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v)Zpkyd lkefxz;ksa ls fufeZr ekbØksbysDVª‚fud ?kVd ftUgsa 
ekbØksbysDVª‚fud v)Zpkyd midj.k dgk tkrk gS] j.kuhfrd 
ç.kkfy;ksa ds fuekZ.k [kaM gSaA BkslkoLFkk HkkSfrdh ç;ksx'kkyk 
¼,l,lih,y½] fnYyh Hkkjr ls oafpr egRoiw.kZ v)Zpkyd midj.k 
çkS|ksfxfd;ksa dks fodflr djus ds fy, viuh fo'ks"kKrk dk mi;ksx 
djrh gSA

çkS|ksfxdh fo'ks"k dk ;g vad vFkkZr~ ̂ mUur v)Zpkyd midj.k 
izkS|ksfxfd;ka^ fiNys vad ^mUur v)Zpkyd lkexzh izkS|ksfxfd;ka^ 

dh vxyh dM+h gS vkSj blesa fo|qr pqEcdh; LisDVªe ds ,e,eMCY;w] vkbZvkj] –';eku vkSj 
Vh,ptsM {ks=ksa ds fy, ,l,lih,y esa fodflr midj.k çkS|ksfxfd;ksa dks 'kkfey fd;k x;k gSA

,l,lih,y esa fofHkUu ;kSfxd v)Zpkyd çkS|ksfxfd;ksa ds Lons'kh fodkl esa jMkj] bysDVª‚fud 
okjQs;j] tSej] bZ,e lhdlZ vkSj fjeksV bestlZ esa vuqç;ksx ds fy, xSfy;e ukbVªkbM ¼GaN½ 

vk/kkfjr eksuksfyfFkd ekbØksoso baVhxzsVsM lfdZV ¼,e,evkbZlh½ 'kkfey gSaA fufeZr ,e,evkbZlh 
esa Lons'kh xSfy;e ukbVªkbM rduhd ij vk/kkfjr ikoj ,EiyhQk;j ¼ih,½] de 'kksj okys 
,EiyhQk;j ¼,y,u,½] flaxy iksy Mcy Fkzks fLop ¼,lihMhVh½ vkSj Vªkalfjlhoj fpIl 'kkfey 
gSaA bu mRiknksa ds fy, mi;ksx dh tkus okyh ,fiVSfDl;y lkexzh Hkh ,l,lih,y esa fodflr 
dh xbZ gSA xSfy;e ukbVªkbM vkSj xSfy;e vklsZukbM ¼GaAs½ çkS|ksfxfd;ksa ij vk/kkfjr flaxy 
,feVj v)Zpkyd ystj Mk;ksM Hkh funsZf'kr ÅtkZ gfFk;kj ¼MhbZMCY;q½] foLQksVd foLQksV vkSj 
varTkZyh; lapkj ds fy, lhM ystj ds :i esa mi;ksx ds fy, Lons'kh :i ls fodflr fd, 
x, gSaA

xSVsd ¼GAETEC½ esa mRiknu ds fy, xSfy;e ukbVªkbM ,e,evkbZlh] xSfy;e 
vklsZukbM vkSj xSfy;e ukbVªkbM&vk/kkfjr ystj Mk;ksM dh Lons'kh rduhdsa LFkkfir 
dh xbZ gSaA vkbZvkj lsalj 'k‚VZ oso vkbZvkj ¼,lMCY;wvkbZvkj½] ehfM;e oso vkbZvkj 
¼,eMCY;wvkbZvkj½] vkSj y‚Ux oso vkbZvkj ¼,yMCY;wvkbZvkj½ ij vk/kkfjr vkbZvkj 
bestlZ dk ân; gSA tSlk fd fiNys vad esa crk;k x;k Fkk] ,l,lih,y us vkbZvkj 
lkexzh fodkl esa vkRefuHkZjrk gkfly dh gS tcfd vkbZvkj Nfo;ksa ds fy, vxz.kh lHkh  
ifj/kh; çkS|ksfxfd;ka igys ls gh mRiknu esa gSa] ,elhVh] Vh2,l,y vkSj ,lvkbZ ,ebZ,e,l 
ij vk/kkfjr vkbZvkj lsalj rduhd ifjiDo gks xbZ gSA lsaljksa dks j[kus ds fy, nsokj vkSj 

vfrfFk laiknd dh dye ls



4 5

izkS|ksfxdh fo'ks"k

[kaM 11] vad 3] ebZ&twu 2023 www.drdo.gov.in

MkW lhek fouk;d  
mRd`"V oSKkfud ,oa funs'kd] ,l,lih,y

Øk;kstsfud rkieku ij nsokj dks cuk, j[kus ds fy, LVfyaZx dwyj dks mRiknu esa LFkkukarfjr 
dj fn;k x;k gSA ,llh,y] paMhx<+ esa ,lvkbZ jhM vkmV baVhxzsVsM lfdZV ¼vkjvksvkbZlh½ dk 
mRiknu py jgk gSA

lqjf{kr vkSj lSU; midj.kksa] lhchvkj,u vkSj fge fgeL[kyu dh Hkfo";ok.kh ds fy, lsalj 
fodflr fd, x, gSa vkSj mRiknu ds fy, m|ksxksa esa LFkkukarfjr dj fn, x, gSaA DokaVe vkSj 
Vh,ptsM mHkjrh gqbZ çkS|ksfxfd;ka gSa ftUgsa ,l,lih,y esa lsalj] besftax vkSj daI;wfVax esa Hkfo"; 
ds vuqç;ksxksa ds fy, Hkh viuk;k tk jgk gSA xSVsd vkSj LVkdZ ik;yV mRiknu ,Q,ch QkmaMªh gSa 
tks u dsoy ,l,lih,y esa fodflr çkS|ksfxfd;ksa dks vo'kksf"kr djrs gSa cfYd LFkkiuk fujh{k.k esa 
,l,lih,y ds lkFk ,d çrhdkRed lk>snkjh Hkh j[krs gSaA

ikBdksa dh vklku le> ds fy,] ;g vad fuekZ.k çfØ;kvksa lfgr ljy 'kCnksa esa midj.k  
vo/kkj.kkvksa ij /;ku dsafær dj jgk gSA ,l,lih,y }kjk fodflr midj.kksa vkSj lfdZVksa dks 
igys gh fofHkUu j{kk vkSj varfj{k vfHk;kuksa esa lQyrkiwoZd ykxw fd;k tk pqdk gSA eq>s ;dhu 
gS fd ;g vad ikBdksa dks vko';d egRoiw.kZ v)Zpkyd midj.k çkS|ksfxfd;ksa ds mHkjrs #>kuksa 
vkSj Hkfo"; dh fn'kkvksa ds ckjs esa uohure tkudkjh çkIr djus dh vuqefr nsxkA çR;sd vuqHkkx 
esa eq[; ys[k vR;k/kqfud bugkml ifj.kkeksa dh LuSi&'k‚V vkSj feuh leh{kk çLrqr djrs gSa] ftlls 
;g eqík mUur vkSj Hkfo"; dh midj.k çkS|ksfxfd;ksa ds fodkl ij dke djus okys bathfu;jksa] 
oSKkfudksa vkSj Nk=ksa ds }kjk vo'; i<+k tkuk pkfg,A 
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mUur v)Zpkyd midj.k çkS|ksfxfd;k¡

Lons'kh xSfy;e ukbVªkbM ,e,evkbZlh 
çkS|ksfxdh

xSfy;e ukbVªkbM ¼GaN½&vk/kkfjr gkbZ bysDVª‚u 
eksfcfyVh VªkaftLVj ¼,pbZ,eVh½ rduhd vk/kqfud j{kk 
vkj,Q vkSj bysDVª‚fud ;q) ç.kkfy;ksa esa Økafr yk jgh 
gSA ;g rduhd mPp vko`fÙk ij mPp jSf[kdrk vkSj mPp 
n{krk ds lkFk mPp 'kfä çnku djus dh {kerk j[krh gSA 
bu ykHkksa ds dkj.k] bls jMkj] mixzg lapkj vkSj Hkq&lSU; 
lapkj tSls fofHkUu çdkj ds vuqç;ksxksa esa mi;ksx fd;k tk 
jgk gSA xSfy;e ukbVªkbM&vk/kkfjr ,pbZ,eVh rduhd 
fo'ks"k :i ls vkj,Q pkfyr vuqç;ksxksa ds fy, ekStwnk 
xSfy;e vklsZukbM ¼GaAs½ eksuksfyfFkd ekbØksoso baVhxzsVsM 
lfdZV ¼,e,evkbZlh½ ij egRoiw.kZ ykHk çnku djrh gSA 
;g eq[; :i ls xSfy;e ukbVªkbM midj.kksa ls tqM+s cgqr 
mPp czsdMkmu {ks=ksa ds dkj.k mPp oksYVst ij dke djus 
dh {kerk ds dkj.k gSA blds vfrfjä] xSfy;e ukbVªkbM 
midj.k cgqr vf/kd vojks/k çnku djrs gSa ftlds  
ifj.kkeLo:i vkj,Q ikoj ,EiyhQk;j ,dh—r lfdZV 
esa de tfVy feyku usVodZ dh vko';drk gksrh gSA 
dqy feykdj] xSfy;e ukbVªkbM rduhd çfrLi/khZ vkj,Q 
çkS|ksfxfd;ksa dh rqyuk esa vkj,Q vkbZlh ds vkdkj dks 

nl xquk ;k mlls Hkh vf/kd de dj nsrh gSA blds 
vykok] mPp n{krk ds lkFk de orZeku lapkyu ls fo|qr 
dh cpr gksrh gS vkSj flLVe dks BaMk djus dh ykxr de 
gks tkrh gSA blfy, xSfy;e ukbVªkbM&vk/kkfjr ikoj 
,EiyhQk;j lfØ; bysDVª‚fud :i ls LdSu fd, x, ,js 
¼,bZ,l,½ jMkj vkSj lapkj ç.kkfy;ksa esa orZeku Vªkalhoj 
¼Vh@vkj½ e‚Mîwy dk ân; dgykrs gSaA

,l,lih,y us vkj,Q vuqç;ksxksa ds fy, xSfy;e 
ukbVªkbM&vk/kkfjr lkexzh] mPp 'kfä midj.kksa vkSj 
,e,evkbZlh esa nh?kZdkfyd vkRefuHkZjrk çkIr djus ds fy, 
Lons'kh ,Y;qfefu;e xSfy;e ukbVªkbM@xSfy;e ukbVªkbM 
ikoj ,pbZ,eVh lkexzh vkSj midj.k fuekZ.k rduhd 
fodflr dh gSA blesa ¼i½ ,fi&osQj xzksFk ¼ii½ midj.k 
fleqys'ku ¼iii½ midj.k fuekZ.k] vkSj ¼iv½ Mhlh] vkj,Q 
vkSj mPp 'kfä midj.kksa ds yksM iqy eki ds fy, çfØ;k 
fu;a=.k vkSj y{k.k o.kZu i)fr;ksa dk fodkl 'kkfey FkkA 
fujarj lh[kus dh çfØ;k vkSj le> esa o`f)'khy lq/kkj 
ds vk/kkj ij çfØ;k ifjiDork ds fy,] 50V Mªsu ck;l 
rd lapkyu {kerk vkSj ,l@lh cSaM] esa ~10 okV/feeh 

lkexzh ls fdlh fof'k"V vuqç;ksx ds varj dks 
ikVus ds fy, v)Zpkyd midj.k vko';d ?kVd gSaA 
BkslkoLFkk HkkSfrdh ç;ksx'kkyk ¼,l,lih,y½ ukxfjd 
@j{kk vuqç;ksxksa ds fy, egRoiw.kZ fofHkUu midj.k 
çkS|ksfxfd;ksa ij dke djrh gSA eq[; Qksdl vkj,Q] 
QksVksfuDl vkSj vkbZvkj fMVsDVj vuqç;ksxksa ds fy, daikmaM  
v)Zpkyd midj.k çkS|ksfxfd;ksa ij etcwr Qksdl 
ds lkFk vfHkuo midj.k lek/kku fodflr djuk gSA 
blesa xSfy;e vklsZukbM] xSfy;e ukbVªkbM] vkSj ejdjh 
dSMfe;e VsyqjkbM tSlh v)Zpkyd lkefxz;ksa vkSj ns'kksa 
dh j.kuhfrd vko';drkvksa ds fy, egRoiw.kZ u, vkSj  
vf/kd 'kfä'kkyh vuqç;ksxksa dh fn'kk esa ^çkS|ksfxdh&iq'k^ 
çnku djus okyh lacaf/kr lkefxz;ksa ij miU;kl midj.k  
vo/kkj.kk,a 'kkfey gSaA

,l,lih,y xSfy;e vklsZukbM@xSfy;e ukbVªkbM 
gkbZ bysDVª‚u eksfcfyVh VªkaftLVj ¼,pbZ,eVh½ vk/kkfjr 
ekbØksoso eksuksfyfFkd baVhxzsVsM lfdZV ¼,e,evkbZlh½] 

ystj Mk;ksM vkSj ,lMCY;wvkbZvkbZvkj@,eMCY;wvkbZvkj 
Qksdy Iysu ,jst ¼,Qih,½ vfHkdYiu@fodkl vkSj 
fof'k"V vuqç;ksxksa ds lkFk&lkFk mUur Hkfo";xr  
v)Zpkyd midj.k ds ,dhdj.k dh xfrfof/k;ksa dks doj 
djrk gSA

,l,lih,y }kjk fodflr midj.k vkSj lfdZV fofHkUu 
j{kk vkSj varfj{k vfHk;kuksa esa dk;kZfUor fd, tkrs gSaA 
,l,lih,y v)Zpkyd midj.k çkS|ksfxfd;ksa ij vuqla/kku 
,oa fodkl ij fo'ks"k /;ku nsrk gS tks ckgj ls vklkuh 
ls miyC/k ugha gSa vkSj j.kuhfrd ?kjsyw vko';drkvksa 
dks iwjk djus ds fy, vko';d gSaA ;g v/;k; eq[; 
:i ls xSfy;e vklsZukbM MESFET/,pbZ,eVh&vk/kkfjr 
,e,evkbZlh, xSfy;e ukbVªkbM ,pbZ,eVh&vk/kkfjr 
,e,evkbZlh] ystj Mk;ksM vkSj bf.M;e xSfy;e vklsZukbM 
xSj'khr@ejdjh dSMfe;e VsyqjkbM 'khr vkbZvkj ,Qih, 
ls doj gksus okyh bu&gkml fodflr fuekZ.k çfØ;kvksa 
lfgr midj.k çkS|ksfxfd;ksa ij dsafær gSA
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dh ikoj ?kuRo] ,Dl cSaM esa 5 okV/feeh ds lkFk âkl 
eksM esa ,Y;qfefu;e xSfy;e ukbVªkbM@xSfy;e ukbVªkbM 
,pbZ,eVh dk lQy çn'kZu çkIr dj fy;k gSA gky gh esa] 
,l,lih,y us Ku cSaM ij 3-5 okV/feeh ikoj ?kuRo okys 
,pbZ,eVh midj.kksa dk Hkh çn'kZu fd;kA

Lons'kh çfØ;k ds vk/kkj ij] ,l,lih,y us ,Dl&cSaM 
rd dke djus okys ,e,evkbZlh dks vfHkdYiu djus ds 
fy, xSfy;e ukbVªkbM ihMhds fodflr vkSj tkjh fd;kA 
bl ihMhds dk mi;ksx 130 MCY;w ,l&cSaM mPp 'kfä 
midj.kksa ds lkFk&lkFk xSfy;e ukbVªkbM ,e,evkbZlh 
tSls lh] vkSj ,Dl&cSaM ikoj ,EiyhQk;jksa] de 'kksj 
,EiyhQk;jksa vkSj fLop lfdZV lfgr mPp 'kfä vlrr 
ckj dks vfHkdYiu djus ds fy, fd;k x;k gSA

xSfy;e ukbVªkbM ,pbZ,eVh midj.k çfØ;k 
çkS|ksfxdh

,pbZ,eVh fuekZ.k esa cM+h la[;k esa bdkbZ çfØ;k,a 
'kkfey gSa ftUgsa okafNr fo'oluh; iqu#Riknuh; {kerk 
ds lkFk midj.k dks lkdkj djus ds fy, ,dh—r 
djus dh vko';drk gSA ,l,lih,y us ,Y;qfefu;e 
xSfy;e ukbVªkbM/xSfy;e ukbVªkbM ,pbZ,eVh ds fuekZ.k 
ds fy, vko';d lHkh çfØ;k,a fodflr dh gSa] vFkkZr~ 
vksfed vkSj LdkWVh laidZ] lrg fuf"Ø;rk] bZ&che 
fyFkksxzkQh] midj.k vyxko vkSj xsV fLyV uDdk'kh 
ds fy, vkjvkbZbZ, bEIykaV vyxko] fy¶V&v‚Q vkSj 
bysDVªksIysfVax }kjk baVj&dusDV xBuA Øe'k% 26 
xhxkgVZ~t vkSj 34 xhxkgVZ~t dh dV&v‚Q vko`fÙk;ksa ds 
lkFk 0-4 µm vkSj 0-25 µm dh xsV yackbZ okys midj.kksa 
dk fuekZ.k fd;k x;k gSA fdlh fo'ks"k xSfy;e ukbVªkbM 
,pbZ,eVh ds vf/kdre çn'kZu dks çkIr djus ds fy,] tks 
fo'ks"krk,a vf/kdre egRo j[krh gSa os gSa mPp v‚Q&LVsV 
czsdMkmu oksYVst] orZeku iru neu] de xsV vkSj cQj 
fjlko vkSj de voLFkk çfrjks/kA fleqys'ku] çfØ;k 
çkS|ksfxdh fodkl vkSj y{k.k o.kZu ds ek/;e ls bu lqfo/kkvksa 
dk vuqdwyu ,l,lih,y esa gkfly fd;k x;k gSA çfØ;kvksa 
dks ,evkslhohMh vkSj ,echbZ }kjk Lons'kh :i ls fodflr 
lkexzh ds lkFk&lkFk vk;kfrr lkexzh ij Hkh ,dh—r 
fd;k x;k gSA eq[; çkS|ksfxdh lQyrkvksa esa czsdMkmu 
oksYVst ij fu;a=.k vkSj midj.k dh lrg fuf"Ø;rk ds 
ckn ?kqVuksa dk de pyuk 'kkfey gSA midj.k czsdMkmu 
oksYVst esa lq/kkj ds fy, xsVksa ij QhYM IysVsa 'kkfey dh 
xbZ gSaA çkS|ksfxdh dk flfydkWu dkckZbM  lcLVªsV~l ij 

75 feeh ,Y;qfefu;e xSfy;e ukbVªkbM/xSfy;e ukbVªkbM 
ij fodflr fd;k x;k gS ¼fp= 1½A

1 ,@feeh ihd Mªsu djaV ?kuRo] ~230 ,e,l@
feeh dk Mhlh Vªkal&daMDVsal vkSj 5-0&6-0 
okV@feeh ls ,Dl&cSaM rd ,DlVªkiksysVsM ikoj vkmViqV 
ds lkFk âkl eksM ,pbZ,eVh midj.k 28 oksYV v‚ijs'ku 
ij gkfly fd, x, gSaA eq[; çfØ;k iSjkehVj rkfydk 1 
esa fn[kkbZ xbZ gSA

fp= 1- 75 feeh SiC lcLVªsV~l ij GaN/AlGaN ij 
,l,lih,y esa fufeZr midj.k

bdkbZ çfØ;k çkIr ifj.kke
vkjvkbZbZ }kjk eslk vyxko@
eslk ls eslk fjlko ds lkFk 
çR;kjksi.k vyxko

