
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-hile lllai~ltaillillg a lo\v resistaace the point nhere  tens of atoms dererlllille dynamic equilibri~um. Processes such as 
n,hen the transistor is snitched into the con- the d c ~  ice characteristics. laser annealing and epitaxial gron-th have 
d ~ ~ c t i n g  state. This increase in the channel Solutions for these problellls 11ax.e 11ot been proposed for creating ultrahigh 1110- 
doping densit\. illcreases the chaancl barrier. yet been fo~ulld ( -1. It has been proposed bile charge conceatratioas. Uafort~ul~ately, 
thereb) improx iilg the isolatioll betn-eea 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 coiltiil~ue trailsistor scaling. Al- metastable states are extrelnely difficult to 
nurned off. This permits the lateral distance ternate semiconductor nlaterials 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 exaluated for These fiul~damental issues have not pre- 
scaled. Th~ls.  decreased capacitive coupling lllore than 20 years,  but although these i iousl? liillited the scaling of trallsistors 
and iaability to scale lateral dillleilsio~ls 111q 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 ~ ~ i t h o u t  causing rently no liaom-n solutions to these proh- 
tially fi~ndamcntal liinit for continued troll- e i  ell more complex prohlcms. Xlterilate Iems. To continue the perforillallce treilds 
sistor scaling ( 6 ) .  The transistor dimen- insulating materials for the gate dielectric of the past 20 years and lllaiiltaill hloore's 
sions 1x11-e bccoille so small that the num- are also under el-aluation. Bq using an in- lan of improxealent xvill be the illost diffi- 
ber of (lopant atolns that colltrol the elec- sulating material n-it11 a dielectric constoat cult challenge the semiconductor industrq 
trical characteristics i.; on the order of a much larger than that of SiO,. the thicli- has ever faced. 
huadred. -4s a result. slllall changes in the ness of the nlaterial call be i~lcreased while 
exact il~llllber ant1 distribution of the atollls 
call cause appreciable changes in the ile- 
1 ice behax-ior. The statistical nature of the 
dopant distribution is inherent to the fab- 
r icat ion process  and  cannot  easi ly  b e  
changed. For \-er) large integrated circuits 
that call use lllorc than 10 lllillio~l transis- 
tors. this statistical variation call cause se- 
rious design problems. Unless n.aq s for re- 
ducing statistical \.ariation are found. it 

still increasing the capac i t i~  e coupling. 
The increase in thicl<ness \ v o ~ ~ l d  strongl! 
decrease the electron tunneling current 
and \\oultl pennit colltill~led scaling of the 
transistor. Unfort~unatel~: no illaterial x~ it11 
a suhsta~ltially illcreased dielectric con- 
stant that is also compatible n.it11 LlOS 
transistors has ).et been found. 

A substa~ltial effort is being lllade to ia- 
crease charge concentrations by creating 
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The appllcatlon of polous catalbst sup- 

NanoscaBe Bolymerizatisn polts as llllcloleactols 1s ncll-established 
111 ~ n d u s t l l ~ ~ l  piocesses 1% ~ t h  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, a c h ~ c x e d  ~ O I !  me1 b\ pal the tlcle ~ l a n u l e  m o r p ~ ~ o ~ o g ~  technoloqi,  c o ~ l t l o ~  

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-performal~ce channels of the hone~~comb-l ike support cess, polymerization inside porous cata- 
pol?-mer fro111 inexpensive starting and therefore  g row out  o f  the porous Iqst grains results in fragllleiltatioll of the 

