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Foundry Processes for
Microelectromechanical Systems (MEMS)
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Array of Piston Mirrors
(W. D. Cowan and V. M. Bright, AFIT)




Micro-mirrors for adaptive optics
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Symmetric boundary conditions

 Fixy for a X-Z plane for solutions symmetric
about x-axis.
- loading
- geometries
- surface patches

 Symmetric (or adiabatic) boundary conditions
are defaults for thermal modeling. Y

» Electrostatic modeling: ?

Pressure

Fixed




Numerical vs.Analytical Solutions

 Comparison with analytical solutions Is
required for every numerical simulation.
- accuracy
- physical understanding

 Complex configuration?

- Improve the analytical solution
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Mesh Quality Report

summary: Mesh Element Aspect Ratio
umber of wvolume elements » Jela
hverage volume element aspect ratio r J0. 2246
hinimum volume element aspect ratio i B
Haximum wolume element aspect ratio 1 93,3333
?Summed volume element aspect ratio : 109171

mmher of surface elements : 3620

@verage surface element aspect ratio v fla. Bl

injimum surface element aspect ratio HE |
ﬁaximum surface element aspect ratio : 93,3333
iSummEd surface element aspect ratio : d55E20.6

| Hiztogram: Volume Mezh Element Aspect Ratio
Fspect ratio range [1,93.3333] / Number of walues: 3612
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Detalled View
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Unexpected
thin pleces




T.V. with
Poly2 piece
moved to
the left




Thin
pieces
re gone.




Understanding of Polyl-to-Poly2-Via

¥
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Understanding of Polyl-to-Poly2-Via




MUMPSs

L | Metal (gold)
. Polycrystalline Silicon (doped with P)

Oxide (PSG: SiQdoped with P)
|| Nitride (SiN,)
. Crystalline Silicon

1.5nmI
0.75mm ¢

N

0.5mm 0.02mm Cr

oxide2

2mm

anchorl & via

P. Kladitis, CU Boulder, 2000



Mirror La ﬂ




Polyl1-to-Poly2-\éa Unexpected
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Revised Process File with Offset for P12via

0 |Base Substrate| SILICON 200 | Mblue |GND £

1 |Depostt|Stacked Mitrice | SI3M 0g Cyan |

2 |Deposit|Stacked FalyD  |POLYSILICON |05 white |
3 |Etch  |Front, LastL.. S coyan povo +| 05| 00 | 00

4  |Deposit|Conformal Oxide1 1 |PSG 1.25 M biue

5 |Btch  |Frort, LastL... N i white |anchort  -| 125 | 00 00

§ |Etch  |Front, LastL.. m M biue anchorz - 125 00 0.0

7  |Depost|Conformal  |Oxide1_2|PSG 075 aran.. [
§ |Etch  |Front, LastL.. : e oran..|dimple - | 075 | 00 0.0

9 |[Etch |Front, LastL...| vello.. anchaor - 0¥s | 00 0.0

10 |Etch  |Front, Last L. W gray |anchaor2 - 0¥s | 00 0.0

11 |Deposit| Conformal yello..
12 |Etch  |Front, LastL... ; light.... | oty | 20| oD 0.0

13 |Btch  |Front, LastL..| i Mred  holet = [ e 0.0

14 |Etch  |Front, LastL... m pink  |anchar2 - 20 | 00 0.0

15 |Depost|Conformal  |Owide2  |PSG s J Mo i
16 |Etch  |Front, LastL.. it s m 0.0

17 |Btch  |Front, LastL .. e S Mmag.janchor2 | 075| 00 | 00

18  |Depost|Conformal  [Poly2 | POLYSILICON 1.5 e e
19 |Etch  |Front, LastL... cyan | poly2 +| 15| oo 00

20 |Btch  |Front, LastL.. white |hole2 | 15| oo | oo

21  |Deposit|Conformal  |Metal  |GOLD 05 (s.) M red
22 |Btch  |Front, LastL.. S Moblue |metsl +| 05| oo | 00

23 |Sacri... i PSG - : el

111111
11111
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Apply Offset Values

E CoventorWare ..,____r:,. =nto

File Tools Help

Materials |C:ICmrentur’LDesign_FiIesIEharedIMF’Dlmpm Jmpd

[ () (8]

Frocess |C:ICmfentnr’LDesign_FiIesIEleamDesingeviceslheam_init.prnc

O ) 2]

Architect | Designer || Analyzer

Layaout |C:ICu:wentn:lnDesign_FiIesIEIeamDesignlDevicesIheam.cat

Top Cell |beam_demu

[ o] B4
-]

Model [ Mesh |beam-beam_demn

M) Bl

Ot

¥ Apply Offset Values

Megate)

L] Clip Device with Mask |GND El

Wighy Lo Jaob Glueue |Emptg.f




Problem solved?




Good Model with 0.75 um Offset
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Mesh Quality
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Stacked Poly2 and Filled Via
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Mesh Quality
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Improvements Needed

e Poly2 thickness in the mirror
 Anchor’s effects
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MUMPSs

Metal (gold)

Polycrystalline Silicon (doped with P)
Oxide (PSG: SiQdoped with P)
Nitride (SEN,)

Crystalline Silicon

1.5mm \_/ poly2
0.75mm | oxide2 \/ via

2mm | [ polyl \
| N

©

\ Vot

2mm | | oxidel |0 [0.75mm 2
anchorl dimple S

0.5nm ¢, [poly0 I anchor2 S
0.6mm ¢ c

highly doped with P region

(100) silicon wafer, n-type (P), 1-2 ohm-cm resistivity
100 mm diameter, 500 - 5%0n thickness

P. Kladitis, CU Boulder, 2000




Process: Planar Oxide, P12Via Etch Depth and Offset
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Mesh Quality