~40 nA@ 100 V 

,Qvks,e ds lkFk nksgjk, tkus 
;ksX; vksfed laidZ

0.3-0.6 ohm-mm 

nksgjk, tkus ;ksX; Vf ds lkFk 
LdkWVdh laidZ

0.9-1.2 V@ 1 mA/mm 

fjolZ LdkWVdh czsdMkmu -80 V @ 1 mA/mm 

PECVD vkSj ICPCVD }kjk 
Hkwry fuf"Ø;rk

U;wure uh o‚dvkmVA  
U;wure /kkjk iru

7-2 feeh dh xsV pkSM+kbZ okys iSdsTM midj.k dks 
3 xhxkgVZ~t ij ,l&cSaM esa 30 okV dh lar`Ir vkmViqV 
ikoj ds lkFk ekik x;k gSA bu&gkml fodflr ck;l Vh 
us cM+s ifjf/k midj.kksa ds v‚u&osQj yksM iqy eki dks 
l{ke fd;k gSA eNyh dh gìh ds foU;kl okys 3 feeh 
midj.kksa dks 15 okV ¼fp= 2½ dh lar`Ir vkmViqV ikoj 
ds lkFk osQj eksM esa ekik tk ldrk gSA

rkfydk 1- çfØ;k iSjkehVj
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leorhZ :i ls] xSfy;e ukbVªkbM mRiknksa ds fy, 
mRiknu lqfo/kk cukus ds fy, xSVsd] gSnjkckn esa xSfy;e 
ukbVªkbM midj.k fuekZ.k rduhd ykxw dh tk jgh gS] 
ftlls ns'k xSfy;e ukbVªkbM ,e,evkbZlh rduhd esa 
vkRefuHkZj gks tk,xkA 

vxyh ih<+h ds vkj,Q iz.kkyh ds fy, 
,e,evkbZlh&l{ke çkS|ksfxdh

xSfy;e ukbVªkbM ,pbZ,eVh dks ;k rks gkbfczM 
vkj,Q ekbØksoso baVhxzsVsM lfdZV ¼,evkbZlh½ e‚Mîwy esa 
vlrr lfØ; midj.kksa ds :i esa ;k ,e,evkbZlh cukus 
ds fy, ,Y;qfefu;e xSfy;e ukbVªkbM/ xSfy;e ukbVªkbM 
osQj ij vU; fuf"Ø; rRoksa ds lkFk la;kstu esa mi;ksx 
fd;k tk ldrk gSA ¼fp= 3½  

,l,lih,y us Lons'kh xSfy;e ukbVªkbM&vk/kkfjr 

fp= 2 ¼,½. SiC ij GaN/AlGaN gsVjksLVªDpj ij ,l,lih,y esa fufeZr 30 
fQaxj 3 feeh GaN HEMT fMokbl dh FESEM Nfo

fp= 2 ¼ch½. GaN HEMT fMokbl lClVªsV esa nks lzksr iSM ds chp ,;j&fczt 
dusD'ku dh FESEM Nfo

,e,evkbZlh rduhd dk çn'kZu fd;k gS vkSj ikoj 
,EiyhQk;jksa] de 'kksj okys ,EiyhQk;jksa vkSj ,Dl&cSaM 
rd ds vuqç;ksxksa ds lkFk vkj,Q fLop lfgr xSfy;e 
ukbVªkbM&vk/kkfjr ,e,evkbZlh fodflr fd;k gSA 
vfHkdYiu djus esa ,d egRoiw.kZ dne ds :i esa xSfy;e 
ukbVªkbM&vk/kkfjr ,e,evkbZlh fuf"Ø; ?kVdksa ¼izsjdRo] 
la/kkfj=] xSfy;e ukbVªkbM] vkSj fufdy Øksfe;e çfrjks/kd½ 
dk ,d iqLrdky; gS vkSj lfØ; ?kVdksa dks vfHkdYiu 
vkSj e‚Mfyax fd;k x;k gSA ,l,lih,y us ,e,evkbZlh 
çkfIr ds fy, lfØ; midj.kksa ds lkFk fuf"Ø; ?kVdksa ds 
fuekZ.k dks ,dh—r djus dh iwjh çfØ;k rS;kj dh gS vkSj 
,Dl&cSaM rd ih,] ,y,u, vkSj fLop ,e,evkbZlh dk 
çn'kZu fd;k gSA ¼fp= 4½

fp= 3- GaAs cuke GaN esa leku 'kfä ds fy, fMokbl T;kfefr dh rqyuk

fp= 4- ,;j fczt çkS|ksfxdh ds lkFk fufeZr fuf"Ø; ?kVdksa dh 
FESEM Nfo
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ekbØksoso vko`fÙk;ksa ij ,Y;qfefu;e xSfy;e ukbVªkbM/ 
xSfy;e ukbVªkbM ,pbZ,eVh midj.kksa ds fy, ok;k&gksy 
baVjdusD'ku rduhd cgqr egRoiw.kZ gSA ;s lajpuk,a 
mPp vko`fÙk;ksa ij iSjklkbZfVd deh esa enn djrh gSaA 
,l,lih,y us bu&gkml ok;k&gksy rduhd fodflr 
dh gS vkSj lkslZ xzkmafMax ds fy, flfydkWu dkckZbM 
lClVªsV ij ,Y;qfefu;e xSfy;e ukbVªkbM/xSfy;e 
ukbVªkbM ,pbZ,eVh&vk/kkfjr midj.kksa@,e,evkbZlh esa 
ykxw dh gSA ok;k lkslZ xzkmaM ds lkFk fufeZr midj.k dh 
fiNyh rjQ dh Nfo fp= 5 esa fn[kkbZ xbZ gSA lHkh lfØ; 
vkSj fuf"Ø; ?kVdksa dks ok;k ds lkFk fufeZr fd;k x;k gSA

xSfy;e ukbVªkbM gkbZ ikoj e‚Mîwy 

Lons'kh :i ls fufeZr xSfy;e ukbVªkbM ,pbZ,eVh 
midj.kksa dk mi;ksx djds ,l,lih,y esa 1-7&2-1 GHz 
dh vko`fÙk jsat ds fy, ,d CW  jSf[kd 10 okV ,evkbZlh 
ikoj ,EiyhQk;j e‚Mîwy fMtkbu fd;k x;k gSA ikoj 
,EiyhQk;j us 45 Mhch ds NksVs flXuy ykHk vkSj 35 
Mhchlh ls csgrj rhljs Øe ds vkbZ,eMh dk çn'kZu fd;k 
gSA ih, e‚Mîwy dh vlsacyh xSVsd esa dh xbZ gSA ;g 
dk;Z iw.kZ Lons'khdj.k dh fn'kk esa ,d dne gSA e‚Mîwy 
QksVksxzkQ fp= 6 esa fn[kk;k x;k gSA fodflr ih, e‚Mîwy 
dk ekik x;k vkj,Q fu"iknu fp= 7 ¼,½ vkSj fp= 7 ¼ch½ 
esa fn[kk;k x;k gSA

fp= 5- GaN HEMT ij fufeZr cSd&lkbM ok;k&gksy dh FESEM Nfo

xSVsd vkSj ,d futh Hkkxhnkj ds lkFk 130 W ,l&cSaM 
xSfy;e ukbVªkbM ,pbZ,eVh ikoj ckj Hkh lQyrkiwoZd 
fodflr fd;k x;k gSA 1000 iSdsTM vlrr fctyh midj.k 
fodflr fd, x, vkSj bysDVª‚fuDl vkSj jMkj fodkl 
çfr"Bku ¼,yvkjMhbZ½ dks forfjr fd, x,A tSlk fd fp= 
8 esa fn[kk;k x;k gS] iSdsTM midj.k 3-1&3-5 xhxkgVZ~t ds 
okafNr vko`fÙk cSaM ij lHkh fof'k"Vrkvksa dks iwjk dj jgs gSaA 

fp= 6- CW 10okV yhfu;j ikoj ,EiyhQk;j

fp= 8- iSdsTM 130 okV GaN HEMT fMokbl

fp= 7 ¼,½- ikoj ,EiyhQk;j dk NksVk flXuy çn'kZu

fp= 7 ¼ch½- ikoj ,EiyhQk;j dk vkmViqV

,l,lih,y us fodkl Hkkxhnkjksa ds lkFk feydj 
xSfy;e ukbVªkbM&vk/kkfjr CW 1 fdyksokV ;q,p,Q mPp 
'kfDr ,EiyhQk;j ;wfuV dks vfHkdfYir vkSj fodflr 
fd;k gSA bls ,dh—r ijh{k.k ifjlj ¼vkbZVhvkj½] ckyklksj 
esa Vsyh&dekaM flLVe esa lQyrkiwoZd ,dh—r fd;k x;k 
gS tks lHkh vko';d mi;ksxdrkZ fofunsZ'kksa dks iwjk dj 
jgk gSA vHkh rd ,sls gh midj.k vk;kr fd;s tk jgs FksA 
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xSfy;e ukbVªkbM ,e,evkbZlh ikoj ,EiyhQk;j] 
de 'kksj ,EiyhQk;j] fLop vkSj Vhvkj fpIl

xSfy;e ukbVªkbM ,pbZ,eVh&vk/kkfjr lh vkSj ,Dl  
cSaM ikoj ,EiyhQk;j ,e,evkbZlh de 'kksj ,EiyhQk;j 
vkSj fLop lfdZV lQyrkiwoZd fodflr ¼ckgjh ihMhds 
vk/kkfjr½ vkSj çnf'kZr fd, x, gSaA 40 okV ikmV ds lkFk 
lh cSaM ¼5-4&5-9 xhxkgVZ~t½ vkSj 13 okV] 20 okV vkSj 30 
okV ikmV ds lkFk ,Dl cSaM ¼9&10 xhxkgVZ~t½ esa xSfy;e 
ukbVªkbM ,e,evkbZlh ikoj ,EiyhQk;jksa dks ;w,e,l 
ihMhds dk mi;ksx djds fMtkbu] fufeZr vkSj fpf=r 
fd;k x;k gSA Vhe us xSfy;e ukbVªkbM vk/kkfjr 10 okV 
C-Ku cSaM vkSj 10 okV Ku cSaM mPp 'kfä ,EiyhQk;jksa] 
de 'kksj ,EiyhQk;jksa vkSj fLop ,e,evkbZlh dk çn'kZu 
fd;k] tks vxyh ih<+h ds bysDVª‚fud ;q) vkSj lk/kd 
vuqç;ksxksa ds fodkl ds fy, cM+h la[;k esa vko';d gSaA 
¼fp= 9½

jMkj vuqç;ksxksa ds fy,] ikoj ,EiyhQk;j] de 'kksj 
okys ,EiyhQk;jksa lfgr Lons'kh ,l cSaM 130 MCY;w vkSj 
,Dl cSaM ,e,evkbZlh dks vfHkdfYir fd, x, fofunsZ'kksa 
dks iwjk djrs gq, vfHkdYiu] fufeZr vkSj ijh{k.k fd;k x;k 
gSA ¼fp= 10½

fp= 9- ds;w cSaM fLop] ,y,u, vkSj ikoj ,EiyhQk;j

vkbZvkj,Qih,
ç—fr dh [kkst vkSj ekuo tkfr dh HkykbZ ds fy, 

çk—frd ?kVuk dks fu;af=r djus vkSj mi;ksx djus dh 
{kerkvksa dks fodflr djus ds fy, ekuo {kerk ls ijs 
laosnuk cgqr mi;ksxh vkSj vkd"kZd jgh gSA ekuo tkfr 
ds bfrgkl esa] bl fn'kk esa dbZ ç;kl fd, x, vkSj dbZ 
vyx&vyx çdkj ds lsalj fodflr fd, x, tks ekuo 
laosnuk esa lgk;rk djrs gSaA bUÝkjsM lsalj muesa ls dqN 
gSa tks mu rjax nS/;Z cSaM ls vf/kd rjax nS/;Z dks ns[kus 
dh {kerk çnku djrs gSa ftUgsa euq"; dh tSfod vka[kksa  
}kjk eglwl fd;k tk ldrk gSA

bUÝkjsM flLVe dk mi;ksx j{kk] varfj{k] dkuwu 
çorZu] FkeksZxzkfQd fujh{k.k] [kxksyfonksa vkSj dbZ vU; 
vuqç;ksxksa esa fd;k tkrk gSA vkbZvkj besftax va/ksjs esa ns[kus 
esa l{ke cukrh gS D;ksafd ;g –';@oLrqvksa }kjk mRlftZr 
rkih; ÅtkZ dks eglwl djrh gSA ;g fuf"Ø; besftax dks 
Hkh lqfuf'pr djrk gS tks nq'eu }kjk irk yxkus ls cpus 
ds fy, j{kk vuqç;ksxksa ds fy, cgqr egRoiw.kZ gSA vkbZvkj 
besftax dh ,d vU; egRoiw.kZ fo'ks"krk dksgjs] /kwy vkSj  
/kq,a esa –';rk gS D;ksafd vkbZvkj fofdj.k muds ek/;e ls 
ços'k dj ldrk gSA budk mi;ksx fuxjkuh ls ysdj mPp 
çn'kZu y{; [kkst] VªSd] vf/kxzg.k vkSj ekxZn'kZu tSls 
fe'kuksa esa fd;k tkrk gSA mPp çn'kZu okys bUÝkjsM lsalj 
jkf= –f"V çkS|ksfxdh ds lcls egRoiw.kZ rRo gSaA ;q){ks= 
ifj–'; esa mHkjrs #>ku] [krjs dh /kkj.kk] de rhozrk okys 
la?k"kZ@foæksg dk eqdkcyk djus ds dkj.k bUÝkjsM Qksdy 
Iysu ,jst ¼vkbZvkj,Qih,½ ds fodkl esa rsth ls rduhdh 
çxfr gqbZ gS] ftlesa lw{e vkdkj ds bUÝkjsM lsalj ftls 
FkeZy besftax dSejs esa çdkf'kdh ds Qksdy ry ij j[kk 
x;k gS dh 2&Mh LVkfjax lkj.kh 'kkfey gSA vkbZvkj,Qih, 
fnu vkSj jkr esa ifjpkyu dh vuqefr nsrk gSA 

–'; rkieku esa NksVs varj dks vyx djus ds fy, 
'khr FkeZy besftax dSejs lcls laosnu'khy çdkj ds dSejs 
gSaA ;s os gSa ftUgsa ;q) ifj–';ksa ;k lSU; okrkoj.k ds nkSjku 
ilan fd;k tkrk gSA ;s oLrqvksa ds chp rkieku ds lcls 
NksVs varj dk irk yxk ldrs gSaA c<+h gqbZ çn'kZu lhek,a 
vkSj bUÝkjsM fuxjkuh] ukbV fotu dSejs] fpfdRlk funku 
esa FkeZy besftax vkfn ds fy, mi;ksxdrkZvksa }kjk okafNr 
ykxr esa deh] bl egRoiw.kZ {ks= esa fujarj vuqla/kku vkSj 
fodkl ds fy, vko';d gSA blfy, de ykxr ds lkFk 
okafNr çn'kZu çkIr djus ds fy, lkexzh dh xq.koÙkk] 
fMVsDVj çkS|ksfxdh vkSj lacaf/kr bysDVª‚fuDl esa fujarj  
lq/kkj dh vko';drk gSA xSj'khr vkbZvkj,Qih, mPp 
çn'kZu okys 'khr vkbZvkj,Qih, dh rqyuk esa de 

Hkfo"; ds bysDVª‚fud ;q) ç.kkfy;ksa vkSj jkMkj dh 
orZeku vko';drkvksa dks ns[krs gq,] xSfy;e ukbVªkbM 
vkj,Q bysDVª‚fuDl ds fy, ilanhnk rduhd cu x;k 
gSA blfy,] O;kolkf;d :i ls O;ogk;Z xSfy;e ukbVªkbM 
lkexzh vkSj ,e,evkbZlh çkS|ksfxdh LFkkfir djuk ,d 
egRoiw.kZ y{; gS ftls ,l,lih,y vkSj xSVsd iwjk 
djus ds fy, çfrc) gSaA ;g j.kuhfrd ç.kkfy;ksa dh 
Hkfo"; dh lHkh vko';drkvksa dks iwjk djus ds fy, 
xSfy;e ukbVªkbM çkS|ksfxdh esa vkRefuHkZjrk dh fn'kk esa 
,l,lih,y dk ;ksxnku gSA

fp= 10- ¼,½ 130 okV ikoj ckj ¼ch½ ikoj ,EiyhQk;j ¼lh½ de 'kksj okys           	
						      ,EiyhQk;j 
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laosnu'khy vkSj /khes gksrs gSaA gkyk¡fd] os vke rkSj ij cgqr 
de egaxs gksrs gSa vkSj 'khr vkbZvkj,Qih, dh rqyuk esa 
muesa SWaP, vFkkZr vkdkj] otu vkSj fctyh dh vko';drk,a 
de gksrh gSaA bu lsaljksa dk fuekZ.k de pj.kksa esa vf/kd 
iSnkokj ds lkFk fd;k tk ldrk gSA mUgsa de egaxh oSD;we 
iSdsftax dh vko';drk gksrh gS D;ksafd mUgsa Øk;ksdwyj 
dh vko';drk ugha gksrh gS] tks cgqr egaxs midj.k gSa 
vkSj 'khr vkbZvkj,Qih, dh yacs le; rd fo'oluh;rk 
dks [kjkc djrs gSaA leku ifjpkyu fLFkfr;ksa ds rgr 
mudk lsok thou dkQh yack gksrk gSA fdlh Hkh [krjs ls 
cpus ds fy, lqj{kk vuqç;ksxksa dks vDlj dSejksa ds fujarj 
lapkyu dh vko';drk gksrh gSA vkbZvkj besftax cktkj 
esa 'khr vkSj xSj'khr lsalj lsxesaV esa yxkrkj c<+rh ekax 
ns[kh tk jgh gSA 

,l,lih,y fiNys dbZ o"kksaZ ls 'khr vkSj xSj'khr 
nksuksa vkbZvkj,Qih, ds fodkl ij dke dj jgk gSA 
vkbZvkj,Qih,] ç;ksx'kkyk dk ,d çeq[k {ks= gS] ftlesa 
lkexzh fodkl ls ysdj vafre ,dh—r midj.k rd 
vR;k/kqfud çkS|ksfxdh 'kkfey gSA

,lMCY;wvkbZvkj ,Qih,

'k‚VZ oso bUÝk&jsM ¼,lMCY;wvkbZvkj½] ukeek= 1&3 
µm rjax nS/;Z jsat] –';eku ¼VIS] rjax nS/;Z ds 0-4& 
0-8 µm cSaM½ vkSj feM&oso baÝk&jsM ¼,eMCY;wvkbZvkj] 
rjax nS/;Z ds 3&5 µm cSaM½ ds chp fLFkr fo|qr pqEcdh; 
LisDVªe dk {ks= gS vkSj blfy,] nksuksa çdkj ds ykHkksa dk 
vkuan ysrk gSA ,d vksj] rjax nS/;Z ,eMCY;wvkbZvkj ls 
de gksus ds dkj.k] ;g ,eMCY;wvkbZvkj }kjk çnku dh 
xbZ rqyuk esa csgrj fjt‚Y;w'ku çnku djrk gSA nwljh 
vksj ohvkbZ,l dh rqyuk esa ,lMCY;wvkbZvkj dh yach rjax 
nS/;Z csgrj ok;qeaMyh; lapj.k nsrh gSA ,eMCY;wvkbZvkj 
dh rqyuk esa ,lMCY;wvkbZvkj dk ,d vU; ykHk mRlftZr 
fp= ds ctk; besftax ds fy, ijkofrZr çdk'k dk mi;ksx 
gS] tks lfØ; lzksr ;k jkr dh ped ds lkFk csgrj igpku 
{kerkvksa ¼;q) ifj–'; esa fe=&;k&nq'eu dh igpku½ dk 
leFkZu djrk gSA blfy,] ,lMCY;wvkbZvkj esa besftax mu 
fLFkfr;ksa vkSj vuqç;ksxksa esa mi;ksxh daVªkLV yk ldrh 
gS tgka –';eku ;k MW/ LW IR FkeZy besftax dSejs 
vçHkkoh gSaA ukbV Xyks] ystj jsat QkbaMj] 3Mh besftax] 
gkbij&LisDVªy besftax] osQj fujh{k.k vkSj fofHkUu vU; 
[kxksyh; vuqç;ksxksa vkfn dk mi;ksx djds jkf= –f"V 
lfgr fofHkUu j{kk vkSj ukxfjd vuqç;ksxksa ds fy, bu 
fMVsDVjksa dh Hkkjh vko';drk gSA ,lMCY;wvkbZvkj besftax 
ds fy, mi;qä fofHkUu laHkkfor lkexzh ç.kkfy;ksa esa ls] 

fp= 11- InGaAs&vk/kkfjr SWIR FPA dk ;kstukc) Ø‚l&lsD'ku

920 ,u,e ls 1700 ,u,e rd rjax nS/;Z ds fy, mPp 
DokaVe n{krk ds lkFk dejs ds rkieku ij dke djus ds 
fy, InGaAs QksVksMk;ksM dh {kerk ¼ftls 500 ,u,e ls 
2800 ,u,e rjax nS/;Z ds cSaM rd Hkh c<+k;k tk ldrk 
gS½ bls ,lMCY;wvkbZvkj besftax vuqç;ksxksa ds fy, ilan 
dh ,d b"Vre lkexzh cukrk gSA

