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Microrobotics fabrication: MUMPs
process as an example

B Microrobotics
P MEMS Foudries and Fab Processes
B MUMPs process

B Bridging the gap between Design and
Fabrication: Design Rules

B CAD & Simulation




Microrobotics

Feature

Sizes Operation Fabrication
Miniature | 1-10 Workspace and forces Miniature assembly with
robots mm Eomp:arable to Precision Conventional

ngineering Techniques
Micro- 1-10 Microactuatorg, sensors and Micromachining
robots 1m signal processing (Bulk, surface, LIGA)
- MEMS

Nano- <100 Classical Mechanics principles do | Solid-state techniques no
robots am not apply anymore. longer suitable

Electrochemical principles?

Polymer chemistry?




MEMS development

B Fabrication vs Design
B Design equipment
B Fabrication equipment: Costly!

P MEMS use Microelectronics Fabrication
Techniques

P MEMS Foundries




force (N)

107

Design Issues: Dominating forces
In microscale mechanics
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Example of 2 DOF microrobot

Lewis, Mireles, Borovic
ARRI, UT Arlington

=

2-DOF Microrobot using
Surface Micromachining

JDS Uniphase !




Design Issues: -
Actuator Design Example oo
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Fabrication Issues

B Basic MEMS fabrication:
Micromachining

B Most common Micromachining
¥ Bulk Micromachining

¥ Surface Micromachining
I LIGA Technique




Bulk Micromachining
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LIGA Technique

Synchrotron
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Fatikow, Rembold
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LIGA Technique

N Release Copied
layer structure

Electroplated
metal

Fatikow, Rembold
Microsystem Technology
and Microrobotics




Surface Micromachining

Microsystem Technology
and Microrobotics

Lithography
Development of
the sacrificial layer
Structuring malerial
Mask 4 5 ::
Substrate 2.
~ Substrale
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Deposition of Athography
the structural layer  pglycrystalline
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Mask
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Example on how to build a Hinged
Mechanism

Flate

~ Hinge Plate

Hinge Fin Plate




Some MEMS Foundries and Fab
Processes

B Cronos (JDS Uniphase)
F MUMPs
Multiple User MEMS Processes

B Sandia Agile MEMS Prototyping,
Layout Tools, Education and Services

¥ SUMMIT

Sandia Ultra-planar, Multi-level MEMS
Technology

B Several others throughout the world




MUMPs Procedure

E www.memsrus.com

B User downloads design rules

B Userreserves 1cm X 1cm die location
on scheduled runs via web

B User submits design and purchase order by
set deadlines

B User receives 15 unreleased die 8 weeks
later

B Post processing options
¥ HF Release

¥ Supercritical CO2 drying
¥ Sub-dicing




MUMPs Pricing and Scheduling

PolyMUMPs Price List

Single Die Location
A ﬂﬂl‘llmtl‘l:iﬂl"il'lﬂ. 54'51:"] 3 Cronos Integrated Microspstems. A JD5 Uniphase Company: Services. PolyMUMPs Reservation - Microzoft Internet Explorer
" kl-dﬂmic ‘32““ J File Edit ‘“iew Favortes Toolz Help |

{US and Canada) j@.*-@ﬁ‘@@ﬁ‘%v.%

Eack Farward Stop Fefresh Home Search Favorites Hiztory M ail Frint Edit Dizcusz  Meszenger
H Iﬁph m JAgdress I@ hittp: £ v, memsus. comdsvesres. html j @Go |J Links **
L1} Locations
[
[in a single run - cost per site] n Services Overview
Ik Mi hini
a 244 sites $4100 E :“H "‘::'“" “h':“i 5E. PolyMUMPs Die Site Reservations
urface cromachining
a 54 sites $3600
Bl wca Fill out and submit the following form to reserve PolyMUMPs
Bl newms prototyping - PolyMumPs die locations. A current price list of PolyMUMPs services can
Subdicing E R etyplng LSO be found on the main PolyMUMPs web page.
MEMS Pr yping -
- :ﬁiﬂ:l‘lﬂdﬂ "25“ E Short Course (MOTE: All fields with a "*" must be filled out)
L

. idditionsl cut 100 *MNumber of Die Locations to purchase |
& [nternational

first cut :?gg *rumber of Subdicing Cuts needed per die |

ea, sddithonsl cut

*Mumber of Chips/Subchips to release using HFl
HF Release |
da $375 *Mumber of Chips/Subchips to release using HF

