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' _/_.,,,,.., Why Nanotechnologyat NASA?

I

• Advanced miniantdzation, a key thrust area to enable new science and

exploration missions

- Ulttasmall sensors, power sources, communication, navigation,

and propulsion systems with vet 7 low ma._, voltwae and power

consumption are needed

• Revolutions in electronics and computing will allow neconfigurable,

autom',raous, "thinking" spacecraft

• Nanotechnology presents a whole new specll'aln of opportunities to build

device components and systems rot entinely new space architectures

- Networks of ultrasmall probes on planetary surf_:es

- Micro-myers that drive, hop, fly, and buna_w

- Collection of micmspacecraft making a variety of measurements

__,,_,,_,.,NASAAmes NanotechnoloE/Program

* Started in FY 97. currently al'x_ur 25 FTEs on site working on navotechaology

research: additional 15 Yl"Es involved in simulation, prc-,cess modeling, and

computational chemistry

• Research fi_cus ranges from cartxm and pa_tein nare,_tubes, quantum device

physics, quantum computing, data storage to optoelectmnics, DNA electronics,

• Bio-Sensors, Bacteriorh_xlopsln.based Data-Storage

• Largest carbon narK'aube efforl in the Federal govemrr_nt and also one of the

largest in the world

- About -60 refereed publications in the field

- Over 100talksin National/IntemationalMcetings

- Two Feynmann Awards
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_,==._,. What is E_pectedfrom AlternativeElectronic Technologies?

• Must be eL_ier amd cheaper to rnanufacrur¢ than CMOS

• N©¢d high current drive; should h_ 0hie to drive capa, cttaaces of intercortn_cts

of any length

• High level ofint_gralion (10 • transistorzlcircuit)

• High rrpre, docibility I.l_tler than ± 5r_ )

• Reliability (ol',¢rating tirr_ > 10 years)

• Very low casl ( < 1/a:¢nl/transistor)

• Everythir_g ab,oul the new l¢chnolog)' must be coml_lling and simultaneously

CMOS scnling should fail If these two together do n_ happen, the enormous

infr_slnu:rar¢ bu_t m'c,ued silicon will malt© it dil_cult rot alternatives to

¢merg©

CarbonNanotube

C,V]" is a tubular form of carbon with

diameter as _'nall as I rim.

Length: few um to microns.

CNT is configurationally equivalent to a

two dimensional graphene sheet

rolled into a tube

CNT exhibits extraordinat2/

mechanical properties:

Young' s modulus over

I Tern pa._al, as stiff as

diaznora:l, and tensile strength

- 200 GPa.

CNT can he metallic or semiconducting,

depending on chirality.



Potential CNT Applications
and Challenges

Sotrr_e: Worksi_ Report - SRC/NASA Am¢s Workghop on Emerging

Opportunities and Issues in Naaoeabes and Naaoelcctmnics
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_._,._ CarbonNanotubesatAmes

/d qhc_cr k _k

_/_,...,,_ CNT in Microscopy

Atomic Force Mi_._scopy is a p_erful technique fi,r imaging, nanomanipulafion,

as platform for sen_r work_ nanolitl_graphy...

Conventional silicon ,_r tung,'ten tips _-.'ear out quickl) CN-[" tip is robust,

offers amazing _*dudon.

_.__ CNTBasedBiosensors

I I::,-'

./_,....,,., Computational Nanotechnology

• Large scale computer simulations based on ab initio

methe, ds cnable understanding nanotulx: cb.axacteflstics

and setwe as design l_l

Evaluation of mechanical properties

Evaluation of electrtmic t'a'x_perties

Electrt_n transport in CN'I" devices

Funetionalization of the nanotubes

Design of electrical and mechanical devices

Evaluation of _tora_e r_',lentiat (H:, Li)

www.rms.rmsa.go_/-deelmk.thonw.ht nd
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_.,_.,.,,,,_.. Computational Nanotechnology _,,.,._.. Computational Nanotechnololy

_-._+_,_.__. ,_.,_ ._,--_......:._

_'_.,..._, Computational Nanotechnology

I

Computational Nanotechnology

ProteinNanotubes

• Heal gl_k pn>iein (HSP 60) in organisms living a high [emperanates

("extren_)pttiles") is of inlerest in as_lbiotogy

• HSP 60 can be purified from cells as a th:,uble-ring

swuciure consisting of 16-18 suhunits. The

Atomic Chain Electronics
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Experiments: Nanotube based Devices ,,+.+-. I)t.lft

(Nature 1998)

",'_,_,ltjhe tletero-.lunctions (Nature 1999)



V_t__llS, NU.'_m_t 16 PHYSICAL REVIEW LETTERS 16Oc_201_

Elecmmk Tramport h Y_ Cm4_a Namtld_

C. __ A. _' J. IA.' A. L Vd_; ''2 andJ.M. YmU
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1st experimental Step to a ll_1-cc-'l_,r_in_lN:}_(_,_:_I_'



,_ _. CNT in Microscopy

NASA Ames ge_.arch C_m_
Ramsay Sieving, Lancl _Zai% £,_tt_n Ngu'fen

280 nm Line/Space Array of Polymeric Resist on silicon Substrate

Silicon Tip Multi-Walled Carbon
Nanotube Tip

AFM Imaging with

Single Wall

Nanotube Tips
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0 Based on Phosphate bridges acting as tunnel junctions and H acting
as capacitive element.