çdkf'kdh ds Qksdy ry ij j[ks x, nks vk;keh 
Nfo lsalj lj.kh dks Qksdy Iysu ,js ¼,Qih,½ dgk tkrk 
gSA ;s ,Qih, vkerkSj ij nks fpIl dks gkbfczM djds 
cuk, tkrs gSa] ,d esa okafNr çk:i dh fMVsDVj lj.kh 
gksrh gS vkSj nwljs esa fMVsDVj lj.kh ds lHkh O;fäxr 
fMVsDVj rRoksa ls irk yxk, x, flXuy ,d= djus ds 
fy, flXuy çkslsflax lfdZVjh gksrh gSA nks fpIl] ;kuh 
fMVsDVj ,sjs fpi vkSj jhMvkmV fpi dks f¶yi fpi çfØ;k 
dk mi;ksx djds bafM;e cEIl dk mi;ksx djds ,d 
lkFk tksM+k tkrk gSA ,lMCY;wvkbZvkj fMVsDVjksa ds fy,] 
InGaAs mi;qä lkexzh gS] tcfd flfydkWu mPp çn'kZu 
fefJr flXuy oh,y,lvkbZ lfdZV dks lkdkj djus ds 
fy, mi;qä ,dek= lkexzh gSA blfy,] tSlk fd fp= 
11 esa fn[kk;k x;k gS] ,lMCY;wvkbZvkj ,Qih, dks lkdkj 
djus ds fy, InGaAs QksVks&fMVsDVj lj.kh dks flfydkWu 
jhMvkmV baVhxzsVsM lfdZV ¼vkjvksvkbZlh½ ds lkFk ,dh—r 
fd;k x;k gSA

,l,lih,y us gky gh esa InGaAs/InP dh fiu fMVsDVj 
lj.kh cukus ds fy, lsehdaMDVj çfØ;k çkS|ksfxdh dk 
mi;ksx djds ,lMCY;wvkbZvkj ,Qih, cukus dh rduhd 
fodflr dh gS vkSj ,lMCY;wvkbZvkj besftax {kerk dk 
çn'kZu fd;k gSA blesa eslk uDdk'kh] fuf"Ø;rk] laidZ  
/kkrqdj.k] bafM;e cEIl dk mi;ksx djds vkjvksvkbZlh 
fpi ds lkFk fMVsDVj lj.kh dh f¶yi fpi c‚fUMax] cSd 
lkbM lClVªsV i‚fyf'kax] gesZfVdyh lhycan mPp rkieku 
lg&Qk;MZ fljsfed ¼,pVhlhlh½ iSdst vkSj FkeksZbysfDVªd 
dwyj ¼VhbZlh½ ds i'pkr 'kwU; ck;l v‚ijs'ku ds fy, 
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fp= 13 ¼,½ eslk bfpax ds ckn fMVsDVj ,sjs ds vuqHkkxksa dh rLohjsa] ¼ch½ 
eslk bfpax ds ckn ,lbZ,e fp=] ¼lh½ /kkRohdj.k ds ckn QksVksxzkQ] ¼Mh½ 

bafM;e cEi xzksFk ds ckn QksVksxzkQ

fp= 14- fMVsDVj rRoksa vkSj ijh{k.k lajpukvksa ij fofHkUu ekiksa ds ifj.kke

dk ih+ i{k vkjvksvkbZlh ;wfuV dksf'kdkvksa ls tqM+k gksrk 
gS] tks vf/kdrj dSisflfVo Vªkal&bEisMsal ,EiyhQk;j 
¼lhVhvkbZ,½ gksrk gSA n+ lkekU; laidZ bafM;e cEi 
dk mi;ksx djds vkjvksvkbZlh ds lkekU; dusD'ku fjax 
ls tqM+k gSA fMVsDVj lj.kh ds dqN vuqHkkxksa dh rLohjsa 
O;fäxr çfØ;k pj.kksa ds ckn fp= 13 esa fn[kkbZ xbZ gSaA

U;wure MkdZ djaV vkSj vf/kdre QksVks&çfrfØ;k ds fy, 
?kj esa rS;kj dh xbZ iwjh çfØ;k fMtkbu ds lkFk&lkFk 
eslk lajfpr fMVsDVj lj.kh ds fy, ,d foLr`r fMtkbu 
dk fodkl 'kkfey gSA çHkkoh nksgjko] fo'oluh;rk vkSj 
mit esa lq/kkj ds fy, çR;sd bdkbZ çfØ;k vuqdwyu ds 
v/khu gSA  

fMVsDVj ,sjs dks m|ksx ekud ,Vyl fMokbl 
flE;qysVj esa 2Mh vkSj 3Mh la[;kRed fleqys'ku dk 
mi;ksx djds fMtkbu fd;k x;k Fkk tSlk fd fp= 12 
esa fn[kk;k x;k gSA fp= 12 ¼,½ 5×5 feuh fMVsDVj ,sjs 
dk 3Mh e‚My fn[kkrk gSA dsaæh; fiDlsy dks ?kVuk 
,lMCY;wvkbZvkj ¶yDl ds lkFk flE;qysVsM fd;k x;k Fkk 
vkSj QksVks mRiUu okgdksa dh tkap 2Mh dV&Iysu esa dh 
xbZ Fkh tSlk fd fp= 12 ¼ch½ esa fn[kk;k x;k gSA 

fodflr çfØ;k esa] ih&vkbZ&,u QksVksMk;ksM dks 
fMVsDVj fiDly ds chp bysfDVªdy vkSj v‚fIVdy 
i`FkDdj.k ds fy, eslk cukdj In0.53Ga0.47As ,fi&ys;j 

ls esy [kkus okyh tkyh ij fufeZr fd;k x;k Fkk] ftls 
Si3N4 iSflos'ku ys;j dk mi;ksx djds fuf"Ø; fd;k 
x;k FkkA laidZ iSM fuf"Ø;rk ijr esa [kksys x, Fks vkSj 
QksVksMk;ksM ls ih+ laidZ eslk ij ih+ InGaAs ls fy, x, 
gSaA n+ lkekU; laidZ ,d xgjh [kkbZ dk mi;ksx djds 
fy;k x;k Fkk tks n+ InP ijr rd igqaprh gSA vke 
laidZ] okLro esa [kkbZ ds uhps ls fy;k x;k] f¶yi&fpi 
ladj.k çfØ;k dks lwV djus ds fy, lj.kh Mk;ksM laidksaZ 
ds Lrj rd c<+k;k tkrk gSA çR;sd O;fäxr QksVksMk;ksM 

fMVsDVj rRoksa vkSj ijh{k.k lajpukvksa ds çn'kZu dk 
ewY;kadu VfeZuy fo|qr fo'ks"krkvksa dks ekius vkSj fo'ks"krk 
çn'kZu ekinaMksa dks fudkydj fd;k x;k gSA ¼fp= 14½

fp= 12. 5×5 feuh fMVsDVj ,sjs dk 3Mh e‚My 

¼,½

¼ch½
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,lMCY;wvkbZvkj ,Qih, dks muds jsfM;ksesfVªd 
çfrfØ;k ds fy, varfj{k vuqç;ksx dsaæ ¼,l,lh½] bljks] 
vgenkckn esa fpi&v‚u&cksMZ ¼lhvksch½ ihlhch esa tksM+dj 
ijh{k.k fd;k x;k tSlk fd fp= 15 ¼,½ esa fn[kk;k x;k 
gSA ,lMCY;wvkbZvkj ¶yDl ij vPNh çfrfØ;k fn[kkus ds 
ckn] bu ,Qih, us ,lMCY;wvkbZvkj v‚fIVDl dk mi;ksx 
djds oLrqvksa ij /;ku dsafær djus ij mudh vPNh 
,lMCY;wvkbZvkj Nfo Hkh fn[kkbZA xeZ oLrq dh Nfo;ka] 
tSls lksYMfjax vk;ju vkSj xeZ gok mM+kus okyk ;a= fp= 
15 ¼ch½ esa fn[kk, x, gSaA

HgCdTe&vk/kkfjr 'khr vkbZvkj,Qih, ij dke dj jgk 
gSA vkbZvkj,Qih, esa nks vk;keh QksVksoksfYVd ¼ihoh½ 
bUÝkjsM fMVsDVj ,sjs 'kkfey gS tks ,d iryh ¼~ 10μm½ 
HgCdTe ijr ij fufeZr gksrh gS tks ,d tkyh ls esy 
[kkus okys CdZnTe ¼lhtsMVh½ lClVªsV ij fodflr gksrh 
gS] ftls jhM&vkmV baVhxzsVsM lfdZV ¼vkjvksvkbZlh½ esa 
gkbfczM fd;k tkrk gS vkSj Øk;ks&dwyj esa ,dh—r ,d 
mi;qä nsoj vlsacyh esa iSd fd;k tkrk gSA vkbZvkj,Qih, 
rduhd esa dbZ mi&çkS|ksfxfd;ka 'kkfey gSa] tSls CdZnTe 
lClVªsV~l dh o`f)] bu lClVªsV~l ij HgCdTe ,fiys;j 
dh o`f)] QksVksMk;ksM lj.kh dk fuekZ.k] laxr lh,evks,l 
vkjvksvkbZlh dk fMtkbu vkSj fodkl] fMVsDVj lj.kh 
dk f¶yi fpi ladj.k vkSj vkjvksvkbZlh ftlds  
ifj.kkeLo:i lsalj fpi vlsacyh ¼,llh,½] lkefjd nsoj 
vkSj tsVh ¼twy&Fk‚elu½ dwyj dk fodkl vkSj ,llh,] 
nsoj vkSj dwyj dk vafre ,dhdj.k ftls fMVsDVj&nsoj 
dwyj vlsacyh ¼MhMhlh,½ dgk tkrk gSA ,l,lih,y 
us ,eMCY;q vkbZvkj,Qih, çk:i 320X256@30 μm ds 
lkFk&lkFk 384X288@15 μm] 640X512@15 μm ds 
fy, ç;ksx'kkyk Lrj ij bu lHkh mi&çkS|ksfxfd;ksa dks 
fodflr fd;k gS vkSj ekuo y{; dh FkeZy Nfo;ksa dk 
çn'kZu fd;k gSA 

vkbZvkj,Qih, çkS|ksfxfd;ksa ds fy, j.kuhfrd lkexzh 
fodkl dk;ZØe ds rgr] v/kZpkyd lkefxz;ksa ds Fkksd 
fØLVy] tSls lhtsMVh ¼dSMfe;e ftadVsY;wjkbM] Zn¾ 
~ 4%½] Ge ¼Sb MksIM tesZfu;e½ vkSj ,fiVSfDl;y ijr 
,elhVh ¼edZjh dSMfe;e VsY;wjkbM½ dks visf{kr vkdkj 
vkSj xq.koÙkk esa mxk;k vkSj rS;kj fd;k tkrk gSA fiNys 
dqN o"kksaZ esa] bu fof'k"V {ks=ksa esa dbZ rduhdh miyfC/k;k¡] 
lQyrk,¡ vkSj mRikn fodkl gq, gSaA budk fooj.k igys 
gh ^mUur lkexzh^ ¼[kaM 31 vad 2] vçSy 2023½ ds varxZr 
doj fd;k tk pqdk gSA

f}&vk;keh fMVsDVj ,sjs ds fuekZ.k esa dbZ çfØ;k pj.k 
'kkfey gksrs gSa] tSls lrg dh rS;kjh] lrg fuf"Ø;rk] 
QksVksfyFkksxzkQh] vk;u vkjksi.k] xhyh udDdk'kh] lw[kh 
udDdk'kh] vkSj HgCdTe ,fiys;lZ ij fd;k tkus okyk  
/kkrqdj.kA buesa ls çR;sd pj.k vkbZvkj,Qih, dh okafNr 
laosnu'khyrk çkIr djus ds fy, egRoiw.kZ gSA bu çfØ;k 
pj.kksa dks HgCdTe dh {kfr ço.k ç—fr ds lkFk&lkFk 
FkeZy ck/kk vkSj ,l,lih,y esa çfØ;k fu;a=.k e‚fuVj 
dk mi;ksx djds ;ksX; ds rgr fodflr fd;k x;k gSA 
fMVsDVj lj.kh ijh{k.k ,d Øk;ks&çkscj esa fd;k tkrk gS tks 
ijh{k.k ds nkSjku fMVsDVj rkieku dks 80K rd ykrk gSA 
,l,lih,y dk fodflr Lons'kh vkjvksvkbZlh ^,u v‚u 
ih^ çdkj ,pthlhMhVhbZ QksVksMk;ksM ds fy, 320X256 

¼,½

¼ch½
fp= 15- ¼,½ lhvksch ihlhch ij LFkkfir SWIR FPA] ¼ch½ SWIR FPA ds 

lkFk çkIr lksYMfjax vk;ju vkSj g‚V ,;j Cyksvj dh Nfo;ka

,eMCY;wvkbZvkj@,yMCY;wvkbZvkj ,Qih,
'khr dSejs vkerkSj ij y‚Ux&oso bUÝkjsM 

¼,yMCY;wvkbZvkj½ ;k feM&oso bUÝkjsM ¼,eMCY;wvkbZvkj½ 
cSaM esa dke djus ds fy, vfHkdfYir fd, tkrs gSaA  
vk/kqfud 'khr FkeZy besftax dSejs esa mi;ksx fd, tkus 
okys vkbZvkj,Qih, dks ^nsoj^ uked ,d mPp rduhd 
iSdst esa j[kk tkrk gS vkSj ,d Øk;ksdwyj ds lkFk 
,dh—r fd;k tkrk gS tks lsalj rkieku dks Øk;kstsfud 
rkieku rd de dj nsrk gSA lsalj rkieku esa ;g 
deh FkeZy&çsfjr 'kksj dks fpf=r fd, tk jgs –'; ls 
flXuy ds uhps ds Lrj rd de djus ds fy, vko';d 
gSA mPp çn'kZu djus okys vkbZvkj,Qih, ds fy, ,d 
tfVy rduhd dh vko';drk gksrh gS ftlesa dbZ 
mi&çkS|ksfxfd;ka vkSj çfØ;k ,dhdj.k 'kkfey gksrs gSa vkSj 
bls la;qä jkT; vesfjdk] Ýkal] btjkby vkSj ;wds tSls 
cgqr gh mUur ns'kksa }kjk fodflr fd;k x;k gSA buesa ls  
vf/kdka'k çkS|ksfxfd;k¡ j.kuhfrd ç—fr dh gSaA ,l,lih,y 
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,sjs gS] vFkkZr] bls bysDVª‚uksa dks ,dh—r djus ds fy, 
fMtkbu fd;k x;k gSA ,llh,y] paMhx<+ ds lg;ksx ls 
384X288 vkjvksvkbZlh ds fodkl ds lkFk&lkFk 640X512 
lj.kh ds fy, ,d v‚Q&n&'ksYQ vkjvksvkbZlh Hkh [kjhnk 
x;k gSA ,l,lih,y esa vkjvksvkbZlh ds ijh{k.k ds fy, 
ijh{k.k lsVvi LFkkfir fd, x, gSaA ,d gkbfczM Qksdy 
Iysu ,sjs dks lkdkj djus ds fy, vkjvksvkbZlh vkSj 
fMVsDVj ,sjs dks bafM;e cEIl ds ek/;e ls f¶yi fpi ls 
tksM+k tkrk gS tks fMVsDVj ,sjs vkSj vkjvksvkbZlh fpi nksuksa 
ij mxk, tkrs gSaA pwafd nks vyx&vyx lkefxz;ksa dks 
tksM+k tk jgk gS] dejs ds rkieku ls fMVsDVj v‚ijsfVax 
rkieku rd rkieku pØ] ;kuh] 80K] ds ifj.kkeLo:i 
lajs[k.k esa cnyko vk,xkA 

lkekU; rkSj ij] fMVsDVj ,sjs flfyd‚u vkjvksvkbZlh 
ls vf/kd ek=k esa vuqcaf/kr gksxh ftldh x.kuk Kkr 
FkeZy foLrkj xq.kkad ls dh tk ldrh gSA bafM;e cEIl 
vkSj f¶yi fpi c‚fUMax çfØ;k dks fodflr djus dh 
rduhd bl rjg fodflr dh xbZ gS fd ;s gkbfczM ,sjs 

cM+h la[;k esa rkieku pØksa dk lkeuk dj ldrs gSaA 
vkbZvkj,Qih, dh iSdsftax ds fy, mi;qä ,d laiw.kZ  
/kkrq nhokj fodflr dh xbZ gS ftlesa ,pVhlhlh QhM&Fkzq] 
fMVsDVj dSfj;j@gsMj] 'khr 'khYM] vkarfjd nhokj Vîwc] 
fudklh Vîwc bR;kfn tSls fofHkUu ?kVdksa dh fMtkbu vkSj 
vlsacyh 'kkfey gS] blds ckn ,dhdj.k] MhxSflax vkSj 
nsokjksa dh oSD;we lhfyax 'kkfey gSA ,l,lih,y nsoj 
?kVdksa dks fMtkbu djus vkSj bls fjlko nj <10&12 ekud 
lhlh@lsdsaM ds lkFk lhy djus esa l{ke gSA pwafd mPp 
çn'kZu okys ,eMCY;wvkbZvkj fMVsDVj Øk;kstsfud rkieku 
ij dke djrs gSa] ,l,lih,y us vkbZvkj,Qih, ds fy, 
Øk;kstsfud dwyj Hkh fodflr fd, gSaA 

ç;ksx'kkyk Lrj ij 320X256@30μm] 
640X512@15μm] vkSj 384X288@15μm ,eMCY;wvkbZvkj 
,Qih, ,Qih,  ds fy, bu çkS|ksfxfd;ksa dks LFkkfir djus 
ds fy, fofHkUu midj.k LFkkfir fd, x, gSaA ,l,lih,y 
esa LFkkfir buesa ls dqN midj.kksa dh Nfo;ka fp= 16 esa 
fn[kkbZ xbZ gSaA 

¼,½

¼bZ½

¼ch½

¼,Q½

¼lh½ ¼Mh½

¼th½

¼,p½ ¼vkbZ½ ¼ts½

fp= 16- fn[k jgs midj.k ¼,½ HgCdTe lrg fo'ks"krk ds fy, ,fyIlksehVj] ¼ch½ QksVksfyFkksxzkQh ds fy, ekLd ,ykbuj] ¼lh½ fuf"Ø;rk vkSj /kkrqdj.k ds 
fy, oSD;we dksfVax ;wfuV] ¼Mh½ lw[kh bfpax ds fy, vkbZlhih vkjvkbZbZ] ¼bZ½ 80 K ij fMVsDVj ,sjs ijh{k.k ds fy, Øk;ksçkscj] ¼,Q½ QhMFkzq ds lkFk fo|qr 
dusD'ku ds fy, lekukarj xSi osfYMax] ¼th½ nsoj dh vYVªk gkbZ oSD;we lhfyax ds fy, ;w,poh] ¼,p½ ,Qih, VsLVj] ¼vkbZ½ osQj çkscj] ¼ts½ Lons'kh :i ls 

fodflr ySc ysoy vkbZvkj dSejk
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bu fMVsDVjksa ds fy, ;ksX;rk dk fp= 'kksj lerqY; 
rkieku varj ¼,ubZVhMh½ gS tks U;wure rkieku varj dk 
çfrfuf/kRo djrk gS tks fMVsDVj esa mlds vLFkk;h 'kksj ds 
cjkcj flXuy mRiUu djrk gSA ;g ewy :i ls vkbZvkj 
bestj dh laosnu'khyrk gS; ,ubZVhMh ftruk de gksxk] 
fMVsDVj mruk vPNk gksxkA 

uhps fn, x, fp= 17 ¼,½ vkSj ¼ch½ esa 'khr vkbZvkj,Qih, 
ds lkFk&lkFk fufeZr MhMhlh, ds fuekZ.k esa 'kkfey fofHkUu 
mi&çkS|ksfxfd;ksa vkSj çfØ;kvksa dks n'kkZ;k x;k gSA

fp= 17 ¼,½- 'khr vkbZvkj,Qih, çkS|ksfxdh ds fy, Lons'kh :i ls fodflr 
mi&çkS|ksfxfd;ka ¼ch½ MhMhlh, esa 640x512/384x288 ,Qih, 

