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LǎƳŞǘƭŞǎ

ÁMEMS / mikromechanika
ÁƭƛǘƻƎǊłŦƛŀ
ÁǇƻȊƛǘƝǾ κ ƴŜƎŀǘƝǾ reziszt
Álift -off
ÁCVD / ALD
ÁƛȊƻǘǊƽǇ/ ŀƴƛȊƻǘǊƽǇƳŀǊłǎ
ÁRIE / DRIE
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¢9/Ibh[jDL!Υ ŀ ƘƻƳƻƪǘƽƭ ŀ ǇǊƻŎŜǎǎȊƻǊƛƎ
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t[!b#w ǾǎΦ о5 ¢w!b½L{½¢hw
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¢9/Ibh[jDL!Υ ŀ ƘƻƳƻƪǘƽƭ ŀ ǇǊƻŎŜǎǎȊƻǊƛƎ όо5 ¢wL-GATE MOS)
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MIKROMECHANIKA
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Mikromechanika

a9a{Υ ŀ αн5έ L/ ǘŜŎƘƴƻƭƽƎƛŀ 3D szerkezetek
ÁƳŜƳōǊłƴƻƪΣ ŦŜƭŦǸƎƎŜǎȊǘŜǘǘ ŜƭŜƳŜƪΣ ƳƻȊƎƽ ŀƭƪŀǘǊŞǎȊŜƪΣ 
ÁmikrofluidikaiŀƭƪŀƭƳŀȊłǎƻƪΥ ŎǎŀǘƻǊƴłƪΣ ǸǊŜƎŜƪΣ ǊŜŀƪǘƻǊƻƪ ǎǘōΦ

aƛƪǊƻƳŜƎƳǳƴƪłƭłǎ: 
ÁŜƭƧłǊłǎƻƪ Şǎ ŜǎȊƪǀȊǀƪΥ
Řǀƴǘǃ ǘǀōōǎŞƎŞōŜƴ ŜƭǘŞǊƴŜƪ ŀ ƘŀƎȅƻƳłƴȅƻǎ ƳŜŎƘŀƴƛƪŀƛ ƳŜƎƳǳƴƪłƭłǎƻƪǘƽƭ
ÁŜƭǎǃǎƻǊōŀƴ αǎȊłǊŀȊέ ƛƭƭΦ αƴŜŘǾŜǎέ ƪŞƳƛŀƛ ƳŀǊłǎƻƪ Şǎ ŜƭŜƪǘǊƻƪŞƳƛŀƛ ƳƽŘǎȊŜǊŜƪΣ 

de ƪƭŀǎǎȊƛƪǳǎ ŜƭƧłǊłǎƻƪ ƛǎ ƭŜƘŜǘƴŜƪ όƭŞȊŜǊΣ ǾΦ ƎȅŞƳłƴǘǘłǊŎǎłǎ ǾłƎłǎύ

ƧŜƭƭŜƳȊǃ ƳŞǊŜǘŜƪΥ м-500 mm
SiƪǊƛǎǘłƭȅ ǾŀǎǘŀƎǎłƎŀ оул-500-1000 mm
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¢ǀƳōƛ ǾǎΦ ŦŜƭǸƭŜǘƛ mikromechanika

ƘŀǊƳŀŘƛƪ ƭŜƘŜǘǃǎŞƎΥ 9ƎȅƪǊƛǎǘłƭȅƻǎ ŀƴȅŀƎōƽƭ ŀ ŦŜƭǸƭŜǘƛ ƳƛƪǊƻƳŜŎƘŀƴƛƪłǊŀƧŜƭƭŜƳȊǃ 
ƳŞǊŜǘǘŀǊǘƻƳłƴȅƻƪ Υ tƭΦ έSmartCutέ

¢ǀƳōƛ CŜƭǸƭŜǘƛ

aŞǊŜǘǘŀǊǘƻƳłƴȅƻƪ2-3 mm <a < 100-500 mm a < 2-3 mm

¢ŜǊƳƛƪǳǎ ǎȊƛƎŜǘŜƭŞǎ+ -

aŜŎƘŀƴƛƪŀƛ ǎǘŀōƛƭƛǘłǎ+ -

aŜƳōǊłƴƻƪΚ ŜƎȅƪǊƛǎǘłƭȅamorf v. ǇƻƭƛƪǊƛǎǘłƭȅƻǎ
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¢ǀƳōƛ ǾǎΦ ŦŜƭǸƭŜǘƛ mikromechanika

Jellegzetes ƘƛōŀΥ ƭŜǘŀǇŀŘłǎ

aŜƎƻƭŘłǎ: 
ōŜŞǇƝǘŜǘǘ ǸǘƪǀȊǃ
ǾŀƎȅ ǇŜǊŦƻǊłƭǘ alakzatok 
ǾŀƎȅ ǎȊłǊŀȊ ƳŀǊłǎƻƪ
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tŞƭŘłƪ ŦŜƭǸƭŜǘƛ ƳƛƪǊƻƳŜŎƘŀƴƛƪłǊŀ
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¢ǀƳōƛ mikromechanika
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Ch¢h[L¢hDw#CL!L a¯±9[9¢{hw 

1. aŜƎƳǳƴƪłƭŀƴŘƽ ŦŜƭǸƭŜǘ ŜƭǃƪŞǎȊƝǘŞǎŜ

2. [ŀƪƪŦŜƭǾƛǘŜƭ κ ƭŀƪƪǎȊłǊƝǘłǎ

3. 9ȄǇƻƴłƭłǎ κ ŜƭǃƘƝǾłǎ

9ȄǇƻƴłƭłǎǘ ƪǀǾŜǘǃ
ƘǃƪŜȊŜƭŞǎ κ
ƪŜƳŞƴȅƝǘŞǎ

4. aŜƎƳǳƴƪłƭłǎ ŀ ƳŀǎȊƪƻƭƽfotolakk
ƳƛƴǘłȊŀǘ ǎŜƎƝǘǎŞƎŞǾŜƭ

5. [ŀƪƪŜƭǘłǾƻƭƝǘłǎΣ ǘƛǎȊǘƝǘłǎ
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Ch¢h[L¢hDw#CL!L a¯±9[9¢{hw ςLIFT-OFF

1. aŜƎƳǳƴƪłƭŀƴŘƽ ŦŜƭǸƭŜǘ ŜƭǃƪŞǎȊƝǘŞǎŜ

2. [ŀƪƪŦŜƭǾƛǘŜƭ κ ƭŀƪƪǎȊłǊƝǘłǎ

3. 9ȄǇƻƴłƭłǎ κ ŜƭǃƘƝǾłǎ

9ȄǇƻƴłƭłǎǘ ƪǀǾŜǘǃ ƘǃƪŜȊŜƭŞǎ

4. wŞǘŜƎƭŜǾłƭŀǎȊǘłǎ

5. [ŀƪƪŜƭǘłǾƻƭƝǘłǎΣ ǘƛǎȊǘƝǘłǎ



15Mikromechanikaitechnol·gi§k 

furjes@mfa.kfki.hu

Lakkcentrifuga ςhotplate ƳŀǎȊƪƛƭƭŜǎȊǘǃ κ ƳŜƎǾƛƭłƎƝǘƽ                       ŜƭǃƘƝǾƽ

