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MATERIALS SCIENCE

Changing face of the chameleon

A Lindsay Graer and Meil Mathur

Chalcogenide materials form the basis of CD and DVD technologies. But an
identity crisis looms in the wider field: what role do atomic reconfiguration,
electronic processes and lonic movement play in these materials?

The chalongens — the elements in group VT of

the persadic table, particulady sulphur (5},
aekenivm (S} and tellurin (Te) — reserwith
mre dlectropositive dements, such as sibver,
1o foem chaleogenides. These are chamelean
compouncs: they can be crystalline or amar-
phous, metallic or semiconducting, and
conductors of jons or electrons, Already
important in opgical storage discs and fibres,
they are now beang proposed s the hasis for
sollid-state memory technologies. Two recent
conferences — E*PO0S 05 in Canheidge®,
UK, and Furamat 205 in Prague', Czech
Republic — have dersonstrated that diviees
wing chaleagenides hinge on thermal and
dynamic phenomena involving electronic,
atpmiic and inmac processes. The links hetweeen
these phienomena are not fully established, so
unsuspected tochnobogical opportunities may
weed] liein seowe:

Electrical  switching  in  chaleogenide
semiconduetons came b prosdnence in te
10605, when the amorphons claleogenide
T g Aiy i e, wans Found 1o display sharp,
reversible transitions in dectrical resigance
abonv athreshald voltage | Fig. 1a). The swach-
ing mechanism remains uncear, but seems’
o he initiaked by fast™, purehy dectromic pro
cesses, [f current is allowed to persist in the
mwaterial, it hesats upy changing its atormic strc-
ture hetween the amorplans and orysalline
atares — equivalent to infornation heing
writkien o it A erystalline region may be driven
iy B amarplons by exposure boa brict,
imterise heat pulse, leading to melting, The suls-
seeqquent rapad withdrmwal of beat sencs the em-
perature plummeting so quickly that the meehed
ngiemmlidir'v—s\'\'imh e atraes still disordered
Conversely, a lowerintensity heat pulse ot
kmgn.rdlmmn.uqll mwllmﬂn.amnq'hmh
regoon — the orystalline state is move stable and
the heat allowes the stoms to mobilize just
enoiigh bvassiime eryatalline onder.

Thas thernwally driven, amorphous-crys-
talline phase changg, which can encode hinary
information, is ;\F‘aﬂ\- ol great commercial
significance’, but uies thin films of chaleo-
genides that are switched |ncally by optical
rather than electrical means. Tn write-once
and resritable S8 and TV, a laser heam
supplies the heat pulse for write aperatons,
Euvope S on PhossChonpe ond Crone Soence,
Carmtricige, 3t Septermber 2005w pocs org
-rmm m o Aoy Stamge fstenak Buenpean
Congres.on Advenced it erisk, ond Processes, 5-8
Septerrber 2006, swwcrnnrmali N5 s oy ncke b

wheneas the read process exploits the relatedy
lonwr apitscal reflectivity of amorphous data
spots, or ieerke, in the dhaleogenide filn can-
prred with that e the eryvatalline hackgronnd.
Comtrilmtions 1o E*POOS 05 reporting opti-
cal-dise capacities as high as 112 gigalnites
[A. Makaaks, Somy Corp ] and data marks as
fine as 20 nm ([} -P Tsai, Mational Tanwan
Univ.,) shonw that current industrial trends
could well contimue,

Atternpts” to induce the amorphous-crys-
talline ransormation of chaleogenides by
dlectrical means foem the hasis of phase-
change random-aceess memory (PFO-RAM]

This mclr!u.m h.n:hm:lmq;v % o the brink al’

commereial expleatation by, amorg others, the
r!lmm'nngawq'un!' 'I'JC‘.TJ Chvermics, For write
operations, an electric current supplies the

at pulse, The read process is performed at
suib-threshald voltages, and exploirs the rela-
tively larpe difference in electrical resistance
beetwien the arnorphcais and erystalline states.
Recert advances in this ares ivclude a low-
per devie set upas & narmow Line of mater-
ial with the active region thermally isolated
Fromn the electrical connections, so that these
are ek sdegraded by heating”. There isalsthe
praspect of mach smaller data marlss written
with a beam of dectrons” and, as announced
at EYPOOS 095, continuing improvements in
programrming times (helow 30 ns: B Atten-
bawongl, Philips Res. Leuven) and writing
currerits {helow .75 mA: B. | Kuh, Samsung
Electronmics).

