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A Gravimeter Based on Optical Intensity ROC

Jalal Gholinejad, Kian Jafari Diani, and Kambiz Abedi

Department of Electrical Engineering, Shahid Beheshti University, Tehran

Abstract- Information about the earth’s crust can be revealed by the measuring of gravity; furthermore, gravimeters can be used in
space science, the studying of planets, discovering of hydrogen sources, magma surveys, and geography. Low-cost, high-sensitivity,
and low-size are critical needs in gravimetry. High sensitivity, low resonance frequency, low cost, ability for array production, and
small size features make a wide applications of gravimeters to be commercial. In this paper, a new structure as gravimeter based on
optical ROC and MEMS technology is introduced. The designed sensor has small size, easy release procedure, and low noise while
an optical ROC is employed. In summary, a low bandwidth, high-sensitivity, and small MEMS-based Gravimeter is demonstrated,
which this could open a way for MEMS gravimeters to be accurate and be commercially used.

Keywords: Gravimeter, Microelectromechanical systems (MEMS), Optical ROC.

MY
Sl oy B WWWLOPSILIF colu jo aS cuul jliel glls g)90 ;0 dlas oyl



Oyl Sgigd (g59ld g cwdige wil S Cradil g oyl Sogigh g Sl Lud S Cpaazming o
WAV Gt V-2 lnl Gl et olRdls

s Al kUil

5 daie e ol i B a5, S o L
) Lg)i,.\p JrE LgLL..;‘) 0O (P 9O uﬁ’b 4 axg b as el
D el punles>

d? d
m=—+b, =+ k,z = —ma,

dt? Zdt ™

Pl ez gbul z baw pyz 5l S50 Jhe pem ol 0 oS
48) loa 5l (o5l Sies ol by (ploj T s K oo sl
S @z 5 28 il ky (sl Sl e LB (2l cnl )

el S s

\ J.iw )é MEMS uul.w‘ » OA.M:‘5>|)JQ )5"‘“‘“"’ it 6L®M
Comw Ay 6)54 O g0 Ja.wy W) ..LJ}J C).wj)S axdl
oV sl ST ] oionliciol i VL (sl IS T
fﬁ&fﬁl{ﬂ&m‘&i)yn\.‘:‘5>|#5ooyp|N&j‘om
il pal cillie o lajlu S8l ol 8l,0 5 Sud L
by Gee 4 Job S b Lo o2 @ Jale 03 9l (e

oo solaiwl )Lu Sy )4_9 wl; él:u‘ 6‘]}

Balance(/iw/‘
Photodetec:

o

S

\Y

Loe py> 45 MEMS /u»u 2 odd b g il S Gl Slaisu ) s
2Ty o8 Al sl b bl 4 15 o asy o3 sla b a4 Jate
prr @bl @l polie o iS5 Clis (o5 o)l b
ool Sep 6l gl Il ol 4o el sswlunss L
5l eoae Judow plosl bl o)l bt gy ol yo oS
b llas 5 5 Lo pyr ol alely e 3ot
5l () iy & sl s S Sl 3
5o b ohb K Slasie g @i wlys aculbxe
D] 25 Jsep ol 5 cslais )13 JLast o) Jsaer

MY

-

dadla

Gl Sl o (ore Sadl Sl ) B b (i LS
o) gy Sy90 5 SEABI o, il 1 45 1055 on ool 0
Ll 45 5 05 jlews Ol cpl asels [0 5 F O] 058 0 Jol>
ol 358l (sl ey D] ablige 05 e 35 o
ol o5 b (sl 5 VU oo gl b i 2 5L JUiSm
wle 5l olopese 9 A5 50 (IS 05 odes
el B Slillan 5 by WSl alllae 1,550
I8 9 ¥ O] o)l 0,5 58 Ol )l axlllas g Lad pole )0 ax 51
e 3l ails g 23,5 ol Y o oot sl T
5 (Gl gl ol Gl (o CSle anie oS okl w

IV 9 V] 5,5 o ,Lal YU ol

A 53 (65w 5995585 olal y g il S Dlgal ( IS > o
Ik
O ol o P 9 V] Bllae slagin 315 5 (ons Slagem S

LY IR 1 [ SR VU0 SN CERUUWE: Y 1L B VWK
prr S el ol ulul &S e Glagiw il S
Sl jo i oo oo uil)F Olss Gy 84 Jate L
5 S olul 4 lg s atws (pl colae 5L[F 90 N wjls gl
4 5ks g Cashad pace Cel 4T o5 olil Leo 4 ol Connlis

