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lkjk a’k

ekbØks&bysDVªks&eSdsfudy&flLVe ¼MEMS½ Lopkyu ds fuekZ.k] fu;a=.k vkSj f'k{k.k ds rjhds dks cny
jgs gSaA ,ebZ,e,l midj.k] tks NksVs ;kaf=d ?kVdksa dks ,d gh fpi ij bysDVª‚fuDl ds lkFk tksM+rs gSa] us
laosnu vkSj lapkyu dks u dsoy vf/kd d‚EiSDV cuk;k gS] cfYd vf/kd fo'oluh; vkSj ykxr çHkkoh Hkh
cuk;k gSA bl u, la;kstu us ,ebZ,e,l dks jkscksfVDl] vkfFkZd fuxjkuh vkSj LekVZ fofuekZ.k esa mi;ksx dh
tkus okyh Lopkyu ç.kkfy;ksa ds dsaæ esa yk [kM+k fd;k gSA

jkscksfVDl ds {ks= esa] ,DlsysjksehVj] tk;jksLdksi] cy vkSj ncko lsalj tSls ,ebZ,e,l  lsalj lVhd
fu;a=.k lqfuf'pr djus esa egRoiw.kZ Hkwfedk fuHkkrs gSaA ;s jkscksfVd vkElZ] LekVZ fxzilZ vkSj Lopkfyr funsZf'kr
okguksa ¼AGV½ dks vius i;kZoj.k ds lkFk lqjf{kr vkSj dq'kyrkiwoZd var%fØ;k djus esa l{ke cukrs gSaA gky
ds v/;;u ;g Hkh n'kkZrs gSa fd dSls ,ebZ,e,l iguus ;ksX; midj.kksa ds ek/;e ls ekuo&jkscksV var%fØ;k
dks l{ke cukrk gSA ;gk¡] lsalj çk—frd ekuoh; gko&Hkkoksa dks idM+rs gSa vkSj mUgsa mPp lVhdrk ds lkFk
jkscksfVd fØ;kvksa esa ifjofrZr djrs gSa] ftlls usfoxs'ku vkSj fxzfiax dk;ksaZ ds fy, 90% ls vf/kd lQyrk
nj çkIr gksrh gSA ;g {kerk u dsoy vkS|ksfxd vuqç;ksxksa dk leFkZu djrh gS] cfYd O;kogkfjd Lopkyu
dkS'ky fodflr djus dk ekxZ Hkh ç'kLr djrh gSA

jkscksfVDl ds vykok] ,ebZ,e,l lsalj dk O;kid :i ls iwokZuqekfur j[kj[kko vkSj i;kZoj.k fuxjkuh
esa mi;ksx fd;k tkrk gSA daiu] ncko vkSj rkieku ij fujarj çfrfØ;k çnku djus dh mudh {kerk vkS|ksfxd
çfØ;kvksa dks vf/kd ÅtkZ&dq'ky cukrh gS] MkmuVkbe de djrh gS vkSj fVdkÅ lapkyu dks c<+kok nsrh gSA
egRoiw.kZ ckr ;g gS fd ,ebZ,e,l&vk/kkfjr IysVQ‚eZ 'kS{kf.kd vkSj çf'k{k.k okrkoj.k esa Hkh is'k fd, tk
jgs gSa] tgk¡ Nk= vkSj bathfu;j lsalj ,dhdj.k] jkscksfVDl vkSj Lopkyu fMtkbu esa O;kogkfjd vuqHko çkIr
dj ldrs gSaA

dqy feykdj] ,ebZ,e,l rduhd dsoy ,d rduhdh çxfr ls dgha vf/kd gS] ;g ,d dkS'ky&çorZd
gSA laosnu lVhdrk dks c<+kdj] flLVe yphysiu esa lq/kkj djds] vkSj çk—frd ekuo&e'khu laidZ dks lqxe
cukdj] ,ebZ,e,l dk;Zcy dks Lopkyu ds Hkfo"; ds fy, rS;kj dj jgk gS vkSj m|ksxksa dks m|ksx 4-0 vkSj
mlds ckn lqpk: :i ls laØe.k ds fy, vko';d midj.kksa ls ySl dj jgk gSA
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Abstract

Micro-Electro-Mechanical Systems (MEMS) are changing how automation is built, controlled,
and taught. MEMS devices, which combine small mechanical components with electronics on a
single chip, have made sensing and manipulation not only more compact but also more dependable
and cost-effective. This novel combination has put MEMS at the center of automation systems used
in robotics, economic monitoring, and smart manufacturing.

In the field of robotics, MEMS sensors such as accelerometers, gyroscopes, force, and pressure
sensors play a vital role in ensuring precise control. They allow robotic arms, smart grippers, and
automated guided vehicles (AGVs) to interact with their environment safely and efficiently. Recent
studies also show how MEMS enable human-robot interaction through wearable devices. Here,
sensors capture natural human gestures and translate them into robotic actions with high accuracy,
achieving success rates above 90% for navigation and gripping tasks. This capability not only supports
industrial applications but also builds a pathway for developing practical automation skills.

Beyond robotics, MEMS sensors are widely used in predictive maintenance and environmental
monitoring. Their ability to provide continuous feedback on vibration, pressure, and temperature
makes industrial processes more energy-efficient, reduces downtime, and supports sustainable
operations. Importantly, MEMS-based platforms are also being introduced in academic and training
environments, where students and engineers can gain hands-on experience in sensor integration,
robotics, and automation design.