Alhough the dectronic transitions and
atomic rearrangements relevant to bath opti-
cal dises and PC-RAM featured strongly at
F*PCOS, contributions from ions were not
considered even though amorphous
chalengenides can have significant innsc con-
ductivities, At Furanat 2005, bawever, itwas
showen that ionic transport can be uscful for
dara spoeage in a solid chaleogenide hectrobyre.

At the nanoscale, this eleetrolyte consists of

erystalline metallic islands of silver selenide
(Ag,5¢) dispersed in an amarphous semi-
conducting matrix of germanium selenicle
[GeSe.} (M, M, Kozicki, Arizona State Univ)
The pertormance of a prototype electmlyic
chalengenidecell is described in Frgure Th
Techniologies exploiting phase-change and
electrodytic chaloogenide devices are evale-
ing corvergenthy. Although the microscope
mechanisms  wern rather  different, the
twes Leehnalogies display simalar measurable
characteristics. The sudden anset of condue-

Figure 1] Twn types of chaleogenide device,

& Flecironis swilching associated with

phise changes. At moderale frequencies, the
alternating current-volage Ui~ Vi charscrerisic
of 4 siitable smiorphois chalcogenide material
e s sy s swilchimg sbaove a threslald
wnltage V, Fram a highly inssbating regime {red)
10 a mare comducting reglme (bue. gradien
reduced for clarity), (Madified from ref. 1)
ptically addressed phase-change materials form
the hasis for C1F amd DY D sechnobagies. b, lanic
{electralytic] swilching. A salid chectralyte af
e chaleagenide phases can also enzode
infarmation, In the cycle shown, the incalating
atate fred | ewitchraat ¥, tos eomducting state
iblwe | when manescale bridges of silver form
Between electromically conducting islands in
anonically conduciing marrix. These bridges
persiat walil they s dissabied at s sufficicatly
megative velisge, 1, The asymmetriz 1-17
characteristic shanem here & remimissent ol
symmatric I-V characteristics in phase-change
random-access memary, where read operatlons
in awaorking device woubd also be performed at.
Rerw vnlrages. (Medified from ref. 100

Lirm —at Vi Fig. laand Vip,in Fig. 1b —is,
for example, associated with the formation
r|lflarm.nurvmndlctmg]uﬂmm'un hath
cases. In PO-RAM this onset is thought tn
arise electromicalty via the ingection of charge
carriers', buk stems in the electrolytic device
froam the deposition af metal atoms (electro-
deposition} to foem eonducting bradiges
betwern the slands. Another exaniple of the
amilarity in characteristics but variation in
undlerlying processes of the twn types of
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chalengenide device 15 that both show incre-
mwental changes in their stroctuse, cunulative
vy T, whien Eley are operated below ther
threshold voltages. These clanges gve rise to
enntrollable intermediate conductivities and
arein effect precursars b the binary memery
effects that make chaleogenices “useful as
smrag.-nuh.ml: In BC-RAM, this cunmla
tive hehaviour is mdll\'c'xplalm.d b crvstal
gronweth: in the electrolyvtic variant, it is
ﬂplalmﬂln‘ulwﬂuﬁmu:mn

Both chalcogenide techinologies present
cx..imu;n;t;wnnnnth.sﬂmu\:um“.wma«im
memory, bt include cogritive computing™

(E*PCOS 05 5. . Ovshinsky, ECD Crvonies)
and recanfiguralle Jogac carcuits”. It i b early
o el w|1iﬁ technalogy will be selected for

which miche, but scientific interest alone
should mativate a dloser look at chalcogenide
miaterials i imvestigate correlations between
phase-change and dectrolyte behaviour To
take one exarnple, the migration of dissolved
o b5 required in the decrolyne case, bue
eoid degrade the performance of a plase-
change divier. Flumes of both electrons and

s participate in electromigration — widely
studied as a degradation mechanism of the
deerrically eonducting lines for inbegraed
carewits This, 2 unified approach to the study
of claleagenidies, asseasing the rles of atoms,
itoms and electrons, may prove crucial for bath
deviee performance and reliabilin:. ]
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(CELL BIOLOGY

Helices sculpt membrane

Guillaurre Drin and Bruno Antoany

Many proteins are carried within cells in bubble-like sacs. These are
pinched off from membranes inside the cell, and it seems that the Sarip
protein is key in both starting and finishing this budding process,