¼,½

¼ch½

fp= 18 ¼,½ ,l,lih,y esa fufeZr loZJs"B ,Qih, dk ekik x;k ,ubZVhMh 
¼fgLVksxzke :i ds lkFk&lkFk 2Mh rhozrk ekufp=½ ¼ch½ ekuo y{; dh 

MWIR Nfo;ka

¼,½

¼ch½

de ,ubZVhMh çkIr djus ds fy,] fMVsDVj] 
vkjvksvkbZlh] ifj/kh; bysDVª‚fuDl] ;kuh] vkbZvkj bestj 
ds çR;sd O;fäxr ?kVd dks çn'kZu djus dh vko';drk 
gksrh gSA ;g dbZ vU; ekinaMksa ij Hkh fuHkZj djrk gS] tSls 
çdkf'kdh dk ,Q&uacj] ,dhdj.k le; vkSj –'; daVªkLV 
tks fQj ls –'; ds rkieku ij fuHkZj djrk gSA ,l,lih,y 
esa fufeZr loksZÙke ,Qih, dk vuqekfur ,ubZVhMh uhps fp= 
18 ¼,½ esa 2Mh rhozrk ekufp= ds lkFk&lkFk fgLVksxzke 
:i esa fn[kk;k x;k gSA vkbZvkj Nfo;ka tsVh dwyj ls 
BaMk fd, x, iw.kZ MhMhlh, ls yh xbZ FkhaA bl MhMhlh, 
ds lkFk] ekuo y{; dh vkbZvkj Nfo;ka vkSj ohfM;ks 
ns[ks x, gSa tSlk fd fp= 18 ¼ch½ esa fn[kk;k x;k gSA 

'khr vkbZvkj,Qih, çkS|ksfxdh dk rhoz xfr ls 
foLrkj tkjh gS vkSj fudV Hkfo"; esa lSU; vuqç;ksxksa 
ds fy, vkSj fodkl ns[kk tk,xkA nqfu;k Hkj esa orZeku 
vuqla/kku ,oa fodkl ç;kl eq[; :i ls ykxr de djus 
;k fjt‚Y;w'ku esa lq/kkj djus ds fy, ,lMCY;w,ih vkSj 
fupyh fip ,sjs dks de djus ds fy, mPp v‚ijsfVax 
rkieku ¼,pvksVh½ QksVks&fMVsDVj fodflr djus ij 
dsafær gSaA ,l,lih,y ,pvksVh fMVsDVjksa vkSj cM+s çk:i] 
NksVs fip ,eMCY;wvkbZvkj ,sjs ¼1K×1K/10μm½ ds fodkl ij 
Hkh dke dj jgk gSA

mPp 'kfä ystj Mk;ksM

mPp 'kfä okys ystj Mk;ksM esa jsat QkbaMj] MStyj] 
ç‚fDlfeVh ¶;wt] ckM+ yxkuk] foLQksVd vkjaHk bR;kfn tSls 
dbZ vuqç;ksx gksrs gSaA ,l,lih,y us mijksä vuqç;ksxksa 
ds fy, lapkyu vkSj vkmViqV ikoj ds fofHkUu eksM 
esa ,dy mRltZd ystj Mk;ksM] ,sjs] LVSd vkSj Qkbcj 
;qfXer ystj Mk;ksM ¼,Qlh,yMh½ dks 'kkfey djrs gq, 
mPp 'kfä okys ystj Mk;ksM ds fy, fofHkUu çkS|ksfxfd;ka 
fodflr dh gSaA orZeku esa] ,l,lih,y orZeku Lons'kh 
ystj Mk;ksM çkS|ksfxfd;ksa ds fy, ns'k esa fofuekZ.k  
vk/kkj LFkkfir djus dh fn'kk esa dke dj jgk gSA xfrfof/k 
ds nk;js esa ystj Mk;ksM çkS|ksfxdh dh LFkkiuk vkSj 
çksVksVkbi fodkl 'kkfey gSA fMfyojscYl ,dy mRltZd 
ystj Mk;ksM vkSj ,Qlh,yMh ds çksVksVkbi gSaA  
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ystj Mk;ksM e‚Mîwy vkSj lh@,Q&ekmaVsM ystj 
Mk;ksM dk fodkl

ystj Qsaflax okafNr {ks= esa lafnX/k ?kqliSB dh 
fuxjkuh vkSj irk yxkus dh ,d rduhd gSA ,l,lih,y 
us ystj Qsaflax flLVe ds fy, e‚Mîwy fodflr fd;k gSA 
ystj Mk;ksM e‚Mîwy Qsaflax ç.kkyh dk ân; gSA blesa 
lh&ekmaV iSdst ij 1&2 MCY;w lhMCY;w baÝkjsM osoysaFk 
ystj Mk;ksM] ystj dksfyes'ku ysal] ,d ghV flad vkSj 
e‚Mîwy ds ,;j dwfyax ds fy, ,d ia[kk 'kkfey gSA 
100 ehVj ckM+ yxkus dh lhek ds fy, ystj ckM+ yxkus 
okys e‚Mîwy dk lQyrkiwoZd ijh{k.k fd;k x;k gS vkSj 
ysLVsd dks forfjr fd;k x;k gS ¼fp= 19½A lh&ekmaVsM 
ystj Mk;ksM bdkb;ka ¼fp= 20½ rkfydk 2 esa lwphc) 
fof'k"Vrkvksa ds vuqlkj mudh vkxkeh vko';drkvksa ds 
fy, lhbZ,y] lkfgckckn dks forfjr dh xbZaA

fp= 19. ystj Mk;ksM ekWM;wy

fp= 20. lh&ekmaVsM ystj Mk;ksM

ikoj vkmViqV 1-2 watt

rjaxnS/;Z 976 nm

<yku n{krk ~ 830 mW/A

FkzslgksYM  djaV  ~0.3Amp 

iSdsV C-mount

rkfydk 2- ystj Mk;ksM dh fof'k"V fof'k"Vrk

rduhd dk mi;ksx djds la;qä :i ls fufeZr fd;k x;k 
gS vkSj mi;ksxdrkZ dh vko';drkvksa ds vuqlkj F&ekmaV 
¼10 okV, CW½ iSdst ij yxk;k x;k gS ¼fp= 21½A 10 okV 
flaxy LVªkbi ystj Mk;ksM dh çdk'k&orZeku fo'ks"krk 
fp= 22 esa fn[kkbZ xbZ gSA 10 okV lhMCY;w flaxy ,feVj 
Qkbcj ;qfXer ystj Mk;ksM foLQksV ds fy, foLQksVdksa dh 
'kq#vkr esa lh/ks vkosnu ikrs gSaA lh&ekmaV ystj Mk;ksM 
dk mi;ksx ystj Qsaflax ,fIyds'ku esa fd;k tkrk gSA

fp= 22- 10 okV ystj Mk;ksM dh 
çdk'k /kkjk fo'ks"krk,¡   fp= 21- ,Q&ekmaV ystj Mk;ksM  

,l,lih,y CW eksM esa 10 okV rd mRltZu djus 
okys flaxy LVªkbi iSdsTM ystj Mk;ksM fodflr dj jgk 
gSA fpIl dks xSVsd vkSj ,l,lih,y esa ,l,lih,y dh 

,Qlh,yMh e‚Mîwy dk fodkl
10 okV lhMCY;w ,dy mRltZd ystj Mk;ksM mPp 

'kfä ,Qlh,yMh e‚Mîwy ds fodkl ds fy, cqfu;knh 
fcfYMax Cy‚d ds :i esa dk;Z djrk gSA bu e‚Mîwy esa dbZ 
,dy mRltZd 'kkfey gksrs gSa vkSj bu ,dy mRltZd 
ds che la;kstu ds ckn vkmViqV dks eYVheksM Qkbcj 
ls tksM+k tkrk gSA ,l,lih,y vkS|ksfxd Hkkxhnkj ds 
lkFk la;qä :i ls 976nm mRlftZr djus okys 10 okV] 
30 okV] 35 okV ¼fp= 23½ vkSj 70 okV CW ,Qlh,yMh 
e‚Mîwy fodflr dj jgk gSA 

foLQksV ds fy, foLQksVdksa dh 'kq:vkr esa ,Qlh,yMh 
e‚Mîwy dk Vhchvkj,y esa ijh{k.k fd;k x;kA ,Qlh,yMh 
dk mi;ksx ikoj ysoy dks c<+kus ds fy, Qkbcj ystj 
dks iai djus ds fy, Hkh fd;k tkrk gSA 250 okV vkSj 
mlls vf/kd rd dh mPp 'kfä ds ,Qlh,yMh e‚Mîwy 
fodflr djus ds fy, dke çxfr ij gSA                                                                                      

fp= 23- Qkbcj ;qfXer ystj Mk;ksM ,Qlh,yMh&35
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uhyk@gjk ystj Mk;ksM 

j{kk vuqç;ksxksa ds fy, vartZyh; lapkj ,d çeq[k {ks= 
gSA ijaijkxr :i ls vf/kdka'k vartZyh; lapkj ç.kkfy;k¡ 
/ofud gksrh gSa vkSj muesa vis{kk—r de cSaMfoM~Fk gksrh 
gSA lksukj lapkj dk mi;ksx vf/kd ckj fd;k tkrk gS] 
ysfdu miyC/k e‚Mse vkSj VªkalMîwlj cgqr cM+s vkSj cgqr 
egaxs gSaA

mPp cSaMfoM~Fk] de nwjh ds vartZyh; v‚fIVdy lapkj 
esa /ofud rjhdksa dks c<+kus dh mPp {kerk gSA v‚fIVdy 
LisDVªe ds uhys&gjs {ks= esa leqæh ty esa U;wure {kh.ku 
gksrk gSA uhys&gjs {ks= esa fudyus okys ystj lzksrksa dk 
mi;ksx djds iuMqCch ls ysdj ekuo jfgr vartZyh; 
okgu ¼;w;woh½ ds lkFk&lkFk vartZyh; v‚fIVdy lsalj 
tSlh fofHkUu vartZyh; laLFkkvksa ds chp lapkj dks eglwl 
fd;k tk ldrk gSA LisDVªe ds uhys&gjs fgLls esa lapkfyr 
,d eqä varfj{k ystj lapkj ç.kkyh esa leqæ ds vUnj 
cgqr mPp MsVk njksa ij lapkfjr djus dh {kerk gSA

uhys@gjs ystj Mk;ksM dks fodflr djus dk lcls 
vk'kktud vkSj O;ogk;Z ekxZ xSfy;e ukbVªkbM xSfy;e 
ukbVªkbM&vk/kkfjr lkexzh ç.kkfy;ksa dks fu;ksftr djuk 
gSA ,sls ystj Mk;ksM fodflr djus ds fy, InGaN/AlGaN/
GaN vk/kkfjr eYVhiy DokaVe osy ystj lajpukvksa dk 
mi;ksx fd;k tk jgk gSA lfØ; {ks= esa InxGa1-xN DokaVe 
dqvksa esa bafM;e lkexzh dk p;u djds] 400nm ls 550nm 
rjax nS/kZ~; jsat esa mRlftZr ystj Mk;ksM dk ,glkl djuk 
laHko gSA

çeq[k pqukSfr;ka

xSfy;e ukbVªkbM vk/kkfjr ystj lajpuk,a vkerkSj 
ij lh&Iysu ij CkukbZ tkrh gSaA lgt vkSj ihtksbysfDVªd 
/kzqohdj.k ds eqíksa ds vykok] fofHkUu fodkl vkSj fuekZ.k 
pqukSfr;ka Hkh gSaA gjs ystj Mk;ksM ds fodkl ds fy, 
InGaN eYVh DokaVe osy ¼MQW½ ijrksa esa bafM;e ¼In½ 
lkexzh esa o`f) dh vko';drk gksrh gSA mPp xq.koÙkk okys 
bafM;e le`) InGaN/GaN Qws dk fodkl vHkh Hkh lkexzh 
ls lacaf/kr dbZ eqíksa ds dkj.k çeq[k rduhdh pqukSrh gS] 
tSls fd InGaN vkSj xSfy;e ukbVªkbM ds chp mPp 
ysVsl csesy] de fodkl rkieku dh vko';drk ds dkj.k 
lkexzh dh fxjkoV] bu&lsxzhxs'ku vkSj pj.k i`FkDdj.k 
vkSj ih Vkbi MksfiaxA blds vykok] mPp dk;Z QaD'ku  
/kkrq dh vko';drk ds dkj.k ih&vksfed laidZ fuekZ.k 
,d cM+h pqukSrh gSA fofHkUu /kkrq ;kstuk,a] tSls Ni-Au] 

Pd/Au vkfn ykxw dh xbZ gSa vkSj de çfrjks/kd ih&laidZ 
çkIr djus ds fy, vkxs dke tkjh gSA

,l,lih,y us gky gh esa InGaN/GaN vk/kkfjr  
v)Zpkyd ystj ds fuekZ.k ds fy, ,d 'kks/k xfrfof/k 'kq: 
dh gSA fuekZ.k çfØ;k esa fj,fDVo vk;u ,fpax ¼vkjvkbZbZ½ 
çfØ;k dk mi;ksx djds eslk ,fpax }kjk iÍh fuekZ.k] 
ih vkSj ,u dh rjQ de çfrjks/k vksfed laidZ xBu] 
ihlus] ySfiax vkSj i‚fyf'kax] fooj xBu] ik'oZ dksfVax 
vkSj iSdsftax }kjk ,fiVSfDl;y lajpuk dks iryk djuk 
'kkfey gSA

xSfy;e ukbVªkbM&vk/kkfjr ystj Mk;ksM ds çlaLdj.k 
esa çeq[k pqukSfr;ksa esa ls ,d ystj fooj ik'oZ dk fuekZ.k 
gSA vkerkSj ij] ystj dSfoVh fooj v)Zpkyd lkexzh dks 
lkQ djds cuk, tkrs gSaA lh&ysu xzhu ystj ds fy,] 
,e&Iysu DyhOM&QslsV~l dks Dyhfoax }kjk cuk;k tk 
ldrk gS] D;ksafd ,e&Iysu Dyhost çlkj ds fy, vuqdwy 
gSA gkyk¡fd] v)ZZ&/kzqoh; vfHkfoU;klksa ds fy, /kkjh fn'kk 
dk fodYi lhfer gS vkSj Dyhfoax }kjk ik'oZ dk fuekZ.k 
cgqr dfBu gSA

InGaN Qws esa 
v‚fIVdy ykHk vis{kk—r 
de gSA e/;e orZeku 
?kuRo ij ysftax 
fLFkfr;ksa rd igqapus 
ds fy, dqy v‚fIVdy 
uqdlku dks de djuk 
gksxkA v‚fIVdy uqdlku 
vkSj FkzslgksYM djaV dks 
de djus ds fy, nksuksa 
igyqvksa dks mPp çfrfcac 
fQYeksa ds lkFk ysfir 
djus dh vko';drk 
gksrh gS] gkykafd 
vkmViqV ikoj de gks 
tkrh gSA mPp o‚y 
Iyx n{krk ¼MCY;wihbZ½ 
cuk, j[kus vkSj mPp 
vkmViqV ikoj çkIr 
djus ds fy,] lkeus ds 
ik'oZ dh ijkorZu'khyrk 
dks ,d vuqdwfyr ewY; 
rd de djuk gksxkA 

 fp= 24- uhyk gjk ystj Mk;ksM
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,l,lih,y esa çlaLdj.k laca/kh lHkh eqíksa ds lek/kku 
ds fy, vuqla/kku fd;k tk jgk gSA gky gh esa] xSfy;e 
ukbVªkbM&vk/kkfjr ,dy mRltZd ystj Mk;ksM dk 
fuekZ.k fd;k x;k gS vkSj CW vkSj iYl eksM esa ysftax 
fØ;k dks lkdkj fd;k x;k gS ¼fp= 24½A fp= 25 vkSj 26 
fufeZr ystj Mk;ksM ds LisDVªe vkSj ,y&vkbZ fo'ks"krkvksa 
dks fn[kkrs gSaA ystj mRltZu dk 410nm rjax nS/;Z ij 
fujh{k.k x;kA

CW esa 100 esxkokV ls vf/kd ikoj vkSj >1W 
ihd ikoj Liafnr eksM gkfly fd;k x;k gSA xSfy;e 
ukbVªkbM&vk/kkfjr uhys gjs ystj Mk;ksM ds fodkl ds 
fy, vkxs dk dke çxfr ij gSA

 fp= 25 ystj Mk;ksM midj.k ds LisDVªe 

fp= 26. L-I ystj Mk;ksM dh ,y&vkbZ fo'ks"krk,¡

lsalj çkS|ksfxdh
gekjs l'kL= cyksa dks fdlh Hkh çdkj dh ;q){ks= 

fLFkfr;ksa ls fuiVus ds fy, csgrj <ax ls lqlfTtr djus 
ds fy, tgka fdlh Hkh jklk;fud ;k tSfod ,tsaVksa ;k 
fouk'kdkjh fofdj.k dk çdksi gksrk gS] ,sls lsalj fodflr 
djus vkSj cukus dh vko';drk gS tks laosnu'khyrk vkSj 
p;ukRedrk dh lhekvksa dks vkxs c<+krs gSaA jklk;fud 
tSfod fofdj.k vkSj ijek.kq ¼lhchvkj,u½ lsalj ds vykok 
vU; HkkSfrd lsalj tSls ikuh ds uhps /ofud lsalj le; 
dh ekax gSaA vxyh ih<+h ds lsalj vkdkj esa NksVs vkSj de 
fo|qr [kir ds vykok vf/kd laosnu'khy vkSj fo'oluh; 
gksus dh mEehn gSA Hkfo"; dh ç.kkfy;ksa esa fLFkfrtU; 
tkx:drk vf/kd gksus dh mEehn gSA blds fy, ekStwnk 
midj.kksa ds çn'kZu esa lq/kkj vkSj u, ,fIyds'ku {ks=ksa dh 
[kkst dh vko';drk gS] ftuds ckjs esa igys ugha lkspk 
x;kA

jklk;fud ;q) ,tsaV fMVsDVj&bZ&ukfldk

,l,lih,y us ,uchlh dk;ZØe ds rgr dsfedy 
okjQs;j ,tsaVksa ¼lhMCY;w,½ ds fy, ,d etcwr] gSaMgsYM 
bysDVª‚fud ukd ok"i fMVsDVj fodflr fd;k gS] ftls 

bZ&ukfldk ds uke ls tkuk tkrk gSA bZ&ukfldk ç.kkyh 
,d ,l,MCY;w&thlh ¼xSl ØkseSVksxzkQh½ vk/kkfjr ç.kkyh 
gS tks ljhu] lkseu] VScqu] oh,Dl] yqbZlkbV ¼th ,tsaV½] 
lYQj eLVMZ ¼,p ,tsaV½] Q‚lthu ¼pksfdax ,tsaV½] 
gkbMªkstu lkbukbM ¼jä ,tsaV½ vkSj vU; ,tsaV tSls 
?kkrd lhMCY;w, dk de ihihch esa lkaærk vkSj ,d feuV 
ls Hkh de le; esa irk yxkus esa l{ke gSA fodflr ç.kkyh 
dk ijh{k.k vkSj çek.ku ,uchlh ds {ks= esa ,d Lora= 
ijh{k.k vkSj çek.ku ,tsalh Vh,uvks] uhnjySaM }kjk fd;k 
x;k gSA flLVe us lsokvksa }kjk fu/kkZfjr JSQR çn'kZu 
ekunaM dks iwjk fd;k gSA ¼fp= 27½A
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fp= 28 ¼ ch½- 8 fQaxj fMokbl ,sjs dh Nfo ¼lh½ xSl lsy dk ;kstukc) 

vkjs[k

fp= 28 ¼,½- 50 fMokbl ,sjs ds lkFk 2 
bap ,Y;wfeuk esEczsu dh Nfo

fp= 28 ¼ ch½ fp= 28 ¼ lh½

lh,uVh&vk/kkfjr gSaM gsYM dsfedy 
fMVsDVj&n&ukfldk dk fodkl

vf/kdka'k foLQksVd midj.k ¼vkbZbZMh½ ukbVªks&,jkseSfVd 
;kSfxdksa ij vk/kkfjr gksrs gSa vkSj foLQksV gksus ij NOX 
NksM+rs gSaA blds vykok mxzokn esa bLrseky gksus okys vke 
vkbZbZMh veksfu;e ukbVªsV ls cus gksrs gSa] tks NO2 vkSj 
NH3 NksM+rs gSaA blfy, bu xSlksa dk irk yxkus ds fy, 
mPp laosnu'khyrk okys lsalj dh vko';drk gksrh gSA 

