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o LINHKIEN IEN TU NANO

GVHD: PGS.TS.TRUONG KIM HIEU
HVTH: LE NGUYEN BAO THU
PHUNG VAN HUNG
LE DUY NHAT




i NOI DUNG

<+ TRANSISTOR VI BIEN TU

e Cau tao va hoat dong cua transistor truong (FET)
e Nhitng tré ngai dé thu nhé FET

<LINH KIEN BIEN TU NANO

e Giam kich thwdc linh kién ban dan khoi - 6ng nano
cacbon va nhirng trng dung

e Linh kién dién t&r nano hiéu rng lvong ty

e Linh kién dién tir nano hiéu &rng spin (spintronic)



‘_h TRANSISTOR VI DIEN TU

ate Oxide (Insulator)

Cau tao transistor trwvong FET



TRANSISTOR VI DIEN TU

Hoat dong cua transistor trwong FET
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Thé cuwc cong bang 0 Tang thé cuwc cong
Khong c6 dong dién ti tir ngubn Cé dong dién tir tir ngubn
dén mang — transistor déng dén mang — transistor mo

Pap &rng hai vai tro: Linh kién hai trang thai
Khuyéch dai



i TRANSISTOR VI DIEN TU

NHUONG TRO NGAI BE THU NHO FET:
e Dién trwvong cao, tao nén “danh thung thac 1G” lam
hong linh kién
e Tiéu tan nhiét
e Nhirng tinh chat giam khaoi
e Su co lai ciia vung ngheo => s xuyén ham cua dién
tlr tr ngudn dén mang
e Su co lai coa l6p oxit dwdi cong => s xuyén ham
clia dién tr tr cong dén mang
e Trd ngai vé kinh té, cr ba nam gia thanh nha may
ché tao chip tang Ién gdp déi == sy bé tac vé kinh té

=>Can mot cubc cach mang, tim nhirng linh kién dién
tir va cong nghé ché tao mai: linh kién dién t&r nano



[ LINH KIEN BDIEN TU NANO }
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dan khdi - 6ng nano cacbon
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Linh kién dién tir nguyén t

[ Linh kién duong } { Linh kién lai

ham cong hudng

MmIcro - nano

[ bi6t dwong ham J [Transistor duwdng ham

cong hwdng (RTD) cong hudng (RTT)

Transistor don
dién tir (SET)
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ONG NANO CARBON

Gigi thiéu:
Ong nano carbon do Sumio
Lijima cua phong thi
nghiém Nec Tdukuba phat
hién vao nam 1991. CNT
c6 thé xem nhu mot dai
bang cat tir mat phang
grafit (dwoc goi la graphen)
va dugc cuon thanh hinh tru
lién rong.




coeo
Phan loai 6ng nano carbon 33

Co hai loai 6ng nano carbon:

- Ong nano twong
don (SWNT)

. Ong nano twong da
(MWNT) bao gbm
nhiéu hinh tru
dugc 16ng chat vao
nhau.

(b)

Figure: Graphics showing types of carbon nanotubes (a) SWNT (b) MWNT,



2.Cau truc hinh hoc ctia 6ng nano
carbon

e Cautric cua CNT duoc mo ta "
bdng vecto chu vi hay vecto Chi 1~ V
Ch biéu dién chu vi toan phan cla
6ng. N6 duoc xac dinh bang

Ch=nal + ma2

V@i : al va a2 la vecto don vi
trong mang sau canh, nvam la
nhitng s6 nguyeén. Ch dinh vi cai
goi 1a gc Chi 1a goc gitra Ch va T~]
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Cau truc cla cac dang 6ng nano cacbon khac nhau dwgc dinh
nghfa theo gia tri ctia n, m:

> m=n: gbc Chi 6 = 30°: cau trac ghé banh (“arnchair”
> m=0 hoac n=0: 6 = 0 cau truc hinh ch{ chi (“zigzag™)
> * nzm : 0< 8 <300 cau trdc khac (“chiral™)
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FIGURE 12 One-dimensional energy dispersion relations for (a) armchair (5.5)
tubules, (b) zigzag (9.0) tubules, and (c) zigzag (10,0) tubules labeled by the
irreducible representations of the point group D2, 41,4 8t k=0. The A-bands
are non-degenerate and the E-bands are doubly degenerale at a general k-

point[128,134,135].

