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Design of logic circuits by using MEMS technology and optical
waveguides

Yashar Gholami Mehrabadi, Mahdieh Khorsandifard, Kian Jafari and Kambiz Abedi
Shahid Beheshti University, Electrical Engineering Department,
k_jafari@sbu.ac.ir

Abstract- In this paper, a new method is proposed to implement logical combinations and perform
Boolean algebraic operations as SOP combinations, to design logic circuits for application in harsh
environments. This method uses MEMS switches. These switches use electrostatic excitation for
switching. According to the simulation results, the operating voltage and switching time of the proposed
switches are 12V and 2.6 ps, respectively. In this method, optical waveguides are also used to transmit
light from the source to the output terminal. In the following, displacement of the switches and the
transmittance of the light by waveguides are simulated.

Keywords: logic circuits, micro electromechanical systems, optical waveguide, switch.

Jsis o3y ®

yay
Al o ywd B WWW.OPSHIT ol jo a5 cl [l glyls 550, allie o


http://opsi.ir/article-1-2040-en.html

[ Downloaded from opsi.ir on 2025-12-07 ]

ORI SE5558 (698 5 (smiter (ST e 33150 5 Ol pl Segied 9 Syl (WlAS et 9 Cenn
VYA Crage V5D il el g los olStils

ol 83y 2 e S 50 paresl] 505 28Ul ez o
Ol aelS e b bl (6399 JUSw 13,10 3925 axma
55550 oz mio ) 5o 5 Jlael 33,550 oz
90 g oo odwel G, (glaog Sl aST 5yl 09>y
Coomw 09)..5.” 99 9 QSLO‘ Lngés)..S.” u:;\.m‘) Coomw 05).‘5.”
O SeS S0 sleog xSIl g VCC o Lol S o0
0% 5 3l g 93, 9,k D 5o 4y alS (6959
Loy 2SIl ey w3l VCC (6355 5105 o0 s 255k
@ Joily BWST (639y5 slasg Sl g (SeS So 28
sle sl oolanl b Ll ogd oo adS o Suclusly i >
Lo 155 5 alogsm 3 055 a5l oS0 15 015 oailosl
S (oo Sl onl 50 S (sa jgee 0ST Gl ] g
ooy mSIl ST sl 00l bl pudins S0 45 0 S
O (SeS S v ooy xSl g GND & Lol Sy
bl osSae &j50 4 08 (055 0 wiss Jate VCC
(oS S, laog SISl solaiwl cde Lol oulls
SaplS Az jo g adsl 86 4 uldS cliS L Gl als

lse (Fyals e

S ilwands

Je 6'51-9:-‘-‘*‘-’ MEMS ..\...15 w_‘>)_‘> 0470 Y Ji.a Je ‘..\.u‘
aalal o el oad ool las Soliwly SN S o0 3
69959 93 ;Sh e o Ghg) onl 0 See medes Sl
b ol ol LB OUT =AS+BS ol
90 4 oS5 onl sl Glp ead aS Blly
T ol )00 0 029 adS 90 e 2 0 AT Cenl pnss
5 A 5399 4 Jol wlS (639)5 sy SN (3l e 50
wdly plaiBl S (6399 4 pgd WS (689,5 slasy Sl
5 B 699)9 4 Jgl oS (60955 sladg iUl cpgs e

va¥

doddo

el b gl g 5l cenliol o Shes s &
o 225 ol owizen 5 NY] 2 ol
Slajs ol sl ¥ Loyl ol isels
onl 58 8g0i ooliiwl MEMS (5,6L3 5l )lg5 o ilaio
0] MEMS (slaa s jl solitul alax 5l olabs, 4
5,5 3l soliial ¢ [F] s> lo,bsle 5l solanl
el ooy slpiins [V] e 53043,
Gilwosly 5 (b sl Wz Ghgy G allie ol o
st slgig SOP &l jle 5l oolitl b gilate (sla oo
Jos plxl sl MEMS slaols 5l (g, ol oo
4,9 e 5l JU Gl )98 Sl ge 5 (SilS
S)lBn 5l Gy cnl 5o S e eslital (2,5 bl
EW> et )0 Canl oals (5,055 (S Sl Gl >
S5 god B e BOLS 10 Sl g (e sla s,

