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Investigation and Comparison of MEMS-
based Micro-propulsions for Small
Satellites

In this paper, MEMSbased micro-propulsions designed for small
satellites are investigated and compared. Micro-propulsions based on
this technology have many advantages over conventional systems,
including small size, high integration, mass production, low power
consumption and minimum cost. In addition, MEMS thrusters can
produce very accurate, small, and repeatable thrusts required for
controlling micro/nano satellites. These systems include cold gas,
liquid propellant, digital solid propellant, resistojet, and electrospray
micro thrusters. Solid and liquid propellant systems have the highest
thrust among others. At the same time, electrospray microthrusters
have the highest specific impulse, while cold gas and resistojet systems
have the least. Finally, the technology readiness levels are different in
these systems and there are some design challenges in using MEMS
technology that still require further research.

Keywords: Micropropulsion, Microelectromechanical systems, Miniaturization, CubeSat.

) ol 1S Y 315 soabws sad 3
Ol olad oKingt <65yl g dlge 0aSiimg sy

syl pobs s T Sl s Aol
Oyl olas oBingsy (65, 5 dlge 0.l gy

Wyl wls)s ‘YJSLFLC@Q Kve S
lel @LAB amm ‘dj)ﬂ 9 .)]9a a.\i.:;%;i

il el B Lo e e
Oyl (lad ol o555l g dlge 0aSing}y

i tS eladol 1wl aebolbe osim g5*
AMAOF
f.saliminezhad@isrc.ac.ir

F. Saliminezhad", M.Sc., Materials
and Energy Research Institutent,
Iranian Space Research Center

H. Sheykh Bahei’, M.Sc., Materials
and Energy Research Institutent,
Iranian Space Research Center

S. Hagaligholi’, M.Sc., Materials
and Energy Research Institutent,
Iranian Space Research Center

S.AAReza  Garshi’,  M.Sc,
Materials and Energy Research
Institutent, Iranian Space Research
Center

*Corresponding  Author, Postal
Code: 8189111156, Esfahan, IRAN

f.saliminezhad@isrc.ac.ir



silping)Sen laptuns (oyp lie (pl ) Bun

o slbdasuie 5 S Al jeb 4 pleew o )

o (glaygSh bl 0 e e obj) e

Slg¥ oo ¢ 32850 (] WBgu g0 dumlio pb b alisis (gl

5 cilo > alply @) el ang (e

Sl MEMS (555l5 0 ie slogiilping S dngs
5L Wnolgalogil 5 9)Se

3 0 315 831 g S

Olyn 9 3l ples cpyodle dpw B g See
IS & Tlpskd gk gaw uah Loy obesd
ol SosS sbaleglad lp bisyld op gasdbasey
i o5 glo ond S Al aulyp e o, Jgeol
J> sl il ey WY ln @I lacssw b
Syl eais ST oole & (g5l Blpin] ALl )8 2gg pas
D98 (b (Saeme Pl b dlgioe whess ool 0!
i > g sl s pada oy lacs g
e o &8 Conl BT )15 drgf 3)50 il 20 B (il

CSyb lwy & MEMS  iilpingSee plosw sln
Vode Jlo 5 Loy saysele anlips 53 s b TLadgil
B3gaom )3 Jolite 3y B iilpdg)See (Sl 92
OBl S e Sl (pled S (o0 Jos (5 (e
ol el il il sl ooy lis YV USE 0 oy B
sl Ldlows dwgy 53 Vb )Lid cd g (55e (Jold i
o olih oaiS il Sy w0ad gexd MEMS Jjb
Sy Sn 0k 2025 o b MEMS (g3l ligu
8 e g U8 )5 JB g p Gl obge MEMS Lis

[¥] ceol MEMS jLzé oy

[FIMEMS 50 55 il pinsgySim i 31 (aloud =Y S

3. Technology Readiness Level (TRL)
4. NanoSpace
5. PRISMA

5L s g Ol s et bl S5 s 03553

.

LY RUPY

P A wre sbojer I (So (lingSee plug
| (SlSag Sl Sim (598 5 o0l .l e lple g3l S5
S loslll Gl oS ond sl ity lagiune
Sld 2 e GilpdngSee 98 AUl Giule 4 (oL
ehb G 1122 Jlo 3 slyie b b ds) MEMS
ojox ol 4251 b iy FSe s ol 5 ey b (et
0jgpel b dizej cpl > Clidos g9y Aali (Jg 390 339el
Sl p (e & Wl (SLb LlilidgSee laptas
oy Ve Ll ey ) ¢ Jgome jobo 4 LA MEMS
b et bl ligios ol 5 A o S |y o lsnle pya S
ol Jb e 3 ) S 390 w2 5 g lgee p
Copplo dysn 3 aas HB 8L Sl 290 022 5 5 e
5 0 b pladiges ol 5 (b (Sl gyl 2 2
ohg 4 bojlgale b 5 950 3 D9d e walE SoS oo
o S g SirgS Yl gLyl 4l o aS sloogalo

