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lkjka'k

DokaVe M‚V~l ij vkèkkfjr ;qfä;ks ds dÃ rqyukRed Qk;ns gSa] ftuesa muds l?ku vkdkj vkSj 
çdk'k&xfr ds yxHkx lapkyu 'kkfey gSaA bysDVª‚fud DokaVe ifjjksèk] DokaVe M‚V~l ds fy, lkeatL; 
djus ;ksX; ekinaMksa dks r; djrk gS] tks lHkh mHkjrs {ks=ksa esa u, vuqç;ksxksa ds fy, bathfu;jksa dks 
vkdÆ"kr dj jgk gSA bl {ks= esa lrr vuqdj.k ,d egRoiw.kZ LFkku j[krs gSa D;ksafd ç;ksx djus ls 
igys oSKkfudksa ds fy, vè;;u djuk ljy gksrk gSA bl dk;Z esa] geus ZnS DokaVe M‚V~l ds fofHkUu 
çdk'kh; xq.kksa dk vuqdj.k vkSj tkap dh gS] ftlesa vo'kks"k.k o.kZØe] çdk'k ds èkzqohdj.k ds dkj.k gksus 
okys ifjorZu vkSj muds lacafèkr baVªkcSaM LFkkukUrj.k çpaMrk 'kkfey gSaA ;g vuqdj.k] DokaVe M‚V ySc] 
uSuks gc dk mi;ksx djds fd, x, gSaA ;g fooj.k vèkZpkyd DokaVe M‚V~l ds fy, mi;qä çdk'kh; 
vuqç;ksxksa dks [kkstus esa lgk;d gksaxsA

Abstract

Quantum dot devices have many comparative advantages, including their compact size 
and close-to-light-speed operation. The electronic quantum confinement draws the tunable 
parameters for quantum dots that attract engineers for new applications across all emerging 
fields. The simulation studies in this field find an important place as it is easy for scientists to 
study, prior to experimentation. In this work, we have simulated and examined various optical 
properties of ZnS quantum dots, including absorption spectra, changes caused by polariza-
tion of light, and their respective intraband transition strengths. These simulations have been 
carried out using the Quantum Dot Lab, Nano hub. The results drawn here will be helpful in 
finding the appropriate optical applications for semiconductor quantum dots.

fo"k; cksèkd 'kCn & vèkZpkyd DokaVe M‚V] vo'kks"k.k o.kZØe] DokaVe M‚V ySc] lrr vuqdj.k

Keywords – Semiconductor quantum dots, absorption spectrum, Quantum dot lab, simulations  

laf{kIr ifjp;

DokaVe M‚V~l dh [kkst us vèkZpkyd m|ksx ¼semiconductor industry½ dks ,d u;k vk;ke fn;k 
gSA ikjaifjd vèkZpkyd ;qfä;ks dh rqyuk esa DokaVe M‚V ;qfä;ks ds ykHk cgqr vfèkd gSaA buds }kjk 
çnÆ'kr fnypLi fo'ks"krkvksa ds dkj.k] DokaVe M‚V~l dks m|ksxksa esa dÃ vuqç;ksx feyrs gSaA os csgrj 
viokgu ¼transport½ vkSj çdk'kh; ¼optical½ xq.kksa dk çn'kZu djrs gSa] ftudk mi;ksx dÃ fnypLi 
midj.kksa dh jpuk djus ds fy, fd;k tk ldrk gSA DokaVe M‚V~l ds dÃ vuqç;ksxksa esa ,yÃMh ¼LED½] 
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ystj ¼LASER½] QksVksMsVsDVj ¼photodetector½] tSfod laosnd ¼biological sensors½] DokaVe daI;wÇVx 
¼biological sensors½] DokaVe lwpuk çlaLdj.k ¼information processing½] vkSj ¶yksjkslsal o.kZØe 
ds lkFk fpfdRlk funku ¼medical diagnosis½ 'kkfey gSa ¼1&4½A DokaVe M‚V~l ds lcls egRoiw.kZ  
vuqç;ksxksa dks muds v‚fIVdy xq.kksa tSls vo'kks"k.k ¼absorption½ vkSj foyqIr ¼extinction½ gksus okys 
o.kZØe dk vuqdj.k vkSj vè;;u djds rS;kj fd;k tk ldrk gSA rjax nSè;Z ikafr ¼wavelength range½ 
ij fopkj djds ftlesa ,d fuf'pr vo'kks"k.k ;k foyqIr gksus dh pksVh ¼peak½ gksrh gS] uSuks çkS|ksfxdh 
midj.kksa dh :ijs[kk dks fofHkUu çdkj ds vuqç;ksxksa ds lkFk <kapkxr ¼design½ fd;k tk ldrk gSA 
;g ys[;&i=] çdk'k ds èkzqohdj.k] QeÊ&Lrj] T;kfefr] v{k ds lkFk DokaVe M‚V ds mUeq[khdj.k] vkSj 
vèkZpkyd DokaVe M‚V~l ds vo'kks"k.k LisDVªk ij vkdkj tSls ekinaMksa dh ,d foLr`r lj.kh dh fHkUurk 
ds çHkko dks çLrqr djrk gSA