Sl b (S
45 09 g0 ooliul (5555 (Sl e (g0lan 51 (L, 5o
sy Nigls o Lhzr 0S5 b 1 e (ol pled Lol 5o
s iy Oy 4y A el 0l LeSis oS ol
Shsade oS cpl 5l el 2 (59, 9 WS 50 )8 o2
S5 sled N USS o el )T IS (688 juoge
Sl oo ooy lid golgaiinn oS

.g3lzs MEMS ols ) Jsis
Wu&idbbso.&&@‘ﬂaot}ﬁb)y@wwl
a4l 455wl g0 S L aS el SiO2 i

aid)S 18 SoSeliw (6,95 e Ao (pl (59, pCl

Micro ElectroMechanical systems '

Al o ywd B WWW.OPSHIT ol jo a5 cl [l glyls 550, allie o


http://opsi.ir/article-1-2040-en.html

[ Downloaded from opsi.ir on 2025-12-07 ]

OlRl SE5558 (698 5 (smite (ST (en33lys 5 Ol Sogd 5 Syl (WA et g S
VYA crage V5VD il el seslos olSiils

)SA-CU‘)MJ‘W YOL-NM CyJeE)QASW‘OM

ol sl 1 g

Transmittance

o4 L L I . L I I L L
o 10 20 30 40 50 60 70 80 90 100
Gap(nm)

lsr salold ojlail 4y cod ;55 e jloges :F Ko
by 5o

e 395 @1ad 0SS L s Sl A0S 50 )0 a7 ol
il e 550 (l (gmy (12 09 alad Sl s (150 553
loaddS 51 (o o S o0 S )0 1) 1 e 51 (SO
) 2o abl )0 ol Z8bys 49 g iz )
Ol B USS 5o (lwand (nl @lS oS oo omlie
] a5 o) 51 S o e el 0 0l
W20 Te oM ojlusl 4 LaldS 5l slaS jo a5 LK
ol &5 05800 jho 4 SG3P e (nl )0 9 e
9> wbb ;o 9 Sy (nl e 0wl o Bl

ol V late Jolas aS 09l co il o

05 025 0 025 05 O
3]

05 025 O 025 85 D0

200 nm

03

1 475 05 025 0 025 05 075 1
{microns}

05
S 078

1 075 D5 025 O 0% 05 476 1
i

Sl almlz b oz g5 allly ;o 00l <l o j5:0 JS

) 69959 5y con oS (ol sleil bl jloges
uLo.b w‘ R ob‘d ul.uu ? Jiw )b s(p....ﬁw le)L’

Wloads Jate S (639,94 pg WIS (539,5 slasg xSl
oS D90 4 pgd WS g padiee O 90 4 Jol S
izmed o ¥ S )0 S e ol (glostialons ulyl
ools Hlzd V g o 7k oyl le.ca‘;}” ple g ol

] 0l

disp(nm)

400
350
300
l 250
b {200
150
100
50
0

Sy S Sy o soleiig A5 i 2 Y S

(ooloiin gy 4 (899)5 99 puSly e Y S
lhdan gyb olal ) Jga

a5 Jsb Yo pum

S o0 Ve pm

S35 o 2SI Jsb ' {m

Loy 2SIl o e AID UM

S5 slasg Sl Job AI® pm
003,045 slaasly Jsb AID UM

0 12aSS slaasly (20 +/o pm

PTG Sk (258 VY Hm

S5 oy 2SIl 5 e amis aluls  +/F UM
AlS amin Culs </O UM

50 At Ceolus «/[f um

09 plomil jglme wlSTL (o S b 0SSy 2l o
Flinl s $eb bul Jiae ©)g0 4wy oS b
15 555 o b yirge s 15 2ilgn claalols ol el
Gk lsp galols ol o5lail LU F USE loges
oals odls i VOONM zgo Jsb jo bbjzge j5ue

Al o ywd B WWW.OPSHIT ol jo a5 cl [l glyls 550, allie o


http://opsi.ir/article-1-2040-en.html

[ Downloaded from opsi.ir on 2025-12-07 ]

Olpl SEg558 (698 5 (smite (ST (e d3l5s 5 Ol pl Seigisd 9 Syl (lAS et 5 Cen
YWAA rote VEV0 )l pl ol s e (o0),95 oRKils

dvee

== — input
displacement -+

Total displacement (um)
input

1 GND

4 6 8
Time (11s)

59959 cJ> Joves) L ods @lgql? )b;w' Y JS.,;

GS_L:;.ALgLa;)l..\.o@bbLglﬁ o by, SG i ol jo
4 MEMS (5,4L3 5l solaiwl L SOP &ljle & g0 4

ol Glp Gl Oley sl oals Slpiiy (559 0,
Sles eooloion b, 5l eslinal b asl e Y/EUS o,
sy YIFUS L plp 58 eaumn lojlaw lp (i0uds

S ok slBr 5l Gl A Sl eslinad Loy
oSl Gl By pas del a5 sl oall (5,55l
s 00 (5’)"\'"15 LS‘)"

by

[1] N. Goel and A. Tripathi, "Temperature effects on
threshold voltage and mobility for partially depleted
SOl MOSFET," International Journal of Computer
Applications, vol. 42, no. 21, pp. 56-58, 2012.

