EE C247B / ME C218

Problem 1. | Total 30 points

You are given the layout below along with the process traveler to follow. In the layout,
each box corresponds to 1 um?. In the mask legend, cf = “clear field” and df = “dark field”. In the
process traveler, assume that all lithography steps use positive photoresist, except when otherwise
indicated, and that all etch steps are 100% selective to the intended film. Also, assume that RIE
etches are anisotropic, but any other type of etch has some degree of isotropy. Follow the in-
structions after the process traveler.
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Process Traveler:

i) Deposit 2 um of low-temperature oxide (LTO) via LPCVD.

ii) Deposit 500 nm of silicon rich nitride via LPCVD.,

iii) Deposit 3 um of LTO via LPCVD.

iv) Lithography via Mask 1.

v) Etch oxide via RIE and stop on silicon nitride.

vi) Remove photoresist.
vii) Deposit 4 um of in situ-phosphorous-doped polycrystalline silicon via LPCVD at 610°C.
viii) Chemical Mechanical Polish (CMP) using a slurry that softens silicon, but not oxide. Stop

on oxide.

ix) Deposit 500 nm of LTO via LPCVD.

x) Deposit 2 um of in situ-phosphorous-doped polycrystalline silicon via LPCVD at 610°C.

xi) Deposit 2 pm of LTO via LPCVD.
xii) Lithography via Mask 2.
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xiii) Etch oxide via RIE and stop on polysilicon.
xiv) Etch polysilicon via RIE and stop on oxide.
xv) Remove photoresist.
xvi) Lithography via Mask 3.
xvii) Etch oxide via RIE and stop when the etch reaches polysilicon or nitride on the substrate.
xviii) Remove photoresist.
xix) Deposit 100 nm of in situ-phosphorous-doped polycrystalline silicon via LPCVD at 610°C.
xx) Lithography via Mask 4.
xxi) Etch polysilicon via wet etching.
xxil) Dip in HF until structures are fully released.

Instructions:
(a) Draw the cross-section through step (ix) along the A-A" axis.

(b) Draw the final cross-section along the A-A" axis.
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Problem 2. | Total 90 points

The figure below presents the top view of a small micromechanical filter constructed in a
2um-thick structural layer. Here, everything is suspended 2 pm above the substrate except for the
anchoring locations indicated as the darkly shaded regions. Data on the structural material used in
this problem is given in the box below the figure. Also, assume that all folding trusses and shuttles
are rigid in all directions, including the vertical (i.e., z) direction. All suspension and coupling
beam widths are 2 um.
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Geometric Dimensions: (all beams have width )

Lo =100pm; Ly = 90um; Ly = 250pum; Ly = 40pum; Ly, = 10pm; L, = S50pm;
W= 2um; Wy = 8um; Wy =50pm; Wy, = 10pum; W, = 5um; Thickness, & = 2um;
Shuttle Area = 26,040 um?

Structural Material Properties:
Young’s Modulus, E = 150 GPa; Density, p = 2,300 kg/m?
Poisson ratio, v = 0.226, Quality Factor, Q = 50,000
Thermal Expansion Coeff., az = 5x10°, Resistivity = 10 pQ-m,
Specific Heat, ¢, = 0.7 J/(g K), Thermal Conductivity, k£ = 90 W/(m K)

Substrate Properties:
Thermal Expansion Coeff., ar, = 2.8x10°

Please answer the following questions regarding this structure.
(a) Provide an expression and numerical value with units for the spring constant at location A.

(b) If an x-directed (i.e., towards the right) force of 10 uN is applied at location 4, how much does
location B displace? Give an expression and provide a numerical value with units.
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(¢) Suppose you directed a laser at point B on the structure while it sits in vacuum with its substrate
at 20°C. If the absorbed laser power is 5 mW, what is the temperature at point B? Provide an
expression and numerical value.

(d) If the structure were released in an isotropic wet etchant then rinsed in a special liquid solution
with a liquid-air interface surface tension of 5x10- N/m and a contact angle of 89°, would it be
stuck after drying?

(e) For this part, assume that the release etch at the end of the fabrication process was sufficient to
release everything except the shuttles. Also, assume that anything released does not stick to the
substrate. Suppose that after release, the suspension beams bend so that point C ends up 4 pum
above the substrate at 20°C. After careful inspection, you discover that there is a 10 nm film of
a mystery material atop the structural material (everywhere) and suspect that this film depos-
ited at the end of the structural material deposition step. If the deposition temperature for both
the structural material and this mysterious thin film was 500°C, and assuming the film has the
same elastic modulus as the structural material, what is the thermal expansion coefficient of the
mysterious thin film?

() 5
P
vi? ]
ke 26n('= 2020062
- 43,
OITTEATT ()| ety sl
/) L2 e
: ¥
— T~ -
2(""}552
k‘lz k‘h ';‘ 2 k‘/z ko.fz

AN\
&
£
=
o3
HEE

3
——
kale Kotz
k__._.—ﬂ-'"_'f —~— —
| fa FA N kn 'k-,q

4 Kalz, |whz kb, -
*
)G

Pug m nwbeo:  ky: ?4—(‘-’5{"@?



EE C247B / ME C218 INTRODUCTION TO MEMS DESIGN SPRING 2020

Midterm Solutions C. Nguyen
%Xy f ’
,_’ A }%I Fy: R +F, ( S "
() — 2 A faTe ©) W2 h=ro4, L, . .
hend up o, 5
4 AN g Upewss
l ; - *]5—}:2;? 4 must-Le Fensle.
T
S {Ix ik ng

e infemal bendtng ovnent- (4 < 3 15, Wh

/
.‘ﬁqy{'rzn'hg'nchca}-u. F*J-:-g"—x i:;’: éuE;El-‘

and A%,&r J'PLB ""(6?0-0 H?-L" = Ai‘_(u = ? LL)Z

__j_ ey fh\2
0= §42, £ 5(T,) Gt thls TyT.
1 ) ¢
6-6 o},m{rma*fd\ fé‘(—' minmekh = £ @T‘-F -oq) aT
1!

(‘H or tomsile —Q\Aéea,ﬁ +) ‘ﬁ'lh beam
. 0( z +| A%&, AN 2#4 | z
Ot 7 L h(q,) w¥F3; _T('n?ﬂ(%)

(o= T P (Rl (Rp 1 Rsal)y 204 (Sl 2250

=
RA.I, < La I ,I:.L__ s L”
(R 25 g LTI R o s et
(4) The shublia masres Jomiits Ha ares. (Tgrane Ben avea codribudions)

The shiftress agant™ shictia. conas A spgs shahad o andorr. kg Midterm Statistics
¥ etiction = QAP?'.,.@:OC: ke s F.S):virw A,, bthe dien of Top Score 117
(5-?) 2 shuite Average 91
= Guedmde solufion: 3 = %if %"3—-—%"1’-9 7,8 Vaddaiv Median 98
“ Surfixe tenshn Std. Dev. 20

Plug in rambons-: G234, Tiu= Sim, 0289, Po> 260402 6.2 embact ange

2 s [, 3N (Sw) cos(P)
9
4(4%)

= 06pm A (.23,

—
S



