Micro-maquinado

Hernan Pastoriza

Laboratorio de Bajas Temperaturas
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1) Transferir la topografia al sustrato
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Ataque 1sotropico

Ataque aniisotropico

Ataque anisotropico
X ejes cristalograficos
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Sustrato: Monocristal de B1,Sr,CaCu,Oq
Ataque con Iones de Ar SkeV Bolsoiro
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Ataque seco: Reactive lon Etching

After etch and passivation

Mask

Polymer lining

Silicon

2 x etch and passivation

Mask
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Polymer lining

Silicon

Silico

Final product, after cleaning

Mask
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Bulk micro-machining;:

La parte estructural consiste en lo que queda despues
de haber removido parte del sustrato

Sustratos SOI (Silicon on Insulator)

S1

S1 y
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Surface micro-machining:

Los componentes estructurales son obtenidos por deposicion
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Foundry MEMSCAP

MUMP (Multi User MEMS Process)

PolyMUMPS:
Componente estructural Silicio Policristalino
Componente de sacrificio: Didxido de Silicio

U$4600 x cm? (U$3200 Académico)
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Deposicion Nitruro de Silicio (SiN )

Silicon Substrate




Deposicion PolyO
(Silicio Policristalino)

Silicon Substrate




Primera etapa de litografia
(Mascara Poly0)

Patterned Photoresist

Silicon Substrate




Remocion del PolyO no protegido
mediante Reactive lon Etching

Silicon Substrate




Deposicion del Oxido de Silicio 1
mediante LPCVD

Silicon Substrate




2da etapa de litografia
(Mascara Dimple)

Seguido de un RIE

Silicon Substrate




3ra etapa de litografia
(Mascara Anchor 1)

Y otra vez RIE (mas tiempo)

Silicon Substrate




Deposicion de polysilicon
(Poly1) using LPCVD...

Seguido de una deposicion de PSG
(Phospho-silicate-glass)

y recocido




4ta etapa de litografia
(Mascara Poly1)

Y otra vez RIE

Silicon Substrate




Deposicion del
2do Oxido

Silicon Substrate




5ta etapa de litografia
(Mascara Poly1_Poly2_VIA)
v...RIE

Silicon Substrate




6ta etapa de litografia
(Mascara Anchor 2)
+ RIE

Silicon Substrate




Deposicion de polysilicon
(Poly2) using LPCVD...

Seguido de una deposicion de PSG
(Phospho-silicate-glass)
y recocido

Silicon Substrate




/ma etapa de litografia
(Mascara Poly?2)
y RIE

Silicon Substrate




8va etapa de litografia

(Mascara Metal)
y Lift-off

Silicon Substrate




Disolver los Oxidos en HF




Material Layer

Thickness (um)

CD Tolerances

Lithography Level Name

Nitride 0.6 -- --
Poly 0 0.5 1.600 to 2.200 um Lines POLYO (HOLEQO)
First Oxide 2.0 1.800 to 2. 200 um Spaces DIMPLE
1.700 to 2300 um Spaces ANCHOR
Poly 1 2.0 1.750 to 2. 250 um Lines POLY1 (HOLET)
Second Oxide 075 1.750 to 2.250 um Spaces POLY1 _POLY2 VIA
1.750 to 2.250 um Spaces ANCHOR2Z2
Poly 2 1.5 1.700 to 2.300 um Lines POLY2 (HOLE2)
Metal 0.5 2500 to 3.500 um Lines METAL (HOLEM)
Mnemonic Actual Feature | CIF level GDS level Nominal Minimum Minimum
level name Drawn name number line/space feature spacing
“POLYOD Paly line CPZ 13 3.0 20 2.0
*DIMPLE Dimple hole COS a0 3.0 2.0 spaces 3.0
3.0 holes
“ANCHORA1 Oxide hole COF 43 3.0 3.0 20
*POLY1 Paly line CPS 45 3.0 20 20/ 25
*POLY1_POLYZ2_VIA Via hole coT 47 3.0 2.0 spaces 20
3.0 holes

"ANCHOR2 Anchor hole COL a2 3.0 3.0 2.0
*POLY2 Poly line CPT 49 3.0 20 270/25'
“METAL Metal line CCM a1 3.0 3.0 3.0
"HOLEOD Hole CHZ 41 3.0 20 20
"HOLE1 Hole CHO 0 4.0 3.0 3.0
"HOLEZ2 Hole CHT 1 4.0 3.0 3.0
"HOLEM Hole CHM 48 5.0 410 40
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| Rule | Ruleletter | Figure# | Min.Value (um) |
[POLYTendoseDIMPLE [ N | 218 [ 40 |
[POLYTencosePOLYI POLYZVIA | H | 29211 | 40 |
[POLYiendosePOLY2 [ o0 | 214 [ 40 |
“Lateral etch holes spaceinPOLYT | R | 245 | <30 (max.value] |

| Rwe | Ruleletter | Figure# | Min.Value(um)
[POLY2encoseANCHORz | J [ 27210 | 60
[POLY2eutinPOLYT __ | P | 214 | 50
[POLY2eutoutPOLYl | @ [ 214 [ 40
[POLY2endoseMETAL | M [ 242 [ 30
[POLY2spacetoPOLYl | 1 [ 210 [ 30
“Lateral etch holes spacemPOLY2______| S | 215 | =30 (max.value) _
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POlyl X

Por ejemplo
una bisagra:

Poly 2

Anchor 2
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LIGA Nickel High Aspect Ratio (HAR) Micromachining

(Lithographie, Galvanoformung, Abformung (LIGA))

E. W. Becker etal., ),” Microelectron.
Eng., vol. 4, pp. 35-36, 1986.

Gold

Mask

2. Develop PMMA into mold . Electroplate into mold

1. Expose PMMA to
and remove mold material.—

Feature lengths and widths as small as 20um
Feature heights are from 200-300um

Aspect Ratios > 10
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LIGA Process
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