EEL&3I5 Advanced MEMS (Spring 2003)
Instructor: Dr. Huikai Xie

Lecture 4
surface/Bulk Micromachining

m Agenda:

a Surface Micromachining

a Surface/Bulk Micromachining
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O MUMP=® (Multi-User MEMS Processes) consists of

standardized buiding blocks for MEMS processing and
MEMS components

O MUMP=® s a well-established, commercial program that
provides customers with cost-effective access to MEMS
prototyping and 3 seamless transition inte volume
manufacturing. There are now three flavors of MUMP s&:
FolyMUMPs, SOIMUMPs, and MetalMUMFs.

O MUMP=® s part of MEMSCAP's complete manufacturing
offer, ranging from prototyping (MUMPs) to mass production.

r MUMPr preccss wes gbfzzed Bxat by MO = 10D

v Cropey-was spun-off Bom MCONC = L1009, previdisg MLUMM

r Cropey-w= acquired by J03 Urapheae o Apeil 2000 a1 o pletform foo il
MEMS Euainzaa ors

r MEMSCAP eeguicsd IO Uniphaas's Creoas i= 1002

kop: fwerw.momace g com ' memana’emoege biml
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m Surface Micromachining

Jacrificial In
¥

A wida varlaty of MEM & devicas including
micremirrare, gratinga, lsnsee, Inartial seneors,
micremators, etc. hawe besen fabricated and some
gVEn commarclalized by using surfacs

micremachining techniques. struniural izye

Structural materiala: Polysilicon, A1, 10, SIC, ... NI
gacrificlal materlals: $10u, polymers, Al _..

* MEMSCAP's MUMPs Process

* Sandia’s SUMMIT Process

* Texas Instruments’ Al Process (v)

* Analog Devices' iIMEMS Process (later)
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PolyMUMPs Process

H B 00 B &0 B =

Niirkda Fadw Tekihide Foled  faddbwele Paly 2 iltal

Croee-saciional view of all 7 layers

Features:
« Structural material: Pohyslicon
» Sacrificial layer: Deposited oxide (F5G)
= Elecirical isolation: slicon nitnde
« 3 polysilicon layers
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m PolyMUMPs Process Flow (1)

= W+ doping .
gapositon (GD0nm) 7 Cll

= 500 nm polysilicon (Poly O) §Mcm Bl lasis,
deposition

- Photoresist coating

= Phatolithography using
Aret leval mask
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m PolyMUMPs Process Flow (2)

-I P | B Ol e
= 2.0 ym LPCWVD PS5 deposition : Hﬂlhlﬂi'

{the first sacriliclal layer) ﬁ on St
- Second mask (DIMPLE) patternad . R i Ol
-Tha l:"I'I"IFEE-u. 75 nm ﬂE‘El].. 3ra *; Eemide
atched (RIE) Into Whe firs oxide Z 1 — 5u|,,.h:.|,.‘-'.,_;"
layar.
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::;,h“ rd " Lich
b | T ot I | ¥ i: Ouide
- Felmrnds
- Third maek (ANCHOR1) § %
patizmed Silican Subshale ™,
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PolyMUMPs Process Flow (3)

» & flanket 2.0 pm Byer of ue-
dizped palysilicon = deposited

by LECVD followed by the E?"‘k
deposition of 200 nm PEE and Kitade
A 4050" G4 hour anneal The "'x.:
anniss] senves 10 BaEh -:ll:lp-: the 3
pelysiicon mnd reduce s Zz Slicm Sabatiidd,
resid el sir=es.

« Tre fourth mask (POLY 1) Is
Ithogragprically pattermed. The ﬁﬁfﬂk
PEE k= first efched be creobe & : Puilridde
hand mask and #en Foly 1 ks S
=iched by RIE. § Sifizea Eth.E‘{;

= After the =ich I= compdebed), the
photoreskst and P2S hasd missk
A= remved.

H B 0" @ = =B

s Papd widslde Pyl Geliialds Belya Wed
BRLEEIE Achmnoed KBTS TRO0NH. X

PolyMUMPs Process Flow (4)

* Thi= Second Oxlde layer, 0.75

um of PEG, Is depashed on the R
mdzr. Thiz kyer i patterned mh!,
twice to allow comiact fo Eoth o
Paoly 1 and suiestrabe layers. _:" Silmon Subsirate ':-._-
FI_Fz_Via F1L_I'Z Vi
= The {is mask Exh Eick

* The aneented Eecond Oxide |5
RIE etched. stopping of Paoly 1.
and the phobzresist = sifpped.
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m PolyMUMPs Process Flow (5)

= E=cond amd First Oxides ar= RIE %
siched, stopping on =ks=r MEid= ar

Paly 0, and pholoresist s stripped.

il
* The ANCHORZ level provides P,
gpenings for Poly 2 bo conkact with
MHrid = cir Paody 0.

one hcar bo dope Ehe podysd oo
and reduce residinal siress.
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* Thiz seth mask (ANCHORZ) k5
Rthograpsically patierned. PILF2_Via ."--;I::ri Fi_FZ_Via
Exh | Elch -

Mok 1
Fuitmde

=& 1.5 pm un~doped polysilicon ol mush
Eyer £ d=posked followed by & E"_'l":'f
200 nen PEG hardmask layer. The " Nitmde
wafers are anneaked at 10S0°C for § e

e

PolyMUMPs Process Flow (7)
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= The structures are released by immersing the chips in 3 29%
HF solution.

» The Poly 1 “roter” can be seen around the fored Poly 2 hub.

= The stacks of Poly 1, Poly 2 and Metal on the sides represant
the stators used to drive the motor electrostatically.

biip: 'wow. memicEp. com Ememirns svosrnles. il
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m PolyMUMPs Process Flow (6)

* The sEventh mesk (POLY2) ; .
Ithagraphicelly paterned. Inad Odadw Il Cixide

*The= P2 hard mask snd Paoly 2 Byers

ar= RIE =iched and the pEoioresist and Foly 1
hard mask are removed. Mol 1
Silrds

* Al medhanical structures Fenve now been ,.-’ S
faksicated. The remaining st=ps are bo & 8 oo Bt lrwbeon
deposit thie mebal layer and remoye e L
sacrificlal axides,

* The sights mask (METAL) ks pattermed. The aana vt
metxl fgiokd Wik 8 thin sdEesion =yer) IS . i
depsiied oy H-oft petieming. Slsnl
*The photoresist and amaenisd metal | 2hom m:‘:
the moior=sisti sre then removed no8 sokent ,ml" 1|
bk ¢ .,
* The proce=ss 5 now compl=te and the wafers & Salicun Subsirabe';,

can be coated Wi & protective myer of

phioforesist and diced. The chilps are sored = " & @m =
and shippad. Wi Podsd leiiuile Py Oediuide Falpd el |
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Example Devices by PolyMUMPs

= Comisr cube reflecior:
K. Fisier's group (-
Berks by

= 30 mirror; K. Plsier's group (UG-Berksdey

* Micromirmor armey:
WM. Eright's group
(. Coloradod
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