
drain. In contrast, if the applied vohage at- 
tracts the channel charge and repels t& 
source and drain charge, no condwting - 
layer between the source and drain em 
form, and the transistor is "off." The tran- 
sistor thus acts as a digital switch that is 
turned on or off by app- a voltage to 

-&-chips. 
For more than 30 yeas, the switching 

(2). At the same #he, the ttital amaunt of 
charge in the source, drain, aud channel re- 
gions must not decrease in ordg to main- 

ed by locally adding dopant atoms to the 



higher dopillp density to be used in the ma!. not be possible to scale dilllellsiolls to nletastable states that are far from thermo- 
chalx~el n-bile lllaiiltaillillg a lolv resistaace the point nhere  tens of atoms dererlllille dynamic e q u i l i b r i ~ ~ m .  Processes such as 
n,hen the transistor is snitched into the con- the d c ~  ice characteristics. lascr annealing and epitaxial gron-th have 
d ~ ~ c t i n g  state. This increase in the channel Solutions for these problellls 11ax.e fiot beell proposed for creating ~iltrahigh mo- 
doping densit\. illcreases the chaancl barrier. yet been fo~ulld ( -1. It has been proposed bile charge conceatratioas. Uafort~ul~ately, 
thereb) i1111)ro\ iilg tlle isolatioll betneell  that the semiconductor material lllust be these carrier densities are fragile. and the 
source and drain ~ v h e n  the traasistor is changed to coilt i i l~~e trailsistor scaling. Al- metastable states are extrelnely difficult to 
n~rlled off. This permits the lateral distance ternate semiconductor lnaterials such as lllailltaill during processiag of the de\-ice. 
bet\\-een the source and drain regions to be Ga.As and SiGe 11ax.e beell e ~ a l u a t e d  for These fiundamental issues ha\ e not pre- 
scaled. Th~ls.  decreased capacitile coupli~lg lllore than 20 years,  but a l t l~ough  these xiousl? liillited the scaling of trallsistors 
and inability to scale lateral dillleilsio~ls iiiq materials have t h ~ u l ~ d  a niche for certain and represent a coilsiderable challenge for 
result if oxide thicluless calnlot be scaled. applications. neither has been able to solve the semiconductor illdustry. There are cur- 

Statistical fluctuation is also a poten- the probleills of silicon 11it11out causing rently no liaom-11 solutions to these proh- 
tially fi~ndamcntal liinit for continued troll- ex en 1nore complex prohlcms. Xlterilate Iems. To continue the performance treilds 
sistor scaling ( 6 ) .  The transistor dimen- insulating materials for the gate dielectric of the past 20 years and lllaiiltaill hloore's 
sions ha!-e bccoille so small that the num- are also under el-aluatio~l. Bq using an in- lan of impro\.ealent nil1 be the most diffi- 
ber of tlopant atolns that control the elec- sulating material n-it11 a dielectric constoat cult challenge the semiconductor industrq 
trical characteristics i.; on the order of a iiluch larger than that of SiO,. the thicli- has e ler  faced. 
huadred. -4s a result. slllall changes in the ness of the material call be iilcreased while 
exact il~llllber ailtl distribution of the atollls 
call cause appreciable changes in the ile- 
1 ice beha\-ior. The statistical n a t ~ ~ r e  of the 
dopant distribution is ~nhercnt to the fab- 
r icat ion process  and  cannot  easi ly  b e  
changed. For \-er) large integrated circuits 
that call use 111orc than 10 lllillioll transis- 
tors. this statistical \ariation call cause se- 
rlous design problems. Unless n.a> s for re- 
ducing statistical lariatioil are found. it 

still increasing the capac i t i~  e coupling. 
Thc increase in thicl<lless \ v o ~ ~ l d  strongl! 
decrease thc electron tunneling current 
and noultl pennit colltill~led scaling of the 
transistor. Unfor t~~natel~:  no illaterial r~ it11 
a substailtially iilcreased tiielectric con- 
stant that is also compatible n.it11 LlOS 
transistors has ).et been found. 