,l,lih,y NH3 vkSj NO2 ds ihihVh Lrj dk irk 
yxkus ds fy, lh,uVh&vk/kkfjr xSl lsalj ¼lhch,l½ 
fodflr dj jgk gSA lhch,l vxyh ih<+h ds lsalj gSa 
ftuesa vYVªk&mPp laosnu'khyrk] dejs ds rkieku lapkyu] 
Vîwu djus ;ksX; p;ukRedrk vkSj y?kqdj.k esa vklkuh gSA

lh,uVh lsaljksa ds ,sjs 2 bap fNæiw.kZ ,Y;wfeuk lClVªsV 
ij cuk, x, gSa] ftlesa çfr lClVªsV yxHkx 40 ls 50 
midj.k gSa ¼fp= 28 ,½ 4 feeh x 4 feeh ds vkdkj okyk 
çR;sd midj.k okLro esa 4&8 rRoksa ls ;qä ,d ,sjs gS 
¼ fp= 28 ch½A y{; fo'ys"k.k xSlksa ds fy, p;ukRedrk 
çkIr djus ds fy, ,sjs ds çR;sd rRo dks O;fäxr :i ls 
dk;kZRed cuk;k x;k gSA lsalj vkokl ds fy, ,d xSl 

  vkjMhuks&vk/kkfjr ekbØksdaVªksyj dk mi;ksx djds 
laiw.kZ lsaflax ,fIyds'ku dk iw.kZ Lopkyu] ftlesa vuqØfed 
xSl vo'kks"k.k vkSj vo'kks"k.k] ekbØksiai vkSj okYo tSls 
cká midj.kksa dh Lopkfyr fLofpax vkSj ,Mhlh@Mh,D;w 
ç.kkyh dk mi;ksx djds ,e,Qlh dk fu;a=.k 'kkfey gS] 
bu&ySc çf'k{k.k vkSj lsalj ds va'kkadu ds fy, fodflr 
fd;k x;k gSA ifj/kh; vkSj bysDVª‚fud ?kVdksa dk lapkyu 
¼tSlk fd Åij crk;k x;k gS½ ekbØksdaVªksyj fMftVy 
fiu ls Mªkboj vkbZlh,l ds fMftVy fLofpax ds ek/;e 
ls fu;af=r fd;k tkrk gSA flLVe esa ÝaV ,aM] 5 vadksa dh 
csgrj lVhdrk ds lkFk Lopkfyr MsVk vf/kxzg.k ds fy, 
24 fcV ,Mhlh ls ;qä gSA bl mís'; ds fy, jfrferh; 
foU;kl ykxw fd;k x;k gSA xSl vo'kks"k.k@fo'kks"k.k ds 
dkj.k çfrjks/k esa ifjorZu dk ewY; ekbØksdaVªksyj ls 
daI;wVj rd çkIr fd;k x;k FkkA bl ç.kkyh dk mi;ksx 
fu;fer :i ls fofHkUu lkaærk ij NO2 ¼fp= 29,½ vkSj 
NH3 ¼fp= 29ch½ tSlh xSlksa dh Øfed :i ls Lopkfyr 
lsaflax ds fy, fd;k x;kA blds vykok bl ç.kkyh 
dk ijh{k.k veksfu;e ukbVªsV tSls foLQksVd ;kSfxdksa dk 
irk yxkus ds fy, Hkh fd;k x;k Fkk] tks vkerkSj ij 
foLQksVdksa esa mi;ksx fd;k tkrk gSA ¼fp= 29 lh½

fp= 27- bZ&ukfldk 

lsy fMtkbu fd;k x;k 
gS] ftlesa xSl buysV 
vkSj vkmVysV gS vkSj 
xSl vo'kks"k.k ds fy, 
;woh,ybZMh vkSj ghVj ls 
lqlfTtr gS] RkFkk xSl 
lsalj i;kZoj.k fLFkfr;ksa 
dks fu;af=r djus ds 
fy, ncko] vknZzrk vkSj 
rkieku lsalj Hkh gSA 
¼fp= 28 lh½A 



18 19

izkS|ksfxdh fo'ks"k

[kaM 11] vad 3] ebZ&twu 2023www.drdo.gov.in

fp= 31 ,lh,Mh, 

fp= 29- fofHkUu lkaærk ij xSlksa dh vuqØfed lsaflax ¼,½ NO2 ds fy, 
vkSj ¼ch½ NH3 ds fy, ¼lh½ veksfu;e ukbVªsV dh lsaflax ds fy, lsalj dh 

çfrfØ;k

v‚u&QhYM igpku ds fy, 
NO2 vkSj NH3 dk irk yxkus ds 
fy, ,d iw.kZ gkFk ls lapkfyr 
çksVksVkbi fodflr fd;k 
x;k gSA ;g çksVksVkbi 
,u&ukfldk ¼fp= 30½  
fofHkUu çn'kZfu;ksa ds 
lkFk&lkFk MsQ,Dliks 
vkSj ,;jks bafM;k ds 
nkSjku çnf'kZr fd;k 
x;kA

,lh,Mh,
,l,lih,y us Lopkfyr jklk;fud ,tsaV e‚fuVj 

vkSj vykeZ ¼,lh,Mh,½ ç.kkyh Hkh fodflr dh gS] tks 
orZeku bZ&ukfldk ç.kkyh dk la'kksf/kr laLdj.k gSA ç.kkyh 
esa ,d fjeksV fMLIys ;wfuV gS ftls dscy ds ek/;e ls 
tksM+k tk ldrk gS vkSj nwj ls lapkfyr fd;k tk ldrk 
gSA fjeksV fMLIys esa lHkh ç.kkyh fMLIys lqfo/kk,¡ 'kkfey 
gSa vkSj ;g eq[; ,lh,Mh, ç.kkyh ls 1 fdeh dh nwjh ij 
jg ldrk gSA bZ&ukfldk vkSj ,lh,Mh, nksuksa esa lsaflax 
rduhd vkSj fof'k"Vrk,a leku gSaA ¼fp= 31½A

çkS|ksfxdh fu.kkZ;d	

ikjaifjd thlh çfrfØ;k le; dks yxHkx 20 feuV 
ls ?kVkdj 30 lsdaM djds] rst xSl ØkseSVksxzkQh v‚ijs'ku 
dh çkfIr ds lkFk çkS|ksfxdh esa lQyrk gkfly dh xbZA 
nksuksa mRikn fMVsDVj ds :i esa ,l,MCY;w midj.k ds 
lkFk y?kq thlh e‚Mîwy dk mi;ksx djrs gSaA

çeq[k çkS|ksfxdh miyfC/k;k¡ vkSj muds fooj.k gSa% 

]] ;kSfxd dk irk yxkuk% lHkh ;kSfxdksa dk irk lexz 
:i ls yxk;k tkrk gS] u fd mlds ?kVd rRoksa }kjkA

]] ,d lkFk irk yxkuk% lHkh yf{kr ;kSfxd ,d gh 
ckj esa ,d lkFkA dksbZ eksM ifjorZu dh vko';drk 
ugha gSA th] ,p] ch] lh vkSj VhvkbZlh@VhvkbZ,e ds 
fy, ,dy bdkbZA

]] HkkSfrd ifjorZuksa ds çfr vlaosnu'khyrk% 
,l,MCY;w bZ&ukfldk esa rkieku] ncko@
çokg vkarfjd :i ls fu;af=r gksrk gSA ckgjh 
fHkUurk,¡ çfrfØ;k dks çHkkfor ugha djrhaA vknZzrk 
dks ,d vyx ;kSfxd ds :i esa ik;k tkrk gSA

]] lar`fIr çek.k% ihihch ls cgqr mPp lkaærk dk irk 
yxkrk gS vkSj tYnh gh lkekU; fLFkfr esa ykSV vkrk 
gSA

]] okbM daikmaM ykbczsjh% cM+s ykbczsjh daikmaM laHko gSaA
]] de xyr vykeZ% thlh vkSj daikmaM fMVsD'ku 
ds mi;ksx ls csgrj p;ukRedrk vkSj de xyr 
vykeZ gksrk gSA

]] Lons'kh rduhd% >70% Lons'khA

fp= 30- ,u&ukfldk&Lopkfyr 
gSaMgsYM lh,uVh&vk/kkfjr xSl lsalj
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laHkkfor vuqç;ksx 

foLQksVd igpku ds fodkl esa çkS|ksfxdh dk laHkkfor 
vuqç;ksx gSA ;g v/kZlSfud cyksa] ,uMhvkj,Q] ,u,lth] 
,lihth vkfn tSlh ?kjsyw Hkwfe lqj{kk ,tsafl;ksa ds fy, cy 
xq.kd ds :i esa dk;Z djsxkA

vartZyh; [kkuksa ds fy, /ofud lsalj

ekbal dk irk yxkus ds fy, /ofud lsalj ¼fp= 33½ 
vko`fÙk cSaM ¼2&20 fdyksgVZ~t½ esa oksYVst laosnu'khyrk 
¼vkjoh,l½ &170 Mhch js 1V/μPa (±2dB) vkSj loZ 
fn'kkRed ¼{kSfrt foeku½ çfrfØ;k okys vuqç;ksx dks 
fodflr dj ,u,lVh,y dks LkkSai fn;k x;kA

   fp= 32- ¼,½ ,dy rRo eksckby fMd‚;
           ¼ch½ Vh,yVh,  /ofud lsalj

¼,½ ¼ch½

,dy rRo eksckby fMd‚; /ofud lsalj

eksckby fMd‚; /ofud lsalj ¼fp= 32½ vkus okys 
VkjihMks dk irk yxkus esa l{ke gSA eksckby fMd‚; vius 
mUur ifj"—r dkmaVj&eki ,Yxksfjne ds lkFk nq'eu 
VkjihMks dks ukSlsuk IysVQ‚eZ ij geyk djus ls jksdus 
ds fy, yacs vkSj ftxtSx dkslZ esa pydj V‚jihMks dh 
ÅtkZ dks lekIr djds ukSlsuk IysVQ‚eZ dh j{kk djus esa 
enn djrk gSA fp= 32 ¼,½ esa fn[kk, x, vuqlkj vko`fÙk 
cSaM ¼15 fdyksgVZ~t ls 85 fdyksgVZ~t½ esa fjlhfoax oksYVst 
lsaflfVfoVh ¼vkjoh,l½ &170 Mhch js 1V/µPa (±2dB) 
okys eksckby fMd‚; ds fy, /ofud lsalj vkSj 100 ux 
,u,lVh,y dks forfjr fd, x, FksA

,;woh vuqç;ksx ds fy, fFku ykbu VksM 
¼Vh,yVh,½ ,sjs /ofud lsalj

,d v‚Vksu‚el vaMjokVj Oghdy ¼,;woh½ baVsfytsal] 
lfoZykal vkSj jh&dukblsal ¼vkbZ,lvkj½ dk dk;Z djrk 
gSA iht+sMVh ekbØks Vîwc lsaflax rRo dh fudVrk esa iwjh 
rjg ls foHksnd gkbfczM baVjQsl bysDVª‚fuDl dk mi;ksx 
djds y?kq Vh,yVh, ¼fp= 32 ch½ /ofud lsalj ds fy, 
çkS|ksfxdh fodflr dh xbZ gS] nksuksa Vh,yVh, ds fy,  
/ofud :i ls ikjn'khZ i‚yh;wjsFksu ¼ih;w½ esa lekfgr gSa 
vkSj jcj /ofud VkbYl esa ,EcsMsM vuqç;ksx ,;woh ij 
fQV fd, x, gSaA

;kSfxdksa dk irk 
yxk

raf=dk ¼VScqu] ljhu] lkseu] 
lkbDykslsfju] oh,Dl½] fCyLVj 
¼lYQj] ljlksa] ysfolkbV½] jä 
¼gkbMªkstu lkbukbM½] pkWfdax 
¼Q‚lthu½] VhvkbZlh@VhvkbZ,e

igpku Lopkfyr
irk yxkus dk 
le;

12 to 55 sec 

laosnu'khyrk ljhu% 0.05 mg/m3, lYQj  
ljlksa% 0.5 mg/m3, ,plh,u% 20 mg/
m3, Q‚Lthu% 20 mg/m3 

vykeZ JO; ,oa –';
vkdkj 30 x 10.5 x 12 cm3 

otu 3 kg cSVjh ds lkFk  
lapkyu > 8 ?kaVs yxkrkj 
n`<rk JSS55555 & MIL STD 461E

/ofud lsalj 

,l,lih,y us ,u,evkj,y ds lg;ksx ls ukSlsuk 
vkSj leqæh ç.kkfy;ksa ds fy, y?kq] vR;f/kd laosnu'khy] 
loZfn'kkRed ,QbZVh buiqV&ihtks&vk/kkfjr /ofud lsalj 
ds fuekZ.k ds fy, iwjh rjg ls Lons'kh rduhd dks 
fMtkbu] fodflr vkSj ekudh—r fd;k gSA bu lsaljksa ds 
fy, çkS|ksfxdh 1&3 ihtksdaiksftV@ihohMh,Q@iht+sMVh 
lsaflax rRo dh fudVrk esa gkbfczM baVjQsl bysDVª‚fuDl 
dk mi;ksx djds fodflr dh xbZ gS] nksuksa /ofud :i 
ls ikjn'khZ i‚yh;wjsFksu ¼ih;w½@,i‚Dlh esa lekfgr gSaA 
;g fofHkUu vuqç;ksxksa ds fy, okaNuh; ¶ySV vko`fÙk vkSj 
loZfn'kkRed çfrfØ;k ds lkFk y?kq] de ykxr] gYds otu] 
mPp laosnu'khyrk /ofud lsalj çnku djus esa l{ke gSA 
bu /ofud lsaljksa dk /ofud ijh{k.k lqfo/kk&,u,lVh,y 
fotkx] ,uvkbZvksVh] psUubZ vkSj ,uihvks,y esa oksYVst 
laosnu'khyrk vkSj çR;{krk çkIr djus vkSj ,e,Vh,l 
lqfo/kk ,uihvks,y esa rkieku lgu'khyrk ds fy, cM+s 
iSekus ij ewY;kadu fd;k x;k FkkA vuqekfur D;wvkj vkSj 
flLVe ,fIyds'ku ds lanHkZ esa ijh{k.k ds fy, ukSlsuk 
vkSj leqæh ç.kkfy;ksa ds fy, fofunsZ'kksa dks iwjk djus okys 
,dy&rRo y?kq /ofud lsalj vkSj ,sjs mi;ksxdrkZ dks 
iznku fd, x,A 
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nch gqbZ oLrqvksa ds LdSfuax lksukj ds fy,  
/ofud lsalj 

cjhM v‚CtsDV LdSfuax lksukj ¼chvks,l,l½ dk 
mi;ksx leqæ ry ij besftax ds nkSjku [kfutksa ds fy, 
fd;k tkrk gSA bldk mi;ksx [knku [kkstus ds fy, 
Hkh fd;k tk ldrk gSA ,l,lih,y us ,uvkbZvksVh ds 
lg;ksx ls 2&30 fdyksgVZ~t vko`fÙk jsat esa chvks,l,l ds 
fy, /ofud lsalj fodflr fd;k gS] ftlesa laosnu'khyrk 
vkjoh,l¾&165 Mhch js 1V/µPa gS] ¶ySV vkSj loZfn'kkRed 
çfrfØ;k ds lkFk tSlk fd fp= 34 esa fn[kk;k x;k gSA 

fp= 33- ekbal

fp= 34- chvks,l,l /ofud lsalj

fp= 35- 12&rRo /ofud lsalj ,sjs

fgeL[kyu Hkfo";ok.kh vuqç;ksxksa ds fy, 
ihtks&vk/kkfjr Lons'kh ,bZ lsalj vkSj Mh,D;w 
ç.kkyh

,l,lih,y us ,u,evkj,y vkSj MhthvkjbZ ds 
lg;ksx ls etcwr] mPp laosnu'khyrk ¼&30dB @1V/
µbar ls csgrj½] pkSM+h cSaMfoM~Fk ¼20&80 kHz½] fgeL[kyu 
iwokZuqeku vuqç;ksx ds fy, ,dfn'kh; ,bZ lsalj vkSj ,bZ 
vf/kxzg.k vkSj fo'ys"k.k ¼Mh,D;q½ ç.kkyh ds fuekZ.k ds fy, 
Lons'kh rduhd fodflr dh gS ¼fp= 36 ,½A Lons'kh ,bZ 
lsalj esa 1&3 ihtksdaiksftV lsaflax rRo gksrs gSa vkSj blesa 
26 Mhch baVhxzy çh&,EIyhQk;j xsu gksrk gSA Lons'kh 
Mh,D;w ç.kkyh esa 32@16&,bZ pkSuy gSa tks 1 ,e,lih,l 
vf/kdre uewuk nj] ,bZ flXuy ls dbZ ,bZ iSjkehVj 
fu"d"kZ.k ¼vk;ke] x.kuk] ,bZ ÅtkZ] f'k[kj vkSj vkSlr 
vko`fÙk] iYl vof/k] vkfn½ vkSj v‚ijsfVax rkieku &20 
fMxzh lsfYl;l ls 55 fMxzh lsfYl;l rd jsat esa l{ke gSaA

dSIpj fd, x, ,bZ rjax:i dks ¼fp= 36 ch½ esa 
fn[kk;k x;k gSA Lons'kh ,bZ lsalj ç.kkyh esa fofHkUu bLikr 
vkSj daØhV fuekZ.kksa vkSj lajpukvksa ds lajpukRed LokLF; 
fuxjkuh ¼,l,p,e½] fjlko dk irk yxkus] tax dk irk 
yxkus] foeku dh lajpukRed v[kaMrk dh fuxjkuh vkSj 
ncko iksr ,l,p,e vkfn ds {ks= esa laHkkfor vuqç;ksx gSaA  

fp= 36- ¼,½ Lons'kh ,bZ lsalj vkSj ,bZ Mh,D;w ç.kkyh ¼ch½ fu"df"Zr ,bZ 
iSjkehVj ds lkFk dSIpj ,bZ rjax:i

¼,½

¼ch½

leqæ ds ifjos'kh 'kksj eki ds fy, lsalj ,sjsA 12&rRo 
ifjos'k 'kksj eki /ofud lsalj ,sjs ¼fp= 35½ dk ih;w ¼100 

gVZ~t&30 fdyksgVZ~t½ 
esa izkoj.k fd;k x;k gS] 
ftlesa laosnu'khyrk 
vkjoh,l ¾ & 170 
Mhch js 1V/µPa] ¶ySV 
vkSj loZfn'kkRed 
çfrfØ;k ds lkFk 
vfHkdfYir] fodflr 
vkSj forfjr fd;k x;k 
gSA
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,bZ lsalj ¼320 ux½ vkSj Mh,D;w flLVe ¼08 ux½ 
dks eukyh&ysg v{k ¼/kqaMh vkSj ikfRl;ks] ,pih½ vkSj 
tEew&d'ehj ¼cfugky V‚i½ ij fofHkUu fgeL[kyu 
laHkkfor LFkyksa ij lQyrkiwoZd forfjr vkSj rSukr fd;k 
x;kA ,bZ lsalj ç.kkyh bu fgeL[kyu laHkkfor LFkyksa ij 
24X7 eksM esa dke dj jgh gS vkSj ,bZ MsVk ,d= dj 
jgh gSA fge fgeL[kyu Hkfo";ok.kh e‚My fodflr djus 
ds fy, MhthvkjbZ }kjk MsVk dk fo'ys"k.k fd;k tk,xkA 
,l,lih,y us ,bZ lsalj ds fy, esllZ dSuksil baLVªwesaV~l] 
Bk.ks vkSj ,bZ vf/kxzg.k ,oa fo'ys"k.k ¼Mh,D;w½ ç.kkyh ds 
fy, esllZ fMthy‚ftd flLVEl çkbosV fyfeVsM gSnjkckn 
dks lQyrkiwoZd çkS|ksfxdh gLrkarfjr dhA

lsaljksa ds fy, Hkfo"; dh ;kstuk,¡

HkwL[kyu iwoZ psrkouh ç.kkyh& ,bZ çkS|ksfxdh  
vk/kkfjr

,l,lih,y us viuh iqoZ ifj;kstukvksa ls Lons'kh 
,bZ lsalj vkSj Mh,D;w flLVe ds vfHkdYiu vkSj fodkl 
esa vuqHko çkIr fd;kA vuqHko dk mi;ksx HkwL[kyu dh 
?kVukvksa dh fuxjkuh ds fy, ,bZ lsalj flLVe fodflr 
djus vkSj okLrfod HkwL[kyu ?kVuk ds fy, ,bZ O;ogkj 
ds #>kuksa dk fo'ys"k.k djus ds fy, fd;k tk,xkA 
,df=r ,bZ MsVk ds fo'ys"k.k ds ckn e'khu yfuaZx fof/k;ksa 
vkSj —f=e cqf)eÙkk dk mi;ksx HkwL[kyu çkjafHkd psrkouh 
ç.kkyh ¼,ybZMCY;w,l½ ds fy, ,d ,Yxksfjne fodflr 
djus ds fy, fd;k tk,xkA 