gky ds fnuksa esa ZnS uSuksd.kksa ds i;kZoj.k ds vuqdwy la'ys"k.k ds dkj.k] dÃ 'kksèkdrkZvksa dks 
mi;qä vuqç;ksxksa dh [kkst ds fy, vkdÆ"kr fd;k gSA laØe.k èkkrq ¼Ni] Ag] Cd] Co] Cu] vkSj Mn½ 
dk mi;ksx ok;q okrkoj.k esa jklk;fud o"kZ.k fofèk dk mi;ksx djds ZnS dh MksÇix ds fy, fd;k tk 
ldrk gS ¼5½A de ykxr] vklku] gfjr la'ys"k.k fofèk ZnS uSuksd.kksa@DokaVe M‚V~l dks vU; nkosnkjksa 
ds chp vfèkd mi;ksxh cukrh gS ¼6½A tSo laxr ZnS uSuks&ck;ksesfMflu vkSj HkkSfrd foKku ds {ks= 
esa ,d c<+rk gqvk 'kksèk fo"k; gSA gky ds fnuksa esa fd, x, vfèkdka'k leku vè;;u ZnS ds xksykdkj 
DokaVe M‚V~l dh ç;ksxkRed [kkst ij dsafær gSa ¼7] 8½A orZeku vè;;u esa ZnS uSuksd.kksa ds vkdkj vkSj 
vk—fr fHkUurk ij ppkZ dh xÃ gSA ifj.kkeksa ls irk pyrk gS fd fo'ks"k vuqç;ksx ds fy, DokaVe M‚V~l 
dh ç;ksT;rk r; djus esa vkdkj fHkUurk ,d egRoiw.kZ Hkwfedk fuHkkrh gSA orZeku vè;;u fofHkUu vkdkj 
ds DokaVe M‚V~l cukus ds fy, ra= fodflr djus ds fy, ç;ksxdrkZ dks çsj.kk nsrk gSA 

lrr vuqdj.k lkèku ¼Simulation tool½

bl i= esa] ge DokaVe M‚V ySc] uSuksgc ¼Quantum dot lab, Nanohub½ ¼9½ dk mi;ksx djds 
vèkZpkyd uSuksd.kksa dk vuqdj.k ¼simulations½ çLrqr dj jgs gSaA DokaVe M‚V ySc fofHkUu çdkj dh 
T;kfefr tSls isVh ¼box½] flysaMj] xqacn] fijkfeM] vkSj 'kadq ds fy, ,d isVh leL;k esa d.k dk vuqdj.k 
djrh gSA ljy DokaVe M‚V fleqys'ku ds fy,] ;g Çlxy&cSaM çHkkoh æO;eku çfr:i.k ¼single-band 
effective mass modelling½ dk mi;ksx djrk gSA çHkkoh æO;eku ¼effective mass½] ,d mfpr çkpy 
¼parameter½ gS] D;ksafd ;g JksÇMxj lehdj.k ¼Schrödinger equation½ esa ,dek= çkpy gS tks fofHkUu 
lkefxz;ksa ¼materials½ ds fy, fHkUu gks ldrk gSA okLrfod nqfu;k ds uewuksa esa ges'kk vkn'kZ ¼xksykdkj½ 
vk—fr;ksa ls dqN fopyu gksrk gS vkSj ;gÈ ls uSuksgc l‚¶Vos;j egRoiw.kZ gks tkrk gSA JksÇMxj lehdj.k 
ij vkèkkfjr 3&Mh rjax Qyu ¼wavefunction½ dks fofHkUu vkdkj ds DokaVe M‚V~l ds fy, ns[kk 
tk ldrk gSA ge vaèksjs ¼dark½ vkSj fofodrk js[kkvksa ¼sharp lines½ ds :i esa dÃ v‚fIVdy baVªkcSaM 
voLFkkarj dh x.kuk vkSj dYiuk dj ldrs gSaA ;g voLFkkarj ÅtkZ ds fof'k"V ewY;ksa ij voLFkkarj 'kfä 
dks n'kkZrk gSA ge lenSf'kd çdk'kh; xq.kksa ¼isotropic optical properties½ ij 3&Mh T;kfefr ds çHkko 
dk fo'ys"k.k djus ds fy, vkifrr çdk'k ¼incident ray½ ds èkzqohdj.k ¼polarization½ tSls ekinaMksa dks 
fuèkkZfjr dj ldrs gSa] QeÊ Lrj vkSj rkieku dks fofoèk fd;k tk ldrk gSA uSuksgc l‚¶Vos;j dk QeÊ 
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Lrj nks cSaM e‚My esa QeÊ Lrj ls vyx gSA uSuksgc ,dy cSaM e‚My dk mi;ksx djrk gS] blfy, QeÊ 
Lrj fuEure voLFkk ds vfèkHkksx ds vuqlkj r; fd;k tkrk gSA

