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Figure 3: (top left) Sandia gear train, typical of MEMS micromotor parts.[14] (top right) Sandia gear train, with spider mite leg for size comparison.[15]
(bottom left) Berkeley silicon bug prototype walking robot.[16] (bottom right) Detail of elbow joint hinge on previous silicon bug.[16]
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1796 — Litografia
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Senefelder
on Lithography

The Classic 1819 Treatise
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Alois Senefelder

Alois Johann Nepomuk Franz
Senefelder bol rakusky herec,
vynélezca a dramatik. Roku 1796
vynasiel litografiu. Ako herec mal
problémy s v€asnym a lacnym
vytlaéenim divadelnych hier, tak sa
preto pokusal o r6zne spodsoby, ktoré
by mu to umoznovali.

* 6. novembra 1771, Praha, Cesko
+ 26. februara 1834, Mnichov, Nemecko

1875 — Fotolitografia (ofset)
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1875 patent by Robert Barclay
1901 by Ira Washington Rubel (+foto)
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1820 — Fotografia

Pohlad z okna v Le Gras, cca 1826 — jedna z prvych Niépceho fotografii.
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1936 — Plosné spoje

https://www.autodesk.com/products/eagle/blog/history-of-pcbs/
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Paul Eisler
(1907 — 26 October 1992, London)
Austrian inventor born in Vienna.

Plosné spoje

A —vinova dizka!
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C M OS Die photo of the 555 timer.
Source: http://www.righto.com/2016/02/555-timer-teardown-inside-worlds-most.html

Jack Kilby
(8. 11. 1923 — 20. 6. 2005)

Americky inzinier a
vynalezca (integrovany
obvod, kalkulacka,
termotlaciareri),

Nobelova cena 2000

Jack Kilby's original hybrid integrated circuit
from 1958 made in Texas Instruments.

This was the first integrated circuit, and was
made from germanium.

Image: Smithsonian, USA
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CMOS

Vyuzitie mikrosystémovej techniky
pri vyrobe MEMS a mikrosenzorov

Ing. Gabriel VANKO, PhD.
Elektrotechnicky ustav SAV Bratislava

An NPN transistor in the 555 timer chip.
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Vyuzitie

* “normalne” podmienky
 atramentové tla€iarne — nanasanie atramentu
* akcelerometre — moderné auta (airbag), hracie zariadenia
(ovladace), digitalne kamery, mobily, zobrazovace

* gyroskopy
* tlakové senzory — nosniky, mostiky, mikrofény v mobiloch

* optické spinace
* medicina — biosenzory, chemosenzory (Lab-On-Chip)

* “extrémne” podmienky
* letectvo
* namornictvo
* kozmonautika
* energetika
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Technika , lift-off“

A - expozi¢né svetlo

B - exponovana oblast
C - fotorezist

D - substrat

E - deponovana vrstva

1000 (US norma), 1000 ¢astic (< 0.5 pm) /stopa3® (ISO 5),
vlhkost: 40 % + 1 %, teplota: 22°C+1°C

Mokré leptanie

<111>

Si substrat

W =W - 2h coth (65°) alebo w=w,-1,4h

100 + 1,4 . 300 = 520

Technika , lift-off“
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Bosch process
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Naprasovanie

Vyhody: lep$ie pokrytie, mensie radiatné poskodenie, nanasanie zliatin

Nevyhody: poSkodenie spdsobené plazmou
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Naparovanie

The step coverage of evaporated films is poor
due to the directional nature of the evaporated
‘material (shadowing) (see figure 12-5). Heating
(resulting in surface diffusion) and rotating the
substrates (minimizing the shadowing) help with
the step coverage problem, but evaporation can
not form continuous films for aspect ratios
(AR=step height/step width or diameter) greater
than 1.

We need a less directional metalization
scheme====> Higher pressures!

(U] B)

Figure 12-5 (a) Time evolution of the evaporative
coating of a feature with aspect ratio of 1.0, with little
surface atom mobility (i.e., low substrate temperature) and
no rotation. (b) Final profile of deposition on rotated and
heated substrates.
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Praskanie membran

9. 4. Meranie zrychlenia

~

Electromechanical Transduction

» Displacement has to be converted into electrical signal

» Most common sensing mechanisms:
o

- Piezoelectric | | Piezoresistive

* Most popular: electrostatic (capacitive) sensing

| Parallel Plate Comb Structure ‘

dc _ ew-t 7§ dC _e-2n-1
dx (g-x) dv g
asgrotn’ - Qualm 20 - thickness, n: % of fingers
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MEMS akcelerometer
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9. 4. Meranie zrychlenia

MEMS akcelerometer

* Piezoresistive MEMS accelerometer

— Operating Principle: a proof mass attached to a silicon
housing through a short flexural element. The implantation of
a piezoresistive material on the upper surface of the flexural
element. The strain experienced by a piezoresistive material
causes a position change of its internal atoms, resulting in the
change of its electrical resistance

— low-noise property at high frequencies

Heavily Implanted
Condctors

Chip Surface

Light
Foied
Piezoresistor

Courtesy of JP Lynch, U Mich.
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MEMS akcelerometer

ADXL 202: Micromachined Beam

Tether (Spring)
Anchor Point

30 Sensing cells per axis
1.3 pm gaps

1.0 pm feature size

60 fF Source Capacitance

400um

2um Thick Polysilicon
structure suspended 1.6um
above the wafer

10 kHz Resonant
Frequency

I 400 um }

Deflection due to 2 g Acceleration = 5 nm = 250aF (250x10'¢ F)
linil R lvable Deflecti = 0.04Angstroms = 90zF (90x102! F)
Bear Deflects 0.4% of gap under a 2 g Force
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