Ch¢h[L¢hDw#CL!L a¯±9[9¢{hw

Hg lłƳǇŀ: 436 nm (g-line), 405 nm (h-line), 365 nm (i-line)

KrFlŞȊer: 248 nm / ArFlŞȊŜǊ: 193 nm

YǀǾŜǘƪŜȊǃ ƎŜƴŜǊłŎƛƽ: extrŞm UV (EUV): 13.5 nm
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w;¢9D[9±#[!{½¢#{
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±ŞƪƻƴȅǊŞǘŜƎŜƪ -ŦŜƭƘŀǎȊƴłƭłǎ

ÁMikroelektronikaΣ ŦŞƭǾŜȊŜǘǃ ƎȅłǊǘłǎǘŜŎƘƴƻƭƽƎƛŀ

ÁMikro-ŜƭŜƪǘǊƻƳŜŎƘŀƴƛƪŀƛ ǊŜƴŘǎȊŜǊŜƪ όŞǊȊŞƪŜƭǃƪΣ ōŜŀǾŀǘƪƻȊƽƪΣ a9a{ύ

ÁIǃŜƭǾŜȊŜǘǃbevonatok (BeO, AlNΣ ƎȅŞƳłƴǘύ

ÁFotovoltaikusŜǎȊƪǀȊǀƪ όƴŀǇŜƭŜƳŜƪύ 

ÁǸǾŜƎ Şǎ ƳǼŀƴȅŀƎƘƻǊŘƻȊƽǊŀ ƭŜǾłƭŀǎȊǘƻǘǘ ŀƳƻǊŦ Şǎ ƳƛƪǊƻƪǊƛǎǘłƭȅƻǎ Si

ÁǾŜƎȅǸƭŜǘ-ŦŞƭǾŜȊŜǘǃƪ όCuInGaSe, CdTe)

ÁSiegy-Şǎ ƳǳƭǘƛƪǊƛǎǘłƭȅƻǎnapelemek,  (HIT)  

ÁOptikai ŀƭƪŀƭƳŀȊłǎƻƪ όǎȊǼǊǃƪΣ ǊłŎǎƻƪΣ  ŀƴǘƛǊŜŦƭŜȄƛƽǎǊŞǘŜƎŜƪΣ ǘǸƪǊǀƪ ǎǘōΦύ

ÁYƻǇłǎłƭƭƽ bevonatok 

ÁƻǇǘƛƪŀƛ ŜƭŜƳŜƪ ǾŞŘŜƭƳŜ όǇƭΦ ƭŜǾłƭŀǎȊǘƻǘǘ ƎȅŞƳłƴǘǊŞǘŜƎƎŜƭύ

ÁǎȊŜǊǎȊłƳƻƪ ƪŜƳŞƴȅ ōŜǾƻƴŀǘŀ όTiN, WC, B4/Σ ƎȅŞƳłƴǘΣ 5[/ύ

ÁƘǳƳłƴ ǇǊƻǘŞȊƛǎŜƪ ōŜǾƻƴŀǘŀ

ÁYƻǊǊƽȊƛƽłƭƭƽ bevonatok

Á5ŜƪƻǊłŎƛƽǎ ōŜǾƻƴŀǘƻƪ
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±ŞƪƻƴȅǊŞǘŜƎŜƪ -łƭǘŀƭłƴƻǎ ƪǀǾŜǘŜƭƳŞƴȅŜƪ

Áegyenletes ǾŀǎǘŀƎǎłƎ ŀ ǘŜƭƧŜǎ ǎȊǳōǎȊǘǊłǘƻƴ

ÁƘƻƳƻƎŞƴ ǀǎǎȊŜǘŞǘŜƭ

ÁƘƻƳƻƎŞƴ szerkezet (amorf, ǇƻƭƛƪǊƛǎǘłƭȅƻǎ, ŜǇƛǘŀȄƛłƭƛǎ) 

ÁƘƻƳƻƎŞƴŦƛȊƛƪŀƛ Şǎ ƪŞƳƛŀƛ ǘǳƭŀƧŘƻƴǎłƎƻƪ

ÁǘǀƳǀǊǎŞƎ όǎȊƛǾŀŎǎ ǾǎΦ ǊŞǘŜƎΣ ǘǼƭȅǳƪύ

ÁƧƽ ǘŀǇŀŘłǎ

Ákis termomechanikaiŦŜǎȊǸƭǘǎŞƎ 

ÁǎǇŜŎƛłƭƛǎ ƪǀǾŜǘŜƭƳŞƴȅŜƪ

(ǎǵǊƭƽŘłǎΣ ƴŜŘǾŜǎƝǘŞǎΣ 
ōƛƻƪƻƳǇŀǘƛōƛƭƛǘłǎ, stb..)

ÁƎŀȊŘŀǎłƎƻǎǎłƎ

ÁƭŜǾłƭłǎƛ ǎŜōŜǎǎŞƎ

ÁōŜǊŜƴŘŜȊŞǎ ƪŀǊōŀƴǘŀǊǘłǎƛ ƛƎŞƴȅŜ
ÁƭŞǇŎǎǃŦŜŘŞǎ
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±ŞƪƻƴȅǊŞǘŜƎŜƪ ςǘŜŎƘƴƻƭƽƎƛłƪ
CƛȊƛƪŀƛ ƳƽŘǎȊŜǊŜƪ όt±5Σ PhysicalVapourDeposition)
ǎȊƛƭłǊŘ ŦƻǊǊłǎōƽƭΥ ǇłǊƻƭƻƎǘŀǘłǎ

ǇƻǊƭŀǎȊǘłǎΥ dc, rf, magnetron
MBE (MolecularBeamEpitaxy)

ƻƭǾŀŘŞƪōƽƭΥ LPE (LiquidPhaseEpitaxy)
όŜƎȅƪǊƛǎǘłƭȅ ƘǵȊłǎŀΣ Czohralsky, Floatingzone)

YŞƳƛŀƛ ƳƽŘǎȊŜǊŜƪ
ŜƭŜƪǘǊƻƭƛǘōƽƭΥƎŀƭǾŀƴƛȊłƭłǎ
όƻƭŘŀǘōƽƭΣǎȊǳǎȊǇŜƴȊƛƽōƽƭΥƭŜŎǎŀǇŀǘłǎΣ ǎȊƻƭ-ƎŞƭ ǘŜŎƘƴƛƪŀύ
ƎłȊŦłȊƛǎōƽƭΥCVD (ChemicalVapourDeposition)

VPE (VapourPhaseEpitaxy)
MOCVD (Metal OrganicΧΦύ
LPCVD (LowpressureΧύ
PECVD (PlasmaenhancedΧύ 
MWCVD (MicroWaveΧύ
PACVD (PhotonassistedΧΣ ƴŞƘŀ plasmaassisted)
ALCVD (AtomicLayer.. ALD(ep..), ALEpitaxy)
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CVD ςYŞƳƛŀƛ ƎǃȊŦłȊƛǎǵ ƭŜǾłƭŀǎȊǘłǎ

Á egy vagy ǘǀōō ƎłȊƘŀƭƳŀȊłƭƭŀǇƻǘǵ reagens (prekurzorύ ƪŞƳƛŀƛ ǊŜŀƪŎƛƽƧŀ ŀ ǎȊƛƭłǊŘ 
ǎȊǳōǎȊǘǊłǘƻƴ