lax.kdh; fooj.k ¼Computational details½

DokaVe M‚V~l mR—"V ,dy&çdk'kk.kq ¼single-photon½ lzksr vkSj ,dy&pØ.k ¼single-spin½ ds 
fy, mi;qä est+cku gSaA ;g çdk'kk.kq lewg ds fuekZ.k dks l{ke cukrk gS vkSj DokaVe lapkj vkSj DokaVe 
daI;wÇVx esa lalkèku ds :i esa dk;Z djrk gS ¼10½A gky gh esa] ZnS vkèkkfjr uhyo.kZ çdk'k mRltZd 
DokaVe M‚V ,yÃMh ¼QLED½ dks vPNh DokaVe ;hYM ds lkFk la'ysf"kr fd;k x;k gS ¼11½A fo"kSys rRoksa 
dh vuqifLFkfr vkSj v‚IVksbysDVª‚fuDl esa muds O;kogkfjd vuqç;ksx ds dkj.k] ZnS DokaVe M‚V~l cgqr 
è;ku vkdÆ"kr dj jgs gSa ¼12½A fiNys dqN o"kks± ds nkSjku] ZnS DokaVe M‚V~l dk vè;;u QksVksfuDl] 
QhYM&bQsDV VªkaftLVj ¼FET½] vkSj vkS|ksfxd çnw"kdksa dks gVkus ds fy, dq'ky uSuks&çdk'kh;&mRçsjd 
¼nano-photonic-catalyst½ ds :i esa muds ç;ksx ds fy, Hkh fd;k x;k gS ¼13&14½A orZeku dk;Z esa 
ÅtkZ voLFkkvksa vkSj ZnS DokaVe M‚V ds vkdkj&fuHkZj v‚fIVdy xq.kksa ds lacaèk esa dqN 3D lajpukvksa 
dk vuqdj.k vè;;u fd;k x;k gSA ZnS DokaVe M‚V ds bu xq.kksa dks mPp çn'kZu v‚IVksbysDVª‚fud 
vuqç;ksxksa vkSj daI;wÇVx okLrqdyk esa çHkkoh <ax ls mi;ksx fd;k tk ldrk gSA JksÇMxj lehdj.k dks 
fo'ys"k.kkRed fofèk }kjk] xksykdkj uSuksd.kksa ds fy, vklkuh ls gy fd;k tk ldrk gS] ysfdu euekus 
vkdkj ds fy,] ;g csgn eqf'dy gSA bl dk;Z esa]  xksykdkj uSuksd.kksa ds v‚fIVdy xq.kksa dks 5% fopyu 
ds lkFk vuqdj.k fd;k x;k gSA blfy,] 10nm ds O;kl okys ,d vkn'kZ uSuksd.k ds fy,] X, Y, vkSj 
Z v{kksa ds lkFk yackÃ dks Øe'k% 9.5nm] 10nm vkSj 10.5nm ds :i esa fy;k x;k gSA ZnS DokaVe 
M‚V ds fofHkUu fo'ys"k.kksa dks djus ds fy,] l‚¶Vos;j *DokaVe M‚V ySc* dks gekjs dke esa lQyrkiwoZd 
fu;ksftr fd;k x;k gS ftlesa JksÇMxj lehdj.k dk lekèkku çkIr fd;k x;k gSA bl lkèku dk 
mi;ksx djds] fofHkUu iSjkehVj tSls vkdkj] T;kfefr] ÅtkZ&voLFkk dh la[;k] tkyh fLFkjkad ¼lattice 
constatnt½] çHkkoh æO;eku ¼effective mass½ vkSj cSaM varjky ¼energy bandgap½ vuq:i  fd;k x;k 
gS ftl ij DokaVe M‚V~l dh ifjjksèkd ÅtkZ ¼confinement energy½ fuHkZj djrh gSA ;g lkèku ¼DokaVe 
M‚V ySc] uSuksgc½ 3D rjax dk;ks±] ÅtkZ voLFkkvksa] èkzqoh—r çdk'k ds vkèkkj ij bysDVªksfud&LFkkukUrj] 
vkSj vo'kks"k.k ds lkFk&lkFk DokaVe M‚V~l ds ,dh—r vo'kks"k.k dks [kkstus ds fy, mi;ksxh gSA ZnS 
DokaVe M‚V~l ds fy, orZeku vuqdj.k ds nkSjku mi;ksx fd, tkus okys fofHkUu ekinaMksa dks uhps rkfydk 
¼1½ esa la{ksfir fd;k x;k gSA

