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i;kZoj.kh; ekWuhVju rFkk fu;a=k.k ds fy, esEl o usEl vk/kkfjr laosnd

ch Mh iar] ,l ,u feJ* ,oa jes'k ckSjk*
esEl iz;ksx'kkyk] *jktHkk"kk izdks"B

 dsUnzh; bysDVªkWfudh vfHk;kaf=kdh vuqla/kku laLFkku ¼lhjh½] fiykuh & 333 031¼jktLFkku½

¼oSKkfud rFkk vkS|ksfxd vuqla/kku ifj"kn] ubZ fnYyh½

lkjka'k % vk/kqfud foKku ,oa m|ksxksa us tgka ,d vksj gekjk thou vR;ar lqfo/kk&laiUu] ljy rFkk mRiknu'khy cuk fn;k gS ogha nwljh vksj buls gekjk
i;kZoj.k Hkh dkQh iznwf"kr gqvk gSA gesa dk;Zdq'ky ,oa lqoká lw{e laosnd iz.kkfy;ksa }kjk i;kZoj.k ds iznw"k.k Lrj ds fujarj ekWuhVju dh vko';drk gSA
bl izdkj ds laosndksa dk fodkl djus ds fy, esEl o usEl vR;ar mi;qDr izkS|ksfxfd;ka gSaA 10oha iapo"khZ; ;kstuk esa lhjh esa vkjaHk fd, x, esEl 'kks/k
dk;Z esa i;kZoj.kh; ekWuhVju ds fy, xSl laosndksa dk fodkl Hkh lfEefyr gSA i;kZoj.k esa dkcZu eksuksvkWDlkbM] ukbVªkstu ds fofHkUu vkWDlkbM tSlh
[krjukd xSlksa ds laosnu ds fy, eq[; :i ls nks fof/k;ka viukbZ xbZ gSa & vdkcZfud ¼/kkrq vkWDlkbM vk/kkfjr½ ,oa dkcZfud ¼ikWyhej vk/kkfjr½A bl
'kks/k i=k esa ikWyhej lfEeJksa dk mi;ksx djrs gq, nwljs izdkj dh i)fr ij vk/kkfjr esEl xSl laosndksa ds fodkl dk;Z dk o.kZu fd;k x;k gSA ;g xSl
laosnd laosnu'khy iSjkehVj ds :i esa ikWyhej lfEeJksa ds fo|qr HkkSfrdh; xq.kksa dk mi;ksx djrk gSA UV-LIGA izfØ;k  }kjk SU-8 usxsfVo Vksu QksVks
jsft+LV ls 40 ekbØkWu xgjkbZ rFkk 250 × 250, 300 × 300, 500 × 500, rFkk 500 × 600 vkdkj okys 8 laosnu'khy dks"Bksa dh Jà[kyk dk fuekZ.k fd;k x;k
gSA fofHkUu ikWyhej lfEeJksa ls Hkjh ;s dksVfjdk,a dbZ xSlksa ds lalwpu ds fy, vk/kkjHkwr laosnu'khy dks"Bksa dk dk;Z djrh gSaA 'kks/k i=k esa fuekZ.k izfØ;k
dh izeq[k fo'ks"krkvksa rFkk ih ,e ,e , esa LVkbjhu o ikWfy,uhyhu fefJr ikWyhej lfEeJ dk bFksukWy o ehFksukWy ds ifjos'k esa fd, x, iz;ksxksa ds
ifj.kkeksa dk foLr`r mYys[k fd;k x;k gSA dkcZu eksuksvkWDlkbM ds lalwpu gsrq dksVfjdkvksa dks Hkjus ds fy, fofHkUu izdkj ds ikWyhikbjksy ¼ih ih okbZ½
lfEeJksa dk mi;ksx dj dkcZu eksuksvkWDlkbM laosndksa ds fodkl ds fy, foLr`r v/;;u fd;k x;k gSA
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Abstract