Lons'kh /ofud osDVj lsalj dk fMtkbu vkSj 
fodkl

/ofud osDVj lsalj ¼,oh,l½ dk mi;ksx fofHkUu 
vuqç;ksxksa tSls vkxeu dh fn'kk dk vuqeku] bUÝklksfud 
lsaflax vkfn ds fy, fd;k tk ldrk gSA ,l,lih,y 
,oh,l ds fodkl dh fn'kk esa dke dj jgk gSA

CykLV lsalj

,l,lih,y ihtksbysfDVªd rRo ij vk/kkfjr Lons'kh 
ncko lsalj ds fodkl ij dke dj jgk gSA CykLV lsalj 
dk mi;ksx fofHkUu 'k‚d rjaxksa dk irk yxkus] foLQksV ;k 
foLQksVd ijh{k.k ds fy, fd;k tk,xkA

bU¶jklksfud lsalj

,l,lih,y bUÝklksfud lsalj ds fMtkbu vkSj fuekZ.k 
esa 'kkfey gSA bUÝklksfud lsalj dk fof'k"V vuqç;ksx 
fofHkUu ?kVukvksa tSls fgeL[kyu] ok;q v'kkafr dk irk 

yxkuk vkSj Hkwdai xfrfof/k;ksa vkfn ds fy, bUÝklksfud 
rjaxksa dk irk yxkuk vkSj mUgsa idM+uk gksxkA

,l,MCY;w&vk/kkfjr bZ&ukfldk
,l,MCY;w&vk/kkfjr bZ&ukfldk ç.kkyh dh rduhdh 

miyfC/k;ksa dk mi;ksx j.kuhfrd vkSj lkoZtfud egRo 
ds LFkkuksa esa mi;ksx ds fy, 24x7 lapkfyr lhMCY;w, 
fMVsDVj fodflr djus vkSj okgu ekmaV lhMCY;w, 
fuxjkuh ds fy, fd;k tk,xkA	

lh,uVh&vk/kkfjr xSl lsalj
lh,uVh&lsalj çf'k{k.k vkSj —f=e cqf)eÙkk l‚¶Vos;j 

dk mi;ksx djus ds ckn vkxs dk jkLrk lsalj e‚Mîwy 
dk mi;ksx fofHkUu çdkj ds foLQksVdksa] lhMCY;w, vkSj 
bZ&ukst tSlh vU; tgjhyh xSlksa dh LØhfuax ds fy, 
fd;k tk,xkA

,ebZ,e,l&vk/kkfjr /ofud osDVj lsalj
vkus okys /ofud flXuy ds vkxeu dh fn'kk dk 

vuqeku yxkus ds fy, Lons'kh :i ls fodflr ,oh,l 
dk mi;ksx fd;k tk,xkA fof'k"V vuqç;ksx% xu'k‚V 
LFkkuh;dj.kA  

THz çkS|ksfxdh
,l,lih,y us viuh mPp okgd xfr'khyrk] 'kwU; 

cSaMxSi vkSj lHkh THz vko`fÙk esa etcwr baVjcSaM vo'kks"k.k 
ds dkj.k xzkQhu dk mi;ksx djds THz fMVsDVj fodflr 
djus dh ;kstuk cukbZ gS tks okbMcSaM THz fMVsD'ku 
çnku djrk gSA xSj&vk;uhdj.k fofdj.kksa ds dkj.k THz 
besftax ekr`Hkwfe lqj{kk ds fy, cgqr çklafxd gSA THz 
LisDVªksLdksih foLQksVdksa] lhMCY;w, vkSj vU; lkefxz;ksa ds 
vf}rh; fQaxjfçaV çnku djrk gSA ¼fp= 37½  

fp= 37- THz fMVsDVj
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leqæh ty ds dk;Z ds :i esa uhys@gjs ystj 
ds çlkj dk v/;;u 

vartZyh; [knkuksa] vartZyh; lapkj] ,;woh@;w;woh 
iuMqCch lapkj vkSj uhys@gjs ystj rduhd ij  
vk/kkfjr v'kkafr dk irk yxkus okyh ç.kkfy;ksa dh Hkfo"; 
dh mHkjrh vko';drk leqæh okrkoj.k esa uhys@gjs ystj 
ds çlkj ds fy, foLr`r ç;ksxkRed MsVk@okLrfod le; 
MsVk dh ekax djrh gSA 

FkeksZbysfDVªd dwyj çkS|ksfxdh

FkeksZbysfDVªd dwyj isfYV;j çHkko ij vk/kkfjr Bksl 
voLFkk okys 'khryu midj.k gSa tks Mhlh oksYVst ds 
vuqç;ksx ij LFkkuh;—r 'khryu ;k xekZgV çnku dj 
ldrs gSaA bu midj.kksa dks ystj Mk;ksM] bUÝkjsM ,Qih, 
vkSj vU; lsalj tSls lfØ; midj.kksa ds 'khryu vkSj 
rkieku fLFkjhdj.k ds fy, j{kk ç.kkfy;ksa vkSj mi&ç.kkfy;ksa 
esa O;kid mi;ksx feyrk gSA

,l,lih,y us Bi2Te3 feJ /kkrqvksa ij vk/kkfjr 
flaxy LVst FkeksZbysfDVªd dwyj e‚Mîwy ds fMtkbu vkSj 
fuekZ.k ds fy, rduhd fodflr dh gSA laiw.kZ çkS|ksfxdh 
fodkl esa FkeksZbysfDVªd lkexzh vuqdwyu] midj.k fMtkbu 
vkSj çn'kZu fleqys'ku] rFkk fo'oluh; ,oa iqu#Rikfnr 
:i ls dwyj e‚Mîwy ds fuekZ.k ds fy, çfØ;k vuqØe dk 
ekudhdj.k 'kkfey gSA ih&Vkbi vkSj ,u&Vkbi fcLeFk 
VsyqjkbM feJ /kkrq ds i‚yhfØLVykbu flfYy;ka] ftudh 
;ksX;rk dk vkadM+k > 2-5 X 10-3 /K gS] Å/oZk/kj fn'kkRed 
Ýhftax dk mi;ksx djds mxk, x, FksA e‚Mîwy dks 
mi;ksxdrkZ dh vko';drkvksa ds vk/kkj ij fofHkUu ?kjsyw 
vuqç;ksxksa ds fy, fMtkbu fd;k x;k gSA laiw.kZ çfØ;k 
vuqØe] ftlesa dbZ mi&çkS|ksfxfd;ka 'kkfey gSa tSls  
/kkrq—r ,Y;wfeuk lClVªsV dk fodkl] y?kq FkeksZ&rRoksa dk 
fodkl] fMekmaVscy vlsacyh ftXl dk fMtkbu] e‚Mîwy 
vlsacyh ds fy, lksYMfjax çfØ;kvksa dk vuqdwyu vkSj 
e‚Mîwy fo'ks"krkvksa dk ijh{k.k vuqdwfyr fd;k x;k gSA

flaxy LVst TE dwyj e‚Mîwy ¼fp= 38½ dks ystj 
Mk;ksM ds 'khryu@rkieku fLFkjhdj.k] Ti&vk/kkfjr 
ekbØks&cksyksehVj ljf.k;ksa] InGaAs&vk/kkfjr 

 'khryu çkS|ksfxfd;k¡

,lMCY;wvkbZvkj fMVsDVjksa] 'khr ifj/kkuksa vkfn tSls 
vuqç;ksxksa ds fy, fodflr fd;k x;k gSA 10X10 ls 
50X50 oxZ feeh rd ds vkdkj okys vkSj 1 okV ls 30 
okV dh jsat esa xehZ iai djus esa l{ke dwyj e‚Mîwy dks 
vko';drk ds vuqlkj fMtkbu vkSj fufeZr fd;k x;k 
gSA bu e‚Mîwy dh v‚ijsfVax /kkjk,¡ 250 mA ls 10A dh 
lhek esa gSaA iwjs fMokbl esa 64K rd dk vf/kdre rkieku 
varj çkIr fd;k tk ldrk gSA ,d m|ksx Hkkxhnkj ds 
lkFk baVjQsl ds ek/;e ls midj.k la[;k dk Ldsy vi 
gkfly fd;k x;k gSA

mPp rkieku varj ¼>64K½ çkIr djus ds fy, 
eYVh&LVst TE dwyj e‚Mîwy ¼fp= 39½ fodflr fd, x, 

mijksä dks /;ku esa j[krs gq, ,l,lih,y us ty 
iSjkehVj ds dk;Z ds :i esa uhys@gjs ystj iSjkehVj ds çlkj 
ds foLr`r ç;ksxkRed v/;;u dh ;kstuk cukbZ gS] mnkgj.k 
ds fy, yo.krk] pkydrk] eSykiu] dkcZfud inkFkZ] rkieku] 
ncko bR;kfnA ;g v/;;u uhys@gjs ystj&vk/kkfjr 
flLVe ekinaMksa dks vuqdwfyr djus esa enn djsxkA

gSaA ;g fodkl 
mi;ksxdrkZ dh 
vko';drkvksa ds 
vk/kkj ij fdlh 
Hkh ,fIyds'ku 
ds fy, b"Vre 
e‚Mîwy dks 
dLVe fMtkbu 
djuk vkSj mUgsa 
Lons'kh :i ls 
cukuk laHko 
cukrk gSA

fp= 39- eYVh&LVst dwyj  

fp= 38- flaxy LVst dwyj        
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Bi2Te3 feJ /kkrq vk/kkfjr uSuksdEiksftV 
dk fodkl

cYd Bi2Te3 ij vk/kkfjr flaxy&LVst vkSj 
eYVh&LVst TE dwyj ds fy, çkS|ksfxdh ds lQy fodkl 
ds ckn] Bi2Te3 vk/kkfjr uSuks&daiksftV ds fodkl ij 
dke 'kq: fd;k x;kA de rkieku ij FkeksZbysfDVªd 
lkefxz;ksa dh ;ksX;rk ds vkadM+s ¼tsMVh½ dks c<+kus ds fy,] 
gky ds dke esa cM+s iSekus ij uSuks&daiksftV ij /;ku 
dsafær fd;k x;k gS ftlesa FkeksZbysfDVªd eSfVªDl vkSj 
fc[kjs gq, uSuks&vkdkj ds d.k 'kkfey gSaA ,l,lih,y us 
FkeksZbysfDVªd uSuks&daiksftV dh rS;kjh vkSj FkeksZbysfDVªd 
y{k.k o.kZu ds fy, ,d lqfo/kk LFkkfir dh gSA bl fodkl 
dk;Z dks eksVs rkSj ij fuEufyf[kr esa foHkkftr fd;k tk 
ldrk gS%

uSuks&daiksftV dh rS;kjh vkSj FkeksZbysfDVªd 
fo'ks"krk

]] uSuks lekos'ku ds lkFk ;k mlds fcuk c‚y fefyax 
}kjk feJ /kkrq eSfVªDl ds uSuks&vkdkj ds ikmMj 
dh rS;kjh

]] vuqdwfyr ifjfLFkfr;ksa esa ,uhfyax ds ckn csyukdkj 
NjksaZ esa uSuksikmMj dk la?kuu

]] 150&350K ds rkieku ij FkeksZbysfDVªd xq.kksa dk 
fooj.k

çksVksVkbi VhbZ dwyj e‚Mîwy dk fuekZ.k vkSj 
ijh{k.k

]] de çfrjks/k laidZ çnku djus ds fy, uSuks&fefJr 
uewuksa ij /kkrqdj.k] ftlesa bysDVªksi‚fyf'kax] 
bysDVªksysl Ni teko ds ckn Ni bysDVªksIysfVax ds 
fy, çfØ;kvksa dk vuqdwyu 'kkfey gSA

]] FkeksZ&rRoksa dh rS;kjh] ;wfuV ;qxy fuekZ.k vkSj 
mudk ijh{k.k
uSukslajfpr lkefxz;ksa dh vo/kkj.kk ds vk/kkj ij] 

eSfVªDl rRo ds :i esa fcLeFk VsyqjkbM ds feJ /kkrqvksa 
dk mi;ksx djds uohu uSuks&daiksftV rS;kj fd, x, 
vkSj muds FkeksZbysfDVªd xq.kksa ds fy, fo'ks"krk,¡ nh xbZA 
uSuks&daiksftV ds FkeksZbysfDVªd O;ogkj ij muds çHkko 
dk v/;;u djus ds fy, uSuks&vkdkj ds lekos'ku tSls 
Si] Cu] SiC] CNTs vkSj xzkQhu dks eSfVªDl ds Hkhrj 
QSyk;k x;kA uSuks lekos'ku ds vkdkj] lkaærk ds 
lkFk&lkFk ,uhfyax fLFkfr;ka vyx&vyx Fkha] ftlds ckn 
FkeksZbysfDVªd ekinaMksa vkSj fofHkUu rkiekuksa ij ;ksX;rk ds 

vkadM+s dk ewY;kadu fd;k x;k vkSj Fkksd feJ /kkrqvksa ds 
lkFk rqyuk dh xbZA

uSuks&daiksftV rS;kj djus ds fy,] p çdkj Bi 
0-5

Sb
1-5

Te
3 

vkSj n çdkj Bi2Se0.7Te 2.3 dh vuqdwfyr jpukvksa dks 
la'ysf"kr fd;k x;k vkSj uSuks vkdkj ds ikmMj esa ihlus 
ds fy, IySusVjh c‚y fey ¼jsLVp ih,e&100½ ds fy, 
QhM ds :i esa mi;ksx fd;k tkrk gSA ih vkSj ,u çdkj 
ds uSuks&daiksftV rS;kj djus ds fy, uSuks&lajfpr eSfVªDl 
lkexzh esa fofHkUu uSuks d.kksa] tSls fd fofHkUu lkaærk esa Cu] 
Si] CNT vkSj xzkQhu dks tksM+k tkrk gSA

c‚y feYM ikmMj dks ,d Lopkfyr dksYM çsl dk 
mi;ksx djds okafNr eksVkbZ ds lkFk 13 feeh vkSj 20 feeh 
O;kl ds csyukdkj NjksaZ ds :i esa d‚EiSDV fd;k tkrk 
gSA ih vkSj ,u nksuksa çdkj ds uSuks&daiksftV NjksaZ esa mPp 
?kuRo vkSj fpduh fQfu'k çkIr djus ds fy, d‚EiSfDVax 
çfØ;k dks vuqdwfyr fd;k x;kA okafNr FkeksZbysfDVªd 
xq.kksa dks çkIr djus ds fy, bu NjksaZ dks vuqdwfyr rkieku 
vkSj vof/k ij lhy vkSj ,uhYM fd;k tkrk gSA ZEM-3L 
vkSj XFA ç.kkyh dk mi;ksx djds ,ukYM uSuksdEiksftV 
uewuksa dks muds lajpukRed vkSj FkeksZbysfDVªd xq.kksa ds 
fy, vkxs c<+k;k x;kA

uSuks&daiksftV ds v/;;u ls irk pyk gS fd tSlh 
fd mEehn Fkh] uSuks&lajpuk fcLeFk VsyqjkbM feJ /kkrqvksa 
dh rkih; pkydrk esa egRoiw.kZ deh ykrh gSA gkyk¡fd] 
ljy uSuks&lajfpr uewus cgqr vf/kd çfrjks/kdrk fn[kkrs 
gSa] blfy, lexz Z esa deh vkbZ gSA

U;wure ek=k esa uSuks&lekos'ku ¼0-1 ls 0-3 wt%½ 
tksM+us ls bu uSuksdEiksftV esa çfrjks/kdrk vkSj lhcsd 
xq.kkad esa egRoiw.kZ ifjorZu vk;kA okLrfod o`f)@
deh] uSukslekos'ku çtkfr;ksa] muds vkdkj] ,dkxzrk vkSj 
,uhfyax fLFkfr;ksa ij fuHkZj djrh gSA 150&300K rkieku 
jsat esa FkeksZbysfDVªd xq.kksa ij vyx&vyx lkaærk okys 
uSuks&lekos'ku ds :i esa 10&50 ,u,e vkdkj ds Cu] 
Si] SiC] MWCNT] xzkQhu ds çHkko dk O;ofLFkr :i ls 
v/;;u fd;k x;k gSA

bu v/;;uksa ds vk/kkj ij] de rkieku ij mUur Z 
okys ih vkSj ,u çdkj ds uSuks&daiksftV dh igpku dh 
xbZ gSA de rkieku 150&300 K ij mUur FkeksZbysfDVªd 
esfjV v‚Q esfjV (ZT) lh,uVh ¼0-05 vkSj 0-1 wt%½ vkSj 
xzkQhu ¼0-4 wt%½ ds lkFk uSuks&lekos'ku ds lkFk ih 
çdkj ds uSuks&daiksftV esa çkIr fd;k x;kA ,u&çdkj ds 
uSuks&daiksftV ds fy,] de rkieku ij ZT o`f) dks CNT 
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¼2wt%½ vkSj Si¼0-2 wt%½ ds lkFk uSuks&lekos'ku ¼fp= 40½ 
ds :i esa ns[kk x;k FkkA ,u&çdkj ds uSuks&daiksftV ds 
fy, t+sMVh ewY;ksa esa vkSj o`f) ds fy, dk;Z fd;k tkuk gSA

blds vykok] FkeksZdiy ds fuekZ.k ds fy,] bu 
uSuks&daiksftV ij vPNs vklatu ds lkFk Ni laidZ çkIr 
djus ij igyh ckj dke fd;k x;k gSA ;g egRoiw.kZ gS 
D;ksafd vc rd] nqfu;k Hkj esa fdlh Hkh 'kks/k lewg us bl 
{ks= esa lQyrk ugha izkIr dh gSA uSuks&daiksftV ds fy, 
de&çfrjks/k /kkrq laidZ çkIr djus ds {ks= esa dqN vkSj 
dke djus dh vko';drk gS rkfd TE midj.kksa ds çn'kZu 
esa vkSj lq/kkj gkfly fd;k tk ldsA

 mUur Z ds lkFk uSuks&daiksftV dk mi;ksx djds] 
çksVksVkbi TE dwyj dk lQyrkiwoZd fuekZ.k vkSj ijh{k.k 
fd;k x;k gSA bu midj.kksa esa vf/kdre rkieku varj 
(∆Tmax) 32-34 oC çkIr fd;k x;k gSA ;s uSuks&daiksftV 
dk mi;ksx djds nqfu;k Hkj esa fdlh Hkh lewg }kjk fjiksVZ 
fd, x, igys dwyj e‚Mîwy çn'kZu ifj.kkeksa esa ls ,d gSaA 
bu midj.kksa esa csgrj ZT ds çHkko dks le>us ds fy, Ni 
baVjQsl ds vkSj vuqdwyu ds lkFk&lkFk bls çkIr djus 

fp= 40- uSuks&lekos'ku 

ds fy, ubZ /kkrq ;kstukvksa dh [kkst ij dke çxfr ij gSA

LVfyaZx Øk;ksdwyj

LVfyaZx Øk;ksdwyj dk mi;ksx ,l,lih,y esa fodflr 
fd, tk jgs bUÝkjsM Qksdy Iysu ,jst ¼vkbZvkj,Qih,½ 
dks BaMk djus ds fy, fd;k tkrk gS vkSj ;g O;kolkf;d 
:i ls miyC/k fMVsDVj ,jst ds fy, Hkh mi;qä gSA bu 
vkbZvkj,Qih, dks muds lkekU; lapkyu ds fy, 80K 
Øe ds Øk;kstsfud rkieku ij cuk, j[kuk iM+rk gSA 
Øk;kstsfud rkieku ;kaf=d can pØ LVfyaZx Øk;ksdwyj }
kjk mRikfnr fd;k tkrk gSA ;s Øk;ksdwyj LVfyaZx lkbfdy 
ij dke djrs gSa vkSj mPp n{krk] rsth ls BaMk gksus dk 
le;] NksVs vkdkj] gYds otu vkSj mPp fo'oluh;rk dh 
fo'ks"krk j[krs gSaA