Overall, MEMS technology is more than just a technical advancement, it is a skill enabler. By
enhancing sensing accuracy, improving system resilience, and facilitating natural human-machine
interaction, MEMS is preparing the workforce for the future of automation and equipping industries
with the tools needed to transition smoothly into Industry 4.0 and beyond.

eq[;'kCn%  ,ebZ,e,l] m|ksx 4-0] ncko lsalj] iwokZuqekfur j[kj[kko] Lopkyu] jkscksfVd vkElZ] iguus
;ksX; midj.k] ekuo gkoHkko

Key words: MEMS, Industry 4.0, pressure sensors, predictive maintenance, automation, robotic
arms, wearable devices, human gesture

ifjp;

lsalj fMtkbu esa rsth ls gqbZ çxfr] fo'oO;kih
Lrj ij fo'oluh;] fVdkÅ vkSj dq'ky rduhd dh
c<+rh ek¡x ls çsfjr gSA 'kks/kdrkZvksa us bu ek¡xksa dks
iwjk djus ds fy, dbZ j.kuhfr;ksa dh tk¡p dh gS]
ysfdu dbZ ikjaifjd ç.kkfy;ksa dks çn'kZu] LFkkf;Ro]
ykxr&çHkko'khyrk vkSj l?kurk ds chp larqyu
cukuk eqf'dy yxrk gSA fofHkUu lek/kkuksa esa ls]
,ebZ,e,l  vk/kkfjr lsalj bu leL;kvksa ls fuiVus
esa fo'ks"k :i ls lQy lkfcr gq, gSaA vius NksVs
vkdkj] fdQk;rh mRiknu ykxr vkSj fo'oluh;
çn'kZu ds dkj.k] ;s dbZ O;kolkf;d vuqç;ksxksa ds
fy, ,d yksdfç; fodYi gSaA vktdy] ,ebZ,e,l

lsalj dk mi;ksx ifj"—r v‚VkseksfVo ç.kkfy;ksa ls
ysdj iguus ;ksX; rduhd vkSj lkekU; miHkksäk
xStsV~l rd] dbZ rjg ds vuqç;ksxksa esa fd;k tkrk
gSA bu çfl) mi;ksxksa ds vykok] ;s LokLF; lsok
m|ksx esa Hkh] fo'ks"k :i ls fpfdRlk funku esa]
vf/kd egRoiw.kZ gksrs tk jgs gSa] tgk¡ budh lVhdrk
vkSj ekiuh;rk vxyh ih<+h ds lek/kkuksa dk ekxZ
ç'kLr dj ldrh gSA ,ebZ,e,l rduhd ds fuekZ.k
ds fy, v/kZpkyd inkFkksaZ dk mi;ksx ewyHkwr eSVhfj;y
ds :i esa fd;k tkrk gS] ftlesa ;kaf=d ?kVdksa]
lsaljksa] ,Dpq,VlZ vkSj bysDVª‚fud rRoksa dks ,d ewy
flfyd‚u lClVªsV ij ,dh—r fd;k tkrk gS [1]A
bu ç.kkfy;ksa dk mi;ksx djds fuEufyf[kr dk;Z
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fd, tk ldrs gSa( lw{e Lrj ij laosnu] fu;a=.k vkSj
fØ;kUo;uA ekbØksbysDVª‚fuDl vkSj ekbØkse'khfuax
rduhd ,d fof'k"V flfyd‚u ¼Si½ osQj ij feydj
fof'k"V /kkrq v‚DlkbM v/kZpkyd midj.k cukrs gSa
vkSj ,sls çHkko mRiUu djrs gSa tks o`gn Lrj dks
çHkkfor dj ldrs gSa [2]A

lsalj] ,Dpq,Vj vkSj çksxzkescy y‚ftd daVªksyj
¼PLC½ lfgr Lopkfyr ç.kkfy;ksa ds ,dhdj.k ds
ek/;e ls] ledkyhu m|ksx eSuqvy rduhdksa dh
rqyuk esa csgrj lVhdrk vkSj fo'oluh;rk çkIr dj
ldrs gSa] ftlls ifjpkyu [kpZ vkSj =qfV;ksa esa
mYys[kuh; deh vkrh gS [3]A

vxyh ih<+h dh rduhdks a dh t:jr
v‚Vkseksckby {ks= esa vkSj cnyko yk jgh gSA cktkj
ds foLrkj ds lkFk] 'kks/k dk /;ku csgrj lsalj
,dhdj.k ds tfj, okguksa ds çn'kZu vkSj lqj{kk dks
csgrj cukus ij dsafær gks jgk gSA NksVs] lVhd vkSj
fdQk;rh lsalj cukus dh t:jr ,d yxkrkj leL;k
jgh gSA ekbØks&bysDVªks& eSdsfudy flLVe
¼,ebZ,e,l½ us bu leL;kvksa dk lek/kku dj fn;k
gS] ftlls mR—"V lVhdrk vkSj U;wure fctyh
[kir okys NksVs lsalj cukuk laHko gks x;k gSA
,ebZ,e,l [kkl rkSj ij v‚VkseksfVo vuqç;ksxksa esa
mi;ksxh gksrs gSa tgk¡ mudh dher vkSj NksVs vkdkj
ds dkj.k fo'oluh;rk vkSj n{krk vuqdwyu egRoiw.kZ
gksrs gSaA Vk;j çs'kj e‚fuVfjax] batu çca/ku] okgu
fLFkjrk fu;a=.k] ;k=h lqj{kk lqfo/kk,¡ vkSj mRltZu
fofu;eu tSlh ç.kkfy;k¡ vc ,ebZ,e,l&vk/kkfjr
midj.kksa ij dkQh gn rd fuHkZj gSaA mnkgj.k ds
fy,] ,ebZ,e,l  tk;jksLdksi vkSj ,DlsysjksehVj]
,;jcSx dh rSukrh vkSj czsfdax dh çfrfØ;k dks
csgrj cukrs gSaA

