Chenistry and the Incredibly Shrinking Circuit

Srrall s beautiful in microskectrenes, The more
meroecape transstors that can be etched mto a
micmprocessar chip, the greater the density of
rragretially stomd  bis that can be crammed onto
a hard drive,and the mome that elctrone devices
can be miniaturized, the better. Computer chip
densites hawe long derubled every | § months
{ Moom's Law) and hard dik rmernory denstes cumently doub ke
every F months, although both wall eventually fce interemnce and
aqusntirn rrechanies. mpased limits. The cannecting wines in miegrated
ciruis have shrunk rom arses, | mcon,damsters o submeisn
{0 micrans = [00nm) sees, The rce & an to dewlop a whole
new gereration of even smaller nanocicults, wng a whole new
gene mtion of rapd e emerging nanotechnooges. Since atoms and
srall molecules are thermseles typeally only several nm in sie,
many stenists see the key 1o anocircet construction in ther
direct interacton, that & - in chamistry.

J

5F grantess lacob Sagivand Rivia Macz have developed a highly
generl, bottom.op, allchemical approach that could mvalutionize
this area. They first wse sellassembly technigues 1o coat a silecn
chip with a single byer of inexpersie crgancsiane (U15) moktukes.
By delvering ukrasrral alectical pukes,an atome bme mictscope
l[-"‘l.l M tip can “write” nilarmation on this smeoth surBoe by ahering
the ehemical eampositian of the O5-mokecukes it encounters. For
example. tean induce the mplcement of their rather nert terminal
rrethyl (CH:) groups with o ractive carboxd (COOH) groups.
Siher e ame madily aftracted to these altered stes whem they
autcrrateally create lines afsibercabondite salt. Adding fydrazine
(MM reduces the siher ions to nestral metalle siber atorres,
formig a permanent strng of eenducting siber ranoparticles akbag
the Ere arginally traced by the AT tip.
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The reactie carboog| groups are, comerse e restoned by this prodes
and the cycle can be repeated to fillin the gaps of these nancwin
with mom siver albert at the expense of increasing the nang e
thickness. Silve r nancwires 6000 nm korg and less than 70 nimiwd
have almady been prduced (see figures), with considerable
Irmprovement posshie Baept for the ongnal tacng of the .
kecation by the AFM tip, the selassembling mokecules do allEh
constructon work through chemetry

Sirmdarty AFM carboxd “writeg” on a noctadecylanchlom S
(0TS} monokyer, can be follwed by attaching highly rede
nonadecenyl-trehorosilane (N15) to the carboxyl grol

Fhotoche mecally mactg thes NTS upperstory with hydroses
sulfide (H5) produces a top surbce containing a medure of deulide
{552 and thial {SH) groups. The btter bind cadmium ians which
can be expoced to mom H.S to o nanosize cadmium sulfide
(S} partices. Finally, treatrment of this surace with a solution &S
HAuCL msuks in the fonmation of made do.omder strands of mstalle
2ol nanoparteles containing small sufur comes. Many other such
salfassemblied nancstructumes am posble sing this highby lesible,
general appmach

The &F & funding many other organc nanotechnolgy e bated
rmesearch propects. including work by 5. Yitzehaik on organk
ranctransetors (starting with 24 nm thin organe: fel effect, 'E'Fﬂ'
transstors], K. lenne and K. Gartzrran on nanctubes, | Wirtr
photo. and electm.active nanoengineered surbices, A Yarn and T
Mikz on nanafibers and O Sulenilk on nancecale reagents an :
meactions iInvohng organe thin e, Brael &.and mtends 1o rermin.
an impartant, internationally competitne part of the feld's future.
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