ifj.kke vkSj O;[;k

bl dk;Z esa] igys vkB ÅtkZ&voLFkk ds fy,] 9-5 X 10 X 10-5 ¼nm½3 ZnS DokaVe M‚V ds fy, 
lrr vuqdj.k fd, x, gSa] vkSj èkzqohdj.k] QeÊ Lrj vkSj T;kfefr ij vo'kks"k.k LisDVªe dh fuHkZjrk dk 
vè;;u fd;k x;k gSA fofHkUu rjax Qyu dh d{kh; vk—fr;ksa dks fp= 1 esa fn[kk;k x;k gSA 

rkfydk ¼1½% ZnS DokaVe M‚V fleqys'ku ds nkSjku mi;ksx fd, tkus okys fofHkUu iSjkehVj
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lajpukRed çkpy  
¼Structural Parameters½

çdkf'kr çkpy  
(Optical Parameters)

ifjorZuh; çkpy 
¼Sweeing parameter½

vkdkj ¼X, Y, Z½ ¼nm½ ¼9-5] 10] 
10-5½

çdk'k èkzqohdj.k 𝝦=45°, 
𝛟=0°

HkkSfrd 
ek=k

rkieku

ÅtkZ&voLFkk dh la[;k 8 iw.kZ ¼Absolute½ 
QeÊ Lrj

no U;wure 1K

tkyh fLFkjkad ¼nm½ 0.541 bysDVªku QeÊ Lrj 0eV vfèkdre 400K

çHkkoh æO;eku 0.34me rkieku 300K Çcnqvksa dh 
la[;k

2

ÅtkZ cSaMxSi 3.68eV ÅtkZ&voLFkk 
foLrkj

0.01eV

fp= 1- ZnS DokaVe M‚V~l esa igys vkB rjax Qyu ds fy, 3D Iy‚VA  
tSls&tSls ge uhys ls yky jax esa tkrs gSa] bysDVª‚u ds feyus dh çkf;drk c<+rh tkrh gSA 

 s- ÅtkZ Lrj E1 ds fy, vkdkj esa yxHkx xksykdkj gSA vxys rhu Lrj ,d gh T;kfefr xwaxk ?kaVh 
¼dumb-bell½] vkdkj ds gSa ysfdu Z, Y vkSj X v{kksa ds lkFk muds vfHkfoU;kl fHkUu gSaA pz] py, vkSj px 
vkdkj ÅtkZ Lrj E2] E3 vkSj E4 ds vuq:i gSaA dxy] dzx] dyz] vkSj dx2y2 vkdkj ÅtkZ Lrj E5] E6] 
E7 vkSj E8 ds vuq:i gSaA d{kkvksa dk LFkkfud vfHkfoU;kl ,d çeq[k Hkwfedk fuHkkrk gS] ftlls os r; 
djrs gSa fd dkSu ls çdk'kh; LFkkukarj.k gksaxsA bu vkB ÅtkZ Lrjksa ds fy, fofHkUu çdk'kh;&LFkkukarj.k 
ÅtkZvksa dh x.kuk rkfydk ¼2½ esa dh xÃ gSA ;g ns[kk tk ldrk gS fd eè;orÊ çdk'kh;&LFkkukarj.k 
ÅtkZ] varj&d{kh; çdk'kh;&LFkkukarj.k ÅtkZ ls de Øe gSA

DokaVe M‚V~l ij] fofHkUu èkzqohdj.k vkSj çpaMrk ds lkFk] çdk'k çlafxr fd;k tk ldrk gSA 
fp= 2 (a)] x-èkzqoh—r çdk'k ds fy, fofHkUu çdk'kh;&LFkkukarj.k ÅtkZvksa ds vuq:i 'kfä dks  
y?kqx.kdh; iSekus ij n'kkZrk gSA ;g ns[kk tk ldrk gS fd s vkSj px v‚ÆcVYl ds chp çdk'kh;& 



12

UGC-CARE Listed Journal ISSN : 1549-523-X, foKku izdk'k & foKku ,oa izkS|ksfxdh fjlpZ tuZy] o"kZ% 20] vad 1] tuojh &ekpZ] 2022

