatograph

separ‘ahon column

% unique analyte interactions
with the column walls

% different analyte velocities

Y result: separation after a
finite distance

Stationary
Phase
Wide Thin
Channel Channel

Miniaturize Less

Peak .
Carrier Gas (Mobile Phase) Peak stavs Thin = Separation
Broadens Yy ! Needed to

Resolve

cOncI /\ /\ /\/ =XcOncT /\ i

Scaling Leads to Faster Separation
[)4 grkeley

* Example: gas chromatograph \\\

separation column
.

‘= e

% different analyte velocities
Y result: separation after a
finite distance

% unique analyte interactions
with the column walls

Stationary
Phase
Wide Thin
Channel Channel
Miniaturize

Carrier Gas (Mobile Phase)

Column\b » Surface-to- 4 Peak Separation
Width Volume Ratlo Spreading Distance

* Result of Scaling: shorter column length; faster analysis time

Copyright @ 2014 Regents of the University of California 21
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Design/Measurement Data:
0.75m x 100p column

0.1y DB-5 stationary phase

Heart-cut 275 msec peak injection
Temperature: ~30 deg C/sec

| Sandia’s micro-GC Column
[

Tiny Dimensions
» fast time constants
» 10,000X gain factor
via multi-staging
» enhanced sensitivity
> lower power

-

Tiny Dimensions
» faster separation
» lower power

‘| > arrays for specificity

H, carrier: 35-39 psi at 1 psi/sec Ly
g
80000 =
2 < Q Green = Analyte |
o =
2 64000 - £ : ) o Blue_ Inteferent
o 2> Peak f:apamty ' o <
E 46000 A K >40, in 4 sec e 8 o
[ ] 2 T c
> e | = o ©
= 32000 - c Q e L - o
1) g o = = s T c o
() i ° 2 = LU Fa) © -
oz 16000 N IS ra) -
N b\. ).\. /\\_ } Ny k ;/\ ;
0 1.2 3.6 4.8
EIutlon time [s]
w  Basic Approach: Separation Analyzer
I UCBerkeley
Compacted Separated
Three Slice of Analytes Electronic
Analytes Analytes Processor
Input Gas
Mixture Pre-Concentrator = Separator Detector
S
m | E ‘
£
=

Tiny Dimensions
» higher sensitivity
» faster refresh rate
> lower power

Copyright @ 2014 Regents of the University of California
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"UCBerkeley

Nanomechanical

Resonator
L g

Zeptogram Mass Sensors

Shutter

-

Nanomechanical Resonator

Aagilent 6852A
Vol: 60,000 cm?
Power: 20 W
Energy/Analysis: 18 kJ
Analysis Time: 15 min.

Gas Chromatograph/Mass
Spectrometer (GC/MS) is
a “gold standard” in
chemical gas detection
with excellent immunity
to false alarms

Vol: 40,500 cm?
Power: 11.5 W
Energy/Analysis: 10 kJ
Analysis Time: 15 min.

Au
|
A Nozzle Measurement noise level
indicates ~7 zg of resolution
.
of ] . or 1
-200 | * J -500 + 1
5 ﬂ’ R 2 )
;::5 -400 ° ° ~100 zg T -1000 ,
£ w— = |
% 600 ¢ ) | ‘é»lsoo i ' ormets
c
Q [ |
= 800 ] & -2000r >1Hz/zg
g 100 zg Au atom P I A 133 MHz N '
10001 | clumps resolved! [ ] 25001 m 190 MHz ]
I L 1 L L L L L R I I I I NS
0 50 100 150 200 250 300 350 3000 0 1000 2000 3000 4000
Time (sec) Mass (zeptograms)
"‘. L
i Gas Analyzer Technology Progression
[~ UCBerkeley

» small enough for
projectile delivery

> 1 ppt det. limit

> very fast

> battery operable

Sandia pyChem Lab
Vol: 1,050 cm?3
Power: 4.5 W
Energy/Analysis: 540 J
Analysis Time: 2 min.

Problems: too big, too
slow, power hungry

MGA Objective

Solution: use MEMS
technology to miniaturize
the GC/MS, which in turn
makes it faster and more

energy efficient

Vol: 2 cm?®
Power: <200 mW
Energy/Analysis: 1 J
Analysis Time: 4 s

nd
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EE 247b: Introduction to MEMS

Module 2: Benefits of Scaling CTN 1/24/14

The MEMS Advantage——
% >30X size reductia VIR [GEES DIETE
| 1 small output = need
accelerometer mec integrated transistor

% allows integration | circuits to compensate =)

Basic Operation Principle

a ’ Inertial Force

¥~ Proof Mass

Acceleration W

s ADXL 78 ||

el

Messages Going Forward ...

" UCBerkeley

° t=)

MEMS are micro-scale or smaller devices/systems that
operate mainly via a mechanical or electromechanical means

* MEMS = NEMS offer the same scaling advantages that IC
technology offers (e.g., speed, low power, complexity, cost),
but they do so for domains beyond electronics:

resonant frequency M (faster speed)
Size - actuation force ¥ (lower power)
# mechanical elements 1 (higher complexity)
integration level 1 (lower cost)

* Micro ... nano ... /t’s all good

* Just as important: MEMS or NEMS have brought together
people from diverse disciplines = this is the key to growth!

* What's next? = Nano-nuclear fusion? Chip-scale atomic
sensors?

.. limitless possibilities ...
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