ÁŦŜƭǸƭŜǘƪŀǘŀƭƛȊłƭǘ ǊŜŀƪŎƛƽ
ÁǎȊƛƭłǊŘ ǘŜǊƳŞƪ
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!ǘƳƻǎȊŦŞǊƛƪǳǎ /±5 - APCVD

Á Alacsony ǎȊŀōŀŘǵǘƘƻǎǎȊ
Á{ŜōŜǎǎŞƎƳŜƎƘŀǘłǊƻȊƽΥ ǘǊŀƴǎȊǇƻǊǘ όǊŜŀƎŜƴǎ ǾŀƎȅ ǘŜǊƳŞƪύ
Á¢ŜǊƳƛƪǳǎ ŀƪǘƛǾłŎƛƽ

egyenletess®g Ñ10%, fŖleg egyszeletes reaktorok

d(x)=(mx/rvo)
1/2

mkinematikai 

viszkozit§s 

r a sŤrŤs®g

egyenletess®g Ñ10%, fŖleg egyszeletes reaktorok

Á SiO2Υ ǎȊƛƭłƴ Şǎ ƻȄƛƎŞƴ κ прлƻ/
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!ƭŀŎǎƻƴȅ ƴȅƻƳłǎǵ /±5 - LPCVD

Á Nagy ǎȊŀōŀŘǵǘƘƻǎǎȊ
Á{ŜōŜǎǎŞƎƳŜƎƘŀǘłǊƻȊƽΥ ƪŞƳƛŀƛ ǊŜŀƪŎƛƽ
Á¢ŜǊƳƛƪǳǎ κ ǇƭŀȊƳŀ ŀƪǘƛǾłŎƛƽ

egyenletess®g Ñ2-6%, batch ®s egyszeletes reaktorok
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ALD ςŀǘƻƳƛ ǊŞǘŜƎ ƭŜǾłƭŀǎȊǘłǎ

Á{ŜōŜǎǎŞƎƳŜƎƘŀǘłǊƻȊƽ: ƪŜƳƛǎȊƻǊǇŎƛƽ
Á¢ŜǊƳƛƪǳǎ κ ǇƭŀȊƳŀ ŀƪǘƛǾłŎƛƽ

Á aǘƻƳƛ ǇƻƴǘƻǎǎłƎ
ÁƴŀƎȅ ƘƻƳƻƎŜƴƛǘłǎ
ÁƪƛǾłƭƽ ƭŞǇŎǎǃŦŜŘŞǎ
ÁōŀǘŎƘ Şǎ ŜƎȅǎȊŜƭŜǘŜǎ ǊŜŀƪǘƻǊƻƪ

WŜƭƭŜƳȊǃ ŀƴȅŀƎƻƪΥ !ƭ2O3, ZnO, HfOΣ Χ
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±ŞƪƻƴȅǊŞǘŜƎŜƪ ςǘŜŎƘƴƻƭƽƎƛłƪ
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YŞƳƛŀƛ ƳŀǊłǎƻƪ

aŀǊłǎΥ ǎȊƛƭłǊŘ ŀƴȅŀƎ ŜƭǘłǾƻƭƝǘłǎŀ ŀ ǎȊǳōǎȊǘǊłǘōƽƭƪŞƳƛŀƛ ǊŜŀƪŎƛƽ łƭǘŀƭ

Reagens: ŦƻƭȅŀŘŞƪ ǾŀƎȅ ƎłȊ όǾŀƎȅ ƎǃȊΣ ǇƭŀȊƳŀύ

bŜŘǾŜǎ ƳŀǊłǎΥ
ÁƪŞƳƛŀƛ ǊŜŀƪŎƛƽ ŀ ŦƻƭȅŀŘŞƪκǎȊƛƭłǊŘ ƛƴǘŜǊŦŞǎȊŜƴΣ ŀ Ƴƛ ŀ ǎȊƛƭłǊŘ ŀƴȅŀƎ ƪƛƻƭŘłǎłǾŀƭ ƧłǊ

{ȊłǊŀȊ ƳŀǊłǎΥ
ÁƎłȊ ǾŀƎȅ ƎǃȊŦłȊƛǎǵ ǊŜŀƎŜƴǎ ƳŀƎŀǎ ƘǃƳŞǊǎŞƪƭŜǘŜƴ
ÁƎłȊŦłȊƛǎǵ ǊŜŀƎŜƴǎ ŀƭŀŎǎƻƴȅ ƘǃƳŞǊǎŞƪƭŜǘŜƴ Şǎ ƴȅƻƳłǎƻƴΣ wC ƛƴŘǳƪłƭǘ ǇƭŀȊƳŀ 
ƪƛǎǸƭŞǎǎŜƭ ƎŜƴŜǊłƭǘ ŜȄǘǊŞƳ ƴŀƎȅ ǊŜŀƪǘƛǾƛǘłǎǵ ŀƪǘƝǾ ǊŞǎȊŜŎǎƪŞƪƪŜƭ όǎȊŀōŀŘ Ǝȅǀƪǀƪ ǾŀƎȅ 
ƎŜǊƧŜǎȊǘŜǘǘ ƴŜǳǘǊłƭƛǎ ǊŞǎȊŜŎǎƪŞƪύ ςƛȊƻǘǊƽǇƳŀǊłǎ

Á fƛȊƛƪŀƛ Şǎ ƛǊłƴȅƝǘƻǘǘ όŀƴƛȊƻǘǊƽǇύ ƳŀǊłǎ ŀ ǎȊǳōǎȊǘǊłǘŀǘƻƳƧŀƛƴŀƪ Şǎ ƳƻƭŜƪǳƭłƛƴŀƪ 
ƪŜǾŞǎǎŞ ǎȊŜƭŜƪǘƝǾ ǇƻǊƭŀǎȊǘłǎŀ
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YŞƳƛŀƛ ƳŀǊłǎƻƪ ςǘŜŎƘƴƻƭƽƎƛŀƛ ŀƭƪŀƭƳŀȊłǎƻƪ
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YŞƳƛŀƛ ƳŀǊłǎƻƪ ςŀƭƪŀƭƳŀȊłǎŀ ŦŞƭǾŜȊŜǘǃƛǇŀǊōŀƴ

CŞƭǾŜȊŜǘǃ ǎȊŜƭŜǘŜƪ ƪƛŀƭŀƪƝǘłǎŀ
ÁaŜŎƘŀƴƛƪŀƛ ǎŞǊǸƭŞǎŜƪ ŜƭǘǸƴǘŜǘŞǎŜ ƪŞƳƛŀƛ ǇƻƭƝǊƻȊłǎǎŀƭ
ÁaŀƎŀǎ ƳƛƴǃǎŞƎǼ ŦŜƭǸƭŜǘ ƪƛŀƭŀƪƝǘłǎŀ ƪŞƳƛŀƛ-ƳŜŎƘŀƴƛƪŀƛ ǇƻƭƝǊƻȊłǎǎŀƭ