,ebZ,e,l midj.kksa ds fuekZ.k esa 'kkfey çeq[k
pj.k gSa( fMtkbu] eSVhfj;y p;u] osQj çlaLdj.k
vkSj iSdsftax] tks ekbØksflLVe rduhdksa ¼,e,lVh½
ds eq[; dk;Z gSa [4-6]A ekMkS [9] ds vuqlkj]
ekbØksflLVe esa fMtkbu] fuekZ.k vkSj vuqç;ksx Hkkx

'kkfey gSa] tks ,e,lVh dk ,d O;kid {ks= gSA
;kaf=d] fo|qr vkSj çdk'kh; lw{e rRoksa dks ,dh—r
djds ,d iw.kZ ,e,lVh cuk;k tkrk gS] tSlk fd
fp= 1 esa fn[kk;k x;k gS [6-7]A

fp= 1% ekbØks&flLVe VsDuksy‚th ¼,e,lVh½
ds [kaM [6]

eSVhfj;y dk p;u ,ebZ,e,l midj.kksa ds
çn'kZu] fo'oluh;rk vkSj thoudky dks r; djrk
gS vkSj eSVhfj;Yl ds xq.k lh/ks laosnu'khyrk] xfr]
y?kqdj.k] ÅtkZ n{krk vkSj LFkkf;Ro dks çHkkfor
djrs gSaA ,ebZ,e,l midj.kksa ds fy, eSVhfj;y ds
p;u ds fy, ;kaf=d fLFkjrk] fo|qr xq.k] rkih;
xq.k] jklk;fud çfrjks/k vkSj tSo&laxrrk ij fopkj
fd;k tkuk pkfg,A eSVhfj;y ds p;u esa 'kkfey
çeq[k dkjd gSa% ;kaf=d dkjd] rkih; dkjd] çfØ;k
laxrrk] fo|qr dkjd] jklk;fud dkjd] ykxr vkSj
ekiuh;rk [8]A blfy,] ,ebZ,e,l midj.kksa dh
lQyrk eSVhfj;y ds pquko ij cgqr vf/kd fuHkZj
djrh gSA bl v/;;u esa] dkcZu&vk/kkfjr eSVhfj;Yl
¼xzkQhu] dkcZu uSuks Vîwc ¼CNTs½] Mk;eaM] Mk;eaM
ykbd dkcZu ¼DLC½] xzkQMk;us dk voyksdu çLrqr
fd;k x;k gS tks csgrj ;kaf=d] fo|qr vkSj rkih;
xq.k] mR—"V yphykiu vkSj y?kqdj.k dh is'kd'k
dj jgs gSaA

,ebZ,e,l rduhd dk fodkl

,ebZ,e,l dk bfrgkl cgqr iqjkuk ugha gS]
ysfdu ;g rsth ls fodflr gks jgh rduhd gS
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ftlds vufxur vuqç;ksx gSaA dbZ O;fä;ksa us
vyx&vyx le; vkSj LFkkuksa ij ,ebZ,e,l rduhdksa
ds fodkl esa egRoiw.kZ ;ksxnku fn;kA bu ;ksxnkuksa
ls cM+h la[;k esa vuqç;ksxksa ds fy, dbZ ,ebZ,e,l
rduhdksa dk fodkl gqvkA ,ebZ,e,l dk fodkl
1952 ds n'kd ls 'kq: gqvk] tc igys  ,ebZ,e,l
midj.k] ,d lrg /ofud rjax ¼SAW½ fQ+YVj]
tsEl bZ }kjk vkfo"dkj fd;k x;k FkkA mlds ckn]
fofHkUu ,ebZ,e,l lsalj tks O;kolkf;d :i ls
miyC/k Fks] vfLrRo esa vk,] tSls badtsV fçaVj]
,ebZ,e,l tkbjksLdksi] ,ebZ,e,l/NEMS çs'kj
l s alj] ,ebZ,e,l ekbØk sQk su] ,ebZ,e,l

,DlsysjksehVj] ,ebZ,e,l/NEMS fLop vkSj
,ebZ,e,l/NEMS ck;kslsalj [9]A vius eq[;
vuqç;ksx {ks=ksa ¼fp= 2½ ds vuqlkj ,ebZ,e,l
midj.kksa dh pkj vyx&vyx Jsf.k;ka gSa% æo] jsfM;ks
vkòfÙk ¼RF½] v‚fIVdy vkSj ck;ks ,ebZ,e,l [10-

15]A

orZeku çkS|ksfxfd;ksa esa] ,ebZ,e,l midj.k
miHkksäk bysDVª‚fuDl] LokLF; ns[kHkky vkSj tSo
fpfdRlk] ÅtkZ vkSj i;kZoj.k] v‚VkseksfVo vkSj
ifjogu] ,;jksLisl vkSj j{kk] iguus ;ksX; midj.kksa
tSls Hkfo"; ds vuqç;ksxksa ls ysdj dbZ O;kogkfjd
vuqç;ksxksa ds fy, ,d u;k mHkjrk gqvk {ks= gSA

fp= 2% ,ebZ,e,l oxhZdj.k [15]

