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Tom tat: T6ng quan vé linh kién transistor don kién dién tt, tim hiéu hoat déng
truyén tai dién tl trong cac hé théng thang nanomet, co s& thuyét chinh théng
"Orthodox theory". Nghién cru xdy dwng md hinh toan hoc tinh dong dién qua
transistor don dién t&r s dung phwong phap ham Green. M6 phéong sw van
chuyén dién ti trong transistor don dién ty

MUC LUC

Trang phu bia Trang
LOT CAM QOAN ..ottt e ettt e e e e e eaaee e eataeeeeaseeeeerraeees 1
LOT CAIM OMl .ottt e e e e et e e e e eeetae e e e e eenanaaeaeeenns 11
IMIUC JUC ettt e e ettt et e e e e e e e e e ss s e aaeeeeeeeaaeeas 111
Danh muc céc ky hiéu, cac chir VIBE TR oo \%
Danh mMUC CAC DANG .....ooiiiiiiiciiieeeeeeee ettt et e et eenteeeeraeeens vi
Danh mMuc cA¢ NINN V&, A0 thi cv.vvveeeeeeeeeeee e eeeeeeenenens vii
LY (0 2 5 7N 6 SO 1

Chuwong 1: TONG QUAN VE LINH KIEN TRANSISTOR PON

DIEN TU wouerreerrerercresesesssesssessssssssssesssssssssssssssssssssssesssssssssssessssssssssssssessssesssse 4
1. 1. Tt vi dién ti dén GiEN t NANO «..oveveeeeeeeeeee e, 4
1 .2. Linh K1€n di€n tl NANO .....oooiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee e 7
1 .3. Hoat dong truyén tai dién tir trong cac hé thong thang nanomet...................... 9
1 .4. Co s6 thuyét chinh thong "Orthodox theory" .........coeveeeeeeeeeeeeeeeeeeeee. lo
1.4.1. Sy tich dién bén trong chdm TUON@ th e li
1.4.2. Co s& thuyét chinh thAng ..........c.covvvvviveeeeeeeeeeeeee oo, 13
1.4.3. Han ché ctia thuyét chinh thAng .........oooveveeveeeeeeeeeeeeeeeeeeeeeees 15

1.5. Tong quan vé nhimg nghién ciru lién quan dén transistor don dién tir
1



Chuwong 2: XAY DUNG MO HINH TOAN HQC TiNH DONG QUA
TRANSISTOR DON PIEN TU SU DUNG PHUONG PHAP

HAM GREEN .....ouiiciissssssssmsssssmssssssmsssssssssssssmssssssmssssssmssssssmssssssmsssss 19
2.1. Co sé xuyén ham cua dién ti trong linh kién transistor don dién tur .............. 19
2.1.1. Céu trtc va nguyén ly hoat dong cia transistor don dién tir .............. 19
2.1.2. Quan sat hién tuong Xuyn hAm ..........ccccooeeeveeeeeeeeeeeeeeeeeeeeeeees 21



2.1.3. Piéu kién quan sat dao dong xuyén him ctia don dién tir................... 24

2. 1.4, NRAN XL .ottt 25
2.2. Nhiing khai niém co ban cua transistor don di€n twr .........ccceeveevverieniennnne. 25
2.2.1. M6 hlnh thong s6 cia transistor don dién tw ...........ccoeevevevveeeennes.. 26

2.2.2. biéu kién hoat dong truyén tai dién tir & ché d6 cham luong

110 SO OO PP PP TP PRUPROPRRPPPIN 29

2.2.3. Tdc d6 xuyén ham ctia GieN 1 ......o.oooveeeeeeeeeeeeeeeeeeeeeee e, 29

2.3. Transistor don dién tt v6i cham luong tr MOt MUC ...ooovvveeeieeeiieeeieeee 30
2.3.1. Quan sat dao dong Coulomb..........ccceevvuiiieiiiieiiiieeieeceee e 31
2.3.2. Dong qua chim lrong tlr MOt MUC .......cveveeeeeeeeeeeeeeee e 32

2.3.3. Cham luong tir véi nhiéu trang thai tich dién: h1nh thoi
CoUlOMD . 37
2.4 NRAN XEE ..o seene s 40

Chwong 3: MO PHONG SU VAN CHUYEN DPIEN TU TRONG
TRANSISTOR PON PIEN TU 41

3.1. M6 hlnh tinh dong qua transistor don di¢n tur voi chim luong tir mot

3.2. Mo phong nhiing dic trung cia transistor don dién tir trén phan

MEM MATLAB ...ttt 44
3.2.1. Luu dd giai thuét tinh dong qua transistor don dién tr ...................... 45
3.2.2. Nhiing dac trung cua transistor don dién t&r mo6 phong duoc.............. 46