Environmental monitoring and control is a global issue of our modern-day living. The science and technology, on one hand has created marvels

to make our lives far more comfortable and productive than it used to be in earlier times, but on the other hand it has contaminated our

environment. The air, water and soil are polluted with several kinds of pollutions emanating from our transport, communication and industrial

system. The quality of the air we breathe in, the water we drink, the food we eat have to be monitored against contaminations. We need to

monitor and control all such kinds of polluting agents. Additionally, we need to detect the harmful physical, chemical and biological materials

present in the environment for a good health and longevity of human life.  An efficient, portable and low power-powered system is the need

of the day. The evolution of MEMS and NEMS technologies have demonstrated this kind of potentiality. With the development of these

technologies, an entirely new kind of miniature chemical and gas sensors, useful for environmental application, have come up utilizing a variety

of sensing materials and approaches. MEMS research at CEERI has been initiated in the tenth five year plan including the development of gas

sensors for environmental monitoring. For the sensing of hazardous gases in the environment e. g. carbon mono oxide and oxides of nitrogen,

mainly two approaches have been followed i.e. inorganic (metal oxide based) and organic (polymer-based sensing) . Present paper is the work

carried out for the development of MEMS gas sensors based on composite polymers, utilizing electro-physical properties of the polymer

composites as sensing parameter. An array of eight sensing cells in four sizes 250×250, 300×300, 500×500 and 500×600 micron with a depth
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of 40 micron have been fabricated using SU-8 negative tone resist through UV-LIGA process. These cavities filled with different polymer

composites comprise the basic sensing cells for a variety of gases. The current paper presents the salient features of the fabrication process

in detail and the results obtained in ethanol and methanol ambient using a polymer composite comprised of Styrene and Polyaniline in

PMMA.

izLrkouk

vk/kqfud thou esa i;kZoj.kh ekWuhVju ,oa fu;a=k.k ,d oSf'od
leL;k gSA foKku ,oa izkS|ksfxdh us vius peRdkjksa }kjk tgka ,d
vksj gekjs thou dks igys dh vis{kk dgha vf/kd lqfo/kk laiUu vkSj
mRiknu'khy cuk fn;k gS] ogha nwljh vksj blus gekjs okrkoj.k ,oa
i;kZoj.k dks nwf"kr Hkh fd;k gSA ;krk;kr ,oa lapkj lk/kuksa rFkk
vkS|ksfxd bdkb;ksa ls fudyus okys vusd izdkj ds iznw"kdksa ls ok;q]
ty rFkk e`nk tSls izkd`frd lalk/ku nwf"kr gksrs gSaA esEl o usEl
ds Øefodkl ls vR;ar n{krk okyh rFkk lqoká y?kq laosnd
iz.kkfy;ka fufeZr djuk laHko gks ldk gSA bu izkS|ksfxfd;ksa ds
fodkl ls vusd izdkj ds laosnu'khy inkFkksZa rFkk vo/kkj.kkvksa dk
mi;ksx djrs gq, i;kZoj.kh; vuqiz;ksx ds fy, mi;ksxh iw.kZr;k
u;k y?kq jklk;fud rFkk xSl laosnd fodflr fd;k x;k gS1A esEl
izkS|ksfxdh dk lcls cM+k ykHk ;g gS fd blls ,sls laosnd fufeZr
fd, tk ldrs gSa ftUgsa vklkuh ls NksVk fd;k tk ldrk gS rFkk
mUgsa lacaf/kr bysDVªkWfud ifjiFk ds lkFk ,d gh fpi esa vFkok fpi
ls ckgj ,dhd`r fd;k tk ldrk gS2A blds vfrfjDr bUgsa ,d
lkFk cM+h la[;k esa fufeZr fd;k tk ldrk gS] ftlls fuekZ.k ykxr
cgqr de gks tkrh gSA bl izkS|ksfxdh us vyx&vyx iz;qDr inkFkksZa
}kjk fofHkUu xSlksa ds laosnu ds fy, vusd vk/kkj&ra=k miyC/k
djk, gSaA bu vk/kkj&ra=kksa esa lw{e rIr IysV4] dSUVhyholZ rFkk
lw{e&dksVfjdk vk/kkfjr laosnd lfEefyr gSa rFkk iz;qDr inkFkksZa esa
/kkrq vkWDlkbM] Bksl bysDVªksykbV o ikWyhej 'kkfey gSa3A igys nks
izdkj ds inkFkksZa ¼/kkrq vkWDlkbM rFkk Bksl bysDVªksykbV½ dks xSl
laosnu ds fy, lkekU;r;k fLFkj rkieku ij xeZ djus dh
vko';drk gksrh gS ftlls ;qfDr;ka vf/kd ÅtkZ dh [kir djrh
gSaA budh fuekZ.k izfØ;k tfVy gksus ds lkFk&lkFk egaxh Hkh gSA
rhljs izdkj ds inkFkZ vFkkZr~ ikWyhej] xgu 'kks/k ds mijkUr bl dk;Z
esa lQy fl) gq, gSaA fo|qr pkyd dkcZfud ikWyhej rhu fof'k"V
ykHkksa ds dkj.k izeq[k :i ls iz;qDr gksrs gSa ;s gSa % 1- miyC/k
ikWyhejksa dh O;kid Jà[kyk] tks vusd xSlksa o ok"iksa ds izfr
laosnu'khy gS] dks vusd la;qXeksa esa fefJr fd;k tk ldrk gS(
2- fu{ksi.k esa lqfo/kk( 3- dejs ds lkekU; rkieku esa dk;Z djus
dh {kerk ftlls ;qfDr esa de ÅtkZ [kpZ gksrh gS2]5]6A