LFkkukarj.k ¼0.0388eV½ 'kfä vU; Lrjksa ds chp laØe.k dh rqyuk esa dkQh vfèkd gSA gkykafd vo'kks"k.k 
vU; d{kdksa ds Hkhrj Hkh gksrk gS] ysfdu ;g s→px LFkkukarj.k dh rqyuk esa dkQh detksj gSA x-èkzqoh—r 
çdk'k esa s→px LFkkukarj.k dh vuqefr gS] tcfd vU; dks x-èkzqoh—r çdk'k esa fuf"k) dgk tkrk gSA 
s→px ds fy, LFkkukarj.k ,d nhIr&LFkkukarj.k ¼light transition½ gS] tcfd vU; ds fy,] LFkkukarj.k 
vnhIr ¼dark transition½ gSA blh rjg] Y-fn'kk esa èkzqoh—r çdk'k ds fy,] f'k[kj vo'kks"k.k s ls py esa 
LFkkukarj.k ds fy, gksrk gS tSlk fd fp= 2¼b½ esa fn[kk;k x;k gS] ¼è;ku nsa] fd nksuksa nhIr&LFkkukarj.k 
0-0388eV ij gksrs gSa½A Z-èkzqoh—r çdk'k ds fy,] vo'kks"k.k f'k[kj nks ekuksa ij gksrk gS] ,d 0-0345eV 
ij px→ dxy] px→ dzx LFkkukarj.k ds fy, vkSj nwljk py → dx2y2 LFkkukarj.k ds fy,] 0-0523eV 
ij] tSlk fd fp= 2¼c½ esa fn[kk;k x;k gSA

rkfydk 2- fofHkUu d{kdksa ds chp çdk'kh;&LFkkukarj.k ÅtkZvksa dh x.kuk ¼eV½

s 
E1
3.7177

pz 
E2
3.7523

py 
E3
3.7565

px 
E4
3.7565

dxy 
E5
3.791

dzx
E6
3.791

dyz
E7
3.7952

dx2y2
E8
3.8088

s
E1
3.7177

0.0346
(s→pz)

0.0388
(s→py)

0.0388
(spx)

0.0733
(sdxy)

0.0733
(s→dzx)

0.0775
(s→dyz)

0.0911
(s→dx2y2)

pz 
E2
3.7523

0.0042
(pz→py)

0.0042
(pz→px)

0.0387
(pz→dxy)

0.0387
(pzdzx)

0.0429
(pz→dyz)

0.0565
(pz→dx2y2)

py 
E3
3.7565

0
(py→px)

0.0345
(pydxy)

0.0345
(py→dzx)

0.0387
(py→dyz)

0.0523
(py→dx2y2)

px 
E4
3.7565

0.0345
(px→dxy)

0.0345
(px→dzx)

0.0387
(px→dyz)

0.0523
(px→dx2y2)

dxy 
E5
3.791

0
(dxy→dzx)

0.0042
(dxy→dyz)

0.0178
(dxy→dx2y2)

dzx
E6
3.791

0.0042
(dzx→dyz)

0.0178
(dzx→dx2y2)

dyz
E7
3.7952

0.0136
(dyz→dx2y2)

dx2y2
E8
3.8088
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fp= 2- x] y] vkSj z-èkzqoh—r çdk'k ds fy, vo'kks"k.k 'kfä

DokaVe M‚V~l ds v‚fIVdy xq.kksa ij çdk'k ds èkzqohdj.k ds çHkko dk vè;;u djus ds fy,] nks dks.kh;  
ekinaM gSa] tks ppkZ ds fo"k; gSaA çdk'k lzksr DokaVe M‚V ds ÅèokZèkj v{k ¼tsM&v{k½ ds lacaèk esa ,d 
fuf'pr dks.k cukrk gS] ;g çdk'k lzksr dk vkiru dks.k ¼𝝦½ gSA eku  𝝦 ¾ 0°] DokaVe M‚V ij lhèks 
uhps dh vksj pedus rFkk eku 𝝦 ¾ 90°] X-Y ry ds lekarj çdk'k dh ped dks n'kkZrk gSA DokaVe 
M‚V ds pkjksa vksj çdk'k lzksr dk dks.k 𝛟 gSA

fp= 3- ZnS DokaVe M‚V ij Z-èkzqoh—r çdk'k ds lkFk vo'kks"k.k LisDVªe- (a) 𝝦 ¾ 90° ¼b½ 𝝦 ¾ 0°  

