
advantages over other material' 
svstems as hers, memories, and other - 

The Evidence of Small Things &ful devices. Howeva, quantum dot tech- 
nology is sti l l &-I an embryonic state. The 
single biggest problem the current diffi- 

Daniel Gammon 
culty in producipg h e  numbers of quan- 
tum d m  with wecige sizes and ~ositions. As 

S e m i d u c t o t  quantum dots are often de- 
scribed as solid state atoms: These objeas 
are sa small (lo3 to 106 nuclei) that, like at- 
oms, th& en- spec- is discrete [see 
flgwe, panel (A)] (I) .  Unfortunately, size 
flue- in exmmbles of quantum doc3 
1 4  to flucf~atians in energy and to b d -  
4 specml lines. In response to &is ubi- 

Inaqmtumdot, it i s p & t o e m i t e  
optically many e l w m  d hsks. The be- 
haviordeach of 

uitou9- pblenz, reseadrers 
ham developed t:edmiqm 
to selectively study Mi- 
vidual quantum dots. As re- 
ported on - 262 af this is- 
sue, Landin at d. J.2)-acwm- 
plistred this by reducing dw 
density d €p&wum dim. 
with special @ow& tech- 
niques to the plow at whi& 
they could be individually 
probed wit% a microwqe. 

C k k  havewed 

preparation E- arad 

materials are improved and &tical tech- 
niques are fkher developed, specwscopy 
of quantum dots will eventually compare in 
elegance with that obahed with arcam. 

Aprovocative example is mggmedbqrrhe 
- d t f = p  linesobmirredfnnn 

quantum b- 
kwidthsarisefromlongphasecxhemxe 
tirees (14), which imply that it is feasib to 
maupdate optidly not d y  the population 
d a sinde quantum dot but a h  its 

Om the d&. Discrm energy I-' dBISYBd fKXn the valem~ (VB) &d~cwlduo- 
tkn bands (a). Tfw a r m  ckio& &pin. (A) Ground state: anal- to the 
ground state of a brylliwn atom. (@ Radicrtive recombination d a &t@ $lac- 
.&mlhde mir: m a w s  to mumbination from an atomic excited &ate. (C) 

Wspatial and p&&d - ~kctronkie pair rekcmbination in the presence of an addiio 
lution to se1e~Eively + in- m W @ ' @  a c%fSed atom. 
dividual quantum daw(3-51. . 

Individual qumauri dats have spectral ad spmam~tfBep6wrerde- 
linewidths that are t e c i d  by & of pendenoe af hdivldd dots (2). 
magnitude below dmy 4km b - i n b l t r w b h  pirhm 
inhomogeneously broademif d t e s .  As they measured the d k o n  of a single 
a result of this &nrarkab1e impp+emt in 
spectral resolution, it is pdlde  to q t m w e  
directly phenomena rhar wme p - i y  
hidden in the inhornqemum' i i d r h .  
E f f e a s s u c h a s A R e ~ ~ ~ ~ d  
hyperfine shifts due to the spin of the dec- 
tron grid the n'uc1ei (5) 'BS wll  m &man 
splitthp 4 S d  shifts due to magnetic 
(4-6) and electric fie& (7) d e  mikag 
a n a l ? o r g s * ~ ~ ~ . T t r e g c o m  
analugy has barn qith &emon- 
stratim of c p a m ~  &a d-les 683, 
chains (9), and 80w (-10). The imprwe- 
ment in quality a f q x i d y  ssive quantum 
dots and the csp&Iity to shrdy indivdd 
~uanrum dots have hmqjht the study of op- 
ricaIly excited quarrnun dots up tu a level 
comparable to that d quantum dots defined 
by eleetrostqic fields and studied through 
traqxm (1 1 )  and to h t  of individud mo- 
lecukr impurities in solids (I  2). 
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isolated electron-ole [ate& &er 
many e x c i ~ - ~ 6 ~ u n  wenw see 
figure, panel (B)], drq! recoded the develop 
r r e n t d n e w ~ ~ v ~ e r y c l o s e I n  
m q g y a s t f = t h e ~ r w a s ~ T h e  
a u b  argue that &me new spectral 1 . i  

arise from 00mpIexes of el- and holes 
in which a single e h t l ~ l - M e  pair ream- 
bin- leaving bhind waicm conbin%tiw 
of other ekmm d B o b  [figure, pne1 

ergybecauseofrhe in i n t m  in- 
d u c e d b y t h e s e d t ~ ~ m d  
holes. T h e p h ~ o f d  in- is be- 
ing&inmm~qwmtumdotsystems, 
anditdtPeaghmvsthgW~tourr- 
d e r s t ; n $ & t e t a * t p W d b  
excitinguew d t s  $, 13). 

T h e @ o w d x m d s p e c ~ ~ & o f  
~ ~ d ( 2 ) a n d o ~ o n g u a n n p m  
ddts arovide the data we need to continue 
to d&lq attr h*, oar tech- 
niques, and ultimately our predictive pow- 
ers. Many rewmch groups are l a o b  into 
the possibility that quantum dots may 06' 

p h a s e , T h e ~ ~ l d  
the complete q u a n w  me- 
chmicalwave functicmofar 
bitrary combinations of indi- 
vidual electFonc excit&om 
in a quantum dot such as 
rhosemeasuredbyLgndinet 
d. (2) wwrld open up new 
possbilih h se&&or 
physics and tdmgv, in 

In ~~ with the -unpsov- 
ing~ityafmaberials i irvd 
the abiliry to probe optically 
individual quantum dots, Sf it 

nal elm&: can be b e  on atow pafiaps 
itcanbedoneonquantum 
dm, a d  we are led to envision 

w h a t o n e d d o w i t h a h r g h t y ~ l l a b l e  
d f l e n i b l e d - d o t  
mOre~r,mplexquan~ndoastnrctu~e. 
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