{ȊŜƭŜǘǇǊƻŎŜǎǎȊłƭłǎ
Á FotorezisztƘƝǾłǎ
ÁhȄƛŘƻƪ Şǎ nitridekǎȊŜƭŜƪǘƝǾ ǾŀƎȅ ǘŜƭƧŜǎ ŜƭǘłǾƻƭƝǘłǎŀ
ÁCŞƳŜƪ ƳƛƴǘłȊłǎŀ
Á{ȊŜǊǾŜǎ ǊŞǘŜƎŜƪ ǎȊŜƭŜƪǘƝǾ ǾŀƎȅ ǘŜƭƧŜǎ ŜƭǘłǾƻƭƝǘłǎŀ
ÁYƻƴǘǵǊ ƳŀǊłǎΥ ǘŜǊǾŜȊŜǘǘ ŀƭłƳŀǊłǎƛ ǇǊƻŦƛƭ
Á SiŀƴƛȊƻǘǊƽǇƳŀǊłǎŀ a9a{ ǎȊŜǊƪŜȊŜǘŜƪōŜƴ
ÁtƻƭƛƪǊƛǎǘłƭȅƻǎSiƳŀǊłǎŀ ah{ ǎȊŜǊƪŜȊŜǘŜƪōŜƴ όpoliy-gate)

!ƴŀƭƛǘƛƪŀƛ ŀƭƪŀƭƳŀȊłǎΥ ǇƭΦ Ƙƛōłƪ ŦŜƭŘŜǊƝǘŞǎŜ όǘǼƭȅǳƪΣ ƪǊƛǎǘłƭȅƘƛōŀύ

CŞƭǾŜȊŜǘǃ ŜǎȊƪǀȊ ǘƻƪƻȊłǎΥ ǇƭΦ ŦŞƳŦŜƭǸƭŜǘŜƪ ŦǊƛǎǎƝǘŞǎŜΣ stbΧ
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aŀǊłǎƻƪ ǎȊŜǊŜǇŜ ŀ ƳƛƪǊƻǘŜŎƘƴƻƭƽƎƛłōŀƴ

/Şƭ: 

о5 ǎǘǊǳƪǘǵǊŀ ƪƛŀƭŀƪƝǘłǎŀ

bŜŘǾŜǎ ƳŀǊłǎ

ÅCƻƭȅŞƪƻƴȅ ƳŀǊƽǎȊŜǊ

ÅYŞƳƛŀƛ ŦƻƭȅŀƳŀǘ

{ȊłǊŀȊ ƳŀǊłǎ

ÅDłȊ ŦłȊƛǎǵ ƳŀǊƽǎȊŜǊōǃƭ ǇƭŀȊƳŀ

ÅYŞƳƛŀƛ Şǎ ŦƛȊƛƪŀƛ ŦƻƭȅŀƳŀǘ

SiƴŜŘǾŜǎ ƪŞƳƛŀƛ ƳŀǊłǎŀΥ Ibh3Ҍ IC ŜƭŜƎȅŞōŜƴ

(1) Si+ 2NO2 + 2H2O Ҧ {ƛh2 + H2 + 2HNO2
(2) Si+ HNO3Ҍ сIC Ҧ I2SiF6 + HNO2 +H2O + H2

SiǎȊłǊŀȊ ƳŀǊłǎŀΥ ƘŀƭƻƎŞƴ ŀƭŀǇǵ ǇƭŀȊƳłƪōŀƴ

Si+4F Ҧ {ƛC4
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bŜŘǾŜǎ ƪŞƳƛŀƛ ƳŀǊłǎƻƪ

! ƳŀǊłǎƛ ŜƭƧłǊłǎƻƪƪŀƭ ǎȊŜƳōŜƴ ǘłƳŀǎȊǘƻǘǘ ƪǀǾŜǘŜƭƳŞƴȅŜƪΥ

Áegyenletes ƳŀǊłǎƛ ǎŜōŜǎǎŞƎ ŀ ǘŜƭƧŜǎ ƘƻǊŘƻȊƽ ŦŜƭǸƭŜǘŞƴ

Ánagy ǎȊŜƭŜƪǘƛǾƛǘłǎ ŀ ƳŀǎȊƪƻƭƽǊŞǘŜƎǊŜ 
(łƭǘŀƭłōŀƴ fotolakkΣ ŘŜ Ƴłǎ ƛǎ ƭŜƘŜǘ)

Ánagy ǎȊŜƭŜƪǘƛǾƛǘłǎ ŀ ƘƻǊŘƻȊƽ ǊŞǘŜƎǊŜ 
(vǊŞǘŜƎ/vƘƻǊŘƻȊƽ>10..100)

Áa ƳŀǊŀƴŘƽ ǾŞƪƻƴȅǊŞǘŜƎŜƪ ǘƛǇƛƪǳǎ ƳŞǊŜǘŞƴŜƪ ƳŜƎŦŜƭŜƭǃ
ƳŀǊłǎƛ ǎŜōŜǎǎŞƎ ό º0,1-1 mm/perc)

ÁƭŜƘŜǘǃƭŜƎ ƪŞƳƛŀƛ ǊŜŀƪŎƛƽ ƪƻƴǘǊƻƭƭłƭǘ ƭŜƎȅŜƴ 
(ƴŜƳ ǘǊŀƴǎȊǇƻǊǘŦƻƭȅŀƳŀǘ łƭǘŀƭύ
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bŜŘǾŜǎ ƳŀǊłǎƻƪ ǘŜŎƘƴƻƭƽƎƛłƛ

LƳƳŜǊȊƛƽǎ ƳŀǊłǎ
ÁbŀƎȅ ǎȊŜƭŜǘǎȊłƳ κ ƎŀȊŘŀǎłƎƻǎǎłƎ
Á{ŜōŜǎǎŞƎƪƻƴǘǊƻƭΥ  ƘǃƳŞǊǎŞƪƭŜǘ κ ƪŜǾŜǊŞǎ όōǳōƻǊŞƪƻƪΥ ƪŜǾŜǊŞǎ κ ǳƭǘǊŀƘŀƴƎƻǎ ƪłŘύ

{ǇǊŀȅ ƳŀǊłǎ
ÁIŀǘŞƪƻƴȅ ǎŜōŜǎǎŞƎƪƻƴǘǊƻƭ όǇŀǊŀƳŞǘŜǊŜƪΥ ǇƻǊƭŀǎȊǘłǎƛ ŎǎŜǇǇƳŞǊŜǘ Şǎ ƴȅƻƳłǎ)
ÁaŜƎƴǀǾŜƭǘ ƳŀǊłǎƛ ǎŜōŜǎǎŞƎ ŀ ŦƻƭȅŀƳŀǘƻǎŀƴ ŦǊƛǎǎ ƳŀǊƽǎȊŜǊ miatt
ÁYŜǾŞǎ ǎȊŜƭŜǘ

Kemo-mechanikaiƳŀǊłǎ
Á{ȊŜƭŜǘǇƻƭƝǊƻȊłǎ όSiszelet vagy polimerek)

9ƭŜƪǘǊƻƪŞƳƛŀƛ ƳŀǊłǎ
Á{ȊŜƭŜƪǘƛǾƛǘłǎ Şǎ ǎŜōŜǎǎŞƎƪƻƴǘǊƻƭ
όǇŀǊŀƳŞǘŜǊŜƪΥ ǇƻǘŜƴŎƛłƭ ǾŀƎȅ łǊŀƳύ