A substailtlal effort is being lllade to in- 
crease charge concentrations b ~ ,  creating 
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The application of polous cata1)st sup- 

NanoscaBe Bolymerizatisn polts as lllicloleactols 1s ncll-established 
111 ~ndust l l~l l  piocesses 1% it11 fouith-genei- 

LA 

atloll Zleglei-hatta c a t a l ~  sts (4 .  5 )  Excel- 

R s a c t o ~ ~  for P~iym@b Fibers lent 1, achic\ed ~ O I !  inel b\ pal the tlcle ~ l a l l u l e  m o r p ~ ~ o l o g ~  tecl~noloqx, colltlol 

Petri behmess and Bornhard Riegsr b r o ~ ~ g h t  to perfection in the ~ ~ 3 h e r i p 6 l  
process of Himont in Italy. In this pro- 

T he s!.nthesis of a high-performance channels of the hone!.comb-like support cess, polymerization inside porous cata- 
pol>mer from inexpensix~e starting and therefore  g row out  o f  the porous 1)st grains results in fragllleiltatioll of the 

a lnaterials usual1)- rcquires sophisti- frameworli before thcy asselllble. result- grains and forlllatioil of spherical pol)- 
cated pol!-mcrization catalysts and post- iilg in thc formation of  extended-chain iner pran~lles (see top panel in the figure). 
processing steps to control the product's cr>stalline fibers ( s e e  bottom panel in A11 imalense improvement of the ~naterial 
n~orpliolog! and hence its macroscopic the figurz). By using rcgular1)- arrangcd strength call be achie\ed by orie~lting the 
properties. .Alternativel!. e.tpc11si1.e 1110110- nanoscopic, one-ilimensional p o l ~ , m e r -  cr! stalline phase of  the polyolefin, hut 
mers call he used to iinpose morphologi- izatioll reactors. the authors thus achiele this requires espensixe postprocessing 
cal order: for euample, this is how the hul- oriented gro\\ th of pol>eth!-lene macro- steps. Bidirectionally extended pol>ole- 
let-proof Kel-lar is made b) DuPont. 011 lllolecules that norm all!^ requires post- f in  filllls and ultratough polyethylel~e 
page 2 1 13 of this issue ( I  ). Kageyama et processiilg steps. fibers. such as Dqneema (n.hic11 is pro- 
iil. introduce a "l11ic1~oprocessi11g" method Earlier ~.eposts on ~ ~ ~ e s o p o r o ~ ~ s  catal? st duced and commercialized by DSM). are 
that ma>r make it  easier to a c h i e x  high systems containing high collcelltratiolls esanlples  of  oriented. high-molecular 
control o\er p o l ~ ~ m e r s  lllade from simple of  accessible and structurall), well-de- neight lllaterials that have tensile strengths 
starting materials. filled acti1.e sites indicated their pote~ltial u p  to  txvo orders of  m a g l l i t ~ ~ d e  Iii,nher 

Kage!-aina c't (11, use a titailocene cat- for controlling oleflll pol!~merlzotlon re- than those of standa~.d high-density poly- 
alyst supported within  the pores  of  a actions (3 .  3 ) .  These iilrestigatioils also ethylene products. 
mesoporo~~s  ailica for the in situ proil~lc- ga1.e first illilicatiolls of the influence of The con\tentional TiC1,-based Ziegler- 
tion of pol>.ethqleile nit11 a ilolel fibrous such catal! sts on pol!lller morpholog!~. Natta catalysts used in the processes de- 
morphology. The nascent pol? nler chains Kageq ama cr ci1.-who coilled the term scribed abo\ e suffer from structural inho- 
cannot fold n-ithin thc narrow reaction "extrusion pol>merization" for their fasci- mogeneity of the different reaction cen- 

llatillg collcept of oriented nanoreactors-- ters.  resul t ing in products  ~ v i t h  broad 
demonstrate that conceptually ilen materi- molecular w i g h t  and une\ten coinonomer 

The authors are a t  the Chemie 'I, U n i  a1 propertics can rcsult froin colllbinillg distributioils.  Olef in  conlonomers  arc 
versitat Ulm, Albert-Einstein-Allee 1 I ,  D-89069 U lm,  

petri,~ehmusechemie,uni.ulm,de; the rational desigil of organometallic cata- used to alter the crystallinit) of the poly- 
bernhard.rieger@chemie.uni-ulrn.de I J  sts n ith nanotechnolog).. olefills to colltrol their properties. This is 
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