dEiksft+V&ikWyhej vk/kkfjr esEl xSl laosnd

fo|qr&pkyd dkcZfud ikWyhej v/kZpkyd o laosnd ;qfDr;ksa

esa iz;qDr gksus okys fo'ks"k izdkj ds inkFkksZa dh Js.kh dk fuekZ.k djrs
gSa3]5]7A bu ikWyhej inkFkksZa ij xgu 'kks/k gqvk gS ftlds QyLo:i
dbZ u, ikWyhej inkFkksZa dk fodkl gqvk gSA bu ikWyhejksa esa
ikWfy,flfVyhu] ikWfyikbjksy] ikWfy,fuyhu dk fodkl fd;k x;k
gS ftuesa ,sls fof'k"V xq.kksa dh igpku dh xbZ gS tks fd bUgsa
fofHkUu izdkj ds laosndks a tSls jklk;fud] xSl] iht+k s]
izdk'k&bysDVªkWfud o tSo laosndksa rFkk rki fLopksa vkfn ds fy,
vR;ar egRoiw.kZ inkFkZ cukrs gSa8]9A fHkUu&fHkUu la;kstuksa esa
FkSykslk;fuu] iksjQkbfju rFkk QSjkslhfu;e tSls vU; dkcZfud
ikWyhejksa us peRdkjh xSl laosnu {kerk iznf'kZr dh gSA ifj.kkeLo:i
;s ikWyhej dbZ izdkj ds esEl laosndksa esa viuh egRoiw.kZ Hkwfedk
fuHkkus ds fy, rS;kj gSaA

lkexzh ,oa fof/k

bl ;qfDr dk fuekZ.k 100mm O;kl ds flfydu lCLVªsV ij
fd;k x;kA iw.kZ fuekZ.k izfØ;k fp=k 1 esa ¶yks pkVZ ds ek/;e ls
n'kkZbZ xbZ gSA ;qfDr o lClVªsV ds chp esa vkblksysfVax ys;j ds :i
esa 200mm eksVkbZ dh 'kq"d rkih; vkWDlkbM dh ijr fodflr dh
xbZA izkjafHkd iz;ksxksa esa 1 ekbØkWu eksVkbZ ds ,Y;qfefu;e dks
laosnu'khy  bysDVªksMksa ds fy, LiVfjax izfØ;k }kjk fu{ksfir ,oa
laosnd bysDVªksM ds :i esa izfr:fir fd;k x;kA ijarq ckn ds
iz;ksxksa esa 200mm lksus dk bysDVªksM inkFkZ ds :i esa p;u fd;k
x;kA bysDVªksMksa ds izfr:i.k ds ckn] usxsfVo Vksu jsft+LV SU-8