Gian dd nang Ivong cia Ong Nano Carbon



Tinh chat

+ Tinh bén:
CNT la vat liéu clrng va bén nhat da dwgc phat hién. D6 bén nay la do
lien két cong hda tri sp2 giita tirng nguyén tir carbon.

+ Tinh dan dién

Noi chung, tinh chét ban dan hay kim loai cla CNT duoc diéu khién

Eanglz/r(]acto C va do do, bang quan hé ctia n va m. Tinh kim loai xuét
1én khi:

n—m = 3q (g: mot s nguyén )
Néu: n-m= 3¢ cac 0ng nano cacbon cd tinh ban dan
+« Tinhdan nhiét

CNT Ia chéat dan nhiét rat tot néu xet theo chiéu doc theo dng nhung né
la chat cach dién néu xét theo chiéu ngang voi truc dng.




Cac phuong phap tong hop nano
carbon

e Phong dién ho quang

e BOc hoi laser

e Lang dong bay hoi hda hoc

e Két tinh lai xam thuc

GROWING COPPER
LASER BEAM NANOTUBES COLLECTOR

FURNACE  ARGON GAS GRAPHITE TARGET




Ung dung

Trong hé théng co dién
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Nanomotor

A Nanomotor inside of a Patch Clamp Head:



e Trong sinh hoc ( di truyén hoc)
e Trong hda hoc




Ung dung e

e Trong dién twr

NANOTUBE—
CHANNEL

SILICON DMOXIDE
INSULATOR
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MICROCHIPS OF THE FUTURE will require smaller wires
and transistors than photolithography can pre duce roday, Elec-
trically conductive macromolecules of carbon that self-assemble
into tubes (fop left) arc being tested as ulorafine wires feft) and
as channels in experimental ficld-cffect transistors fbovel.

FIRST ELECTRONIC DEVICES to incorporate nanotubes include vacuum-tube lighting cl-
ements (left) and a full-color Hat-panel display f1ght). Both products make use of nano-
tubes” ability 1o emit electrons at relatively low voltages without burning out, which trans-
lates inte more cfficient use of power and possibly greater durability.

Field Effect Transistors

Field Emission Displays



QUANTUM DOT

(Cham luvong to)

Quantum dots (QDs) la nhirng tinh thé nano ban dan véi kich
thuoc tr 2-10 nm, chang han nhu cac hé CdSe, ZnS, ... MO
QD c6 thé chira tir 100-1000 nguyén tir

GaAs Qverlayer
[partially cut away]

Cd [caommyuy
Se [StLEMUM]

InAs Pyrarrid
Infs Laye 'E, :, # -;‘ .-:;:

S suLru) i _ T o b

CdSe Core

CdSe/ZnS Core-Shell
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Su hinh thanh

= QD hinh thanh khi nhirng mang ban
dan mong bi cong xudng bdi ap suét
tao thanh do sw khac nhau vé cau truc
mang gilra mang ban dan voi vat liéu
n6 phat trién trén do.



