" MICRO-435
Rk < Quantum and
i l'*lﬂa ; = Nanocomputing

i Edoardo Charbon
. Mariagrazia Graziano

H”']

) -.":"u

“’fn mu




MOLFCULAR l RANSINTORY
]:QBR( LaTIoN
OBJéc TIVES

0~> EH PHYSIcaL rwoDecvg

\)) FAVOoURWG  "Goop " €h

C) N.G. ARRAY Basep oV €p



) £ PH/HAL  feopel 1V



cn
EXPLANATION STARTIG {THERILODWAm(s OF

IRREVERS I BLE ROCESSES

POINT
3 Ruxe S
J- c TRV S FoRess
e FLUX o TIEATIA L
. DI
J HE&TAL ) v ;2 o
m i FlvYy B)/ K
k- ej M, y

T, ey | \

[ — -
LETS SioP # oRENT To SSE THE FORCES AMD

PARANETERS IWVOLVED



ELEC TROCHEFICALC

LZ K >< _ —VK & POTENTIA L
c / () K ec
PoloJTIA L

CRADIS WV /fAKec ‘:/4 + aEﬁD

L( v eﬁwﬁosMC \"JWT o4

ZZ—D\DM\—‘J* W \) 4 1 lows

1&1 au )&cojz {;WAFMTM %w,ol,«w/_f



(ENERAL DESCRIPTION OF THE: SYStEr

] )

T E
< Se == Lem V(/g) ~ Lee V«‘ ) oy (__2_)
Ju s = Ly V(@}- Lu,eV(/“_é'_b)g e (_VFZ_)
ol Contout

€ EaCH TLU To AL FORCES

s

g__
N
Q- .

DESCRIBeS . PEPENDINCG ON THE-:
T(ECTROHIGRATIOV CASE SUBPARTS ARc

THER QO DIFVNON OlHeR NEALECTED



(ENERAL DESCRIPTION OF THE: SYySEr

< Je=-Len V(é) - lee V “%) e ()ZT)

b)) o

. L'\,a' if\emwmm told  Condout. &\

Refaie cacy LUl To ALL FORCES

J'/ASS(JM’TNW_S TO srhpur-/ (m CAsY 0 SoLvE



e CLECTROCHeM AL POTENTIAL CAN B&E
4> v/u VegLecTeED FOR Hiad CONMDU (TIVITY MAT.

2) THeRRODIFUSION  FOR GOLD ELECTRODES  1MORS)

3) IV fSTAL wire  ELux ofCHMw?S s Dus
ONMLY TO ELECTROAS

el ¢ Thos totie JO RESIsAvITy
/”fw et N VC]D :JD ‘A () CURRENT
DcNS L;(/

Mok
Jm,,: “an;,/m % -)&efé
T )




CORRE (TIVE TERN

. é(m/& ¢~ DE TO TRAN@JR
s = & - T . DF tonewton FOK
CRECTIVE [/ e +o lobs
( HARGE Lwme W ‘
Lom,m >oOZ tﬁ(’/\b(’/ wm EN

=5 L& & VEGATIVE

e net FoR. CE Q[j'mX on CoLd om
(3 v dewdsa 430 %olwﬁw

W PR4cCTicE (ETmL  ATORs BAAUES As THESY, 440 A

_ ok
C#mat 27 DUE TD  popcuron TRIWSEER OF 104S



4 m o _ A5 -
LR

R W IRE 06{ L. Ag smess
/ over (EpGHT L

__ Ae & ,
Yo == Lo (‘Qf - 24

C—

)

AS Lova AS A(Y(Z_\Q’mx f—L«E—,{

CH rorcE Yy BALANCED BY
STRESS GUARADIEAT
=



lXIeVQ/V\/ J — Am/v = —Q'A%X
—Z:ch:L

L

HINIRVERL  CcURBELT DEASITY

NEEDED TO OVER COIT&E
SIRESS AWUD Sge A POTEUTIAL

HIUuPATION OFE oA)S

IN NoORHMAL CI\Rww IT QVEAN A oF A SIGNAL,

|
A | ex\ers BEOX \Wwhich Bl s
NO St Can  HaPPeW Lenasr



/

dc R4 MoV
+H, %MQ " DIFUSIOU ONSTAVT
o imdeolu € coucentraTion oF HETAL  oUS
10 Aeluméwy M chem AL POTEN TIA L