fp= 3 (a) ,d ZnS DokaVe M‚V ds fy, vo'kks"k.k LisDVªk fn[kkrk gS] tc ml ij Z-èkzqoh—r çdk'k 
vkifrr gksrk gSA pw¡fd DokaVe M‚V ij pedus okyk çdk'k Z èkzqoh—r gS] 𝝦 ¾ 90°] vkSj 𝛟 ¾ 0°A bl 
ekeys ds fy, vo'kks"k.k f'k[kj s ls pz d{kh; esa bysDVª‚fud LFkkukarj.k ¼s→pz½ ds dkj.k vkrk gSA 
;fn 𝝦 dks 90° ls 0° ls fHkUu fd;k tkrk gS] vkSj DokaVe M‚V ds pkjksa vksj ds dks.k dks 𝛟 ¾ 45° ls 
LFkkukarfjr dj fn;k tkrk gS] rks ,d ls vfèkd vo'kks"k.k f'k[kj ns[ks tkrs gSaA ,slk blfy, gksrk gS 
D;ksafd vc vkifrr çdk'k esa] Z-v{k ds lkFk&lkFk] X- vkSj Y v{kksa èkzqohdj.k ?kVd Hkh gksxkA rks vc] 
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¼s→pz½ ij vo'kks"k.k f'k[kj ds vykok] ¼s→py½ vkSj ¼s→px½ ij Hkh vo'kks"k.k f'k[kj gksxk] tSlk fd 
fp= 3¼b½ esa fn[kk;k x;k gSA

flE;qysVj&DokaVe M‚V ySc] 'kwU; Lrj ¼ground state½ ds lkis{k QeÊ Lrj ¼Fermi level½ 
ewY;ksa dk o.kZu djds] Çlxy cSaM QeÊ Lrj dh vuwBh voèkkj.kk dks funsZf'kr djrk gSA rks] 0eV dk 
,d QeÊ&Lrj 'kwU; Lrj voLFkk ds lkFk 3-7177eV ij ,d ZnS DokaVe M‚V ds fy, esy [kkrk gS] 
ftlesa 9.5nm] l0nm] vkSj l0-5nm ds vk;ke X, Y vkSj Z ds lkFk gksrs gSaA 0eV ls 2eV rd fHkUu 
QeÊ&Lrjksa ds lkFk vo'kks"k.k LisDVªk esa ifjorZu fp= 4 esa vkysf[kr ¼plot½ fd, x, gSaA ;g ns[kk tk 
ldrk gS fd c<+rs QeÊ&Lrj ds lkFk] vo'kks"k.k 'kfä de gks tkrh gSA vo'kks"k.k 'kwU;&voLFkk ds 
vfèkHkksx ¼occupancy½ vkSj mÙksftr voLFkk esa miyCèk fjfä ¼vacancy½ nksuksa ij fuHkZj djrk gSA ;fn 
'kwU; Lrj dk vfèkHkksx vkSj mÙksftr Lrj esa fjfä vfèkd gS] vkSj iwjh rjg ls O;kIr 'kwU; Lrj vkSj iwjh 
rjg ls [kkyh mÙksftr voLFkk ds fy, lcls etcwr gS] rks vo'kks"k.k etcwr gksrk gSA 1eV ij fLFkr EF 
ds fy,] mÙksftr Lrj vkaf'kd :i ls O;kIr gS] blfy, bysDVª‚uksa ds dCts ds fy, mÙksftr voLFkk esa 
dÃ fjfä;ka miyCèk ugÈ gSaA tSls&tSls QeÊ dk Lrj vkSj c<+rk gS] mÙksftr voLFkk esa fjfä de gksrh 
tkrh gS] blfy, QeÊ&Lrj c<+us ds lkFk vo'kks"k.k xq.kkad de gksrk tkrk gSA tc EF¾2eV çdk'k dk 
yxHkx dksÃ vo'kks"k.k ugÈ gksrk gS] vkSj DokaVe Çcnq yxHkx ikjn'kÊ gks tkrk gSA

   

fp= 4- QeÊ&Lrj ij vo'kks"k.k LisDVªk dh fuHkZjrk    fp= 5- rkieku ij vo'kks"k.k LisDVªk dh fuHkZjrk