[F 9 0] el il bw milo Jas )0 a5 e co pled J S

0o blie & MEMS (656J9iS5 arlugy oud S5 ol &) L
IV 5] s meples ol colo anza Vb cosles oS olal
P S @ ale pyr Djgo d geed WS Al cnl o
Sl @ by a8y ey Sl &5 il oad (2ib
Sl S e (Sl ild 5 o5 Wl Sl &5 Cenlond law
gt Slyr e s Bl o5 (53 53 JLKw S5
Col3 las 5 g cawloads soliiwl SOI yaug 5l s5kule, alys o
sl pae pozmen glacyje & sl oad (b (5590 Djge 4
S5 bosd giluand mls b @llhe o)l (SSe 5
1S 5 4y lites oIl oas ol >k (COMSOL) gl
b oanslio )0 1) ol Comles 5 o5 Jol 4o (S5 il

[0 5 Y] &S oo i o>k Lo

osmed Slse sl @l 5 ksl donl sallie aslsl o

S Slwls (s Cewlaiid &l oudlS 3 s g 08 <ol

ol gy g w@id)S 18 LSl o ol ml g 6,e I8
Cawlaas &l g S ams doly . casloads slpins

Sl oy B WWWLOPSILIF colu jo aS cuul jliel glls g)90 ;0 dlas oyl



Ol Sigigd (5,0Ld g (cwiige il ,aiS aenoil g ol ! Sigigs 5 Sl il ,alS ez g
WWAY o M-8 el 3l sl oSl

5 ostln )35 aly Sl L3 sases s Y S5
Job s GBI b cnl 3YL a5 o sloow ol Liews alols
e Sl plog Gla s 8 plgion )23 3k e &
5 9gud dboul P! Kum IS o B 0,5 ,90 Jol o 3l 5L

oV S b illae csles sl sl

d
(& —Normalized Frequency response of

10 15 20 25
Frequency (Fz)

Mode 2 Mode 3 Mode 4

, y-x

o Galed (0 o (b i3 5 o2 e (odlS 3 by (Y S
amio jl 7l g slaoe
S8 il B
L aS el Vb ol L LED soc 90 5,8 (5,85 g F S0 5o
P S 99 50 (SHle 55l w2 ablite slaan] p s
g oo PIN bVl (gl 55T 55 b,z oyl el Lo
obj g o5 ol calle yo a5 Lo Sl g0 by (295
gl (Lolis Djgo a4 Sy 4 b Joe diwy Wigh o
A S L caly ol Gl (Sl Coles B wigd o0
Olebad gl oo Bi Wb GuilS )8 slajgs H35 Gl (Sl

LPF

ey S S B 5 658 B s oF S
IPDl,up = RPopt(W —-2z)L + Iy + Inpise 9

Ipp1,aown = Io + Inoise )

AD

1 |k,
fri=75; \/; )

el Jgh 3o (SlSo logs uilS 3 frg ol 50 &5

——Displacement Against Gravity

Displacement in Z Dircetion (un) £
& Wk g
2 e ¥ 0B

£
£

03 002 001 0 0.01 0.02 0.03
Gravity Acccleration (n/s?)

——Output Voltage Against Gravity|

Voltage (V)
=

003 0.2 -0.01 [ 0.01 0.02 0.03
Gravity Acceleration (m/s%)

Sllas 13885 1T s By olol Lo o bl (1Y S5
55 3l (0 il s (Sl Sl oisles fgd (ol o
ssinled Jfoged wrad Slao 138 45 w05 T (o Slyeeis ol 5 K
ol s JS (S S il

EX%Y ‘5>|).|9 Z,“""L)“"lj Slasie ) Jyax

s et
S5 sl
Sl ol

1.2871
x10° V/g
= 128.71 uV/uGal

Cool
J5 Sopsdl
peson
29613 Hz iligyy iS58
Js!
ol S
Jol & pse
e
Sy Salis
SOl
268 e g
800 g50 Jsb
nm
)

5 638 Sl 5]
o9 zee Jsb
py2 ol
(2 ekl
AT qedEas
(el
o gla i3 oley
et gl
> S 2
(o> 3 culs

Sl oy B WWWLOPSILIF colu jo aS cuul jliel glls g)90 ;0 dlas oyl



Oyl Sg98 (5558 5 (cwdigs (S ed 3l 5 ) Seigisd 5 Sel Gl S razmiyg o
WAV Gt V-2 lnl Gl et olRdls

ol 4y gltws Sl a5 cwloads (3 yae il )5 JUiSew Ol s
2 y3lien pal B 1) 5L 0550 (SVL Cumsl 5 o8

Ol Vb (S 2 o g (Slsee jilid 5 o8 Wb sligy gt
(Oied el Cawds VA9 VY HZ gl s uilig), (uilS )3 a5 ol
00 gy LD (S Slfas b e (555 B
Sl Gy 128.71 uV /uGal

$ ) Pl
Richard g1 (5,555 0,98 allus, (M1 &) Jbls 4 5SS olSesls |
V] oS oo 525 Paul Middlemiss

L 4

[1] Richard Paul Middlemiss, A Practical MEMS
Gravimeter, Presented as a thesis for the degree of
Ph.D. in the University of Glasgow, 2016.