4 US/Cana . .

per 15 chipy/ and dry using Supercritical CO,, Dry process |
. lﬂtt:ﬂiﬁm‘-ﬂ - $425 *PolyMUMPs Run# | =]

g 52 - deadline Septernber 10, 2002
RIS 53 - deadline October 22, 2002
HF Release & | 54- deadline December 3, 2002
Supercritical C0; Dry
pe da $ *QOrganization

4 Us/Cana 1325 |

per 15 chips/subchips
a International $1625 *Address -

15 ‘H"f‘. h 1 -
al hips |@ Done ’_’_|0 Internet




PolyMUMPs

[ ] L] Il

Nitride Poly O 1st Oxide Poly 1 2nd Oxide Poly 2 Metal




Mask Conventions

Mnemonic level name Field type Purpose
POLY0 light pattern ground plane
ANCHOR1 dark open holes for Poly 1 to Nitride or Poly 0 connection
DIMPLE dark create dimples/bushings for Poly 1
POLY1 light pattern Poly 1
POLY1 POLY2 VIA dark open holes for Poly 1 to Poly 2 connection
ANCHOR2 dark open holes for Poly 2 to Nitride or Poly 0 connection
POLY2 light pattern Poly 2
METAL light pattern Metal
HOLEOD dark provide holes for POLY0
HOLE1 dark provide release holes for POLY1
HOLE?2 dark provide release holes for POLY?2
HOLEM dark provide release holes in METAL

B “Light” Fields: Mask is a drawing of remaining
features after etch

B "Dark” Fields: Mask is a drawing of features
that are removed by etch

JDS Uniphase




Minimum Features

Mnemonic CIF level GDS level Nominal Minimum Minimum

level name name number line/lspace feature space
*POLY0 CPZ 13 3.0 2.0 2.0
*ANCHOR1 COF 43 3.0 3.0 2.0
*DIMPLE COS 50 3.0 2.0 3.0
*POLY1 CPS 45 3.0 2.0 2.0
*POLY1 POLY2 VIA COT 47 3.0 2.0 2.0
*ANCHOR2 COL 52 3.0 3.0 2.0
*POLY2 CPT 49 3.0 2.0 2.0
*METAL CCM 51 3.0 3.0 3.0
*HOLED CHZ 41 3.0 2.0 2.0
*HOLE1 CHO 0 4.0 3.0 3.0
*HOLE2Z2 CHT 1 4.0 3.0 3.0
*HOLEM CHM 48 5.0 4.0 4.0

JDS Uniphase




Definitions

(1) Enclosure: 2) Spacing:

Layes 1
Layer 2

: A A=Enclosure Boundary

(3) Cut-in:

l Layer 1

:- Layer 2

.............

C G=Cut Inside

............

Layer1
77 Layerz  (4) Cut-out:

B=Spacing

Layer 1
Layer 2

D=Cut Duteide

JDS Uniphase



Poly0 design rules

Rule Rule Letter | Figure# | Min. Value (um)
POLYO space to ANCHOR1 A 2.5 4.0
POLYO0 enclose ANCHOR1 B 25 40
POLYO enclose POLY1 C 2.6 4.0
[— POLYO enclose POLY2 D 2.7 5.0
POLYO enclose ANCHOR?Z E 28 5.0
POLYO space to ANCHOR2 F 28 5.0

Croas Seribons

e oopd

Mlaak levels

oA S A

A haorl Hyd rierpde

M.C. Wu
UC.L.A.




Design example

Lewis, Mireles, Borovic



CAD/CAE and Simulation

B Rapidly Growing:
¥ MEMSPro
P ANSYS
¥ IntelliSuite
¥ Others

B Uses:
¥ Visualize device geometry before fab

I Predict and quantify performance
P Reduction of time, costs




Examples

Visualire Wiew




Examples

Electrostatics: charge density vs. voltage
Statics: load vs. deflection

Temperature distribution




Conclusions

B MEMS technology is impacting more
fields

B Several products have reached
commodity status:
¥ Pressure sensors, accelerometers

B Many new areas are poised for
commercial success

B MEMS as well as design tools and
standarization are developing to support
this growing technology