The cell comtains a network of membrane
bound compartmenits that exchange proteins
with each other and with the cell surface
thanks to several haulage systenis, cach pro-
widing a apecific link hetween one staton
and another. At the depariure poant, special-
pzed ‘eoal’ protens wrap up a small area of
thie lipid memlbrane, shapirg it into a lulging
Thuad anrgflbr_nnq up profeins due o be
eransported inside it”. The bud detaches fram
the membrane — a stage called fission — to
fournn a bubble-like vesicle loaded with cargn,
Lee er al? report in Cel that a coat pro-
rein called Sarip, whose stricture containg
several a-helswos, initiates buds for ane type
af wesicle Ty thrusting one of its helices
anter the membrane, casing it to balloon
entwards’,

Wi knew that SarIp begins the formmation of
socalled COPI vesicles, but quite bovw was
unclear. These vesicles transfer proteins from
a membrane-hound strctare called the endo-
plasmic reticulum, where they are made, to
annther such struchure, the Golgi apparams,
shizre theyare processasd into thetr final form.
A eommon edlular fuel called guanosine
riphosgphate {(Z1%) activates Sarlp. When
Sarlp hinds o GTE, it exposes 2 short c-helix

ak its amina {or M) terminus that anchors the
protein to the membrane of the endoplasmic
reticulum. There, Sarlp recruits two large
OOPF protein eompleses, Sec2324p and
Becl 331, which polymerize into o curved
lammiee. Smdies using artficial lipid vesicles
called liposomes show that adding all these
compoments is sufficient 1o generate coated
buscks en the liprseme arsd, less efficiently, free
coated vesicles”. Mow Lee ot al ¥ rey [
Sarlp contributes to the mitial moulding of
the membran: and, les expectedhy, to mem-
bran fission.

Using elextrom mnicroscop, the authors first
Al thiat Sarlp alone can deform |iposomes
initr ongg, marrosg tubiiles, but anly when it is
hond v GGTF, sy ny an invelvement of
the M-terminal helix. To demonstrate this,
they swap thas helix for a peptide that bands 1o
an artificial lipid. As expected. the Sarlp
mutark still binds te liposomes conmining the:
artificial lipid bk no banger deforms them

Bath normal Sarlp and the domain-
swapped nwtant can interact with the other
COPF eomiplexes, 5o the next step was to
compare incubations conducted with the
complete st of COPL proteins. Puzelingly,
though, buds do farmy in the presence of the

50'YEARS AGO
Farsome time past the B RC
Resmarch Department has bees
studying the techniqua ol galaur
television, and recersly a
pregramme of experimental
transmissiors waos starbed
outside normal broadcasting
haurs. On Detober 20, Sk Harold
Biskop, dinchor of technical
services, presented a special
demaestration forthe Fress. This
comprised the frarsmission sver
oclosed circuit at the Alesardra
Fulsce siaticn, of siill picturas, »
sheet traved film ared a pember of
e’ cameera shots, all of which
were reproduced 21 the recewing
end as altractive colour pictures.
Freaiy Natore 29 Dt tebwer 1955

00 ¥EARS AGOD
The Far Ezs. By Archibald Litle. —
Of lote yeors the Far Eastis only
Tar in netupl distarce it ismry
neariosur thoughts, while the
igeomnce regaading these Lnds I
beng werymapidly dispellze...
Ching stards now ot the parting of
tha iy Tar iy yaant resolute
in ba ping aul hresgn Eventions
s distastetul to the sld-fashiceed
mandare, circumstances hove
proved too streeg. and rnikways.
the precursors of western life, ore
o baing Built or projeciad
thenughout the land... Consider
the Yargise Walley_. This
magnificent rrer will
undoubtedh remain the grest
high read Tar commence inle
Certral Chira; but railwaysare
and will be Beilt ta oot ox deeders
tithe mazin fine, much to the profe
ofthe skareholdersand of the
Irthabit s, for Chiress b boen
irnders, aed pleeidy mukn use ol
the plenseer of Chisese ral lways —
the line from Tientsie to Peking —
in lange numbers.
Finialy, we i & wivid
deseription of the seuthens hasin,
Canter, HongKong, and the
proances bandering ar French
territory. Yunnan, whick odjeins
our Burma, kas o part leslar
irrtarest be Englishmer: bui hors,
owieg to sur sepkeress i days
gone by we kave allowed the
French togetahend ofus withther
raibwmy, which will undoubtedly
driw fa itasll 6B 1Rat s valuakle
afthe trade of the province.
Frem Hohwe 24 Detcher B05
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