2025 dk iz;ksx djrs gq, lw{e&dksVfjdk,a cukbZ xbZaA bl jsftLV
ds vfHky{k.khdj.k ls lacaf/kr iz;ksx igys vyx ls fd, x,A
fp=k 2¼d½ esa ?kw.kZu xfr cuke SU-8 dh eksVkbZ dk xzkQ fn[kk;k
x;k gSA rFkk fp=k 2 ¼[k½ esa SU-8 2025  ds vuqdwyre fodkl
ds fy, vuko`fÙk le; fn[kk;k x;k gSA dbZ iz;ksxksa ds vk/kkj ij
dUosD'ku vksou esa 65ºC fMxzh lsfYl;l rFkk 90ºC rkieku ij
lkW¶V csfdax le; 15 feuV r; fd;k x;k gSA bl izfØ;k dks
ckn esa okLrfod osQj ij fØ;kfUor fd;k x;kA fupys bysDVªksMksa
ij SU-8 dh 40 ekbØkWu xgjkbZ okyh lw{e dksVfjdk,a izfr:fir
dh xbZaA bu dksVfjdkvksa dks ,d dUosD'ku vksou esa 140ºC

rkieku ij gkMZ csd fd;k x;k ftlls os jklk;fud izHkkoksa ls
izfrjf{kr ,oa LFkk;h gksrh gSaA fp=k 3 ¼d½ 40 ekbØkWu xgjkbZ okys
SU-8 usxsfVo Vksu jsft+LV esa varjvkafdd izfr:i.k dk lw{e xzkQ
gS] fp=k 3 ¼[k½ dksVfjdk dh vuqizLFk dkV gSA fp=k 4 ikWyhej Hkjus
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iar ,oa vU; % i;kZoj.kh; ekWuhVju rFkk fu;a=k.k ds fy, esEl o usEl vk/kkfjr laosnd

flfydulfydulfydulfydulfydu

¼1½ osQj Dyhfuax¼1½ osQj Dyhfuax¼1½ osQj Dyhfuax¼1½ osQj Dyhfuax¼1½ osQj Dyhfuax

¼2½ vkWDlhdj.k¼2½ vkWDlhdj.k¼2½ vkWDlhdj.k¼2½ vkWDlhdj.k¼2½ vkWDlhdj.k

¼3½ /kkRohdj.k¼3½ /kkRohdj.k¼3½ /kkRohdj.k¼3½ /kkRohdj.k¼3½ /kkRohdj.k

   ¼4½ /kkrq izfr:i.k   ¼4½ /kkrq izfr:i.k   ¼4½ /kkrq izfr:i.k   ¼4½ /kkrq izfr:i.k   ¼4½ /kkrq izfr:i.k

SU-8

 ¼5½  ¼5½  ¼5½  ¼5½  ¼5½ SU-8 fu{ksi.kfu{ksi.kfu{ksi.kfu{ksi.kfu{ksi.k

¼7½ ikWyhej Hkj.k¼7½ ikWyhej Hkj.k¼7½ ikWyhej Hkj.k¼7½ ikWyhej Hkj.k¼7½ ikWyhej Hkj.k

ikWyhejikWyhejikWyhejikWyhejikWyhej

ikWyhejikWyhejikWyhejikWyhejikWyhej

lw{e flfjatlw{e flfjatlw{e flfjatlw{e flfjatlw{e flfjat

¼6½¼6½¼6½¼6½¼6½ SU-8 izfr:i.kizfr:i.kizfr:i.kizfr:i.kizfr:i.k

dksVfjdkdksVfjdkdksVfjdkdksVfjdkdksVfjdk

Au/Al

SiO
2

SiO
2

SiO
2

SU-8

Spin

fp=k 1 — ikWyhej xSl laosnd ds fuekZ.k dk ¶yks pkVZ

fp=k 2¼d½ — ?kw.kZu xfr cuke eksVkbZ
fp=k 2¼[k½ — eksVkbZ cuke SU 8 2025 jsft+LV ds fy, UV

,Dlikst+j

izfr:firizfr:firizfr:firizfr:firizfr:fir
bysDVªk sMbysDVªk sMbysDVªk sMbysDVªk sMbysDVªk sM
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ls iwoZ 8 vadksa ds Øe foU;kl ds 3.5mm × 4.5mm vkdkj esa
fufeZr ikWyhej dEiksft+V xSl laosnd fpi dk SEM ekbØksxzkQ
gSA SU-8 dksVfjdk ds lkFk ,dy dksf"Bdk ¼fp=k 5½ gSA jk"Vªh;
jklk;fud iz;ksx'kkyk ¼,ulh,y½] iq.ks esa dEiksft+V ikWyhej dk
fodkl vyx ls fd;k x;kA fQj bu dEiksft+V ikWyhejksa dks lw{e
flfjatksa dh lgk;rk ls dksVfjdkvksa esa Hkjk x;kA xksy /kkrq gsMj ij
MkbZ&ckf.Max dh xbZA gSMj tksM+us okys iSMksa ds lkFk MkbZ&iSMksa dks
rkjc) djus ds ckn ;qfDr dks fudVorhZ xSl ds laidZ esa ykus ds
fy, fNfnzr Vksih dk mi;ksx fd;k x;kA