32Mikromechanikaitechnol·gi§k 

furjes@mfa.kfki.hu

bŜŘǾŜǎ ƳŀǊłǎƻƪ ǎŜōŜǎŞƴŜƪ ƛǊłƴȅŦǸƎƎŞǎŜ

LȊƻǘǊƽǇƳŀǊłǎΥ ŀ ǊŜŀƪŎƛƽǎŜōŜǎǎŞƎ ƛǊłƴȅŦǸƎƎŜǘƭŜƴ
Á!ƳƻǊŦ Şǎ ǇƻƭƛƪǊƛǎǘłƭȅƻǎŀƴȅŀƎƻƪ ƳŀǊłǎŀ ƧŜƭƭŜƳȊǃŜƴ ƛȊƻǘǊƽǇ
ÁWŜƭƭŜƳȊǃŜƴ ŘƛŦŦǵȊƛƽƭƛƳƛǘłƭǘ ŦƻƭȅŀƳŀǘƻƪ

!ƴƛȊƻǘǊƽǇƳŀǊłǎΥ ŀ ǊŜŀƪŎƛƽǎŜōŜǎǎŞƎ ƛǊłƴȅŦǸƎƎǃ
ÁYǊƛǎǘłƭȅƻǎ ŀƴȅŀƎƻƪ ƳŀǊłǎŀ ƭŜƘŜǘ ƛȊƻǘǊƽǇŞǎ ŀƴƛȊƻǘǊƽǇ

a ƳŀǊƽǎȊŜǊ ǀǎǎȊŜǘŞǘŜƭŞǘǃƭ Şǎ ŀ ǊŜŀƪŎƛƽƪƛƴŜǘƛƪłǘƽƭ ŦǸƎƎǃŜƴ
ÁWŜƭƭŜƳȊǃŜƴ ǊŜŀƪŎƛƽƭƛƳƛǘłƭǘ folyamatok
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{ȊƛƭƝŎƛǳƳ ƳŀǊłǎŀ

LȊƻǘǊƽǇΥ ŀ ǘŞǊ ƳƛƴŘŜƴ ƛǊłƴȅłōŀƴ ŜƎȅŜƴƭŜǘŜǎ ŀ 
ƳŀǊłǎƛ ǎŜōŜǎǎŞƎ όǇƭΦ poli-ƳŀǊƽ- HF-HNO3-
CH3COOOH )

!ƴƛȊƻǘǊƽǇΥ ŀ ƪǸƭǀƴōǀȊǃ ƪǊƛǎǘłƭȅǘŀƴƛ ƛǊłƴȅƻƪōŀƴ 
Ƴłǎ Şǎ Ƴłǎ ŀ ƳŀǊłǎƛ ǎŜōŜǎǎŞƎ όǇƭΦ ƭǵƎƻǎ ƳŀǊƽ 
ςKOH)
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{ȊƛƭƝŎƛǳƳ ǊłŎǎǎȊŜǊƪŜȊŜǘŜΥ ƎȅŞƳłƴǘǊłŎǎ

Si-Si ƪǀǘŞǎƛenergia:                Es(SiSi)(111)>> Es(SiSi)(100)> Es(SiSi)(110)

MŀǊłǎƛǎŜōŜǎǎŞƎ: v<111><< v<100>< v<331>

aŀǊłǎƛ ǎŜōŜǎǎŞƎ ƛǊłƴȅŦǸƎƎŞǎŜ

[ŜƎŜƎȅǎȊŜǊǼōō ƪǊƛǎǘłƭȅǘŀƴƛ ǎƝƪƻƪΥ
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{ȊłǊŀȊƳŀǊłǎƻƪ
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tƭŀȊƳŀ ƳŀǊłǎƻƪ ƧŜƭƭŜƳȊǃƛ

PlasmaGlow

ω !ƭŀŎǎƻƴȅ ƎłȊ ƴȅƻƳłǎ όм ƳǘƻǊǊ-1 torr)
ω Nagy elektromos teret kapcsolunk 
ŀȊ ŜƭŜƪǘǊƽŘłƪǊŀΣ моΦрс aIȊ wC

ω DłȊ ŀǘƻƳƻƪ ŜƎȅ ǊŞǎȊŜ ƛƻƴƛȊłƭƽŘƛƪ Υ 
e- + ionok

plasmaglowςǾŜȊŜǘǃ ƎłȊ
(ionokΣ ǎȊŀōŀŘ ƎȅǀƪǀƪΣ ŜƭŜƪǘǊƻƴƻƪΣ ǎŜƳƭŜƎŜǎ ǊŞǎȊŜƪ),
a ƎȅƻǊǎŀƴ ƳƻȊƎƽ ŜƭŜƪǘǊƻƴƻƪ ƎŜǊƧŜǎȊǘƛƪ ŀ ǊŞǎȊŜŎǎƪŞƪŜǘ
ezek ǊŜƭŀȄłƭƽŘƴŀƪŞǎ Ŧƻǘƻƴǘ ōƻŎǎłǘŀƴŀƪ ƪƛ
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{ȊłǊŀȊ ƳŀǊłǎƻƪ

Á IŀǘŞƪƻƴȅŀōō ƪŞƳƛŀƛƳŀǊłǎ ǊŜŀƪǘƝǾ Ǝȅǀƪǀƪ ƧŜƭŜƴƭŞǘŞōŜƴ όǇƭΦ ŀǘƻƳƻǎ Cύ 

Á LǊłƴȅƝǘƻǘǘ ŀƴƛȊƻǘǊƽǇfizikaiƳŀǊłǎ ǘǀƭǘǀǘǘ ǊŞǎȊŜŎǎƪŞƪƪŜƭ όǎǼǊǼōō ǎǘǊǳƪǘǵǊŀύ
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YŞƳƛŀƛ ƳŀǊłǎ 

{ȊŀōŀŘ Ǝȅǀƪǀƪ όǎŜƳƭŜƎŜǎΣ ƴŜƳƪǀǘǃŜƭŜƪǘǊƻƴǇłǊǊŀƭ 
rendelkezik) ςigen ǊŜŀƪǘƝǾ

CF4 + e- ҦCF3 + F + e-

4F + SiҦSiF4

! ǊŜŀƪŎƛƽǘŜǊƳŞƪƴŜƪ Ŝƭ ƪŜƭƭ ǘłǾƻȊƴƛŀa ŦŜƭǸƭŜǘǊǃƭ,

ƘƻƎȅ ŀ ƳŀǊłǎ ŦƻƭȅǘŀǘƽŘƘŀǎǎƻƴ  - volatile

!ŘŀƭŞƪ ƎłȊƻƪǎŜƎƝǘƘŜǘƛƪ ŀ ǘǀōō ǊŜŀƪǘƝǾ ǎȊŀōŀŘ Ǝȅǀƪ 
ƪŞǇȊǃŘŞǎǘΣ ŜȊȊŜƭ ƴǀǾŜƭƘŜǘƧǸƪ ŀ ƳŀǊłǎƛ ǎŜōŜǎǎŞƎŜǘΗ

pl. O2ƎłȊŀ ŘƛǎǎȊƻŎƛłƭǘ /C3, CF2-ǾŜƭ ǊŜŀƎłƭΣ ŜȊȊŜƭ 
ƳŜƎŀƪŀŘłƭȅƻȊȊŀ ŀ ǊŜƪƻƳōƛƴłƭƽŘłǎǘCF4-ƎȅŞΣ ŜȊȊŜƭ 
ƴǀǾŜƭƛ ŀ ǎȊŀōŀŘ C ƧŜƭŜƴƭŞǘŞǘ 59Υ ǘǵƭ ǎƻƪ h2ǘǵƭǎłƎƻǎŀƴ 
ŦŜƭƘƝƎƝǘƧŀ ŀ ƳŀǊƽ ƎłȊǘ!