MEMS dh ijhorZudkjh Hkwfedk dh igpku

dkcZu&vk/kkfjr ekbØksbysDVªkseSdsfudy vkSj
uSuksbysDVªkseSdsfudy ç.kkfy;k¡ ¼C-MEMS/NEMS½
xzSQhu] dkcZu uSuksVîwc ¼lh,uVh½ vkSj Xyklh dkcZu
tSls dkcZu vi:iksa ds vlk/kkj.k jklk;fud] fo|qr]
rkih; vkSj ;kaf=d xq.kksa ds dkj.k y?kq—r midj.k
bathfu;fjax esa ,d vk'kktud {ks= gSaA ;s fo'ks"krk,¡
mUgsa ck;kslsaflax] vkS"kf/k forj.k] ÅtkZ HkaMkj.k vkSj
i;kZoj.k fuxjkuh tSls mPp&çHkko okys vuqç;ksxksa
ds fy, vkn'kZ cukrh gSaA gkyk¡fd] ç;ksx'kkyk&Lrjh;

çn'kZuksa ls fo'oluh;] cM+s iSekus ij ifjfu;kstu dh
vksj cnyko] py jgs fofuekZ.k vkSj ,dhdj.k laca/kh
eqíksa ds dkj.k xaHkhj :i ls ckf/kr gSA

lcls dfBu pqukSfr;ksa esa ls ,d gS dkcZu inkFkksaZ
dks mudh fof'k"V fo'ks"krkvksa dk R;kx fd, fcuk
ikjaifjd flfyd‚u&vk/kkfjr ekbØksQSfczds'ku
çfØ;kvks a es a la;ksftr djukA mPp&rkieku
ik;jksfyfll] tks vDlj cgqyd iwoZofrZ;ksa dks pkyd
dkcZu lajpukvksa esa cnyus ds fy, vko';d gksrk gS]
vfu;af=r ladkspu] lajpukRed fo:i.k vkSj nks"k
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fuekZ.k tSlh xaHkhj leL;kvksa dk dkj.k curk gSA bu
dfBukb;ksa dk mRikfnr midj.kksa dh iqu#Riknu
{kerk] vk;keh lVhdrk vkSj nh?kZdkfyd fLFkjrk ij
lh/kk çHkko iM+rk gSA blds vykok] çlaLdj.k ds
nkSjku fo|qr vkSj ;kaf=d xq.kksa dk lko/kkuhiwoZd
lek;kstu ,d pqukSrh cuk gqvk gS] tks okf.kfT;d
vuqç;ksxksa ds fy, vko';d çn'kZu iwokZuqeku dks
lhfer djrk gSA

,d vkSj egRoiw.kZ pqukSrh dkcZu lajpukvksa vkSj
/kkfRod ;k yphys bysDVªksMksa ds chp etcwr]
de&çfrjks/k okys fo|qr laidZ LFkkfir djus esa
fufgr gSA ;g ruko&laosnu'khy ;k yphys midj.kksa
ds fy, fo'ks"k :i ls egRoiw.kZ gS] tgk¡ ;kaf=d ruko
le; ds lkFk fo?kVu] laidZ foQyrk ;k çn'kZu esa
fxjkoV dk dkj.k cu ldrk gSA lkFk gh] i;kZoj.kh;
vkSj tSo&fpfdRlk vuqç;ksxksa ds fy, iqu#Riknuh;
lrg jlk;u vkSj dk;Z{kerk lqfuf'pr djuk vko';d
gS] tgk¡ lrg dh ijLij fØ;k laosnu'khyrk]
p;ukRedrk vkSj tSo&laxrrk dks fu/kkZfjr djrh
gSA lrg dh voLFkkvksa esa ifjorZu midj.kksa ds
çn'kZu esa vlaxfr iSnk dj ldrk gS] ftlls okLrfod
nqfu;k ds ifj–';ksa esa muds mi;ksx esa ck/kk vk
ldrh gSA

varr%] fofo/k dkcZu&vk/kkfjr lkefxz;ksa dk
dk;kZRed MEMS vkSj NEMS IysVQ‚eZ esa O;kid
,dhdj.k ,d cM+h ck/kk cuk gqvk gSA xzkQhu] CNT

vkSj Xyklh dkcZu tSlh lkefxz;ksa dh fo"ke ç—fr ds
fy, vuqdwfyr çlaLdj.k ekxksaZ vkSj ekbØksQSfczds'ku
odZ¶yks ds lkFk vuqdwyrk dh vko';drk gksrh gSA
ekiuh;rk ;k ykxr&çHkko'khyrk ls le>kSrk fd,
fcuk fuckZ/k ,dhdj.k çkIr djuk ,d çeq[k leL;k
gS tks vkS|ksfxd viukus dks lhfer djrh jgrh gSA