oM 1 og

5> 1:14’7060[4&03/ D :Z_’/‘W\ m cl/bl' ST Elw
T

/I/\akT- I C

U



D caw BE WRITEN Also ACTIVATIOW
E/l/ERQV

AS v
—_ % 0 F difrusion
D1 -e r mz 10/:/5
W swale WIRES For NG / SOF:mce

HaRATIOU HATENS  OWLY W 0.12el/
AT TRHe SURFACE
poA ™" AT W GRAIV
v ADSORBED 0 G
EROLER ATOA -BO(”VDARlPS (=
N R4 IN
N =




D‘Doe KT D

= = ~0

D= Lawn BT >sz\,~n KT
C >~

e

NG Y
u - '.12—27-~-&f33;)

\ T

J

. Rewr ITE-_S-/VW —> -ﬁ ( Jﬂnw/ T>

e v BIAWED

J\’UI\/ :

HeCH.

FOR

STRESS



e

A =
CD%’ee/

STRESS

¥ — )
\;(
) jﬂl/\/
»
ht@

NO
!
" GRAT
NOoT o
Re AH C
D YRE
<SS




ol _te
= lfdmle 7%
SLASHAx h oK
d"“‘z*e;;"f - o=eh? e’%

e« FLUX OF oS DERANDS OV T
* AP ToRFATIOM  STARTS AS SoonN AS  THE
Hass TFLux 1S  LARGE GNOUGH

o WHEN It hAPPeNS |HE (0cAr TEHPERATURE
W GAP 200F IS INFLUEACED By d—ome NEATING -




o —ff

o = 2§ m) e %
/DA’W\‘ SLAGHAx O(____CDO%“QE_
—’Z*QIOL I

O/W—}/ FOR TcRIT |
ADATOMNS AREFORED

whow ) wesdus Jomr Tl lerr
JHW

- > Terer P> ‘Dcmr
_ 2 AN = \Z
P-f’-&é PCR\T P SCR\T




—t \We Neep

7

ForR  low

HoT IV

=

TO  RepcH  lowr

~eo WS AS ADATOrMC



—t We Nvesd  TO ReacH  lerir

For lov FeeW AS ADATOMS

HoT BV

—>  RyYT .e... AS HIGRATIODAN HAPPEAS
™We WIRe PREPLUCES

7]
RA P T 7 TawGER O

. HAT T.
D AndD  WHAI RUAIAWAY



\;,) FAVoURING A ‘Goa ' €1



\XAM Tcmr W)B\Ll‘r/ ©OF Ionv 8

INCRBASSS _ _H ADATMC

—D VACAwnCIES
ERRACE Tyf’é-' CoaTtown

\. / B I&%\; sLow/
\ L—MA_J
R N .

< ; *r—>D
| © /04\/

[ —

(\(PW‘M f L 4 rvem, 30‘9 AmA cunest
UH
H?’w f""““‘( HEASURE
L >W [ V(; =000 M (TUIUIVEL )
® Stars WELL YoRméD AP



7¢ Vg
0o (M o CURRE T

o N Yl
buoh .
NETAL | AccUHUIATION

ISLavn ) oF 1o1s ov AP SieEs

(v THS CASg THERMAL  RuvA WAY

T 7 Ty 77 GOLD_MTIS

Porevi [



4 10.8
1 104
10.0

0.36 0.38 0.40

00 01 02 03 0.4
Voltage [V]

| [mA]
o, =k W R O

(B)




N o =
[
2 T 2

CHAVGUE W
T



- LETS noD;L s 7{4)

) ) TOT e
=/ %\( Sy 00
/ TC(WMECT low

A /P Jhlm
A?PL)/

T
Fo c; Osm:zrs
SSARI
VEE HEeRe .




)exxi((—)
¥Cé
F)= ?