LȊƻǘǊƽǇŀ ƳŀǊłǎΣ ƳŜǊǘ
1. LȊƻǘǊƽǇŀ ǎŜōŜǎǎŞƎ 
ǎȊǀƎŜƭƻǎȊƭłǎŀ

2. Yƛǎ ŦŜƭǸƭŜǘƛ ǘŀǇŀŘłǎƛ 
ŜƎȅǸǘǘƘŀǘƽ 
όǊŜƴƎŜǘŜƎŜǘ αōŀǊŀƴƎƻƭέΣ
ƳƝƎ ǊŜŀƎłƭύ

Nagy ǎȊŜƭŜƪǘƛǾƛǘłǎ ŞǊƘŜǘǃ el
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CƛȊƛƪŀƛ ƳŀǊłǎ

Á VpƳƛŀǘǘ ŀ ǇƻȊƛǘƝǾ ƛƻƴƻƪ ƎȅƻǊǎǳƭƴŀƪ ŀȊ ŜƭŜƪǘǊƽŘłƪ ŦŜƭŞ
όŀȊ ŜƎȅƛƪŜƴ Ǹƭ ŀ ǎȊŜƭŜǘ ƛǎύ

Á !ƴƛȊƻǘǊƽǇ:

ς!Ȋ ŜƭŜƪǘǊƻƳƻǎ ǘŞǊ ƛǊłƴȅƝǘƻǘǘǎłƎŀ Ƴƛŀǘǘ ŀ ōŜŞǊƪŜȊǃ 
ƛƻƴƻƪ ƛǊłƴȅƝǘƻǘǘŀƴ ƳŀǊƴŀƪ

ς! ǘŀǇŀŘłǎƛ ŜƎȅǸǘǘƘŀǘƽ ƴŀƎȅ ςƘŀ ōŜǸǘ ƳŀǊΣ ǘǀōōŜǘ 
ƴŜƳ Ǹǘ ōŜ

Á {ȊŜƭŜƪǘƛǾƛǘłǎ rossz

¢ŜŎƘƴƻƭƽƎƛłƪΥ

ÁtƻǊƭŀǎȊǘłǎ ǾŀƎȅ ƛƻƴƳŀǊłǎ

Á Ionsugaras ƳŀǊłǎ όCL.ύ

ÁałƎƴŜǎŜǎŜƴ ƭƻƪŀƭƛȊłƭǘ ƛƻƴƳŀǊłǎ
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Ion-ǎŜƎƝǘŜǘǘ ƳŀǊłǎ

YŞƳƛŀƛ-ŦƛȊƛƪŀƛ ǎȊłǊŀȊ ƳŀǊłǎ όŀ ƪŞǘ ŦƻƭȅŀƳŀǘ ƪƻƳōƛƴłŎƛƽƧŀύ
Ionok Ҍ ǎŜƳƭŜƎŜǎ ǎȊŀōŀŘ Ǝȅǀƪǀƪ ƴŜƳ ŦǸƎƎŜǘƭŜƴǸƭ ƳŀǊƴŀƪΥ 

Á bǀǾŜƭƘŜǘƛ ŀ ǎȊŜƭŜƪǘƛǾƛǘłǎǘŞǎ ŀȊ ƻǊƛŜƴǘłŎƛƽŦǸƎƎǃ 
ǊŜŀƪŎƛƽǎŜōŜǎǎŞƎŜǘ

Á aŀǊłǎƛ ǎŜōŜǎǎŞƎ ƴŜƳ ŀȊ ǀǎǎȊŜƎ όǎƻƪƪŀƭ ƴŀƎȅƻōōύ
Á tǊƻŦƛƭ ƴŜƳ ŀ ƭƛƴŜłǊƛǎ ƪƻƳōƛƴłŎƛƽΣ ƘŀƴŜƳ a fizikai 
ƳŀǊłǎǊŀ ƧŜƭƭŜƳȊǃΣ όŀ ǾŜǊǘƛƪłƭƛǎ ƳŀǊłǎƛ ǎŜōŜǎǎŞƎ ƴǃύ

!Ȋ ƛƻƴōƻƳōłȊłǎ ŀ ƪŞƳƛŀƛ ƳŀǊłǎ valamelyik ƪƻƳǇƻƴŜƴǎŞǘ
ǎŜƎƝǘƛόŦŜƭǸƭŜǘƛ ŀŘǎȊƻǊǇŎƛƽΣ ƳŀǊłǎƛ ǊŜŀƪŎƛƽΣ ǊŜŀƪŎƛƽǘŜǊƳŞƪ
ƪŞǇȊǃŘŞǎκŜƭǘłǾƻƭƝǘłǎ), de ŀƴƛȊƻǘǊƽǇŀƴ

¢ŜŎƘƴƛƪłƪΥ

Á wŜŀƪǘƝǾ ƛƻƴƳŀǊłǎΣ ǇƻǊƭŀǎȊǘłǎ

Á wŜŀƪǘƝǾ ƛƻƴǎǳƎŀǊŀǎ ƳŀǊłǎ

Á YŞƳƛŀƛƭŀƎ ǎŜƎƝǘŜǘǘ ƛƻƴǎǳƎŀǊŀǎ ƳŀǊłǎ



41Mikromechanikaitechnol·gi§k 

furjes@mfa.kfki.hu

tƭŀȊƳŀ ƳŀǊƽ ōŜǊŜƴŘŜȊŞǎŜƪ LΦ 

Hengeres ǇƭŀȊƳŀƳŀǊƽ
Á A ǎȊŜƭŜǘ ƴŜƳ ŀȊ ŜƭŜƪǘǊƽŘłƴ ǸƭΣ ŘŜ ǎƻƪ ŜƭŦŞǊ ōŜƴƴŜ

ÁLȊƻǘǊƽǇƪŞƳƛŀƛ ƳŀǊłǎΣ ƴŀƎȅ ǎȊŜƭŜƪǘƛǾƛǘłǎΣ ƪƛǎ ƘƛōŀƪŜƭǘŞǎ

Á9ƎȅŜƴŜǘƭŜƴ ƪƝǾǸƭǊǃƭ ōŜŦŜƭŞ ƘŀƭŀŘǾŀ
Á p=10-1000mtor

Nem kritikus 
ƳŀǊłǎƛ ƭŞǇŞǎŜƪƘŜȊ 
pl. rezisztŜƭǘłǾƻƭƝǘłǎ 
O2-ben (ashing)
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{Ɲƪ ǇƭŀȊƳŀƳŀǊƽ -tƭŀȊƳŀ ƳƽŘ