C-MEMS/NEMS çkS|ksfxfd;ksa dh iw.kZ {kerk
dks mtkxj djus ds fy, bu pqukSfr;ksa dk lek/kku

vko';d gSA fuekZ.k&tfur nks"kksa ij dkcw ikuk]
fo'oluh; fo|qr baVjQsflax lqfuf'pr djuk vkSj
iqu#Riknuh; lrg xq.kksa dks l{ke djuk] etcwr]
ekiuh; vkSj vkfFkZd :i ls O;ogk;Z dkcZu&
vk/kkfjr midj.kksa dk ekxZ ç'kLr djsxk tks vxyh
ih<+h ds Lopkyu] LokLF; lsok vkSj i;kZoj.kh;
fLFkjrk dh c<+rh ekaxksa dks iwjk djus esa l{ke gksaxsA

,ebZ,e,l midj.kksa ds fy, eSVhfj;y vkSj
fof/k;k¡

,ebZ,e,l midj.k dh fof'k"V dk;Z{kerk ds
vuqlkj] mi;qä eSVhfj;Yl dk p;u fd;k tkrk gSA
,ebZ,e,l esa fofHkUu fo'ks"krkvksa vkSj fdlh fo'ks"k
{ks= esa vuqç;ksxksa ds vuqlkj fofo/k çdkj dh lkefxz;k¡
miyC/k gSaA eSVhfj;y dk p;u vR;ar egRoiw.kZ gS
D;ksafd ;g ,ebZ,e,l midj.kksa ds çn'kZu] foLrkj
vkSj fo'oluh;rk ij lh/kk çHkko Mkyrk gSA
,ebZ,e,l dk lapkyu eSVhfj;Yl ds p;u ls
çHkkfor gksrk gS] ftlesa fljsfed] flfyd‚u]
flfyd‚u&vk/kkfjr eSVhfj;y] dkcZu&vk/kkfjr
eSVhfj;y vkSj i‚fyej 'kkfey gSa [16]A

,ebZ,e,l fuekZ.k esa vkerkSj ij fuEufyf[kr
eSVhfj;Yl dk mi;ksx fd;k tkrk gS% flfyd‚u
ukbVªkbM ¼Si

3
N

4
½] ,Y;qfeuk ¼Al

2
O

3
½] ,Y;qfefu;e

ukbVªkbM ¼AlN½] ftjdksfu;k ¼ZrO
2
½ vkSj

fuEu&rkieku lg&Tofyr fljsfed ¼LTCC½
,ebZ,e,l vuqç;ksxksa ds fy, mUur fljsfed gSa
D;ksafd buesa mR—"V ;kaf=d 'kfä] Å"ek çfrjks/k
vkSj mPp LFkkf;Ro gksrk gS [16-17]A xzkQhu esa mPp
okgd xfr'khyrk gksrh gS ftlds dkj.k bldk mi;ksx
,ebZ,e,l vkSj NEMS esa fd;k tk ldrk gS] D;ksafd
blesa egRoiw.kZ çdk'kh;] fo|qrh; vkSj ;kaf=d xq.k
gksrs gSa [18-19]A CMOS rduhd ds lkFk bldh
vuqdwyrk ds dkj.k flfyd‚u eSVhfj;y dk mi;ksx
,ebZ,e,l rduhd esa cM+s iSekus ij fd;k tkrk gSA
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rkfydk 1% ikjaifjd flfyd‚u vkSj dkcZu&vk/kkfjr eSVhfj;Yl dh rqyuk

Ţमांक गुण िसिलकॉन (पारंपįरक) काबŊन-आधाįरत मैटीįरयल 

1 यांिũक शİƅ भंगुर, ůैƁर-Ůवण अȑंत मजबूत और लचीला (Ťाफीन: 
~200x ːील) 

2 यंग का मापांक ~130-180 जीपीए ~1 टीपीए (Ťाफीन, सीएनटी) 
3 इलेİƃŌकल 

कंडƃीिवटी 
अधŊचालक (डोिपंग की 
आवʴकता होती है) 

उǄ चालकता, Ǩूनेबल बœडगैप 

4 ऊˆीय चालकता ~150 वाट/मी. के Ťाफीन: ~5000 W/m. K, हीरा: ~2200 
W/m. K 

5 लघुŝपण भंगुरता के कारण सीिमत ˋेिलंग परमाणु मोटाई - अȑिधक लघुकरण 

6 लचीलापन कठोर, भंगुर लचीला, पहनने योƶ एमईएमएस  के 
िलए उपयुƅ 

7 रासायिनक İ̾थरता ऑƛीकरण/संƗारण के Ůित 
संवेदनशील 

उǽृʼ रासायिनक Ůितरोध (डायमंड, 
डीएलसी) 

8 जैव अनुकूलता सीिमत उǄ (डीएलसी, नैनोकाबŊन) - िचिकȖा 
एमईएमएस 

9 अनुŮयोग Ɨमता पारंपįरक एमईएमएस  (सŐसर, 
एƁुएटर, माइŢोिचɛ) 