fp= 5 DokaVe M‚V~l ds vo'kks"k.k LisDVªe ds fy, fof'k"V rkieku fuHkZjrk dks n'kkZrk gSA de 
rkieku ¼T ¾ 1K½ ij tc bysDVª‚u 'kwU; Lrj ij gksrs gSa] rks dsoy igyk f'k[kj cSaMxSi ÅtkZ ¿tSls ¾ 
0.04eV] ¼s → pz½À ds cjkcj fn[kkÃ nsrk gSA tSls&tSls rkieku c<+rk x;k ¼T ¾400K½] 0.06eV ij 
,d vkSj pksVh fn[kkÃ nh] ysfdu bldh 'kfä de gSA vke rkSj ij] de rkieku ¼<30 K½ ij cSaMxSi 
dh rqyuk esa mPp ÅtkZ ds QksV‚u dks vo'kksf"kr djrs le; vèkZpkyd inkFkks± esa ,slh pksfV;ksa dks ns[kk 
tkrk gS ¼13½A DokaVe M‚V~l esa] gkykafd] dejs ds rkieku ij Hkh ,slh pksfV;ksa dk irk yxk;k tk ldrk 
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gSA ;g foijhrrk] dejs ds rkieku ij Hkh vkos'k okgdksa ds DokaVe ifjjksèk ¼quantum confinement½ 
ds dkj.k ls gSA ;g bysDVª‚u& gksy tksM+h ¼,fDlVksu ds :i esa tkuk tkrk gS½ dks dwyfEcd cy }kjk 
,d lkFk ckè; djus] vkSj eqä LFkku esa ijek.kqvksa le:i dk;Z djus dk dkj.k curk gSA fdlh uewus ds 
vo'kks"k.k LisDVªe esa bu mÙkstd pksfV;ksa dh mifLFkfr dks DokaVe ifjjksèk dh iqf"V ds :i esa ekuk tk 
ldrk gSA ÅtkZ ds Lrj DokaVe M‚V~l ds T;kfefr vk—fr;ks ij Hkh fuHkZj djrs gSA ZnS DokaVe M‚V~l 
dh ÅapkÃ dh vo'kks"k.k pksfV;ksa dh T;kfefr fuHkZjrk dh rqyuk] rkfydk ¼3½ esa lwphc) dh xÃ gSA bu 
ekeyksa ds fy, flE;qysVsM vo'kks"k.k LisDVªe fp= 6 esa fn[kk;k x;k gSA bu ifj.kkeksa ls irk pyrk gS 
fd xqacn ds vkdkj ds DokaVe M‚V esa eè;e vo'kks"k.k gksrk gS tcfd ?kukHk vkSj 'kadq vkdkj Øe'k% 
vfèkdre vkSj U;wure vo'kks"k.k çnÆ'kr djrs gSaA

rkfydk 3- ZnS DokaVe M‚V~l ds fofHkUu T;kfefr ds vo'kks"k.k f'k[kjksa dh ÅapkÃ ¼eV½
Shape ¼T;kfefr½ igyk f'k[kj nwljk f'k[kj rhljk f'k[kj pkSFkk f'k[kj
Cuboid ¼?kukHk½ 0.0373340
Cylinder ¼flysaMj½ 0.0350822 0.0489216
Dome ¼xqacn½ 0.0460800 0.0608918 0.1079780 0.1191090
Cone ¼'kadq½ 0.0965763 0.2020010 0.2241830
Pyramid ¼fijkfeM½ 0.0884947 0.1950200

fp= 6-  fofHkUu vk—fr;ks ds ZnS DokaVe M‚V~l ij çdk'k dk vo'kks"k.k
¼9-5 X 10 X 10-5 ¼nm½3] 𝛟 ¾45°] 𝝦¾0°] T ¾ 300K½

pw¡fd lHkh vk—fr;ksa ds fy,] vo'kks"k.k f'k[kjksa ds eku fHkUu gksrs gSa] ge ;g fu"d"kZ fudky ldrs 
gSa fd fofHkUu vk—fr;k¡ vyx&vyx rjhdksa ls çdk'k dks vo'kksf"kr djrh gSaA bl çdkj] ZnS DokaVe 
M‚V~l ds v‚fIVdy xq.k mudh T;kfefr ls dkQh çHkkfor gksrs gSaA DokaVe M‚V~l dk lrg {ks= vo'kks"k.k 
pksfV;ksa dh rhozrk dks çHkkfor djrk gS] lrg {ks= ftruk vfèkd gksxk vo'kks"k.k Hkh mruk vfèkd gksxkA 
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fleqys'ku ;g Hkh fn[kkrs gSa fd pksfV;ksa dh ÅapkÃ esa FkksM+k cnyko gksrk gS] tc rkieku 300K ls ?kVkdj 
1K dj fn;k tkrk gSA

rkfydk 4] vyx&vyx vkdkj ds ZnS ?kukHk DokaVe M‚V~l ds fy, fofHkUu ÅtkZ Lrjksa dks n'kkZrh 
gSA ;g ns[kk tk ldrk gS fd tSls&tSls DokaVe M‚V dk vkdkj ?kVrk tkrk gS] lacafèkr ÅtkZ Lrj 
ifjek.k esa mYys[kuh; o`f) fn[kkrs gSa] bl çHkko dks Cyw&f'k¶V çHkko ds :i esa tkuk tkrk gSA

fp= 7 GaAs, Si, ZnO, CdSe, CdS, vkSj CdTe ls cus fofHkUu DokaVe M‚V~l ds vo'kks"k.k LisDVªk 
dks n'kkZrk gS] ftuesa ls çR;sd dk O;kl 10 nm gS vkSj 5% fopyu gSA ;g dFkkud ls ns[kk tk ldrk 
gS fd fofHkUu lkefxz;ksa ds DokaVe M‚V~l ds fy, vo'kks"k.k f'k[kj cgqr O;kid vuqdwyrk fn[kkrs gSaA