Á A szelet a όƴŀƎȅƻōōύ ŦǀƭŘŜƭǘ ŜƭŜƪǘǊƽŘłƴ Ǹƭ ŀ Ƴłǎƛƪ ŦŜƭŞ ƴŞȊǾŜ ςegyenletesebb 
ƳŀǊłǎΣ ŦǃƪŞƴǘ ƪŞƳƛŀƛΣ Ƨƽ ǎȊŜƭŜƪǘƛǾƛǘłǎǎŀƭΣ ŜƴȅƘŜ ŀƴƛȊƻǘǊƽǇƛŀ

ÁLƻƴ ōƻƳōłȊłǎ ƛǎ ǾŀƴΣ ŘŜ ƴŀƎȅƻƴ ƎȅŜƴƎŜΣ ŀ ŦŜǎȊǸƭǘǎŞƎ ŜǎŞǎ мл-100V

Á! ƪƛǎŜōōƛƪ ŜƭŜƪǘǊƽŘŀ ǇƻǊƭƽŘƛƪ

Á p=10-500mtorr

ÁƛƻƴƪƻƴŎŜƴǘǊłŎƛƽ ~ 109-1010cm-3

tƭŀȊƳŀ ƳŀǊƽ ōŜǊŜƴŘŜȊŞǎŜƪ LLΦ 

bŜƳ ƪǊƛǘƛƪǳǎ ƳŀǊłǎƛ ƭŞǇŞǎŜƪƘŜȊ 
pl. rezisztŜƭǘłǾƻƭƝǘłǎ O2-ben (ashing)
pl. ƛȊƻǘǊƽǇnitrid ƳŀǊłǎ
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{Ɲƪ ǇƭŀȊƳŀƳŀǊƽ ςRIE (ReactiveIon Etchingύ ƳƽŘ

Á! ǎȊŜƭŜǘ ŀ ƪƛǎŜōōƛƪ ŜƭŜƪǘǊƽŘłƴ ǸƭΣ ƎȅŀƪǊŀƴ Ŏǎŀƪ ŜƎȅ ǎȊŜƭŜǘ

Á! ƴŀƎȅƻōōƛƪ ŀ ŦǀƭŘŜƭǘ ŜƭŜƪǘǊƽŘŀΣ ŎǎŀǘƭŀƪƻȊǘŀǘǾŀ ŀ ƪŀƳǊŀ ŦŀƭłƘƻȊΣ ƧŜƭŜƴǘǃǎŜōō ŀ 
ŦŜǎȊǸƭǘǎŞƎ ŜǎŞǎ млл-улл± ǘŀǊǘƻƳłƴȅōŀƴ όbias) -ƛƻƴ ǎŜƎƝǘŜǘǘ ŀƴƛȊƻǘǊƽǇƳŀǊłǎ 
ƭŜƘŜǘǎŞƎŜǎ

ÁƪƛǎŜōō ƴȅƻƳłǎ ŜǎŜǘŞƴ ƳŞƎ ƛǊłƴȅƝǘƻǘǘŀōō ŀ ƳŀǊłǎΣ ŘŜ ƪƛǎŜōō ŀ ǇƭŀȊƳŀ ǎǼǊǼǎŞƎ ƛǎ 
(10-100 mtorrύΣ ƛƻƴƪƻƴŎŜƴǘǊłŎƛƽ ~ 109-1010 cm-3

Áƪƛǎ ƳŀǊłǎƛ ǎŜōŜǎǎŞƎ млл ƴƳκǇŜǊŎ

ÁwłŎǎƘƛōłƪΣ ǘǀƭǘǃŘŞǎΣ łǊƪƻƪ όtrenching)

tƭŀȊƳŀ ƳŀǊƽ ōŜǊŜƴŘŜȊŞǎŜƪ LLL.

tŞƭŘłƪ:
SiO2: CHF3
poli-Si, Si3N4: SF6+ O2, NF3

Al: Cl2, BCl3
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ÁtƭŀȊƳŀ ǎǼǊǼǎŞƎŞǎ Ion energiaŜƎȅƳłǎǘƽƭ ŦǸƎƎŜǘƭŜƴǸƭ

ÁECR (electron-cyclotron-resonance) vagy ICP (inductively
coupledplasma) ŦƻǊǊłǎ мл11-1012 ion/cm3ǎǼǊǼǎŞƎǼ ǇƭŀȊƳłǘΣ 
nagy sheathbiasƴŞƭƪǸƭ -ƝƎȅ ƭŜƘŜǘ ƪƛǎŜōō ƴȅƻƳłǎƻƪŀǘ 
ƘŀǎȊƴłƭƴƛ м-10 mTorrςƳŞƎ Ƨƻōōŀƴ ƛǊłƴȅƝǘƻǘǘ ŀ ƳŀǊłǎ 
όƪŜǾŜǎŜōō ǸǘƪǀȊŞǎ ŀ sheath-ben)

ÁRF ŦƻǊǊłǎ ŜƭǃŦŜǎȊƝǘƛ ŀ ǎȊŜƭŜǘŜǘΣ ŜȊ ƘŀǘłǊƻȊȊŀ ƳŜƎ ŀ 
ōŜŎǎŀǇƽŘƽ ƛƻƴ ŜƴŜǊƎƛłƧłǘΣ ŀƳƛǘ ǘŀǊǘƘŀǘǳƴƪ ŀƭŀŎǎƻƴȅŀƴ ŀ 
nagy ƛƻƴǎǼǊǼǎŞƎ mellett is ςkisebb ǎȊǳōǎȊǘǊłǘƪłǊƻǎƻŘłǎ

Ánagy ƳŀǊłǎƛ ǎŜōŜǎǎŞƎΥ ƴŞƘłƴȅ mm/min

! Ƙŀǘłǎ ƻƭȅŀƴΣ Ƴƛƴǘ ŀȊ ƛƻƴ ǎŜƎƝǘŜǘǘ ƳŀǊłǎƴłƭΗ

tƭŀȊƳŀ ƳŀǊƽ ōŜǊŜƴŘŜȊŞǎŜƪ
HDPE - HighDensityPlasmaEtching
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DRIE Intro
DRIE ςDeep ReactiveIon Etching

aŀǊłǎƛ ƳŞƭȅǎŞƎ Υ łǊƻƪ ǎȊŞƭŜǎǎŞƎŜ Ҕ млΥм όa9a{Σ 5w!a ƪŀǇŀŎƛǘłǎƻƪύ

YŞǘ ǘŜƭƧŜǎƝǘƳŞƴȅ ŦƻǊǊłǎΥ

Á ICP ŀ ƴŀƎȅ ǊŜŀƪǘƝǾ Ǝȅǀƪ Ҍ ƛƻƴ ǎǼǊǼǎŞƎ ƪŞǇȊŞǎƘŜȊ

Á CCP DC self-biasŀȊ ƛƻƴ ŜƴŜǊƎƛŀ ƳŜƎƘŀǘłǊƻȊłǎłƘƻȊ

SiDRIE
DłȊ ǀǎǎȊŜǘŞǘŜƭΥ ƘŀƭƻƎŞƴ ŀƭŀǇǵ ǇƭŀȊƳłƪƪŀƭ ƎȅƻǊǎ ŀ ƳŀǊłǎ
Á F-ŀƭŀǇǵΣ όǇƭΦ {C6 ) gyors ƛȊƻǘǊƽǇƳŀǊłǎ