अगली पीढ़ी के एमईएमएस  (पहनने 
योƶ उपकरण, बायो-एमईएमएस , IoT, 
ऊजाŊ उपकरण) 

 
dqN vkSj lkefxz;ka tSls flfyd‚u tesZfu;e]

flfyd‚u dkckZbM vkSj Mk;eaM&ykbd dkcZu
¼Mh,ylh½ csgrj xq.k çnku djrh gSa [20-21] vkSj
i‚fyej tSls ihMh,e,l] ,l;w&8 vkSj iSjhyhu lh
egRoiw.kZ yphykiu] ykxr&çHkko'khyrk vkSj
çlaLdj.k esa vklkuh çnku djrs gSa] ftlls os
ck;ks&,ebZ,e,l vkSj yphys bysDVª‚fuDl fuekZ.k
ds fy, mi;qä cu tkrs gSaA bl v/;;u esa] eq[;
/;ku dkcZu&vk/kkfjr eSVhfj;Yl] tSls ghjk] dkcZu
uSuks&Vîwc ¼lh,uVh½] vkSj xzkQhu ij gS] tks viuh
cstksM+ rkih;] ;kaf=d vkSj fo|qr fo'ks"krkvksa ds
dkj.k ,ebZ,e,l vuqç;ksxksa ds fy, mPp ekax esa gSa
[22]A ikjaifjd flfyd‚u vkSj dkcZu vk/kkfjr
eSVhfj;y ds lkFk muds fofHkUu xq.kksa ds vk/kkj ij
rqyuk rkfydk 1 esa fn[kkbZ xbZ gSA

,ebZ,e,l çkS|ksfxdh fodkl ij xzaFklwph
¼Bibliometric½ fo'ys"k.k

vkj LVwfM;ks xzaFklwph midj.k dk mi;ksx djds
,ebZ,e,l çkS|ksfxdh fodkl ij fo'ys"k.k fd;k
x;k] ftlesa Ldksil MsVkcsl esa ,ebZ,e,l çkS|ksfxdh
{ks= ls 1544 'kks/k ys[kksa dk p;u fd;k x;kA ,d
egRoiw.kZ fo'ys"k.k% bl midj.k dk mi;ksx djds
'kCn ckny mRiUu fd;k x;k] ftlesa ;g Li"V :i
ls ns[kk x;k fd 'kks/k ys[kksa esa ç;qä dhoMZ ,ebZ,e,l
dh la[;k lcls vf/kd gS] ftldk vFkZ gS fd bl
rduhd dh vR;f/kd ekax gS vkSj blesa nqfu;k dks
iwjh rjg ls cnyus dh {kerk gSA vkj LVwfM;ks
xzaFklwph midj.k dk mi;ksx djds mRiUu fofHkUu
dhoMZ okys 'kCn ckny dks fp= 3 esa fn[kk;k x;k
gSA bl çdkj] 'kCn vuqla/kku ds #>kuksa ;k pfpZr
fo"k;ksa dks 'kh?kzrk ls n'kkZ;k tkrk gSA
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fp= 3% xzaFkferh; ¼Bibliometric½ fo'ys"k.k
dk mi;ksx djrs gq, 'kCn ckny

oMZ DykmM fo'ys"k.k dh rjg] Vªh eSi Hkh R

LVwfM;ks fcfCy;ksesfVªd Vwy dk mi;ksx djds rS;kj
fd;k tkrk gS] ftlesa lcls T;knk bLrseky fd,
tkus okys dhoMZ~l dks lcls cM+s vk;rksa dk mi;ksx
djds n'kkZ;k tkrk gS] tSlk fd fp= 4 esa fn[kk;k
x;k gSA ,ebZ,e,l dhoMZ esa lcls cM+k vk;r gS]
ftldk vFkZ gS fd ,ebZ,e,l rduhd dh ek¡x
cgqr T;knk gSA ;g fo'ys"k.k pfpZr fo"k;ksa] VªsafMax
FkhEl ;k 'kks/k ds eq[; {ks=ksa dh igpku djus esa enn
djrk gSA

fp= 4% xzaFkferh; ¼Bibliometric½ fo'ys"k.k dk mi;ksx djrs gq, o`{k ekufp=

Lopkyu esa ,ebZ,e,l midj.kksa dh Hkwfedk

lw{e fo|qr&;kaf=d ç.kkfy;ksa ¼,ebZ,e,l ½
[23] dk mi;ksx djds Lopkyu esa lw{e midj.kksa

vkSj ç.kkfy;ksa ds fMtkbu] mRiknu vkSj mi;ksx]
lHkh esa O;kid ifjorZu fd;k x;k gSA Lopkyu esa
,ebZ,e,l  midj.kksa dk mi;ksx mPp ifj'kq)rk]
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ekiuh;rk vkSj n{krk lqfuf'pr djrk gSA Lopkyu
midj.kksa dk mi;ksx djds tfVy lw{e lajpukvksa
dks fMtkbu fd;k tk ldrk gS vkSj fMtkbujksa dks
U;wure =qfV;ksa vkSj fodkl le; ds lkFk ,ebZ,e,l
midj.k ds çn'kZu ekinaMksa dks fMtkbu vkSj vuqdwfyr
djus esa l{ke cukrk gSA fpfdRlk jkscksfVDl] vkS|ksfxd
Lopkyu vkSj Lok;Ùk okguksa lfgr dbZ m|ksxksa esa]
,ebZ,e,l lsalj vkSj ,Dpq,VlZ us jkscksV dh n{krk
vkSj ifj'kq)rk esa ukVdh; :i ls lq/kkj fd;k gS
[24]A

