EE 247B/ME218: Introduction o MEMS Design CTN 2/20/20
Lecture 9m1: Surface Micromachining

& MUMPS: MultiUser MEMS ProcesS = polyMUMPS Minimum Feature Constraints
" UG Berkeley, " Uc Berkeley
* Originally created by the Microelectronics Center of North * Minimum feature size
Carolina (MCNC) — now owned by MEMSCAP in France % Determined by MUMPS' photolithographic resolution and

. _ - . - alignment precision
Three Ie.vel p°|Y§'|'c°n su.lfface_mlcr-omachlmng process for % Violations result in missing (unanchored), under/oversized,
prototyping and “foundry” services or fused features

* Designed to service as many % Use minimum feature only when absolutely necessary
Micromotor fabricated

users as possible; basically . - - -
an attempt to provide a vid MMPS Nominal [um] Min [F:':]mre Mm[smcmg
universal MEMS process = =
. POLYO, POLY1, POLY2 3 2 2
8 photomasks POLY1_POLY2_VIA 3 2 2
* $4,900 for 1 cm? dies = =
$ f ANCHOR1, ANCHOR2 3 3 2
e r i DIMPLE 3 2 3
METAL 3 3 3
HOLE1, HOLE2 4 3 3
Silicon Substrate HOLEM 5 4 4
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& MUMPS Design Rules (cont.) 5 MUMPS Design Rules (cont.)
" UC Berkeley " UC Berkeley
Rule Rule Letter Figure # Min. Value (pm) Rule [ Min. Value (um)
POLY0 space to ANCHOR1 A 2.5 4.0 POLY1 enclose ANCHOR1 G 4.0
POLYO enclose ANCHOR1 B 2.5 4.0 Poly1 Poly0 Ly encose DM u 1
POLYQ enclose POLY1 C 2.6 4.0 / POLY1 enclose POLY2 o) 4.0
POLYO enclose POLY2 D 2.7 5.0 Oxidel N POLY1 space to ANCHOR2 K 3.0
POLYO enclose ANCHOR?2 E 28 50 \/ “Lateral etch holes space in POLY1 | R <30 (max. value)
POLYO space to ANCHOR2 F 2.8 5.0
— e, Cross Sections L Cross Sections
7
Oxide T~ Polyo uisis f—Powe DoQ
J—"roLyo t c o505 A ‘
} A b | Mask Levels h—— — \ Mask Levels
f Ay
N f p"" r\gl Q Polyl-PolyZ Via \\\ POLYI pm: ,\gl Q Poly wq:vu
/ N
\ANCHORI Foiyz .\-quz Q |Qm. ANCHOR1 Poly2 Aanuz Q Ignph
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MUMPS Design Rules (cont.)

“UC Berkeley
Rule Rule Letter Figure # Min. Value (pm)
POLYO0 space to ANCHOR1 A 2. 4.0
POLYO0 enclose ANCHOR1 B 2. 4.0
POLYO i POLY1 [+ 2. 4.0
POLYO0 enclose POLY2 D 2.7 5.0
POLY0 i ANCHOR?2 E 28 5.0
POLYO space to ANCHOR2 F 28 5.0
Rule Rule Letter Figure # Min. Value (um)
POLY1 enclose ANCHOR1 G 2.6 4.0
POLY1 enclose DIMPLE N 2.13 4.0
POLY1 enclose POLY1_POLY2_VIA H 29,21 4.0
POLY1 enclose POLY2 o 2.14 4.0
POLY1 space to ANCHOR2 K 2.1 3.0
*Lateral etch holes space in POLY1 R 215 <30 (max. value)
Rule Rule Letter Figure # Min. Value (um)
POLY2 enclose ANCHOR2 J 2.7.2.10 5.0
POLY2 enclose POLY1_POLY2_VIA L 2.9 4.0
POLY2 cut-in POLY1 P 2.14 5.0
POLY2 cut-out POLY1 Q 2.14 4.0
POLY2 enclose METAL M 2.12 3.0
POLY2 space to POLY1 | 2.10 3.0
HOLE2 enclose HOLE1 T 2.16 20
HOLEM enclose HOLE2 U 2.16 20
*Lateral etch holes space in POLY2 ] 215 £30 (max. value)

CTN 2/20/20
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MUMPS Design Rules (cont.)

" UC Berkeley,

Level 1 Level 2 Min. | Enclose | Spacing | Cut-In | Cut-Out

POLYO - 2
ANCHOR1 4/BI2. 4IAR25
POLY1 4/CP2.
ANCHOR2 S/E2. 5IFI2.8
POLY2 5/DI2.

POLY1 - 2/25°
POLYO
ANCHOR1 4IG2.6
ANCHOR2 K211
POLY2 4/0/2.14
DIMPLE 4IN2.13
POLY1_POLYZ_VIA 4/R2.9

POLY2 - 2125
POLY0
POLY1 3/1/2.10 5/P[2.14 | 4/Q/2.14
VIA 4/L2.9
ANCHOR2 S5112.7
METAL 3IM2.12

HOLEM | HOLE2 2/U12.16

HOLE2 | HOLE1 2/Ti2.16

TABLE 2.7. PolyMUMPs design rule reference sheet. Table shows minmum dimensions (um), mle name, and

figure number, respectively.
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The Sandia SUMMIT Process
61
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" UG Berkeley

Sandia’'s SUMMIT V

* SUMMIT V: “Sandia Ultra-planar Multi-level MEMS

Technology 5” fabrication process

% Five-layer polysilicon surface micromachining process

% One electrical interconnect layer & 4 mechanical layers

% Uses chemical mechanical polishing (CMP) to maintain
planarity as more structural layers are realized

% 14 masks
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& SUMMIT V Layer Stack 5 Chemical Mechanical Polishing (CMP)
UG Berkeley, " UC Berkeley,
| | * Used to planarize the top surface of a semiconductor wafer
| or other substrate
2.0 um sacoxd (CMP) 5 * Uses an abrasive and corrosive chemical slurry (i.e., a
0.2 pm dimpled backfill . . . . . P
225 sy colloid) in conjunction with a polishing pad
% Wafer and pad are pressed together
- T % Polishing head is rotated with different axes of rotation
1.5 um mmpoly2 (i.e., non-concentric) to randomize the polishing
0.3 um Sacox2 1.0 pm mmpolv T Carrier/Chuck Side
7 i op
2.0 um sacox1 ‘ View DI Water View
0.3 um mmpoly0)| 0.80 o trid
Substrate 7
6 inch wafer, <100>, n-type- \
0.5 um dimple1 gap Wafer Pad
\ Backing-Film
* Uses chemical mechanical polishing (CMP) to maintain Carrier \ ‘
planarity as more structural layers are realized Chuck Pad Conditioner
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& CMP: Not the Same as Lapping 5 Actual SUMMIT Cross-Section
UG Berkeley, " UC Berkeley,
Lapping Chemical Mechanical Polishing o
* Lapping is merely the removal | * CMP is selective to certain MMEOLYA
of material to flatten a films,(and not _selective to MMPOLY3
surface without selectivity others

* Everything is removed at

MMPOLY?2
approximately the same rate // L MvpoLYI
N ~ :
—7/ S e \ MMPOLYO
-

Stops at non-
selective layer

* No CMP until after the first three polySi layers
*1 pm mmpolyl and 1.5 pm mmpoly2 can be combined to form

Lapping' same rate A a2.b pum polysilicon film
* Refer to the SUMMIT V manual (one of your handouts) for
ﬂ more detailed information on masks and layout instructions
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Removes diff.
materials at
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