Á Cl-, Br-ŀƭŀǇǵ(pl. Cl2, HBrύ  ƛƻƴ ǎŜƎƝǘŜǘǘ ƳŀǊłǎǎŀƭ ŀƴƛȊƻǘǊƽǇ,
de ƭŀǎǎŀōō Şǎ ƳŞǊƎŜȊǃ

Mixed modeDRIE / Cryo

SF6 + O2 @ cryoϲC

PulsedmodeDRIE / Bosch

SF6 + C4F8 @ RT
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ωtŀǎǎȊƛǾłƭłǎ
C4F8­n CF2     (PTFE)

ωaŀǊłǎ
SF6 ­ F + ionok
ƛƻƴōƻƳōłȊłǎ Ҍ ǇƻƭƛƳŜǊ 
ƳŀǊłǎ όŦǸƎƎǃleges falak 
ƪƛǾŞǘŜƭŞǾŜƭύ

ωSF6ƛȊƻǘǊƽǇ -ŜƴȅƘŞƴ 
ŀƴƛȊƻǘǊƽǇ {ƛ ƳŀǊłǎ

DRIE ςBosch Process
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{½9[9¢Ym¢;{
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!ƴƽŘƻǎ ǎȊŜƭŜǘƪǀǘŞǎ

ω {ǇŜŎƛłƭƛǎ ǸǾŜƎ όƳŀƎŀǎ ŀƭƪłƭƛ-ion tartalom)

ω Na+ƛƻƴƻƪ ƳƻȊƎłǎŀ ςƪƛǸǊƝǘŜǘǘ ǊŞǘŜƎ

ω hȄƛƎŞƴ ƪǀǘŞǎōŜ ƭŞǇ ŀ ǎȊƛƭƝŎƛǳƳƳŀƭ

ω YŜǾŞǎōŞ ŞǊȊŞƪŜƴȅ ŀ ŦŜƭǸƭŜǘƛ ǎƛƳŀǎłƎǊŀ
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LIGA



51Mikromechanikaitechnol·gi§k 

furjes@mfa.kfki.hu

LIGA (KIT)

Lithographie, Galvanoformung, Abformung(LitogrłŦƛŀ, Electroplating, mƴǘŞǎ)

Á bŀƎȅ ƻƭŘŀƭŀǊłƴȅǵ mikroszerkezetekƪƛŀƭŀƪƝǘłǎŀ όмллΥмύ

Á aŜǊǃƭŜƎŜǎ ƻƭŘŀƭŦŀƭŀƪΣ млƴƳ ŦŜƭǸƭŜǘƛ ŞǊŘŜǎǎŞƎƎŜƭ όƻǇǘƛƪŀƛ ŜƭŜƳŜƪύ

Á aŀƎŀǎǎłƎΥ млƳƛƪǊƻƴǘƽƭ ƴŞƘłƴȅ ƳƳ-ig

Á X-rayLIGA (PMMA) / UV LIGA (SU-8)
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SOFT LITO
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Mikrofluidika ƪƛŀƭŀƪƝǘłǎŀ t5a{ ǇƻƭƛƳŜǊōŜƴ

{ȊƛƭƝŎƛǳƳ ƘƻǊŘƻȊƽ

SU-8 fotoreziszt

¦± ƳŜƎǾƛƭłƎƝǘłǎ

9ƭǃƴȅŜƛΥ
ωbiokompatibilis, rugalmas, transzparens
ωƻƭŎǎƽΣ ƎȅƻǊǎ Şǎ ŜƎȅǎȊŜǊǼ ŦŜƭƘŀǎȊƴłƭłǎ
ωƪƻǾŀƭŜƴǎ ƪǀǘŞǎ ǀƴƳŀƎłǾŀƭΣ {ƛ Şǎ ǸǾŜƎ ŦŜƭǸƭŜǘǘŜƭ

ŎǎŀǘƻǊƴłƪ

maszk
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A mikrofluidikai ǊŜƴŘǎȊŜǊ ƪƛŀƭŀƪƝǘłǎŀ ǇƻƭƛƳŜǊōŜƴ

Å ¢ǀōōǊŞǘŜƎǼ о5 {¦-у ǘŜŎƘƴƻƭƽƎƛŀ ŀȊ ǀƴǘǃŦƻǊƳŀ ƪƛŀƭŀƪƝǘłǎłƘƻȊ

Å DȅƻǊǎ ǇǊƻǘƻǘƝǇǳǎƎȅłǊǘłǎ ςt5a{ ǀƴǘŞǎ 
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SMART WORLD
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A MEMS 9{½Ym½mY
¢mw¢;b9¢9
ŀȊ ŀǳǘƽƛǇŀǊǘƽƭ ŀ ƪƻƳƳǳƴƛƪłŎƛƽǎ ŜƭŜƪǘǊƻƴƛƪłƛƎ

Steve Jobs
APPLE
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IhD¸!b ¦¢#bh½½¦Y ŀȊ 9a.9wL ;w½;Y9[;{¢Κ
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KONZOL ς¢ma.L aLYwha9/I!bLY!
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KONZOL
C9[«[9¢L aLYwha9/I!bLY!
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D¸hw{¦[#{ - GIRO
YŞǇŜǊƴȅǃ ŦƻǊƎŀǘłǎΥ ŀ ƎǊŀǾƛǘłŎƛƽǎ ƎȅƻǊǎǳƭłǎ ƳŞǊŞǎŜ

YŀǇŀŎƛǘƝǾ ƳŞǊŞǎƛ ŜƭǾΥ ƪƻƴŘŜƴȊłǘƻǊ ŜƭŜƪǘǊƽŘłƛƴŀƪ ǘłǾƻƭǎłƎŀ

d

A
Co e=

2d

A

d

C
e-=

D

D

tłrhuzamosŜƭŜƪǘǊƽŘłƧǵόǎƝƪƪƻƴŘŜƴȊłǘƻǊύ 
ŜƭǊŜƴŘŜȊŞǎōŜƴaȊ ŞǊȊŞƪŜƴȅǎŞƎ kis ŜƭƳƻȊŘǳƭłǎƻƪ 
ŜǎŜǘŞƴ:

Bosch
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GIRO ς¢ma.L MIKROMECHNIKA
SOI
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GIRO ςC9[«[9¢L MIKROMECHNIKA
SOI
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COMB DRIVE ςC9[«[9¢L aLYwha9/I!bLY!
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MIKROFON
HighPerformance MEMS mikrofonok (3-4db)

CŜƭǎǃŜƭŜƪǘǊƽŘŀ: Au SiO2 / SiNxƳŜƳōǊłƴƻƴ
!ƭǎƽŜƭŜƪǘǊƽŘŀ: nSi

d

A
Co e=

2d

A

d

C
e-=

D

D

5wL9 όƳŞƭȅ 
ǊŜŀƪǘƝǾ 
ƛƻƴƳŀǊłǎǎŀƭύ
ƳŀǊǘ ƳŜƳōǊłƴ
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MIKROFON ς¢ma.L aLYwha9/I!bLY! - KOH
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MIKROFON -¢ma.LκC9[«[9¢L Yha.h