 rkfydk 4- ?kukHk DokaVe M‚V ds fofHkUu vkdkjksa ds fy, ÅtkZ Lrj ¼eV½

Sides 
¼nm½

E1 E2 E3 E4 E5 E6 E7 E8

5 3-8550 4-0211 4-0211 4-0211 4-1872 4-1872 4-1872 4-2698

10 3-7192 3-7579 3-7559 3-7579 3-7579 3-7966 3-7966 3-8209

15 3-6955 3-7110 3-7110 3-7110 3-7265 3-7265 3-7265 3-7366

20 3-6888 3-6975 3-6975 3-6975 3-7062 3-7062 3-7062 3-7120

fp= 7-  GaAs, Si, ZnO, CdSe, CdS, vkSj CdTe ds vo'kks"k.k LisDVªk dh rqyuk

fu"d"kZ

çLrqr 'kksèk dk;Z esa çdk'k ds èkzqohdj.k] QeÊ Lrj] T;kfefr] v{k ds lkFk DokaVe M‚V~l ds 
mUeq[khdj.k ¼orientations½] vkSj vo'kks"k.k LisDVªk ij vkdkj] vk—fr] inkFkZ] bR;kfn] tSls ekinaMksa dh 
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,d foLr`r J`a[kyk ds çHkkoksa dh vuqdj.k fd;k 
x;k gSA tc ,d fn'kk esa èkzqoh—r çdk'k DokaVe 
M‚V ij gksrk gS] rks dsoy ,d vo'kks"k.k f'k[kj 
ns[kk tkrk gS] ysfdu tc DokaVe M‚V ij ;k–fPNd  
èkzqohdj.k dk çdk'k gksrk gS] rks nks ls rhu vo'kks"k.k 
f'k[kj ns[ks tkrs gSaA ;g ik;k x;k gS fd QeÊ&Lrj 
c<+us ds lkFk DokaVe M‚V~l dh vo'kks"k.k 'kfä 
de gks tkrh gSA DokaVe M‚V dh T;kfefr blds 
v‚fIVdy xq.kksa dks cgqr çHkkfor djrh gS] mnkgj.k 
ds fy, ?kukHk vkSj 'kadq vkdkj Øe'k% vfèkdre 
vkSj U;wure vo'kks"k.k çnÆ'kr djrs gSaA ;g DokaVe 
M‚V~l ds vkdkj ls Hkh çHkkfor gksrk gS] tSls&tSls 
DokaVe M‚V vkdkj c<+rk gS] lacafèkr ÅtkZ Lrj 
fujis{k ewY; esa mYys[kuh; deh fn[kkrs gSaA çkIr 
ifj.kke bUÝkjsM ikafr ¼infrared range½ ij vkdkj 
vkSj lkexzh ds fy, ,d cgqr foLr`r mi;qä {kerk 
fn[kkrs gSaA bUÝkjsM ystj] yach nwjh dh lapkj] vkSj 
jkr –f"V dSejs tSls fofHkUu DokaVe M‚V midj.k] 
bruh cM+h jsat esa ;kstukc) fd, tk ldrs gSaA

Table: English and Hindi technical terms

Sl. 
No. 

English Term Hindi Term

1- Semiconductor 
industry

vèkZpkyd m|ksx

2- Transport viokgu 

3- Optical çdk'kh; 

4- Information 
processing 

DokaVe lwpuk 
çlaLdj.k 

5- Medical diagnosis fpfdRlk funku 

6- Absorption vo'kks"k.k 

7- Extinction foyqIr 

8- Single-band 
effective mass 
modelling

çHkkoh æO;eku 
çfr:i.k 

9- Parameter çkpy 

10- Wavelength range nSè;Z ikafr 

11- Sharp line fofodrk js[kk

12- Isotropic optical 
properties 

lenSf'kd 
çdk'kh; xq.k 

13- Incident ray vkifrr çdk'k 

14- Polarization èkzqohdj.k 

15- Single-photon ,dy&çdk'kk.kq 

16- Single-spin ,dy&pØ.k 

17- Nano-photonic-
catalyst

uSuks&çdk'kh; 
&mRçsjd 

18- Lattice constatnt tkyh fLFkjkad 

19- Energy bandgap cSaM varjky 

20- Confinement 
energy 

ifjjksèkd ÅtkZ 

21- Light transition nhIr&LFkkukarj.k 

22- Dark transition vnhIr 
LFkkukarj.k 

23- Ground state 'kwU; Lrj 

24- Occupancy vfèkHkksx 

25- Quantum 
confinement

DokaVe ifjjksèk 

26- Orientations mUeq[khdj.k 
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“There’s plenty of room at the bottom:  
An invitation to enter a New Field of Physics”  

NANOTECHNOLOGY

      Richard Feynman (1959)