ifj.kke o foospuk

vkjaHk esa nks dEiksft+V & (I) ih ,e ,e , esa LVkbjhu rFkk (II)
ih ,e ,e , fefJr ikWfy,uhyhu pkyd ikWyhejksa dk ehFksukWy

fp=k 3¼d½ — SU 8 2025 esa 40 ekbØkWu eksVh dkWEc Mªkbo lajpuk fp=k 3¼[k½ — 40 ekbØkWu xgjh SU 8 dksVfjdk dh vuqizLFk dkV

fp=k 4     —          ikWyhej dEiksft+V Hkjus ls iwoZ  ikWyhej dEiksft+V
xSl laosnd fpi

fp=k 5 —     ,dy dks"B
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o bFksukWy ifjos'k esa mudh pkydrk esa ifjorZu ds fy, ijh{k.k
fd;k x;kA bu dEiksft+Vksa us izfØ;k iwjh gksus esa vis{kk ls vf/kd
le; fy;kA ikWfy,uhyhu dEiksft+V dk dkcZu eksuksvkWDlkbM
laosnu ds fy, Hkh ijh{k.k fd;k x;kA dqN /kheh izfrfØ;k ds lkFk
blus bFksukWy o ehFksukWy ok"iksa ds izfr laosnu'khyrk n'kkZbZ gSA
ikWfy,fuyhu ds fy, dkcZu eksuksvkWDlkbM ds fofHkUUk lkUnz.kksa
lfgr CO + N

2
  ds feJ.k dk izfrfØ;k&oØ gS ¼fp=k 6½A

,ulh,y] iq.ks }kjk miyC/k djk, x, Pc- Ppy. Pr - Ppy. Fc

+ PPy. PC - Ppy. Fc+ PPy ij vk/kfjr vU; vusd izdkj ds
lfEeJ.kksa dks CO. NO rFkk NO

2
 ds izfr laosnu'khyrk ds fy,

tkapk x;kA 5% Pc - PPy  ¼FkSykslkbfuu ikWfyikbjksy½ lfEeJ.k
dk 100 PPM, CO xSl  ds ifjos'k esa le; ds lkFk fo|qr
izfrjks/kdrk esa vk, cnyko dks n'kkZ;k x;k gS ¼fp=k 7½A fp=k ls
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Li"V gS fd 11osa feuV esa CO dk cgko can dj nsus ij fo|qr
izfrjks/kdrk vius izkjafHkd Lrj ij vk tkrh gSA lfEefJr ikWyhej
ij vk/kkfjr xSl laosnd dh fuekZ.k&fof/k dk laiw.kZ fodkl dk;Z
iw.kZ dj fy;k x;k gSA ;g ,d de ykxr dh fuekZ.k fof/k gS
ftldk [kpZ flfydkWu dh txg dkap ds lCLVªsV iz;ksx esa ykdj
vkSj Hkh de fd;k tk ldrk gSA vyx&vyx xSlksa ds fy,
laosnu'khyrk rFkk fof'k"Vrk u, izdkj ds fofHkUu ikWyhej lfEeJksa
ds fodkl ls laHko gSA
vkHkkj

bl 'kks/k dk;Z esa iz;qDr fd, x, ikWyhej lfEeJksa dks miyC/k
djkus ds fy, ge ,ulh,y] iq.ks ds oSKkfud Mk- jk/kkd`".ku ds
izfr vkHkkj O;Dr djrs gSaA blds vfrfjDr ge viuh esEl
iz;ksx'kkyk ,oa mÙkjh CykWd Dyhu :e esa dk;Zjr lkfFk;ksa ds izfr
muds fujarj lg;ksx ds fy, ân; ls vkHkkj O;Dr djrs gSaA
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