,l,lih,y us baVhxzsVsM fMVsDVj nsoj dwyj vlsacyh 
¼vkbZMhMhlh,½ d‚fUQxjs'ku ds vk/kkj ij jksVjh ØSad 
lapkfyr Øk;ksdwyj dh rduhd fodflr dh gSA çksVksVkbi 
jSf[kd ,sjs ds lkFk&lkFk vkbZvkj,Qih, çk:iksa ds fy, 
mi;qä gSA Øk;ksdwyj dh rduhdh tfVyrk vkSj yach 
vof/k ds vlQy&lqjf{kr lapkyu dh vko';drk ds fy, 
djhch lgu'khyrk ds lkFk etcwr fMtkbu] fuekZ.k vkSj 
vlsacyh vkSj mi&çkS|ksfxfd;ksa dh ,d J`a[kyk dh iw.kZrk 
dh vko';drk gksrh gSA fodflr çksVksVkbi dks ekud 
ijh{k.k çksVksd‚y ds vuqlkj dbZ lkS ?kaVksa dh ç;ksx'kkyk 
ijh{k.k ds v/khu lQyrkiwoZd fd;k x;k gSA ,d 

fp= 41- LVfyaZx Øk;ksdwyj çksVksVkbi

fof'k"V çn'kZu ijh{k.k 
dk LØhu&'k‚V fp= 41 
esa fn[kk;k x;k gSA bls 
c h b Z ,y&eNyhiêue 
¼fp= 41½ esa O;kolkf;d 
:i ls miyC/k 
vkbZMhMhlh, e‚Mîwy ds 
lkFk ,dh—r vkSj ijh{k.k 
fd;k x;k gS vkSj Li"V 
FkeZy Nfo;ka çkIr dh 
xbZaA ;s çksVksVkbi fofHkUu 
lsalj ,sjs çk:iksa esa  
vk/kqfud FkeZy bestlZ 
ds fy, mi;qä gSa 
vkSj vR;k/kqfud gSaA 
Lons'kh mRiknu ds fy, 
çkS|ksfxdh ¼VhvksVh½ dks 
chbZ,y&eNyhiêue esa 
LFkkukarfjr dj fn;k x;k gSA
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fo'ks"krk,¡%
]] 'khryu {kerk		  % 0-5W @ 80K
]] 'khr fQaxj vkdkj		 % vf/kdre 8feeh
]] dwy&Mkmu le;		  % <6 feuV
]] Mªkbo dk çdkj		  % cz'kysl Mhlh eksVj
]] QhMcSd fu;a=.k		  % gk¡
]] vf/kdre buiqV ikoj	 % 20W
]] fLFkj voLFkk buiqV	 % 10W@ 80K
]] otu			   % <450 xzke

'khr&vkbZvkj fMVsDVjksa ds fy, 
Lo&fofu;eu tsVh dwyj

nsoj ,d oSD;we ,udSIlqys'ku gS] ftldk mi;ksx 
'khr&vkbZvkj fMVsDVjksa dh iSdsftax ds fy, fd;k tkrk 
gS] ftls yxHkx 80K ls 90K ds Øk;kstsfud rkieku ij 
lapkfyr djus dh vko';drk gksrh gSA nsokj ewy :i 
ls fMVsDVj dks ok;qeaMyh; xehZ ls cpkrk gS rkfd bls 
vklkuh ls okafNr Øk;kstsfud rkieku rd BaMk fd;k 

fp= 43- Øk;ksdwyj çksVksVkbi ds lkFk layXu HHTI

fp= 42- ,d fof'k"V uewus ds ifj{k.k ifj.kke
¼Mh,D;w LØhu&'kkWV½

tk lds vkSj mlds ckn ml rkieku ij cuk, j[kk tk 
lds] tc rd fd fMVsDVj pkyw jgsA vke rkSj ij] bl 
mís'; ds fy, twy Fk‚elu ¼tsVh½ dwyj dk mi;ksx fd;k 
tkrk gS] D;ksafd ;g dkQh d‚EiSDV gksrk gS] U;wure otu 
¼10&15 xzke½ nsrk gS] blesa dksbZ xfr'khy Hkkx ugha gksrk 
vkSj yxHkx 7 ls 20 lsdaM dk cgqr Rofjr dwy&Mkmu 
le; çnku djrk gSA

,d tsVh Øk;ks&dwyj ewy :i ls ,d dkmaVj ¶yks 
ghV ,Dlpsatj vkSj ,d uksty gS tks mPp ncko vkSj 
rkieku ls de ncko vkSj rkieku rd ,d jsfÝtjsaV ¼mPp 
'kq)rk ukbVªkstu ;k vkxZu½ ds vkblsaFkkfYid foLrkj ds 
twy Fk‚elu fl)kar ds vk/kkj ij ç'khru mRiUu djrk 
gSA Øk;ks&dwyj dks vDlj ,d fo'ks"k rkieku ij okV 
esa ekih xbZ mudh miyC/k ç'khru {kerk ds vk/kkj ij 
ewY;kafdr fd;k tkrk gS] ftl ij ç'khru miyC/k gksrk 
gS] mnkgj.k ds fy, 80K ij 1WA ,d tsVh dwyj ,d 
[kqys pØ ij dke djrk gSA ,d vU; egRoiw.kZ iSjkehVj 
ç'khru çkIr djus ds fy, vko';d ikoj buiqV ;k dk;Z 
gSA jsfÝtjsVj ds çn'kZu ds xq.kkad dks vuqikr ds :i esa 
ifjHkkf"kr fd;k x;k gS%

lhvksih ¾ ç'khru {kerk@ikoj buiqV ¾ m"ek 
vo'kks"k.k@fd;k x;k dk;Z

çn'kZu dk vkn'kZ xq.kkad dkuksZV eku gS% lhvksih 
¼dkuksZV½ ¾ TL /(TH-TL)

tgka] TL U;wure pØ rkieku ¼ç'khru rkieku½ 
gS vkSj TH vf/kdre pØ rkieku gS] vkerkSj ij  
ok;qe.Myh; rkiekuA

okLrfod lhvksih vkSj dkuksZV lhvksih ds vuqikr 
dks dwyj n{krk dgk tkrk gSA okLro esa] ;g ml rjg 
dk mi;ksxh eki gS] ,d okLrfod e'khu FkeksZMk;ukfed 
vkn'kZ e'khu rd ekirh gSA bl çdkj] dwyj n{krk ¾ 
okLrfod lhvksih@dkuksZV lhvksih

ukbVªkstu ds lkFk 300K ij buysV xSl ls 78K 
ij rjy ukbVªkstu dk mRiknu djus okys dk;Z'khy 
rjy inkFkZ ds lkFk] ;g ns[kk x;k gS fd 1W ds ç'khru 
vkmViqV dk mRiknu djus ds fy, 33-5W dh buiqV 
'kfä dh vko';drk gksrh gSA bl çdkj] ;g JT dwyj 
dk okLrfod COP 1@33-5 ¾ 0-03 nsrk gS] tcfd vkn'kZ 
dkuksZV pØ ds fy, COP ¾ TL /(TH-TL) ¾ 78@¼300&78½ 
¾ 78@222 ¾ 0-35 gksxkA

bl çdkj] tsVh dwyj dh n{krk ¾ ¼okLrfod COP@
dkuksZV COP½ ¾ 0-03@0-35 ¾ 8-57 %
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fodflr tsVh dwyj  
vc rd ,d lrr çokg tsVh dwyj] tSlk fd fp= 44 

esa fn[kk;k x;k gS] ,l,lih,y esa fodflr fd;k x;k gS] 
ftlesa fQu&Vîwc dks NksM+dj lHkh Hkkx Lons'kh gaSA dejs 
ds rkieku ij 'khryu ijh{k.k ij bl dwyj us 3000psi 
¼208 ckj½ ncko ds lkFk vkiwfrZ fd, x, ukbVªkstu xSl 
lss 30 lsdaM ds okafNr dwy&Mkmu le; ds Hkhrj rjy 
ukbVªkstu dk mRiknu fd;kA

fp= 44- fujarj çokg tsVh dwyj

fp= 45- Lo&fofu;eu tsVh dwyj 

ra= dks lkdkj djus ds fy, lHkh ç;kl fd, tk jgs gSaA 
tsVh dwyj ds Lo&fofu;eu ra= dk fo[kf.Mr –'; fp= 
46 esa fn[kk;k x;k gS vkSj iw.kZ Lo&fofu;fer tsVh dwyj 
dk ,d dVk gqvk [kaM fp= 47 esa fn[kk;k x;k gSA

gkyk¡fd] ,d fujarj çokg tsVh dwyj okafNr 
'khr&rkieku çkIr djus ij Øk;kstsu ds æO;eku çokg 
dks fu;af=r ugha dj ldrk] ftlds ifj.kkeLo:i mPp 
'kq)rk ¼6N 'kq)½ xSlksa dh Hkkjh [kir gksrh gS] tks ,d 
felkby okgd ij lhfer ek=k esa miyC/k gksrh gSaA bl 
çdkj okLrfod fLFkfr esa Lo&fofu;eu tsVh dwyj dk 
mi;ksx vko';d gSA ¼fp= 45½A

Lo&fofu;fer tsVh dwyj mi;ksx djus dk ykHk% ,d 
Lo&fofu;fer tsVh dwyj esa] tSls gh 80@90K dk okafNr 
BaMk rkieku çkIr gks tkrk gS] tsVh dwyj esa fufeZr 
Lo&fu;eu ra= Øk;kstsu ds æO;eku çokg dks mlds 
çkjafHkd ewY; ls 5% ls 10% rd de dj nsrk gS] bl 
çdkj vkiwfrZ dh xbZ xSlksa dh dkQh cpr gksrh gS ftlds 
ifj.kkeLo:i dwyjksa dk lapkyu dkQh yack gks tkrk gSA

,l,lih,y esa Lo&fofu;fer tsVh dwyj fodflr 
djus dk dke çxfr ij gSA bl tsVh dwyj ds Lo&fu;eu 

fp= 46- tsVh dwyj ds Lo&fofu;eu ra= 
dk fo[kf.Mr –';   

fp= 47- Lo&fofu;fer tsVh 
dwyj dk dVk gqvk [kaM

vc rd /kkfRod cSYyks] tks bl ra= dk ân; gS] 
lkdkj gks pqdh gSA tsVh fNæ ij lqbZ&okYo dh lqbZ 
dh xfr dks iwjh rjg ls lh/kk j[kus ds fy, ,d feuh 
¶ysDlpj fLçax Hkh fMtkbu fd;k x;k vkSj ckn esa fufeZr 
fd;k x;kA

vU; y?kq Hkkxksa dks Hkh fMtkbu vkSj fufeZr fd;k 
x;kA bl çdkj lHkh vko';d gkMZos;j dks le>us ds 
ckn] bl fofu;eu ra= dh dqN vlsacfy;ksa dks ,dh—r 
djus dk ç;kl fd;k x;k gS] ysfdu yxHkx 27 ckj ds 
mPp xSl ncko ds rgr blds dke esa iw.kZrk vHkh Hkh 
çxfr ij gSA

Lo&fofu;eu tsVh dwyj dk fodkl 

,l,lih,y ds ikl ,d izkFkfed y?kq tsVh 
Øk;ks&dwyj fodflr djus dk vuqHko gS vkSj mUur 
laLdj.kksa ds fodkl esa 'kkfey rduhdh tfVyrkvksa dh 
ljkguk djrk gSA ns'k esa bu dwyjksa ds fy, mRiknu 
lsVvi fodflr djus ds fy,] ç;ksx'kkyk us csgrjhu 
e'khfuax {kerkvksa@vuqHko okys dqN futh m|ksxksa dks 
'kkfey djus dh laHkkouk dk irk yxk;k gS vkSj eq[; 
:i ls ;g lqfuf'pr fd;k gS fd çklafxd {kerk,a@Kku 
ns'k esa miyC/k gSA

blfy, VsDuksy‚th MsoyiesaV QaM ds rgr 
lsYQ&jsxqysfVax tsVh dwyj dk fodkl py jgk gSA
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,ebZ,e,l&vk/kkfjr THz fMVsDVj 
VsjkgVZ~t ¼TH½ rjaxsa] 0-1 ls 10 THz rd dh vko`fÙk 

jsat esa fo|qr pqEcdh; fofdj.k dks lanfHkZr djrh gSaA  
¼1 THz ¾ 1012 gVZ~t½] tks 3 feeh vkSj 100 ekbØksu ds 
chp rjax nS/kZ~; ds vuq:i gSA foLQksVd] tSls] ,p,e,Dl] 
vkjMh,Dl] ihbZVh,u] vkfn esa THz vko`fÙk jsat esa vf}rh; 
LisDVªksLdksih fo'ks"krk,a gSaA blfy, lqj{kk vkSj vkradokn 
fojks/kh leL;kvksa dks gy djus esa muds vuqç;ksxksa ds 
fy, THz ij O;kid :i ls 'kks/k fd;k tk jgk gSA THz 
xSj&vk;uhdj.k gS fQj Hkh 'kjhj ds Årdksa ds ek/;e ls 
dqN nwjh rd ços'k dj ldrk gS] blfy, ;g esfMdy 
,Dl&js ds çfrLFkkiu ds :i esa #fp j[krk gSA blds 
vykok] lcls vke xSj&/kzqoh; inkFkZ blds fy, ikjn'khZ 
gksrs gSa vkSj THz vko`fÙk jsat esa o.kZØeh; fQaxjfizaV gksrs 
gSa tks xSj&fouk'kdkjh ijh{k.k] fpfdRlk vkfn lfgr 
oSKkfud vkSj O;kogkfjd {ks=ksa esa vuqla/kku ds fy, #fp 
iSnk djrs gSa THz lapkj vuqla/kku dk ,d vkSj egRoiw.kZ 
{ks= gS D;ksafd ;g ekbØksoso dh rqyuk esa mPp cSaMfoM~Fk 
vkSj fjt‚Y;w'ku çnku djrk gSA bl o.kZØeh; {ks= esa 
çkS|ksfxdh vHkh Hkh viuh çkjafHkd voLFkk esa gS vkSj bls 
vkerkSj ij THz xSi ds :i esa tkuk tkrk gSA

,ebZ,e,l&vk/kkfjr THz fMVsDVj esa nks eq[; {ks= 
'kkfey gSa ¼,½ f}&lkexzh rRo ¼FkeZy foLrkj ds fofHkUu 
xq.kkad okys lkefxz;ksa ls ;qä lw{e&dSafVyhoj ;k ySXl½ 
vkSj ¼ch½ esVk&lkexzh vo'kks"kd] tSlk fd fp= 48 esa 
fn[kk;k x;k gSA esVk&eVsfj;y lajpuk esa rhu ijrksa 
dk ,d <sj gksrk gS] vFkkZr] /kkrq] MkbZbZysfDVªd vkSj ,d 
fuf'pr rjax nS/kZ~; cSaM esa vo'kks"k.k dks vf/kdre djus 
ds fy, mi;qä vk;ke vkSj vkdkj ds lkFk fufeZr /kkrqA 
vo'kksf"kr THz fofdj.k fiDlsy ij Å"ek esa ifjofrZr gks 
tkrk gSA blls tkjh fiDlsy ds rkieku esa o`f) gksrh 
gS vkSj nks lkefxz;ksa ds FkeZy foLrkj ds fofHkUu xq.kkad 
ds dkj.k f}&lkexzh lw{e&dSafVyhoj esa ;kaf=d fo{ksi.k 

mHkjrh çkS|ksfxfd;k¡

v‚fIVdy jhMvkmV dk mi;ksx djds çnf'kZr fd;k x;k 
gSA ,l,lih,y ,ebZ,e,l vk/kkfjr THz fMVsDVj ,sjs ds 
lkFk&lkFk THz cksyksehVj rduhd ds fMtkbu ij Hkh 
dke dj jgk gSA

QksVksd‚UMfDVo ,aVhuk ¼ihlh,½&vk/kkfjr 
THz çkS|ksfxdh

THz vko`fÙk ds dk;Z ds :i esa THz fofdj.k dh 
lkSE; vkSj [krjukd lkefxz;ksa ds lkFk vyx&vyx 
ckrphr djus dh {kerk bls LisDVªksLdksih ds vk/kkj ij 
lqj{kk tkap ds fy, egRoiw.kZ cukrh gSA VsjkgVZ~t fofdj.k  
vf/kdka'k xSj&/kkfRod vkSj xSj&/#oh; ek/;eksa ls vklkuh 
ls çlkfjr gksrk gS] bl çdkj THz flLVe dks ogka 
ekStwn laHkkfor [krjukd lkefxz;ksa dh tkap djus ds fy, ¼,½ 

¼ch½

¼lh½

¼bZ½ ¼,Q½ ¼th½

¼Mh½

fp= 48- ¼,½ ,oa ¼ch½ Si lClVªsV ij esVk&eVsfj;y vo'kks"kd ds lkFk THz 
f}&lkexzh lsalj dk 3D n`'; ¼lh ,oa Mh½ fufeZr THz fMVsDVj vkSj mldk 
iSdst ¼bZ½ THzz fMVsDlu ds fy, izk;ksfxd lsV vi ¼,Q ,oa th½ THzz 

vo'kks"k.k ls igys vkSj ckn esa yst+j che dh fLFkfRk

mRiUu gksrk gSA

f M t k b u 
fd;k x;k 
,ebZ,e,l THz 
fMVsDVj LVkdZ 
esa lQyrkiwoZd 
fufeZr fd;k x;k 
gS vkSj bldh 
dk;Z{kerk dks 
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fp= 49- ¼ch½ ,pvkj,QtsM ysal ij LFkkfir ihlh, fMokbl

60 fs 
Laser Pulse

Terahertz 
Pulse

iSdsftax] ukyhnkj dkMZcksMZ] diM+s] twrs] cqdcSx bR;kfn 
tSlh Nqikus okyh ck/kkvksa dks ^ns[kus^ esa l{ke cukrk gSA 
foLQksVdksa] jklk;fud vkSj tSfod ,tsaVksa lfgr lqj{kk 
vuqç;ksxksa ds fy, #fp dh dbZ lkefxz;ksa esa fof'k"V THz 
LisDVªk gksrk gS ftldk mi;ksx fQaxjfçaV ds fy, fd;k 
tk ldrk gS vkSj bl çdkj bu fNih gqbZ lkefxz;ksa dh 
igpku dh tk ldrh gSA

fofHkUu çdkj ds THz lzksrksa esa ls] QksVks daMfDVo 
,aVsuk ¼ihlh,½ ds ikl LisDVªksLdksih vkSj besftax ,fIyds'ku 
ds fy, THz dh ih<+h vkSj igpku ds fy, vf}rh; ykHk 
gS( D;ksafd os d‚EiSDV ,oa fo'oluh; gSa vkSj mUgsa oSD;we 
;k Øk;kstsfud dwfyax dh vko';drk ugha gksrh gSA ihlh, 
vk/kkfjr lzksr dejs ds rkieku ij μWatt 'kfä vkSj O;kid 
cSaMfoM~Fk (~ 6THz) ds lkFk THz mRltZu çnku djrk 
gSA ihlh, QksVksdaMfDVfoVh ds fl)kar ij dke djrs 
gSa] tks Qkbcj v‚fIVd ystj ds lkFk d‚EiSDV ,dhdj.k 
dh vuqefr nsrk gS vkSj bldk mi;ksx ,d etcwr THz  
LisDVªksLdksih ç.kkyh cukus ds fy, fd;k tk ldrk gSA 
ihlh, esa ,d Mhlh i{kikrh /kkrq f}/kzqoh; ,aVhuk gksrk 
gS tks vYVªk'k‚VZ okgd thoudky ¼<1ps½ ds lkFk ,d 
QksVksd‚UMfDVo lClVªsV ij iSVfuZr gksrk gSA QseVkslsdaM 
v‚fIVdy iYl ,aVhuk xSi ij fxjrk gS] vkSj vo'kksf"kr 
gksus ij QksVksdaMDVj ds vanj QksVksdSfj;j mRiUu djrk 
gSA mRiUu QksVksdSfj;j dks Mhlh ck;l {ks= esa Rofjr fd;k 
tkrk gS] ftlls ,d {kf.kd QksVksdjaV mRiUu gksrk gS] tks 
f}/kzqoh; ,aVhuk dks pykrk gS vkSj varr% THz vko`fÙk iYl 
ds :i esa mRlftZr gksrk gSA ,Q,l ystj }kjk ihlh, 
esa THz ih<+h vkSj ,pvkj,QtsM lh ysal ij yxk, x, 
fof'k"V ihlh, fMokbl dks fp= 49 esa fn[kk;k x;k gSA