+

= Chi sy khac nhau
khodng mot vai phan
tram vé kich thwéc
mang da tao ra ap
suat trong mot 16p
mang l&én gap muoi
lan ap suat & noi sau
nhat trong dai
dwong.




|

= Khi cac |op moi duoc dat 1eén, nhirng ap
suat nay sé lam cho Iép mang trudc do
tach ra thanh cac cham va bung ra theo
huwdng thir 3 dé thoat khoi ap suat, hon
la |a tiép tuc phat trién choéng lai luc can
theo hai huong.
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Ga#As Uverlayer
[partially cut away]

InAs Pyramid

InAs Layer

Gabs Substrate

Hinh anh 3 chiéu ctia QD InAs



Pbac trung co ban cua QD

= Nang lvong vung cam cua QD khoéng
lién tuc ma bi lvong tir hdéa do hién
trong giam ham luvong tir(quantum
confinement)



(a) CdSe Bulk Semiconductor (b) CdSe Quantum Dot (QD)
1D(e)
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QD cang lén(nang lwvong thap) thi phdé huynh
guang cua no cang do va nguoc lai, QD cang
nho thi ph6 huynh quang cang xanh. Nang
Iu’0’ng vung cam quyet dinh nang lvong(va vi thé
mau sac) cltia phd huynh guang

Quantum Dot Size

3.2 nm 7.5 nm
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= Ngoai ra ph6 huynh quang ctia QD con
phu thubc vao vat liéu ché tao QD.

Quantum Dot Composition

CdSe CdTe  CdSe,Te,,

JVA

550 GO0 ©50 700 750 BOO 850 900
Wavelength (nm)

Fluorescence (AU)

(B)




0i v&i QD, mat do electron chu yéu
gan bé mat.

/



Ung dung

= Trong linh vuc y-sinh hoc: kiém tra
DNA, chup hinh 3D trong cac sinh vat.

= Trong linh vwc hda hoc

= Trong dién twr: cac linh kién quang,
guang dién tw



i HIEN TUONG XUYEN HAM CONG HUONG
Hién twong xuyén ham qua rao don:

Po thi nang lwong dai rao  Xac suat xuyén ham ng voi
don AlAs gan trong GaAs cac do day rao khac nhau



i HIEN TUONG XUYEN HAM CONG HUONG
Hién twong xuyén ham qua rao kép:

b6 thi nang lvgng dai rao  Xac suat xuyén ham ng voi
kép AlAs gan trong GaAs rao day 4nm va giéng 5nm



i HIEN TUONG XUYEN HAM CONG HUONG

Hién twong xuyén ham cdng huong la
nién trong khi mot e dén bo rao cua mot
N6 thé, néu nang luvgng cua ndé trung khit
vl mOt muc nang lwong roi rac nao do
trong ho thé thi e sé vuot qua rao voi Xac
suat tang vot, nguoc lai thi e khéng thé
vuot qgua rao thé.




DIOD BPUONG HAM CONG HUONG (RTD)

~ Trang thai ning lrgng bi kich thich
Cau ta0  wung1ong

dauv tien cho N+1 dién tir trong giéng the

Age Trang thii ning hrgng thap nhat

Céac mife ¢hn trong

L~ cho N+1 dién tr trons ciéns thé
[ . ié g giéng

: {
k@
= Mire Fermi
= Ag
] vy
Trang thai nAng lrgng thap nhat
cho N dién tir trong gieng the
- - — - - Khoing cich
Ying nguon Ying dao Ving mang
.. i i Rio thé Rio the
Bién cype kim loai 5

Bién cye kim loai

Bin dan Bin dan
1.’:[]]1 "rfio" lﬁm "ﬂ:TiD"

Ban dan
lim "rao"
(e.g., AlAs) (e.g., GaAs) (e.g., AlAs)



DIOD BUONG HAM CONG HUONG (RTD)

Pién cyre kim loai Bién cyie kim loai

Cé’-u tao ~10-100nm /
Nguyén tac hoat dong n—

(a)
Cdc rao chin dudmg ham
Giéng thé
o e
Ning lugng ' Ning luong thip nhat

cha N+1 dién to

-a— Cac trang thai
trong giéng

- Dai din
con tréng

Khoang cach (b)

