R E RN RN ZEZETE LR

MEMS Technology for Space Applications
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This article presents an overview of MEMS technology for space applications. Since the launch
costs of space missions have been very expensive for the past three decades, it is gradually difficult
to obtain extra support for the flight of large-scale vehicles. Currently, many avenues are adopted to
find out the possible solution for saving the expenditure on space exploration. One of the approaches
that may be considerably effective is the miniaturization of a spacecraft. In order to accommodate
the size and mass limitations, MEMS technology provides an essential machining tool for the
fabrication of a micro- or nano-based spacecraft, and therefore, gives the key to mission cost
reductions. However, being a new technology, MEMS devices are still immature for common use in
space. To overcome this problem, a better way is to establish an integral flight test and demonstration,
which allows this technology to mature as soon as possible.
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Saturn V 118 t (includes | ~$431M (1967) $3,653
(historical only) SIVB, 47 t ($9170 just

Apollo) Apollo
Space Shuttle 275t ~$245M (1988,]  $8,909

based on 6/yr)
Ariane IV (44L) 102t $125M $12,255
Ariane V 16t $180M $11,250
Atlas IITA 8.6t $105M $12,209
Delta III 83t $90M $10,843
Titan IV 17.7t $400M $22,599
Zenit-3SL ~15 t (est. from) $90M $6.,000
5250 kg to GTO

Proton 20t $50M $2.,500
Soyuz 55t $40M $7272
LM Athena-2 2t $26M $13,000
Pegasus (OSC) 400 kg $11M $27,500
Taurus 2000 kg $20M $10,000
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Large satellite > 1000 kg
Medium sized satellite 500—1000 kg
Mini satellite 100—500 kg
Micro satellite 10— 100 kg
Nano satellite 1—10kg
Pico satellite 0.1—1kg
Femto satellite <100 g




Broken

(1) An accident
happens to the
spacecraft.

An inspector is
jettisoned to
circumnavigate the
craft and take
pictures

¥

Inspector

@ The inspector sends its images back to
Earth either directly or using the
spacecraft’'s communication system

(3 The inspector thrusts
away from thr spacecraft
to prevent it from
becoming a hazard

Enlargement of the Inspector

Antenna R —— |
=1 Battery - iComputer-- )1

propulsion

—HEFELL (mass-to-volume ratio) E{EIHERIEFEERY
TEE R 2R R AL E R IRI TAR R REESE R B
FERABNE T AGETTRI R R B B A MR8 2 -
LA - #h & IC BOlrEiES - BB RIEE IRV T
IR BRI R AEERRES] > fEr] KREERTY
FIET - AT AR EBEEL R as Y A2 EE A R e R
& o R - F A ER T K E S EESERRAIR
NN S 2 R B A A E K RS
M AKRZE » DUEERTHE HIPREE S
I RG ~ (AZEEEBMER - FEERTEH TR
1A -

= >MEMS TR XZEIE L ZER

FENXH > g E&IEERT MEMS TTEE
KZE5TE LB S R ERTER » EAehrgN A IR
@D 2R ST AR 5 -

1. BTG R e 2R
Fo 18— N TR RIT A PO ZE T REM
FIHEE ~ (LERF R ERIEFFRE - WABHE

Optical sensor

1.
THEXBAEHEZFER -

B B/ HaR BB e n il MIRETTE S i B 2
B HEBRBEGECEMITETEFE (Defense
Advanced Research Project Agency, DARPA) f2{it&
Bf) » TRW ~ Aerospace /3 F]f Caltech HEf%3E: [F]%
1T BRI HEESS (digital micro-propulsion) #1785
HEEFHIEM SR K -

HAT B HEAE B 2 F FHRES B —E 5 (one-
shot) DLZE 2B B8/ NHE T B T 14 i AEL B RO T 571 U HE S
7 o ZNEIE 2 Fs 0 S2oniE LR = A E (A
IR ESRGRSH S A TR - A g R
HIJT I R[S > B2 EIRE G TSR IR 0.5 um
JEHIZEALAY - AL KOH S0 fh B AR AR HETTIE
LA AR TR © BRI R R T AR TR K &
FC B /YA ] A H AR - B 3(a) B Ry 7S
R H R 190 ~ 290 K2 390 um 2 3 x 5 [HFH#H
Bt biilE - HEEEREE AT EEA 300
nm J RAVERIMSEHE LRI Y FOTURAN® B0t
I (photosensitive glass) * #EZAE HF =A%
% IR ATV 1.5 mm EREREFZEH L
T R PR AESE FE P 7R Ak} - [ 3(b) Rk %ot
R oK - e Al & A AR ULEC B To i i

FHEITAIE 7565 21 93.10 75



4 =)
S

Diaphragms on bottom
- expansion nozzles on top
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"Propellant fills individual holes
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Polysilicon “ignitors” with direct
inter-connects to bond pads (no electronics)
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(i-1)th ith (i+1)th

Stage Stage Stage
: T Lx,i 4
F F !
Capillary | S — | :

radius Lr,i~__ | | LR,i
X .
. S I

|
e T } |
| Capillary | Connector '
T1 Section _.,1| - Section ___!

i | ATI/2

Tavg o 1 = | -

|~ — | ATI2
TLi F E— d
| | 1
| |
P l l

— e 1 ApC,i

. ks T (pi)eff
(pi—1)Eff] | pmax, i f

+Silicon Thermal
Guard

+Aerogel (in red) =

+Pyrex Bonding —
Window

*Kovar Inlet/Outlet 3

(a)
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10

Pressure Difference (Torr)

Two lterations (1/second)
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Generator
Flame =~ Fuel ~ Fuel  Gompressor |
Holders - Manifold Injectors pytryser Rotor

Gas
VanesBlaldes Inlet Path
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Chamber NS e s b | )

fetie by sideg

Turbine Turbine Exhaust

Nozzle Rotor Nozzle e

Vanes Blades Centerline = Rotor
of Flotation meme
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MR A R T R T > HE A B B SR
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. THER 2R

T e
Micro-lithium batteries 04
Micro solar cells 1
Micro-electric motors 1.7
Microreactors (silicon) 20
Large-scale combustors 40
Micro channel reactors (metal) 150
Micro-magnetic motors 200
Silicon microcombustor 2000

it > A0{RTSE R A A SR R R B ZE R E R 2K
FRAVERS - (3) AL IR EE R R IR R
IR BRGNS - MERTI AR A3 R E AN 2 F]
PR R PRtER T S RESE TR L BRI R
THIRATICARSL > BT AR B8 R A2
ERERRARRT I - I BRZOC A e e Y P R B R R T
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EEFEHRAIFFEREY [Eig] A EHEH
KEFRERR ST ETTERSI - ST R TERE
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— ¥ ROR B B IR 2R BV E G 2 5 et AK
ZEHRR o B ROK 2 SR F B FE Bl 3
VEHIFEIREE R A AT R 3 B M S HRE A
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Z2[H] (247 x 167 x 8.5”) /N & FZZE R I ] E
BT NG PR B G MEMS JTARET UTE R Z2 B inbs
FEA 9(c) Al FH 55 — 7 {5 FH Y ok e 2 2
(secondary payload adapter, ESPA) FYME&: - 5% /K&
1 ELA — (I R = SR KL T 7 7Sl N fk FH
# 0 3% 06 PR T A 5/ N 2 B AR B Y
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