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468 B.M. KIM et al. 

EXPERIMENTAL 

RESULTS AND DSCUSSION 
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REVERSIBLE PATTERNING OF AMBIENT CARBON-RICH . . . 469 

FIGURE1 (a) AFMunageofsRgalmxmdsproQcedovaaBweepngvdtsgc 

the hppwtule a p p b  sweeping voltages h m  0 to-8 v and-12v, m v e i y ,  durn@ 
paamng two ofthe molmde m (a) 

w o g ~  o f 4  and-12V (b) TWO I-Vcurve~ o b d  b y m c u r r a d  flm to 

0 1 UIU - 0 5 UIU ~1 and4 am - 1 1  am lugh In calbsttothereport 

by Manun et d"' wbae a tbnshoki of-3 5 V waa obswed fa the m a d  f m o n  
& thc field d a  STM hp, we &d mt 9& a aherp ttueshold far the tedmque prarentcd 

bae Ibe threshold amphtude at&& a gvm t ~ p  begina to PrOQce m o d  v d  

fitm Mda -3 to -9 V Such a ttresbold bebavlor~~ ~IIuabated m Fa I@), wiucb shows 

a typcal mt-vo l tage  ctma&mhc ~croap the hp-sampie juwhon dunng AFh4 

paammg IbeI-VcurveamFii l(b)waeobdbymasllnngaanrentflowqto 

thc hpwhie applymg sweeping voltagea h m  0 to-8 V and -12V, respechvely, dunng 

pattenog two ofthe mcunda m F a  l(a) We rmfinned that a threshold voltage far a 

rapldc~rrent uy~e88e8, sucba~the cxw d - 6  V UIF@ I@), maLs the ~ ~ a a h a o  

of a mouod formahon T I M  obsavahon dcatea that tbe mound famahon cm a gold 

surfacequuesanelednm hauqortarross the -gap 

We weze also able to arate d ha cm a gold sllrfaoe usmg mulhple 

passesofanegahvelyblased acamq hp F w  2 shaws aset of& ha poduced 

Ovaa cmstant voltageraage of- 4 - - 8 V wth - 2 Vmrrmental step Ibe d 
lm Hldth and beet overttuS voltage range IS between 80mn - 300 nm and3 nm -15 

m q  mpecovely Note that the pobablllty of mound ar h e  f m m  mawsm wth 
uwrcasmg negahve voltage Ibe obseved slze 4&ciea cm the amplrtude and the 
polanty of applled voltages dca te  bat a possible uxchuusm mdedpg the AFh4 

paammg Isimel-cal process 

To better elucidate thc physical meshamsm, we a d y d  the canpihm of 

F~gure 3(b) shows a typcal SEM pattenal features wth mcmAuger 
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470 B.M. KIM c /  al. 

image ofapattaned feature. The - 2 um x 4 u m  monoclinic patten UI Fig. 3(b) was 

aw,ted by moving a -7V tiportbogooal to a- direction at a m  of I d s  dunng 

FIGURE2.AFMimageofasetoflinmpnducedovaarmstantvoltageraageof 
-4-- 8 V with - 2 V imemeatal step. 

r 

&tamed fim the pa#erned slnface i n d i d  respectively by PI and €2 in Fig. 3(b). 
The specea P3 and P4 in Fig. 3(a) waeobtained limn the pnstine Au surface indicated 

by P3 and P4 in Fig. 3(b). In both specba, Au signal peaks at -150 and carboa signal 

peak a t - 2 8 0 ~ 1  be seen. However, he Au padc mtemity in spedra Pi and €2 ia 
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REVERSIBLE P A T T E R N I N G  OF A M B I E N T  C A R B O N - R I C H  . . . 471 

FIGURE 4. A typical example of rewritable data storage: (a) Written (4V). (b) 
Large area erased. (c) Small area erased. (d) Bit rewritten. 

ooteworthy that the lmpattaoedarea awayfiom the carbon deposit &bits a granular 

morphology of gold wheaxas such grandanty IS absent m the paaemed area By 
applymg a +5 V stahonary hp for 5 sccor& ova m e  spog m the central regloo of the 
c h  feature m Flg qa), we wrre able to erase a sechoo of a 0 5  urn x 07 um 

mtangdararea m shown m Flg 4(b) “be granularity LS revealed 10 the surfaceof the 

aased ma To get m rnformahon for bow small an areacan b e a d ,  we apphed a +5 

v stabonary hp for 5 seconds o w  three ackhhd spots m the uppa porhon of the 
carbon deposit Tlus a a s q  sequeme gave nse to t k e  holes wvlth the sves m the 

range 100 nm mameter a d  lOnm deptb pig 4(c)l Fig 4(d) u a  result o f a  rewnhng 

sequence wbae a 80 w wde a d  5 nm hgh mound wmcreatedwth -6 V stahonary hp 

applied for 5 seconds oaapomt m thecentc~oftherectangular~Based acea Tlus sort 
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B . M .  KIM C I  r r l .  

CONCLUSION 

We have d e m o ~ ~ a t e d  the amtrolled wnhng, asrrlng and m b n g  of nammeta-scale 

carbm-nch deposits on a gold J i h  fmn ambient gasw mmg the v o l t a g e b d  AFh4 

chermd analysrsofthesedeposlts sbowstbem t o b e p l r m l a f t o ~ i t s  made uslng 

electron and ion beams, c m p o d  pmanly ofthe carbon species Wetlunkthatthc 
rwersible paaaruns demonseated here IS mt only apphcable far integrated memory and 

data storage, but also cau be employed far a liugescale maskla hthogrsplry 

[ I ]  M AkkGxdandRF p e a s C ~ 4 , 8 4 , ( 1 9 8 6 )  
[2] M Wendel, H Lorem, 4 J P K m & d & d &  67,3732 (1995) 
[3] H J M a u q P  H Guetbna,andD Ruga,phvs.Rev.,2418(199O) 
[4] Y HapegswaKKAky-M o00,S-J Kahog,Q K X ~ , a n d K N e k a y m  

A&l&d& 'Is, 3668 (1999) 
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