a nlaterials usuall>- requires sophisti- frameworli before they assemble. result- grains and forlllatio~l of spherical 1,014- 
cated pol!-mcrization catalysts and post- ing in thc formation of  extended-chain lner pran~lles (see top panel in the figure). 
proccssi~lg steps to control the product's cr>stalline fibers ( s e e  bottom panel in An immense improxement of the ~naterial 
~norpliolog! and hellce its 111acrosc01)ic the fig~ur?). By ~us i~ lg  rcgularl>- arranged stre~lgth can be achie\ed by orienting the 
propesties. .Alternativel>. exl,cnsi\.e mono- nanoscopic, one-iiimensional p o l ~ m e r -  cr! stalline phase of  the polyolefin, hut 
mers can he used to inlpose morld~ologi- izatio~l reactors. the authors thus achiele this requires espensixe postprocessing 
cal order: for euample, this is how the hul- oriented gro\\ th of polqeth!-lene macro- steps. Bidirectionally extended polyole- 
let-proof Kex-lar is made bq DuPont. On molecules that normally requires post- f in  filnls and ultratough p o l y e t l ~ y l e l ~ e  
page 2 1 13 of this issue ( I  ). Kageyama et processi~lg steps. fibers. such as Dqneema (xvhich is pro- 
iil. introduce a " l l~ic~~oprocessi~~g" method Earlier ~.eposts on ~ ~ ~ e s o p o r o ~ ~ s  catal? st duced and commercialized by DSrVI). are 
that maJr make it easier to achie\.e high systellls containing high collcelltratiolls examples  of  oriented. high-molecular 
control o\er p o l ~ ~ m e r s  made from simple of  accessible and s t r u c t u r a l l ~ ~  well-de- neight lllaterials that have tensile strengths 
starting materials. fined acti1.e sites indicated their potential up to  txvo orders of  magnitude lii,nher 

Kage!-ama c't (11, use a t i ta~locene cat- for coi~trolling olefin pol!~merization re- t l ~ a i ~  those of sta11da1.d high-density poly- 
alyst supported within  the pores  of  a actions (3 .  3 ) .  These inxestigations also ethylene products. 
mesoporo~~s  ailica for the in situ proil~lc- ga1.e first indications of the influence of The con\tentional TiC1,-based Ziegler- 
tion of pol~.ethqIene x ~ i t h  a nolei fibrous such catal! sts on pol!lller rnorpholog~,.  Natta catalysts used in the processes de- 
morphology. The nascent pol? nler chains Kageyama cr ci1.-who coined the term scribed abo\e suffer from structural inho- 
cannot fold n ithin the narrow reaction "extrusion pol>merization" for their fasci- ~nogeneity of the different reaction cen- 

natillg co~lcept of oriented nanoreactors-- ters.  resul t ing in products  xvith broad 
demonstrate that concept~~ally nelr materi- molecular w i g h t  and unel'en colnonomer 

The authors are a t  the Chemie 'I, U n i  a1 propertics call result froln combining dis t r ibut ions .  Olef in  conlonomers  arc 
versitat Ulm, Albert-Einstein-Allee 1 I ,  D-89069 U lm,  
Germany, petrl,~ehmus~chemie,uni.ulm,de; the rational iiesigil of orgailometallic cata- ~used to alter the crystallinitq of the poly- 
bernhard.rieger@chemie.uni-ulrn.de I J  sts n ith nanotechnolog).. olefins to colltrol their properties. This is 
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regularity of the poly- 
olefin products. Met- 
allpcene-based poly- 
mer catalysts are now 
conquering the poly- 
olefin market. Inten- 
sive research on homo- 

I cc - geneous metallocene 
I t ~ n m  10l nm 

j CabWrn 
catalysts has led to a 

FMmationof 
polymer grains 

genuine understand- 
I ing of the elementary - -.--. , .  - steps of the coordina- 

tion polymerization 
mechanism and precise 
correlations between 
catalyst syrhmetry and 
the resulting polymer 
microstructure (69). 