[2] Olena Bezvesilna,
Maciej Kachniarz, Andrii Tkachuk,
Tetyana Chilchenko, “Two-Channel MEMS
Gravimeter of the Automated Aircraft Gravimetric
System”, International Conference on Systems, Control

and Information Technologies, pp. 481-487, 2016.

Igor Korobiichuk,

[3] Jérome Laine and Denis Mougenot, “A high-sensitivity
MEMS-based accelerometer”, The Leading Edge, Vol.

33, Issue 11, pp. 1234-1242, 2014.

Middlemiss RP, Bramsiepe SG, Douglas R, Hild S,
Hough J, Paul DJ, Samarelli A, Rowan S,
Hammond GD., “Microelectromechanical system
gravimeters as a new tool for gravity imaging”,
Phil.Trans.R. Soc. A 376, 2018.

R. P. Middlemiss, A. Samarelli, D. J. Paul, J.
Hough, S. Rowan & G. D. Hammond,
“Measurement of the Earth tides with a MEMS
gravimeter”, NATURE, Vol. 531, pp. 614-617,
2016.

[4]

[5]

(6]

Marcia McNutt, Encyclopedia of Ocean Sciences
(Second Edition), Elsevier Ltd., pp. 80-87, 2001.

e oadls ohlaxl od) SKups olbyelS e (V]

AYAY S ol

[8] Chutani, Ravinder Kumar, et al. "Single-step deep
reactive ion etching of ultra-deep silicon cavities
with smooth sidewalls." Sensors and Actuators A:
Physical, Vol. 208, pp66-72, 2014,

Priya, Shashank, et al."Piezoelectric and
magnetoelectric thick films for fabricating power
sources in wireless sensor nodes", Sensors, Vol. 9,
No. 8, pp. 6362-6384, 2009.

[9]

A

loutr = IPDl,up — Ippr,aown = R X Popt x(W-2z)xL=
RP,pt WL — RPypezL *)

loutz = IPDZ,up — Ipp2,aown = R X Popt x(W+z)xL=

RPopeWL + RPyyeZL )

v gt Sl Gl Ipp oS 4 Ly, ol o &S
5 o0l iV Lo lSaT g5 0 50 (Omly 5 VL) 00d 558 5 (b
S5l (s35,9 SIS Jsb L dia oy 055 Sl 3 25
2 29 0L Tnoise ©wn5558 » (So,6 0l fo oad VL
logas cale ks o8 L) sl Kol slacas jo ke, Sl
oV gl Sl by (28L 55 6589 05 Pope «(pln pols
@ ol s bl 5L 88T a5l (g% 0l Toue 5 00

i)l Sugl g 51,

Vout = Gpirf Vourz = Vout1) = GpippGryRaPip_1gplz (M)

card @ Gty @ 0y Jase Sosl oy Gy gy cnl o oS
9 CJ*JB)B L_SLQOBAQ Ja.ws.o 03l .\.JBJ L)b: PIR—LED A MT M
o)"..b" aMOOLj}J (/\) cl.la;‘) S| LsLoL‘U IXVELY wa.cu 0 yb GDiff
oS3y JiSes S50 @ s o)z bl Sl 6505
e Judow 5l sael Cawss Sl Gl 4y a5 b a5 (ol
bl QLT ey 55 Jloges o Bllas 0 oY S
2 e Gl cwl (V Jsu2) praae J5 SO sS Conls

DRIE- (), 5l oolial b iy s5lule; 5 colo g com o
wald Slbl oosle 5 5 5 p,> Jlsle obwl oSl Bosch
15,5 LAl oS o g |y a5 50 sl gos olml a5 wsanlss
Si0p 5 0w gl wld (l L SOI jing (509,80 O+ ¢ (y3Sbems
Shoslitul gd oo Bi> 0> ilale; Sy coslis dul b 5
Jo e 0 g el silalay auls o Sgpes el SOI yaug
P JER SN o0 I PO CC JUPRPUN S S ROUE W I Lo

[.4] siwn 0, b8 laassT Aerosol-Deposition (AD)

s S
PP plulp ug 28 5 e L (Edisd nl o
SrSoil slp 595 <8l e 5 (MEMS) JUGilSog 1Sl S

Sl oy B WWWLOPSILIF colu jo aS cuul jliel glls g)90 ;0 dlas oyl


https://link.springer.com/conference/scit
https://link.springer.com/conference/scit
https://library.seg.org/action/doSearch?ContribAuthorStored=Laine%2C+J%C3%A9r%C3%B4me
https://library.seg.org/action/doSearch?ContribAuthorStored=Mougenot%2C+Denis
https://www.sciencedirect.com/science/referenceworks/9780123744739