ç;ksx'kkyk vko';d ¼de rkieku½ LT-GaAs vkSj 
LT-InGaAs lkexzh ds fodkl ds lkFk&lkFk Lons'kh QksVks 
daMfDVo ,aVhuk ¼PCA½ vk/kkfjr THz lzksr vkSj fMVsDVjksa 
ds fodkl dks yf{kr dj jgh gSA lkexzh vkSj midj.k 
fodkl dh rduhd cgqr pqukSrhiw.kZ gS vkSj ,l,lih,y 
egRokdka{kh :i ls ~60 µW THz lzksr dh fMyhojh dk 
y{; cuk jgk gSA ç;ksx'kkyk ,d Lons'kh THz Vkbe Mksesu 
flLVe ¼THz-TDS½ fodflr djus dh Hkh ;kstuk cuk jgh 
gS vkSj bls de nwjh ¼~1&QhV½ vuqç;ksxksa ds fy, iwjh rjg 
ls Lons'kh THz besftax vkSj THz LisDVªksLdksih ç.kkyh dk 
çn'kZu djus ds fy, vuqdwfyr fd;k tk,xkA

xzkQhu THz çkS|ksfxdh

xzkQhu ,d 'kwU; cSaM xSi lkexzh gS] pkyu cSaM vkSj 
oSysal cSaM Mk;jkd fcanq ij ,d nwljs dks Nwrs gSa vkSj 
jSf[kd ÅtkZ&laosx QSyko gksrk gS ftlds ifj.kkeLo:i 
fofHkUu fnypLi v‚IVksbysDVª‚fud xq.k gksrs gSaA THz {ks= 
esa] xzkQhu esa etcwr baVªkcSaM vo'kks"k.k xq.k gksrs gSa vkSj ;g 
THz fofdj.k dk irk yxkus] mRiknu vkSj e‚Mîwys'ku ds 
fy, ,d vk'kktud lkexzh gSA

,l,lih,y us xzkQhu vk/kkfjr THz midj.kksa ds 
fuekZ.k ds fy, rduhd fodflr dh gSA bl çkS|ksfxdh 
fodkl esa xzkQhu fodkl] fMokbl dk fleqys'ku vkSj 
fMtkbfuax] fMokbl fuekZ.k vkSj fMokbl ds ijh{k.k dks 
vuqdwfyr fd;k x;k gSA xzkQhu THz midj.kksa tSls THz 
e‚MîwysVj vkSj THz fMVsDVj ds fuekZ.k ds fy, çfØ;k 
pj.k LFkkfir fd, x, gSaA fp= 49- ¼,½ fs yst+j }kjk ihlh, esa THz mRltZu
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xzkQhu THz e‚MîwysVj

xsV oksYVst@v‚fIVdy iYl dks ykxw djds xzkQhu esa 
QehZ Lrj dks Vîwu fd;k tk ldrk gS vkSj xzkQhu pSuy 
esa Vªkalfe'ku dks THz ÝhDosalh jsat esa e‚MîwysV fd;k 
tk ldrk gSA ,l,lih,y us xzkQhu THz e‚MîwysVj ds 
fofHkUu foU;kl rS;kj fd,] fo|qr xsfVax }kjk 15&23% 
rd vkSj v‚fIVdy iafiax }kjk 45&55% rd e‚Mîwys'ku 
xgjkbZ gkfly dhA  

xzkQhu THz fMVsDVj

tc th,QbZVh pSuy esa fLFkj /kkjk çokfgr gksrh gS] 
rks pSuy esa xzkQhu IykLeksu mRiUu gksrs gSa tks xsV vkSj 
lzksr@ukyh {kerk dks fu;af=r djrs gSaA xzkQhu pSuy esa 
fodflr {kerk THz che dh ?kVuk dh rhozrk ds lh/ks 
vkuqikfrd gSA ,l ,lih,y us xzkQhu THz fMVsDVj 
rS;kj fd, gSa vkSj 100 ,eoh@MCY;w vkSj ,ubZih 400 
,uMCY;w@gVZ~t 1@2 rd çfrfØ;k'khyrk gkfly dh gSA 

THz ijh{k.k lqfo/kk 

THz ijh{k.k O;oLFkk lkexzh ¼xzkQhu] MoS
2
] InP, LT-

GaAs] LT-InGaAs] vkfn½ ds THz y{k.k o.kZu vkSj THz 
¶jhDosalh Mksesu flLVe ¼THz-FDS flLVe½ vkSj THz 
Vkbe Mksesu flLVe ¼THz-FDS½ dk mi;ksx djds fufeZr 
THz midj.kksa ds ijh{k.k ds fy, cukbZ xbZ gSA vkifrr 
THz che dh de 'kfä ds dkj.k THz che dk irk 
yxkuk ,d pqukSrh gSA detksj THz  che vkSj y‚d&bu 
,EiyhQk;j] ,l,e;w vkfn dks lajsf[kr djus ds fy, 
fofHkUu v‚IVks&eSdsfudy ?kVdksa dk mi;ksx djds] THz  
ijh{k.k O;oLFkk dks fp= 50] 51 esa lq/kkj fd;k x;k gSA 

fp= 50- fofufeZr xzkQhu THz e‚MîwysVj ,oa xzkQhu  THz fMVsDVj

fp= 51- ¼,½ v‚fIVdy iafiax }kjk THz e‚MîwysVj dk ijh{k.k

¼ch½ THz fMVsDVj ijh{k.k dk ;kstukc) vkjs[k

DokaVe VsDuksy‚tht

fiNys nks n'kdksa ds Hkhrj] DokaVe VsDuksy‚tht 
¼D;wVh½ us tcjnLr çxfr dh gS] DokaVe HkkSfrdh esa ukscy 
iqjLdkj fotsrkvksa us ç;ksxksa ls vkxs c<+rs gq, O;kogkfjd 
vuqla/kku ds ,d Ø‚l&fMflfIyujh {ks= esa ços'k fd;k gSA 
bl {ks= esa vfuok;Z :i ls pkj Mksesu 'kkfey gSa% DokaVe 
dEI;wVs'ku] tks dqN x.kukvksa dks ukVdh; :i ls rst 
djus ds fy, DokaVe çHkkoksa dks fu;ksftr djrk gS( DokaVe 
lapkj] tgka O;fäxr ;k my>s gq, QksV‚u dk mi;ksx 
lqjf{kr rjhds ls MsVk lapkfjr djus ds fy, fd;k tkrk 
gS( DokaVe fleqys'ku] tgka vPNh rjg ls fu;af=r DokaVe 
flLVe dk mi;ksx vU;] de lqyHk DokaVe flLVe vkSj 
DokaVe lsaflax ds O;ogkj dks iqu% mRiUu djus ds fy, 
fd;k tkrk gS] tgka ckgjh xM+cM+h ds fy, lqlaxr DokaVe 
flLVe dh mPp laosnu'khyrk dk mi;ksx HkkSfrd ek=k ds 
eki ds çn'kZu dks c<+kus ds fy, fd;k tkrk gSA DokaVe 
Hkfo"; gS vkSj 21oha lnh esa foKku] vFkZ'kkL= vkSj lekt 
esa uokpkjksa dk batu cuus okyh bu DokaVe çkS|ksfxfd;ksa 
ds jkLrs esa dksbZ ck/kk ugha vkuh pkfg,A

fiNys dqN o"kksaZ esa] DokaVe daI;wfVax ds {ks= esa egRoiw.kZ 
rduhdh çxfr ntZ dh xbZ gS] ftlesa DokaVe daI;wVjksa us 
lcls vf/kd lqf[kZ;k¡ cVksjhaA gkyk¡fd] lsaljksa dh nqfu;k esa 
rqyukRed :i ls de fn[kkbZ nsus okyh vkSj 'kkar Økafr Hkh 
vkus okyh gS vkSj mruh gh mYys[kuh; vkSj egRoiw.kZ gSA 
DokaVe flLVe ckgjh xM+cM+h ds çfr vR;f/kd laosnu'khy 
gSa vkSj gkykafd ;g DokaVe daI;wfVax esa ,d pqukSrh vkSj 
çeq[k detksjh lkfcr gks ldrh gS] ;g ^DokaVe lsalj^ 
fodflr djrs le; ,d ykHk ds :i esa dk;Z djrk gSA 
DokaVe lsaljksa ds ,d mHkjrs oxZ dk mi;ksx vc le;] 
vko`fÙk] fo|qr vkSj pqacdh; {ks=ksa lfgr dbZ HkkSfrd ek=kvksa 
ds ekiu ds fy, fd;k tk jgk gSA

,l,lih,y us DokaVe lsalj ij dke 'kq: dj fn;k 
gS vkSj vYVªk Le‚y ,V‚fed Dy‚d ¼;w,l,lh½ vkSj y?kq 
ijek.kq eSXusVksehVj ds fodkl ds fy, O;ogk;Zrk dk;Z 'kq: 
dj fn;k gSA bu nksuksa ijek.kq midj.kksa dk ikuh ds Hkhrj 
lapkj] thih,l ls oafpr i;kZoj.k] th,u,l,l fjlhoj 
vkfn ds {ks= esa tcjnLr j{kk vuqç;ksx gSA

fiNys n'kdksa ds nkSjku pqacdh; {ks=ksa ds oSKkfud vkSj 
rduhdh mi;ksx esa dbZ lQyrk,a gqbZ gSa] fQj Hkh dejs ds 
rkieku ij mPpre LFkkfud fjt‚Y;w'ku okys lcls NksVs 
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pqacdh; {ks=ksa dk irk yxkuk ,d cM+h oSKkfud pqukSrh 
lkfcr gqbZ gSA vkus okys o"kksaZ esa mPp LFkkfud fjt‚Y;w'ku 
okys gYds] FkeZy :i ls fLFkj] O;kid jsat eSXusVksehVj dh 
vko';drk dks DokaVe eSXusVksehVj ls iwjk fd;k tk ldrk 
gSA blesa dbZ lSU; {ks= 'kkfey gSa tgka lsalj dh vko';drk 
gks ldrh gS] mnkgj.k ds fy,] /kkrq dh oLrqvksa tSls fd 
xSj&foLQksfVr ck:n] HkwHkkSfrdh; lajpukvksa] okguksa vkSj 
tgktksa }kjk mRiUu pqacdh; folaxfr;ksa dk irk yxkus ds 
fy, vR;f/kd lVhd fLFkfr MsVk çnku djukA

blfy, bu y?kq eSXusVksehVj ds mi;ksx ls vxys dqN 
o"kksaZ esa lSU; çkS|ksfxdh ifj–'; esa ,d ukVdh; cnyko 
dh dYiuk dh tk ldrh gSA çLrkfor eSXusVksehVj ds 
y?kqdj.k vkSj fØ;k'khyrk dks blls ykHkkfUor gksus okys 
çeq[k vuqç;ksxksa ij egRoiw.kZ çHkko Mkyuk pkfg, vkSj  
ckf/kr djuk pkfg,A

ijek.kq ?kfM+;k¡ lcls lVhd le; vkSj vko`fÙk ekudksa 
esa ls ,d gSa tks vuquknd ds :i esa {kkj ijek.kqvksa ds 
laØe.k dk mi;ksx djrh gSaA yxHkx ,d n'kd ls] bu 
ijek.kq ?kfM+;ksa ds y?kq laLdj.k dks fodflr djus ds fy, 
nqfu;k Hkj esa O;kid dke fd;k x;k gS] ftUgsa vkerkSj ij 
fpi Ldsy ijek.kq ?kfM+;ksa ds :i esa tkuk tkrk gSA bu 
y?kq ?kfM+;ksa dk fl)kar lqlaxr tula[;k VªSfiax ¼lhihVh½ 
?kVuk ij vk/kkfjr gS tks dqN ?ku feyhehVj ds ,d 
d‚EiSDV gesZfVdyh lhycan flfyd‚u ok"i lsy esa ns[kk 
tkrk gS tks bu DokaVe lzksrksa dk fny gSA {kkjh; ok"i 
okyh bu dksf'kdkvksa ls mPp&vko`fÙk e‚MîwysVsM ystj 
che }kjk iwNrkN dh tkrh gS vkSj ladsrksa dk fo'ys"k.k 
fd;k tkrk gSA

,slh ijek.kq ?kfM+;ksa dh vko`fÙk fLFkjrk lhft;e ¼Cs½ 
;k #fcfM;e ¼Rb½ tSls {kkj ijek.kqvksa ds vfr lw{e tehuh 
Lrj ds chp laØe.k ij vk/kkfjr gksrh gS] ftudh laØe.k 
vko`fÙk;k¡ Øe'k% 9-91 GHz vkSj 6-64 GHz gksrh gSaA

mUur v/kZpkyd çlaLdj.k] ohlh,lbZ,y vkSj 
lhihVh ?kVuk tSlh fpi ij ystj Mk;ksM dh miyC/krk 
us fof'k"V vYidkfyd fLFkjrk <1E-11@1000 s vkSj mez 
c<+us dh nj <1E-8@ o"kZ ds lkFk ikjaifjd ijek.kq ?kM+h 
ds y?kqdj.k dks laHko cuk fn;kA

DokaVe lsaflax 

y?kq ijek.kq eSXusVksehVj vkSj y?kq ijek.kq ?kM+h dk 
fodkl

,l,lih,y de 'kfDr ctV ds lkFk vius y?kq 
laLdj.k dks çnf'kZr djus ds fy, DokaVe lsalj ds 
HkkSfrdh iSdst ds çeq[k ?kVdksa vFkkZr ohlh,lbZ,y vkSj 
ekbØksQSfczdsVsM vYdyhosij lsy ¼,e,ohlh½ ds fodkl 
ij dke dj jgk gSA ok"i lsy esa vkjch ;k lh,l 
ijek.kqvksa ds /kzqohdj.k ds fy, ,d iai lzksr ds :i esa 
ohlh,lbZ,y dh vko';drk gksrh gSA blds fy, bu 
ijek.kqvksa dh D1 ;k D2 laØe.k vko`fÙk;ksa ij rjax nS/;Z 
dk feyku vko';d gSA ohlh,lbZ,y dk fuekZ.k tfVy 
rduhd gS vkSj blds fy, vR;k/kqfud cqfu;knh <kaps dh 
vko';drk gksrh gSA ,l,lih,y us y?kq eSXusVksehVj ds 
fodkl ij çLrkfor ifj;kstuk ds rgr bu ystj lzksrksa ds 
fodkl ij dke djuk 'kq: dj fn;k gS vkSj ;g ijek.kq 
?kfM+;ksa esa Hkh mi;ksx ds fy, mi;qä gksaxsA ijek.kq lsalj 
vuqç;ksxksa ds fy, vko';d l[r lgu'khyrk ds fy, 
ohlh,lbZ,y lzksr dh dBksj fo'ks"krk dh vko';drk gksrh 
gSA ,l,lih,y esa ,d iw.kZ fo'ks"krk lqfo/kk Hkh LFkkfir 
dh tk jgh gSA ,d ckj fodflr gksus okyh rduhd 
dks Hkfo"; ds mRiknu ds fy, xSVsd esa vuqokfnr fd;k 
tk,xkA

,e,ohlh lSaMfop çdkj dh lajpuk gksrh gS ftlesa 
flfyd‚u ls cuh xqgk,a nks Xykl IysVksa ds chp lSaMfop 
gksrh gSaA b"Vre ijek.kq ?kuRo cuk, j[kus ds fy, bu 
midj.kksa dks ,d ,dh—r ghVj ds lkFk {kkj ok"i vkSj 
cQj xSl ls yksM fd;k tkrk gSA

,l,lih,y esa] 1400 µm ¼1-4 feeh½ eksVk] 4ß 
flfyd‚u] ih Vkbi <100> lClVªsV tks 4ß osQlZ ¼500 
µm½ dh ikjaifjd eksVkbZ ugha gS vkSj okLro esa 3x xquk 
vf/kd dk mi;ksx fd;k x;k gSA nksgjh dSfoVh fMtkbu 
ftls fMLisaflax dSfoVh vkSj v‚fIVdy dSfoVh ds :i esa 
tkuk tkrk gS] 150µm xgjs pSuy ds ek/;e ls tqM+k 
gqvk gS] dk mi;ksx fd;k x;k gSA lSaMfop lajpuk ds 
fuekZ.k ds fy, ,uksfMd c‚fUMax ds ek/;e ls Xykl@Si@
Xykl dh gesZfVd lhfyax dk mi;ksx fd;k x;k gSA Bksl 
voLFkk ekxZ ds ek/;e ls xgjh xqgkvksa ds vanj vR;f/kd 
çfrfØ;k'khy {kkj /kkrqvksa dk lekos'kA lh,l vkSj vkjch 
{kkj ok"i dksf'kdkvksa dk igyk çksVksVkbi ftlesa cQj xSl 
ds :i esa vkxZu dh mifLFkfr esa fof'k"V MkbZ vkdkj ≤ 10 
feeh x 8 feeh vkSj xqgk ek=k ≤5 feeh3 gS] lQyrkiwoZd 
çnf'kZr fd;k x;k gSA vxys rRdky dne ds :i esa] mPp 
'kfä ystj vkSj Qksdflax v‚fIVDl dk mi;ksx djds 
Bksl&voLFkk {kkj fMLisalj xksfy;ksa dk lfØ;.k fd;k 
tk,xkA xqgk ds vanj çkIr {kkj ok"i dk LisDVªksLdksfid 
eki ds ek/;e ls fo'ys"k.k fd;k tk,xk ftldk lsVvi 
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,l,lih,y esa rS;kj gks jgk gSA ,l,lih,y T;knkrj 
Lons'kh v‚fIVdy@eSdsfudy ?kVdksa dk mi;ksx djds 
HkkSfrdh iSdst fodkl ij Hkh tksj nsxkA Lons'kh fodkl 
dks dkQh gn rd leFkZu nsus ds fy, Hkkjrh; m|ksx ds 
ek/;e ls y?kq fu;a=.k bysDVª‚fuDl vkSj l‚¶Vos;j fodkl 
fd;k tk,xkA orZeku esa] flfyd‚u vYdyh ok"i lsy dk 
igyk çksVksVkbi çn'kZu ,l,lih,y esa fd;k x;k gSA ,d 
ckj tc ç.kkyh fodflr] rS;kj vkSj lQyrkiwoZd çnf'kZr 
gks tk,xh] rks Hkkjr bu&gkml DokaVe lsaflax rduhd ds 
fy, vxz.kh ns'kksa esa ls ,d gksxkA

fp= 52- HkkSfrdh iSdst dk ;kstukc) vkjs[k

fp= 53- flfyd‚u&vk/kkfjr {kkj lsy dk ;kstukc) vkjs[k

fp= 54- ystj fefyax }kjk feeh xgjh dSfoVh

fp= 55- ohlh,lbZ,y ekWM;wy dh yf{kr lajPkuk

fp= 56- flfyd‚u {kkj lsy ekWM;wy dk igyk çksVksVkbi izn'kZu

MslhMkWd }kjk izdkf'kr