3.2.3. Quan sat dao Coulomb cuia transistor don dién tir véi chim
luong tlr MOt MUC ..ooevvieeiiieeiie e e 50
3.2.4. Quan sat vung khoa Coulomb ctia transistor don dién tir véi

chim 1urong tlr MOt MUC ..eeeeeevieeiieeeiieeeee e 55

KET LUAN ..o, 61

TAI LIEU THAM KHAO 63

PHU LUC: Code Matlab chuong trlnh mo phong...........cceeveveiiiiieiniireniieeeeen. 65



CMOS
FET

GUI
MATLAB
MOSFET
MTs
NEGF
RTD
RTT

QD

SET
ULSI

DANH MUC CAC KY HIEU
VA CAC CHU VIET TAT

Complementary Metal Oxide Semiconductor
Field Effect Transistor

Graphical User Interfaces

MATrix LABoratory

Metal Oxide Semiconductor Field Effect Transistor
Molecular Transistors

Non - Equilibrium Green's Function
Resonant Tunneling Device

Resonant Tunneling Transistor

Quantum Dot

Single Electron Transistor

Ultra large-scale integration



DANH MUC CAC BANG

Bang

Mo ta

Trang

1.1

Du bao thé hé cong nghé trich tir SIA's ITRS.




DANH MUC CAC HINH VE VA PO THI

Hlnh vé

Chu thich

Trang

Chuong 1: TONG QUAN VE LINH KIEN TRANSISTOR PON PIEN TU

1.1 Quy luat Moore cho thay s transistor trén mot chip dién tir ctr 5
18 thang tang 1én gap doi.

12 S transistor trén mot chip mach vi dién tir tang 1én di doi véi 5
kich thudc transistor giam.

1.3 Phan loai linh kién dién tir ¢6 kich thudc nanomet. 8

1.4 Su tich dién cua ddo trude va sau khi bo sung di¢n tur. li

1.5 Ning luong cta dao sau khi bo sung mot dién ti. 12

1.6 Xuyén ham cua dién tir. 14

1.7 Xuyén ham cta dién tir tir phd ning luong gian doan dén mirc 15
nang lugng Fermi lién tuc.

1.8 Céu truc transistor don dién tir SET. 16

1.9 17

Do dan ctia mot transistor don dién tir nhu 1a mot ham cia dién
thé cuc cong. Khoang cach gitra cac dinh 1a dién thé can thiét
dé thém mot dién tir vao nguyén tir nhan tao. Nhitng két qua
nay danh cho moét loai linh ki¢n trong nghién ctru cua Meirav

va cac dong su.
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2.1 CAu tric cla transistor don dién tir SET. 19
2.2 Su truyén tai dién tu trong transistor don dién tir SET. 23
2.3 26

So d6 cau tric va cac thong so cua transistor don dién tir SET.




2.4 Biéu d0 cac murc nang luong cua transistor don dién tr SET. 28

2.5 A i , : A . 32
Biéu d6 mirc nang lugng cua transistor don dién tir SET véi
cham luong tr mot mirc.

2.6 Dao dong Coulomb. 32

2.7 Céc gia tri cia ham phan bo Fermi. 36

2.8 Cham lugng tur voi ba trang thai tich dién. 39
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3.1 So dd cau trac va biéu do nang lwong cua SET voi chim mot 41
mirc.

3.2 A LAY 2t el A A 1 ~ < 45
Luu do6 khoi giai thuat chuong trinh mé phong nhirng dac
trung cua transistor don dién tir SET.

3.3 Man h1nh nén thé hién két qua mé phong nhiing dic trung cia 46
SET.

3.4 < , o PSR 47
Pac trung 1d- vgscua SET véi vas=5mV, n=2 tai T = 10K.

3.5 < , PR IS 48
Pac trung 1d - vds cua SETvO1 vgs=5SmV, n =2 tai T = 10K.

3.6 A 1% , P ot 48
bo dan G -vdscua SET vo1 vgs=5mV, n=2 tai T = 10K.

3.7 Ddc trung 1d- vds - vgs cua SETVOI vds = 80mV, Vog = 49
60mVvan =4 tai T = 10K.

3.8 Dao dong khoa Coulomb cua SET. 50

3.9 Anh huong cia cac thong sé w (W =10, 15,20, 25 nm) lén >
dao dong Coulomb.

3.10 Anh huéng cia cac thong s6 L (L = 1o, 15, 20, 25 nm) 1én dao 32
dong Coulomb.

3.11 52

Anh huéng cia cac thong s tx (ox= 1, 3, 5, 7 nm) Ién dao

dong Coulomb.




3.12 Anh huong cia vat ligu lam chidm lugng tu 1én dao dong >3
Coulomb.

3.13 : \ O S A A 54
Anh huong cua dién thé thién &p vds 1én dao dong Coulomb.
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3.15 \ A . ~ | 57
Khoa Coulomb trong truong hop cham lugng tir cia SET mot
muc cé hai trang thai tich di¢n.
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Khoa Coulomb trong truong hop cham lugng tir ¢6 nam trang

thai tich di¢n.