[2] I. Filanovsky and A. Allam, "Mutual compensation
of mobility and threshold voltage temperature effects
with applications in CMOS circuits," |EEE
Transactions on Circuits and Systems |I:
Fundamental Theory and Applications, vol. 48, no. 7,
pp. 876-884, 2001.

[3] D. Ryu, I. Myeong, J. K. Lee, M. Kang, J. Jeon, and
H. Shin, "Investigation of Gate Sidewall Spacer
Optimization From OFF-State Leakage Current
Perspective in  3-nm Node Device,” IEEE
Transactions on Electron Devices, vol. 66, no. 6, pp.
2532-2537, 2019.

[4] T.-E. Chang, C. Huang, and T. Wang, "Mechanisms
of interface trap-induced drain leakage current in off-
state n-MOSFET's," IEEE Transactions on electron
devices, vol. 42, no. 4, pp. 738-743, 1995.

[5] S. Chakraborty and T. K. Bhattacharyya,
"Development of MEMS based universal gate for
signal processing circuit in low frequency sensor
applications," in 2010 IEEE Students Technology
Symposium (TechSym), 2010, pp. 129-136: IEEE.

[6] S. llyas, A. Arevalo, E. Bayes, I. G. Foulds, and M. 1.
Younis, "Torsion based universal MEMS logic
device," Sensors and Actuators A: Physical, vol. 236,
pp. 150-158, 2015.

[7] M. A. A. Hafiz, L. Kosuru, and M. I. Younis,
"Microelectromechanical reprogrammable logic
device," Nature communications, vol. 7, p. 11137,
2016.

Yas

35T Ll YIOV (599)5 I3l & el jaseive a5 5k
oslasl 4y o ks Sloj g 05 oo uls Fo oM o3lasl &
kol S0 sloog iSl leo aS 08 0 Ll FooNM
VOV (539,5 soog Sl g witwn fate VCC 4 oS
& 3 nalple bl adls sezy il S
5W b ol yo 0sd bl lade ol Sl Gl b 08

0.4
0.35
0.3
E
3 0.25
=
@
E 0.2
@
3
5
B oa1s
l
0.1
0.05
ok

o 2 8 10 12

6
input (V)

(6995 35 ysd b 2elS sl albmla Jloges F S0

Ol (699,9 Sl yosi L 0l albmle Hloged V USG50
adgl e o aldS cnl onls (5,8 ol el ous ools
Sgds oo 0310 GND 5y (69555 4 o 3,18 18 345
hel S slaog Sl g (639)9 Loy xS (e
Sl i3z el aS wlge 0929 4 il SO
Sleil as” by oo anlol Sloj U i 1> 1l 0gd oo oS
Gl oS S b s 4 FeonM o3luil & 0l
SASTE aiS oo Job &5 Sloy e S 9555 39 xS
BUS leg 5o sl e YIOOUS WS b |, cilus oyl
o35 (9l b aiS e 55 VCC & GND 5l (604 4 565
ooy Sl g (59955 og Sl (e Sheily DS
@ oS pley cnl jocals waless 3s2g Lol S
Sl g (S5 (sloog 58Ul 00 S e 5l 095 gl e
5 Lol om L) Wsdioe a5 ctS3l ce e Sl
el 45 0,08 3925 Jomnily IS (5399 slasg Sl
a5 090 g0 SlS ;500 Ceas 4y Sbiwly 2SN (g9 5 Sl
iS5l loy wadiee kS Sy pley (elS el
Jo3 oley dian Al oo YIFUS 595 alsl (e a4y o lS
SielS oley Olsre a4 | YIFUS (o wapdS cS3l

S o0 A0 olida (b9, sl

Al o ywd B WWW.OPSHIT ol jo a5 cl [l glyls 550, allie o


http://opsi.ir/article-1-2040-en.html
http://www.tcpdf.org