Doyl ool Jlus (5558 (]

Lojlgale 5b 5 9,500 Colin 5 (5)lul udge Lais (o
St ol (So55 5 38> Jhun i) lagys 4 b
SS9 38> bl Gz kel (lp Jolue (ilpin
9 omb 0B 938 b Oty Sl (Cplpli Wi Cuslie
9 LS9 SIl g5 9 9l (6)5ld dwgi Bl Sl VL B>
P 35 lp pY (8 dlgidy (Slag sl Sie ()9l
3 oliel (slacgje SIS oo wal)d 1) il g See i
oo bl il lagtumw colo > MEMS (g4l3
IY] a2 Gaalidl 56 1y (6 dp)S5 Sl oo

SolegiSlly o 6)gld p (e SlagilpdngSee
9 UJLM;J Alwd 9.) L ‘L)“Jl) 65)4.: .)l?u‘ 39?0 9 )LbL» u)lwl):
S92 s lrond (S lpding e )3 g o (Sismnd (S S
(thowd ool S B i b g olond STy o s Sl B,
by ool (S0 o Sitilyg S 3 S Jlopd 9 0 Sl
ol 5l 2gdi e dool Wl b Qs g (S SIl lg Byo
SlegySllySin 6gld p e oherd baglping S
Elgl 3l g el g @lo Cgw oy B (o Sitilyy See 4 (e
4 dye g ol x e SIS Gl ping S
Y355 0Ll (gl Sl 5 toglie o (sl Sl yg Sve

1. Microelectromechanical Systems (MEMS)
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13. Liquid Propellant Micropropulsion

14. Miyakawa

15. Microheaters

16. Resistance Temperature Detectors (RTD)
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6. Photolithography

7. Deep Reactive Ion Etching (DRIE)
8. Fusion Bonding

9. Metalization

10. Filling

11. Sealing

12. TARGET



sbad Sl Jiomd iy wle Sl cwlie So g8
b cogo b &S oad JoSts S 051,500 4 b oad ]
oS Sloj gde 5 dels b mle 6 IS5 4y gl oole
Dl clojlul & alaime J515 )Lib 9 e aide g
Cogw b A3l g w810y (b 0l 4 e & Mo
9 Olie & (K 29800 bl & (IS (5)5 900
03latwl 3y50 Cigw 3> alaie (3 oAd 0pdd CEgw £
olyon 4 pogigel SIS, smen (s3)lse g 03 gotte
2 2in Jals |y " pgsigal JuuSgy0m Syt 5 parises]
iz 05l g dliw b Clgw uw b ol o piww oy
o Culle Gl cel (Shy cpl 2 wdat ) ol
MEMS  (5;sld I oslatwl b cawl odds il piig witaanss
P b SooS maw K o a0l ol sl Sl
wldbe bbd 5l Jloms (il sede wald omlb
sz Jold YU &Y casl omaiils LY aw )b
Sl LY sl sk 515 iz 1 SL slaesT 3L
ol & dpbe 4Bl yg 4 eles aded u
Ot Y sl 005 A Chgus )L el oolbois
Sl & cul G5l glacuglis 550 ) sl
I Y] 295 g0 o3l ol sl g cgu ool o)l s

lo)S S (o0 youe WaoglingSn jl by &S (ol
JLES 298 o ey il 9 o0 3 yime S g g oA Ay
lp B g b Gl eS8k (ad o)l b daie JB>
dlaives e ,Lid M) 313 30 8131 S5 Ll K, by
) 3 29 Mg VN sy il (595 bame o
D)8 22y Spxie Gis b 445 )8 5 5l g plese
Juzdl ey ol JEl 4 bagye e ) JIS
Ly g 3lil Slgy o (g psboss 09 0 CE g (glaalas
ol led & IS8 s plosl g lebl 5 plos,
DV amd o s 1y ksl

ey A A
LR e g
L 1

e Y a» € B
[ == I = J

g Sl lme A

iy - -
= st =
[

ke Gl (slaraial” aite

V] Jlomd il g e )il —0 JSui

20.Al and Ammonium Perchlorate
21. Hydroxyl Ammonium Nitrate (HAN)
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17. Solid Propellant Microthrusters
18. Digital Solid State Propulsion (DSSP)
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22. Resistojet Micropropulsion
23. Vaporizing Liquid Microthruster (VLM)
24. Low-pressure Micro-resistoje (LPM)
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28. Electrothermal Microthruster
29. Stanford University
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26. Field Emission Electric Propulsion (FEEP)
27. Colloid Microthruster
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