Ning lugng

) Cic dién ti
duge truyén qua
Khoang cach \

(c)




i TRANSISTOR PUONG HAM
CONG HUONG (RTT)

Cau tao
~10-100nm
I-‘ .l Pao
y . . Cuc cOng
Blien cuc kim loai Blign cuc kim loai

Cac rao chin dudng ham (a) Chat nen



TRANSISTOR PUONG HAM

CONG HUONG (RTT)

Cau tao
Nguyén tac hoat dong

Blien cuc kim loai

~10-100nm
[-q—-l Do

Cuc -::Sng

(a) Chat nén

P yxng lugng thip nhat
cua N+1 dign tr

Niing lucng
Daidan -
-—— Cac tra ngﬂtha’i
trong gieng

Khoang cach

Ning luchg .
[ Daidan

Khoang cach

(b)

Pian tir ducc
— truyen qua

*"%J"\. Phin gigng th&
ha thap do th& cdng




i TRANSISTOR PUONG HAM
CONG HUONG (RTT)

JHL g,

Current ‘

RTD
(Ae >> U)

- A —

Bi;\foltage
=>M0¢ ra huwdng nghién ciru méi: linh kién dién tir da trang
thai, c6 mat doé chirc nang logic cao hon nhung it linh kién
hon, it toa nhiét hon.



i LINH KIEN LAI MICRO - NANO

- 0.5 um h-‘

Cac RTD c6 kich thwéc nano dugc gan trén cwc nguon
hoac cuc mang cua mot transistor trueong lam tang
trang thai logic cua transistor truong.



i HOP DON PIEN TU -
HIEU UNG KHOA COULOMB

Khi kich thuwdc giam, nang quantum dot
wong nap W, clda cham
wrong tr tang ’#O Q
Khi nang lvong nap W, [N e uncen”

non nang lwong nhiét KT, CAu tao hop don dién tir
dién thé gilra hai dién cuc ne

bang nhau, khong c6 e e
xuyén ham vao hoac ra i
cham luong ttr, s6 lvong € <& quantum dot
trong cham lwong t&r duoc
gir c6 dinh goi la khoéa
Coulomb.

O

Mach twong duong



i HOP DON PIEN TU -
HIEU UNG KHOA COULOMB

Khi tang dién thé cua

dién cuwc cong dén mot |

gia tri nhat dinh, mét e bi ’ E—

hat vao cham lwong tu, ) —

ti€p tuc tang dién th_é, SE i S
cO thém e khac bi huat CgyV,le
vao. S8 e bi hat vao phu thudc

9 thé dig B ol 20 dién thé cuc c6
Ta cO thé diéu khién s6 vao dién thé cyc cong

dién t&¢ trong cham
lwong t&r bang dién thé
cuc cong.



i TRANSISTOR PON DIEN TU (SET)

Bang cach diéu chinh ';_t..,m

dién thé cla cuc d‘_
ngubn, cwc mang va h

cuwc cbng, ta cO thé e

diéu khién cho tirng e
di tr cwc ngudn dén
cham lwong tor roi di

Cau tao transistor don dién tir (SET)

ti€p dén cwc mang nho
hiéu trng khoa ve
Coulomb

Mach twong duong



i TRANSISTOR PON DIEN TU (SET)

L gy
[

Current ‘

.——-/

SET
e e

Bias Voltage



i UU DIEM VA HAN CHE CUA LINH
KIEN DIEN TU NANO BAN DAN

Uu diém:

Tiéu tdn cobng suat thap

Giam kich thuéc tot

Toc dob rat nhanh

Nhuwoc diém:

Dong thung lling, cac linh kién khong dong hoan toan
Nhay véi thang giang clia thé vao

Hoat dbng & nhiét d6 thap

Pién tich nén anh huwdng dén hoat déng cua linh kién
Dong xuyén ham cuc nhay véi dé rong rao thé (theo ham ma)
Khé ché tao linh kién mdt cach déng nhat va chinh xac