• DNA coated with metals can act as Interconnects

O DNA has self-assembly properties
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Single Electron
Truslstor

Quantum Bit



Example: (NYU)

Cube Truncated Octahedron
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DNA
Nano-mechanlcai
Device



DNA as Electronics Elements:

c ,,_-!_ tJ_;_ ( I,ti,jt, about DNA as metal or semiconductor ?

Indirect measurements tn tim '--_--'-- led to this
controversy?

Tra_rtln_a_ent*,on ,i_e D_A mo¢,ec_1_. C. Dekker (Delft)
Nature, 2000
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A 10.4 nm long, double-stranded poly(G)--poly(C) DNA molecule
Metal nanoelectrodes that are separated by 8 nm

nTt_,_ll ._ap _erllie¢)n(lucf_r

• Metal coated DNA serve as conductor.





All-trans Retinal
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_,=..=.,. Nan_technol_,Comments

• Various experimental and simulation aspects

of Nanoelectronics are currently in progress

• Individual devices and characteristics need to

be incorporated in NASA specific applications

• Biesensors and nan_ubes for interconnects are

preliminary step in that direction
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AFM Imaging with 

Nanotube Tips 

2 ram thick Au on Mica 

5 rain thick Ir om Mica SI,N, on Silicon substrate 



280 nm Line/Space Array of Polymeric Resist on silicon Substrate 

icon Tip ti-Walled Carbon 
Nanotube Tip 



ghrr intenst is to develop sensors for astm~ology @ study arigins of life. CNT, though inert, 
can be furrctionalized at the tip with a probe molecuie. Cumnt study uses a m  
experimental platform. 

The teebsB also k i n g  uxd in collaboration with NCI bo develop 
senssm for diagnostics 

- Identified pobe moiecule that will serve as signatm of leukemia 
~eils, 80 b 8 # ~ k d  to em 

t flow due to h$~dization will be thrmgh CNT dectrode to 
an IC chip. 

- Prototype &osensors catheter development 

-5 * 5  
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Heat shock protein (HSP 60) in org sms living at high t e m p  s 
(""ex&emop~les"') is  of interest in as&obiology 

HSP 60 can be purified from cells as a double- 
smcture consisting of 16- 18 subunits. The 
double ~ n g s  can be induced to self-assemble 
into nmotubes. 
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IMPORTANCE 

Conductivity of DNA has been controvarrirl tor adera 

Elwtmn transfer experiments (biochemistry) 1 Po-ible con 
to cancer 

Tranrport experiments 

DNA Electronice bvice  l Lithography 



---. 

ELECTRON TRANSFER EXPERIMENTS 

@ Oxidative damage of DNA has been linked to cancer. 

@ How effective is long range electron transfer in causing I 
oxidative damage? 

* Fluorescent analog of a base pair 

* lntercalator 

@ Eltimates of electron transfer rates span orders of magnitude. I 

intrastrni ~1 & Interstrand Significant dependence 
on base pair mismatches. 

Significant dependence 
on intenrening sequence 



TRANSPORT EXPERIMENTS 

' Pomth ot. rl, Nature (2000) INSULATING Fink et. .I, & h w  (1988) NO GAP! 

Current - 1OnA 





DNA as Electronics Elements: 

a b u t  DNA s mem or sedcoductor ? 

Indirect me~urements in the be@ g led to this 
controversy? 

f r a n w r t  wasugemajts;-qn ~ e l e  BVA~Iecu l@-z  Cebkker@em) 
Nature, 2 

A 10.4 long, doublestranded ply(@bpoly (C) DNA molecule 
Metal nanoelectrdes that are separated by 8 nm 

Metal coated DNA scwe as condador. 



C u k  Truncated Octahedron 
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Large scale computer simula~ms based on ab inicio 
methods enable understanding nanotuk charxteris~cs 
md serve as design tool 

- Evaluation of mechanical pmpefiies 
- Evaluation of electronic pmperties 
- Eiecbon transprt in C m  devices 
- Functionalization of h e  nanotubes 
- Design of elecrrical and mechmicd devices 
- Evaluation of storage pterdid (Hz, Li) 

GNT T* a d  6 a v v ~ ~ & ~ ~ ~  .nrs.nrsr.gov!4wpak&omnhlml 



Carbon Nanotube Electronics Band Structure 
(basics) 

Hexagonal Lattice of a Graphene First Brillouin zone for an arm- 
Sheet - (2xunit cell) chair tube. 

(chiral vector) 





~etcsrsj  ctions for Molee?uakar 
Electronics l ieat ions 





Multj-wall YIjunction Carbon Nanotubes 
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CbemombmMP sub Pbys. Rev. Lett, (2001) -'" 
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Searuieond.metipr@: Y -jumctionr. Nmnstubes 

with Dmerent Angles 



A Andriotis, M. Menon, D. Sriv va and L. ChemombmM* 
Appl. Phys. Lett. (2001) 









rrre~c D e r a d ~ ~ e  Neurons: Carbow NmabObe 