The discovery of 
mesoporous MCM-4 1 
silicas in 1992 (10) has 
opened a route to a 

I completely new gener- 
Directed growth. The particle growth process in traditional Ziegler- ation P ~ ~ Y ~ ~ ~ ~ ~ ~ ~ ~ ~  
Natta polymerization (top) is compared with the concept of orient- catalysts, which corn- 
ed nanoreacton of Kageyama et al. ( 7) (bottom). bine the advantages of 

tunable, molecular, de- 
best achieved with catalysts that generate a fined metallocene catalysts and extended 
statistical comonomer distribution. For in- nanoreactors. In these systems, metal com- 
stance, metallocene dichlorides are organo- plexes have to be attached to the inner 
metallic complexes with a uniform chem- walls of the high-surface area solids. 
ical structure of each active site (6, 7) Kageyama et al. demonstrate a case in 
which ensures high precision of the poly- which this challenge has been met with 
merization reaction, resulting in a narrow success. Standard, spherical silica gels are 
molecular weight distribution, an even already used as support materials for the 
comonomer distribution, and high stereo- youngest generation of Ziegler-Natta cata- 

P E R S P E C T I V E S :  CELL B I O L O G Y  

All Creatures Great and Small 
Sally J. Leevers 

U 
nderstanding how animals grow 
(increase in mass) at a certain rate 
and achieve a specific final size is a 

challenge that has long fascinated biolo- 
gists (I). The rate of growth and the final 
size of an organism result from changes in 
the size and number of cells during devel- 
opment. Early clues to the process of 
growth regulation were provided by the 
identification of mutations in yeast that 
blocked cell division but not cell growth. 
This simple observation implied that 
growth can continue in the absence of cell 
division, and therefore that growth is not 
simply a matter of increasing cell number. 
Surprisingly, although these experiments 

provoked much research into the regula- 
tion of cell division, less attention has 
been paid to the regulation of cell growth 
(increase in cell size) and of overall growth 
(increase in mass) in multicellular organ- 
isms. However, recent work in the h i t  fly 
Drosophila has confirmed that, here too, 
growth can occur without cell division and 
that inducing cell division does not neces- 
sarily promote growth (2, 3). How then is 
growth regulated? 

On page 2126 of this issue, Montagne 
and colleagues identify a signaling mol- 
ecule, Drosophila S6 kinase (DS6K), 
which, when mutated, slows growth and 
reduces cell size and body size (4). In 
mammals, S6 kinases (also called ~ 7 0  S6 
kinases) i re  targets of insulin signaling " " 

The author is at the Ludwig Institute for Cancer Re- that re,&late the synthesis of progins en- 
search, 91 Riding House Street, London W1P EBT, 
UK, and the Department of Biochemistry and by O1igopyrimidine 
Molecular Biology, University College, London WC1E tract) ~ R N A s  (which are primarily corn- 
6BT. UK. E-mail: sallyl@ludwig.ucl.ac.uk ponents of the translation machinery). Re- 

lysts, and it may be expected that the new, 
linear silica nanoreactors will find their 
way into industrial application. The eco- 
nomic balance between polymer properties 
and catalyst productivity will be decisive. 
The ongoing development of coordination 
catalysts also comprises late transition 
metal complexes, which will extend the set 
of conventional and easily available 
monomers to polar building blocks. 

We can envision a highly sophisticated 
construction kit, in which the proper choice 
of monomers, catalysts, and nanoreactors 
will lead to a portfolio of new organic ma- 
terials with precisely controlled properties. 
The design of novel polymer architectures 
from conventional monomers has only just 
begun. 
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cently, other molecules on the insulin sig- 
naling pathway (5-8) and other molecules 
involved in protein synthesis (9) have also 
been shown to regulate growth rate and/or 
cell size and body size in Drosophila. 
Taken together, these genetic studies in 
the h i t  fly identify a signaling pathway 
and a biosynthetic process that contribute 
directly to the regulation of growth during 
development. 

Montagne and colleagues set out to ex- 
amine the function of DS6K by identifying 
Drosophila strains with null mutations in 
the ds6k gene. They found that flies with- 
out DS6K were developmentally delayed 
(that is, they grew at a reduced rate) and 
that their final size was approximately half 
that of wild-type flies (4). Inspection of the 
wings of these small creatures revealed 
that they were made up of cells that were 
reduced in size but similar in number to 
those of wild-type flies. To find out what 
was happening earlier in development, the 
authors examined the larval imaginal discs, 
sacks of epithelial cells that reorganize 
during metamorphosis into adult epidermal 
organs such as the wing. They found that 
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