,ebZ,e,l lsalj Lopkyu ds fy, vko';d gSa
D;ksafd os lVhd ifjpkyu vkSj i;kZoj.kh; ekinaMksa
dh fuxjkuh çnku djrs gSaA vktdy] vkS|ksfxd
jkscksV vkSj LekVZ fofuekZ.k ç.kkfy;ksa esa vDlj
,DlsysjksehVj] tk;jksLdksi] ncko lsalj vkSj tM+Roh;
eki bdkb;k¡ 'kkfey gksrh gSaA fy;w ,oa vU; ds
vuqlkj] ,ebZ,e,l tM+Roh; lsalj jkscksfVd
eSfuiqysVlZ dh okLrfod le; fu;a=.k ifj'kq)rk
dks c<+krs gSa] ftlls vf/kd rjy xfr fu;kstu dh
lqfo/kk feyrh gS vkSj iksft'kfuax =qfV;ksa dks de
fd;k tk ldrk gS [25]A blh rjg] yh ,oa vU; us
?kw.kZu e'khujh esa iwokZuqekfur j[kj[kko ds fy,
,ebZ,e,l ,DlsysjksehVj ds vuqç;ksx dk o.kZu fd;k]
tgka py jgh daiu fuxjkuh us Lopkyu fuHkZjrk dks
c<+k;k vkSj flLVe MkmuVkbe dks de fd;k [26]A

lsaflax ds vykok ,ebZ,e,l  ,DVîw,VlZ
ekbØks&gSaMfyax vkSj lVhd xfr fu;a=.k esa enn
djrs gSa] tks lVhd Lopkyu ds fy, egRoiw.kZ gSaA
lsehdaMDVj iSdsftax esa Lopkfyr vlsacyh ds fy,]
lu ,oa vU;  us ,ebZ,e,l&vk/kkfjr ekbØks&fxzij
cuk, tks ekbØksu&vkdkj ds ?kVdksa dks laHkky
ldrs gSa [27]A jkscksfVDl esa bysDVªksLVSfVd vkSj
ihtksbysfDVªd ,ebZ,e,l  ,DVîw,VlZ ds la;kstu
ls mPp&vkof̀Ùk çfrfØ;k ç.kkfy;k¡ Hkh laHko gqbZ gSa]
ftlls vuqdwyh çfØ;k Lopkyu esa lq/kkj gqvk gS
¼>kax ,oa vU; ½ [28]A

Lopkyu esa ,ebZ,e,l dk ,d vkSj egRoiw.kZ
dk;Z flLVe&Lrjh; ,dhdj.k gSA ,ebZ,e,l
midj.k lsaflax] ,DVîw,'ku vkSj flXuy daMh'kfuax
dks NksVs e‚Mîwy esa ,dh—r djds forfjr Lopkyu
usVodZ cukuk vklku cukrs gSaA fQ'kj ,oa vU; ds
vuqlkj] ,ebZ,e,l &IC ,dhdj.k lapkj n{krk dks
c<+krk gS vkSj foyacrk dks de djrk gS] tks nksuksa
m|ksx 4-0 vkSj vkS|ksfxd baVjusV v‚Q fFkaXl ¼IIoT½
IysVQkeksaZ ds fy, egRoiw.kZ gSa [29]A

,ebZ,e,l  midj.k lgdkjh Lopkyu lsfVaXl
esa lqj{kk esa Hkh lq/kkj djrs gSaA jkscksfVd Hkqtkvksa ds
fy, fde ,oa vU; }kjk ,ebZ,e,l cy&V‚dZ lsalj
cuk, x, Fks] tks lVhd var%fØ;k cy eki dh
vuqefr nsrs gSaA jkscksVksa dks uktqd oLrqvksa dks idM+us]
mudh idM+ dh 'kfä dks la'kksf/kr djus vkSj ,d
lkFk dke djrs le; nq?kZVukvksa ls cpus esa l{ke
cukdj] ;g fodkl ekuo&jkscksV lg;ksx dks c<+kok
nsrk gS [30]A dqy feykdj] ,ebZ,e,l midj.kksa us
Lopkyu dks vuE;] iwoZ&Øec) çfØ;kvksa ls cqf)eku]
yphyh vkSj MsVk&lapkfyr ç.kkfy;ksa esa cny fn;k
gSA laosnu] fØ;kUo;u] ,dhdj.k vkSj lqj{kk esa mudh
cgqmís'kh; Hkwfedkvksa ds dkj.k os vxyh ih<+h dh
Lopkyu ç.kkfy;ksa ds fy, vko';d fuekZ.k eSVhfj;y
gSaA tSls&tSls ,ebZ,e,l fuekZ.k vkSj eSVhfj;y
bathfu;fjax vkxs c<+ jgh gS] lkbcj&HkkSfrd mRiknu
ç.kkfy;ksa] LekVZ dkj[kkuksa vkSj Lok;Ùk jkscksfVDl esa
blds mi;ksx esa o`f) gksus dh mEehn gS] ftlls
,ebZ,e,l  Hkfo"; esa Lopkyu dk ,d çeq[k ?kVd
cu tk,xkA

,ebZ,e,l midj.kksa ds vuqç;ksx

vkt ds ;qx esa] jkscksV —f=e cqf)eÙkk ¼,vkbZ½]
Lopkyu vkSj ekbØks&uSuks rduhd ds lkFk vius
,dhdj.k ds dkj.k tfVy dk;Z dj jgs gSa vkSj
,ebZ,e,l 3-0 Hkfo"; ds ,sls jkscksV cuk,xk ftuesa
cstksM+ cqf)eÙkk gksxh tSlk fd fp= 5 vkSj 6 [31]

esa fn[kk;k x;k gSA de fctyh dh [kir vkSj
,ebZ,e,l rduhd ds y?kqdj.k dh {kerk dks tksM+rs
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gq,] jkscksV i;kZoj.k laosnu] lw{e gsjQsj vkSj lVhd
fu;a=.k ds vuqç;ksxksa esa O;kid igq¡p fn[kkrs gSa vkSj

fofuekZ.k] —f"k] fpfdRlk vkSj lsok {ks=ksa tSls dqN
{ks=ksa dks blls lh/ks ykHk gksxkA

fp= 5% ,ebZ,e,l lsalj dk fodkl [24]