R{

2\

;E

/T

A
HE.
w

S

T
R

STRA

OBILII}/
n

CS(:Lux

thed

Jhm o

Y

J

AV

E
v,

L

4

A

ACES

&

R

D

T

c

Dv

L)/

PP

A

I
T
due

S

AY

&,

StR

-
v
o
4
Ti

<

-
CA-
[/
o
i
H
"
-
|
O



-fm ¢ Youpd |

Et smrTs —> NARROW  CUT [Tor mane)

____-Lf_—.
/Y
RC P(%) F . VeSCR 1 Bes
S 2 IVCREASS
(1) P | @) o
T CRinc ' R
? | N+ =2 (o @
Re(¥) DS S(PATIOW
- (v Convh-.
\/C.'\\\r




&

P> nAEGUaAE

- P¢)vprn =d T Ilerir
Goos ¥FoR 'mmce!  AicrATIOV
OF AD arors w0 T.R



BIg
2

<)

—

( GRWS RAPIDLY TOWAD

J 2
CoNVemol g mivy FOAT, 1043 ACyny LATE,

|V TERRACH '(>/PE:‘
]bvwe‘"ﬂ REMA WS Cot\fs-.";dfvT) LI rEeD

——\

Bc taL s€ —
,_/)-’

RS ceq
WO} \




{)(AWPL? .TéR IT. N 34T K
(m M EXP. TerrAE TP ()011 N 4.{3 ﬁ

/ INv o

BuT _
c; Tewr. 285k 1\oy 2k

JC‘\'ITlCAL WS&Z
NAS o RIS To

To ok Terim
Texur



RASED owv M.

C) N.G. ARRAYL

y—
—
—
—-
=
e




IN A SYysten WE EXFCH
1 r Po wWER SUPPz}/’

| fATRLy
"Hl 070 M/RFf

1 45 oF D7

$ [ CoVveelSD

- /] or SONE
\ | \ | | D ogic !

PL.A . -]L_atﬁ Fuwv(riov

IN conUSNTIONA C MEK/@ oV
9 ARRAY OF

recH /
>§£ NVGARS 1S T,
VEEDC D




FIELD  PROGAAVIVABLE
GATE  ARRAY

outing channe racks

0j112])3

CBHd600

1%
o= N W
o,

s i
-‘t\;i&-:—l‘n-
8.5 r
PRy
S e (A joa




For HER
Pa

PROGAARTAR(E
LOGIC

Amj

wHeN TecH

WAS LESS

RewAaBL & Awb
cvolLveD

Reavariry Heeps !!



PARALLEL FRBR CRTcon OF NGAT\ ., T c&
cASE@) -

e A\ Slaat
Noel/iCe 7LJ\

s b f;?
» s

pocMA- ’ ¥
\/—;\‘l;' Re Re (L Fce ABIUSTS V/
e srefe SoThet bowen
L of \wmchoow
R ek ID > ;N‘-RITICAL_

F\NAL L(le BoroRe
F & heefive Potuvt



e ,}Q_F

Reqy Rea

—WN———
:l:’ Rlz R, JV

Wmcep sz — |
/) wwwxf 4
4 \DTATICA L
Rc_'l: c2

we expecr  Rea=2

-W-Aj



SSPARATED
CovifoLt €D
/) I
m\iue ExXpPeCT
E y BeAAVE R o )
2
Statr WJ)

RESuLT !
(1 2; ! 4¢aP 1S OK
The S€conp HAS

> /W fo/mS/ Biz 4R
THSA
Oﬂ RA’W Thé‘(.r”&

ReACHED ]




/
RIATIONVS .
PRocess VARIWATIO R.. /R,

Q. RCQ_,\/ 4252‘ Qz/\/ Cl—-(z-

aEren A waice g Y BREAK AT FIRST

BECAUSE 1T REFLECIS A SMBL
IS cosvNED FIRST : AS SoOs AS )T BRAKS

LER WIRE 50 (T

— D AQLL CYRRSNVT Gog SUDDEADLY
[V THE SSCuvD CONNVECTron
— NVECTimg Wit
Bc Tie ResuvcT







"g Rj < ‘Zu, Rf‘l -m"
bue To

Lo —fnek (4 ?_‘E*—L F. VARAK row

LI Vo

CVRRENT (oes To

T’;_ WCREASS

(ATs ARE [
GENEAATED
AIVOST AT THE

SAﬂC' T(fie >
Powc R DUE TO SECF (€ AT ING V

REMAWS N ever  —imed 0t OR
\€ A Convn F&QAIS f W




Cane THwe Wiry SEVERL (OIS oV
(V) PARARL LEL

v

/
\V4
To A CERTAW

\

%

?% L NUHMGER OF
) I -

\

—b It WORKS
—F ver ve

SLENENT

=D REQUIRES
CAREFUL conTRoL

& WIRWWG




C RISTALL)ZATION

0») E(T PﬁyJ/cAt 12oDEL Ling

b) tovwurivg A qoop €17

c) Anﬂﬂy NG WITH €0



