« MUMPS from MEMSCAP

e Bulk Micromachining

« SUMMIT from Sandia
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M MEMSCAP Standard Processes

— 8 lithography levels,
7 physical layers

— 3 Poly Layers

— 1 Metal Layer

— 10 or 25y structure layer
— Double-side pattern/etch
— 2 Metal layers

Silicon

Substrate Bottom Oxide Shadow Mask
Metal PSG (dopant)

Oxide Frontside Protection Material

— 10 lithography layers
— Thick electroplated Ni
(18-22)
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%% PolyMUMPS ws
MEMSCAP PolyMUMPS

« Surface micro-machining
3 layers polysilicon + 1 metal layer

Fixed size : 1cm?

Optional post process etching/release
CO, drying
sawing
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%4 POlyMUMPS (s

The process includes 8 lithography levels, 7 physical layers
2 mechanical and 1 electrical layer of polysilicon
2 sacrificial layers
1 electrical conduction
1 electrical isolation layer
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% PolyMUMPS @

The structures are released by immersing the chips in a 49% HF
solution. The Poly 1 “rotor” can be seen around the fixed Poly 2
hub. The stacks of Poly 1, Poly 2 and Metal on the sides
represent the stators used to drive the motor electrostatically.

6/24 Gregory.DiPendina@imag.fr

CMP annual users meeting, January 20 ™ 2011, PARIS



%% SOIMUMPS ur
MEMSCAP SOIMUMPS

e SOI substrate

* RIE etching

e 10 to 25 um structure layer
» 2 Metal layers

Fixed size : 0.9 cm x 0.9 cm
Optional post process : sawing (process level)
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M SOIMUMPS 22 Y @

(1) A silicon-on-insulator (SOI) wafer is used as the starting substrate:
*Silicon thickness: 10+ 1 pmor 25+ 1 mn
*Oxide thickness:1 + 0.05 nin
*Handle wafer (Substrate) thickness:400 £ 5 nin

(2) The Silicon layer is patterned and etched down to the Oxide layer. This layer can
be used for mechanical structures, resistor structures, and/or electrical routing.

(3) The Substrate can be patterned and etched from the “bottom” side to the Oxide
layer. This allows for through-hole structures.

(4) Two metal layers:
PAD METAL for bond pads and electrical routing.
MIRROR METAL for optical mirror surfaces
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% MetaMUMPS @
MEMSCAP MetalMUMPS

* Thick metal layers : electroplating Nickel (18-22 um)
» Surface and Bulk Micromachining
* Metallization on the walls

Fixed size : 1cm?
Optional post process sawing
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0% MetaMUMPS ¢

(1) Electroplated nickel is used as the primary structural material and electrical
interconnect layer

(2) Doped polysilicon can be used for resistors, additional mechanical structures,
and/or cross-over electrical routing.

(3) Silicon nitride is used as an electrical isolation layer
(4) Deposited oxide (PSG) is used for the sacrificial layers

(5) A trench layer in the silicon substrate can be incorporated for additional thermal
and electrical isolation

10/24 Gregory.DiPendina@imag.fr CMP annual users meeting, January 20 ™ 2011, PARIS



M Design-kKits

MEMSCAP technologies

Design kits on CADENCE, TANNER, MENTOR
Design-kits available for each of the processes
» Techfiles
* DRC deck files
« Handbook
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ﬁ Specific MEMS CAD tools

CAD tools from SoftMEMS (spin-off from MEMSCAP):

° (for UNIX and HP platforms)

o (for PC platform)
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Bulk micro-machining on CMOS

austriamicrosystems 0.35u
CMOS, SiGe, High Voltage:

Available for prototyping to Universities,
Research Labs, and Companies

scheduled MPW runs
MPW run turnaround : 8 / 10 weeks

Postprocess turnaround : 3 weeks
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ﬁ Bulk micro-machining on BICMOS

e austriamicrosystems 0,8y BICMOS

« Anisotropic Etching without
additional mask

Compatible with electronics
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M Sandia MEMS process an)

SUMMIT V : Sandia Ultra-planar Multi-level MEMS Technology V

5 layers poly with planarization.
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M Sandia MEMS process @)

18/24 Gregory.DiPendina@imag.fr CMP annual users meeting, January 20 ™ 2011, PARIS



ﬁ Sandia MEMS design-kits
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» Design edition and DRC verification

» Design visualization 2D / 3D
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M MPW run schedule for Sandia MEMS

23 +

«?7?

«?2727?

http://cmp.imag.fr/products/ic/schedule.php
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ﬁ MPW runs
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MPW runs scheduled in 2010 :

MPW runs scheduled in 2011 :
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M MEMS Packaging (/2

e $ 95

Ceramic

Hybrid packaging
e " 30

Chip on board
Epoxy Protection, etc ...
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ﬁ MEMS Packaging (/2

« Multi dies packaging with inter-chip wire bonding
* Matrix of 3x3 dies in a PGA package
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