,ebZ,e,l vk/kkfjr midj.kksa dk mi;ksx
lVhd nok forj.k ds fy, Hkh fd;k tkrk gS tgk¡
æo çokg vkSj ncko dks xfr'khy :i ls fu;af=r
fd;k tkrk gS [32-33]A vU; ,ebZ,e,l lsalj% tSls
,DlsysjksehVj] FkekZehVj] ncko lsalj] ftudk mi;ksx
,DVîw,VlZ ds lkFk v‚u&c‚Mh vkSj bu&c‚Mh midj.kksa
esa LokLF; lsok vuqç;ksxksa esa fd;k tkrk gS [33-34]A

fp= 6 n'kkZrk gS fd lw{e Lrj ij ekuo bafæ;ksa
vkSj fofHkUu lsaljksa o midj.kksa ds vuqç;ksxksa ds
vuqlkj çkS|ksfxdh dk fodkl dSls fd;k tkrk gSA
fp= 6 esa çdkf'kr vkSj n'kkZbZ xbZ fjiksVZ ds vuqlkj]
blesa dksbZ vk'p;Z dh ckr ugha gksxh ;fn miHkksäk
bysDVª‚fuDl ds vxys vk;ke tSls eksckby ;k IoT

midj.kksa dks /;ku esa j[krs gq, vkSj vf/kd bafæ;k¡
fodflr dh tk,¡A

fp= 6% laosnu dk fodkl [24]
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fu"d"kZ

vxyh ih<+h ds Lopkyu dkS'ky ds fuekZ.k esa
,ebZ,e,l dk Økafrdkjh egRo] eSVhfj;Yl] fuekZ.k
çfØ;kvksa vkSj flLVe ,dhdj.k dh ijLij fØ;k
ij –<+rk ls vk/kkfjr gSA Lopkyu ds {ks= esa]
dkcZu&vk/kkfjr ,ebZ,e,l eSVhfj;Yl dk p;u
vkS|ksfxd vkSj 'kS{kf.kd] nksuksa {ks=ksa esa leL;kvksa ds
lek/kku esa ,d egRoiw.kZ dkjd gSA çR;sd ifjfLFkfr
esa ekStwn fof'k"V leL;kvksa dks ns[krs gq,] eSVhfj;y
ds p;u esa jklk;fud çfrjks/k] p;ukRedrk vkSj
ifjpkyu fLFkfr;ks a ds lkFk vuqdwyrk dk
lko/kkuhiwoZd larqyu vko';d gSA blds foijhr]
?kjsyw ifjfLFkfr;ksa esa] tSo&laxrrk] de ÅtkZ mi;ksx
vkSj j[kj[kko esa vklkuh egRoiw.kZ fopkj cu tkrs
gSaA gkbfczM eSVhfj;Yl dk c<+rk mi;ksx ,ebZ,e,l
vuqla/kku dh cnyrh ç—fr dks n'kkZrk gS] tks vf/kd
tfVy ekaxksa ds fy, vuqdwyuh; lek/kku çnku
djrk gSA

uSuksVsDuksy‚th vkSj dsfedy bathfu;fjax ds
lkFk ,ebZ,e,l ds la;kstu us lg;ksxh vuqla/kku ds
u, jkLrs [kksys gSa] ftlds ifj.kkeLo:i C&,ebZ,e,l
ç.kkfy;ksa esa mYys[kuh; çxfr gqbZ gSA ;s fodkl
iqjkus rjhdksa dh varfuZfgr lhekvksa ds fy, ,d
vkd"kZd lek/kku çnku djrs gSa] ftlls Ldsyscy
vkSj nh?kZdkfyd Lopkyu laHko gksrk gSA egRoiw.kZ
:i ls] ykxr&çHkkoh fodYiksa vkSj fo'oluh;rk&
dsafær dk;Zç.kkfy;ksa dh [kkst Hkfo"; ds vuqla/kku
ds fy, ,d O;ogk;Z {ks= ds :i esa mHkj jgh gSA
,ebZ,e,l  eSVhfj;y uokpkj vkSj cgq&fo"k;d
rkyesy dks viukdj vxyh ih<+h ds Lopkyu dh
vk/kkjf'kyk ds :i esa viuh fLFkfr dks vkSj etcwr
djrk jgsxk] tgk¡ dkcZu&vk/kkfjr ç.kkfy;k¡
vkS|ksfxd n{krk] 'kS{kf.kd vUos"k.k vkSj nSfud
vuqç;ksxksa ij egRoiw.kZ çHkko MkysaxhA

'kksèk i= esa ç;qä rduhdh vaxzst+h 'kCnksa dh  fganh lekukFkZd 'kCnkoyh

Alphabetically sorted terminology 
in English 

o.kZekyk vuqØfer fganh ’kCnkoyh 

Automation Lopkyu 
Bibliometric xzaFklwph 

Compactness l?kurk 

Flexibility yphykiu 

Minitiarization y?kqdj.k 

Optimization vuqdwyu 

Performance izn'kZu 

Research vuqla/kku 

System iz.kkyh 

Wearables iguus ;ksX; 
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