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Lecture 8: Surface Micromachining II
* Announcements:
+ HW#2 online and due next Friday at 8 a.m.

* I have been traveling since Wednesday: back next
Tuesday

* This is Thursday lecture and is a prepared video

- Straight or Sloped Sidewalls:

+ Often want sloped sidewalls in order to reduce the
sharpness of corners

% Easier to deposit over

% Sharp corners concentrate stresses

% High stress can weaken structures creating a
reliabilty concern

* Today: % High stress can dissipate energy, lowering Q

* Reading: ?en'l‘ur'ia Ch[’f' 3. Jaeger Chpt. 11, - When you want straight sidewalls (e.g., for lateral
Handout: “Surface Micromachining for electrostatic drive), use a hard mask

Microelectromechanical Systems % PR can't last for thick structures

- Lecture T(.)pICS: . - % A hard mask suppresses angle transfer
% Polysilicon surface micromachining

% Stiction

& Residual stress Eid"mfi Fo Lo §ideuntt TVFQ

% Topography issues = onfsodapic ehl — Mmgl&ri&vwwf

% Nickel metal surface micromachining . '

% 3D “pop-up” MEMS PR l PR but only of

% Foundry MEMS: the "MUMPS" process : He PR is

% The Sandia SUMMIT process ,_E;. 310, shaisid
* Last Time: Suibsirato ;_zrﬁdé{-&
* Going through Module 5 on Surface Micromachining —

Copyright © 2016 Regents of the University of California



EE C247B/ME €218: Introduction to MEMS Design CTN 2/11/16

Lecture 8w: Surface Micromachining IT
Hicroghucfue Shea

wan{:e;%ropic et . @l wd Surfueg
— I~ K M"% """k;cag;@wga a
™\ W llliwu
/r\’—L S0, v Sudoe

/ Sbsiate mj’;’

Al B somo dagre Fo slype of S PR s ) mdecks wake
i sicge in Ko <flool Fil stz } P
(hotCon we Lo -Logp}.s‘fra{gk} sdouadlr? Y Surfo L
R O‘HYWC,{W"IQ “FDMJ \l .
SO?( = gl M‘Y’ fﬁ‘oy,\ Nwh’ar\o P‘Al(eel th alp
See = loge _ direchons
E\ PR _ Vi_‘;jhl:rf(nm (nethins ir wovivg) L
0 < hor) Fons bolinaed ait by liguidy 1 o2 5 200!
P%, rorisfane do Qovm,mom'oy\
Sib2 = Ferh: erL(A{J rqunaees o achieve e

M

- Swillert qurbeo ares (bl errsy sish)
?“ Haw Cunaug f P |

No presrure
/ / g Atfoonce
S(‘/"é@ RmMa s

M

Copyright © 2016 Regents of the University of California



EE C247B/ME €218: Introduction to MEMS Design CTN 2/11/16
Lecture 8w: Surface Micromachining IT

= }hiwd,u@ a diffoortid presne: Condoot rske | — govensd by o halonee of
ﬁmﬁce_ cumey r}oégmaﬂi o M’f‘hm’mﬂ SVFE'W -‘em«'m,_r
‘\Coft('% Wwf}'lhonn e%u?’('b"fum deoshff'«e UJU-M/ Propdl JopﬂMW'ﬂ’
Fs presuns indorfac lefwaan Affred viriorbls
L Bavple. Yy drphilic D
. - T y rbP}l—lF :(rlt‘gu%-a"" Sudhng Jorion Firz
) \ (/ Covifot any
R m
Fe - . —
"dvé/. < \L’_’ for =— l‘iu"o(—fd.'d(‘ Jorface
({72 b —% fﬂ;e—aa”\@n'&h N 4ghr/'m otz
S5 L Soliol-atr Jusface Jonmon Tore
—~ fQU ih'ér('um; @ he n%mw Goror C‘and} @'K:;
4/ ) rerficad Corer cane Covte 'ID(
Y()uns 'lal’\){oco E‘iuodx'yﬂ . .
— , : s
ope i rd;) o
Lo & 2 pegure AFoence ’Ffa’ FQS*—FQ,\C‘Jaof@‘ 7(75“'9%&); &c \
T2 surfoee dension (o /lompi) [enes] 7
By TRy 2 1odii of curyetu Relohondrip ke
T s Sudea densions Caphaed
b\/ comfed onde.

Copyright © 2016 Regents of the University of California



EE C247B/ME €218: Introduction to MEMS Design

CTN 2/11/16
Lecture 8w: Surface Micromachining IT
Edimglo, Ton Tlaks o OV Pkl o Handd
- - ,b\,g f,sd'v ] Fokex (Cﬂw’fecr})'a\)
(¢ - Fectin ) by 1"~ A 1
al | Vg
ooty R\J Tg ) o <F ik
&Top — /
P SHifboon >k
. i V) .
CALAS. {4 A\ 1% Cfeg -]
\ /Bdﬂm
Plb
i? \l' y Renurkr
| ploco Bouotin L ® To prewit Fholiom:
@/Wr Cf‘krf’tf!w;@-é{z ":-'ILQAU@A((NQMWO"X
A q‘ _!L l‘LWJ'alf (hiRr1ple ':}M,cq v — chous —(’Qﬂ}d ( wfolf
i F e— vrediur @ cunsue of la ™ Chovse (& nsl.'zr
(e Ha (rquid (166 ca.w;(] = mabs g larg
{.’ ?065—5:3;; F=-bp A= 2ATg, cosOe K = increate | — woke Fhiny -fhiden
= 0. >%"
—
7 Um%mg/ hewe g
Fo rea NzeoU 40 (‘(QP le P‘cjﬁr G'fam(

= C‘H'FMQ oo () b)’law PR

Copyright © 2016 Regents of the University of California



EE C247B/ME €218: Introduction to MEMS Design CTN 2/11/16
Lecture 8w: Surface Micromachining IT

M"fa’khﬁl*f }
Liguid Solid Contact angle
water soda-lime glass )
o — =
er.hanﬂl lead glass 0 :E".-'—T." - - xS
diethyl ether fused quartz — = —
: Dielo
carbon tetrachloride \DTeT ewa,[;\
olycerol )
acetic acid (Ohich (ayov 4o Al
— = g
T paraffin wax 107 DNoroR y poly

silver on° ’_\‘k
soda-lime glass 29° e
methyliodide  lead slass 30° N L ok

A
fused quartz 33° foC(O poko
Mercury soda-lime glass 1407

Some liquid-solid contact nngleslf] Alignwod Eeyr) % ;\% (%

[.’ Polyo anclnA poly 2
po % o
> ‘_;l.;—— 8y~ FDL/'Z fo fd»l.'l W/mﬂ(fﬂ‘

T — hée!

J P—HE = nihide
dne pekyo O
o:lﬂcdf' iy archond do \9017 5‘ Gl«fyh'ﬁ’ﬁ

Copyright © 2016 Regents of the University of California



EE C247B/ME €218: Introduction to MEMS Design CTN 2/11/16
Lecture 8w: Surface Micromachining IT

N B IS
— —] T
_( T unld )___ZSY

i

Best Migunod Shoksy

P°‘Y° 30[1‘5,,,
jérdw) e

2x 4 romLQ: a[fghmﬂl @W\‘.

Hﬁ Con You X M w//a(‘l'jhwf?‘ (:jl::(
Q¢

Lo T iy
L‘in A\ —F—— a[,:s,_.,l — (00 v of ot
Onn —3

lmeb
wh O < UD —
‘ 0D

Copyright © 2016 Regents of the University of California



