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DUNG CU BAN DAN

Dung cu ban dan: nén tang cua nganh
cong nghi€p dién tu - mot trong cac nganh
cong nghlep [6n nhat thé gidi voi doanh

sO toan cau hon mot ngan ti do la tr nam
1998.

ki€n thirc co ban vé cac dung cu ban dan
= hiéu vé cac mdén hoc khac trong k¥
thuat dién-dién tu.



NOI DUNG

Bon khoi xay dung ctia cac dung cu ban dan.
Mudi tdm dung cu ban dan quan trong va vai trd
cua chung trong cac irng dung dien tur.

Hai muoi cong nghé ban dan quan trong va vai
tro cua chung trong ché tao dung cu.

Xu hudng cong nghé tién téi mat do cao, toc do
cao, ti€u thu nang luong thép, va khong boc hoi
(nonvolatility).



1.1 Dung cu ban dan



Fig. 1 Gross world product (GWP) and sales volumes of the
electronics, automobile, semiconductor, and steel industries
from 1980 to 2000 and projected to 2010
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1.1.1 Cac khoi xay dung ciia dung cu ban dan
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Hinh 2. Cac khoi xay dung co ban.

(a) Giao tiép kim loai-ban dan; (b) chuyén tiép P-N;

(c) giao tiép di thé (Heterojunction);

va (d) cau tric MOS (metal-oxide-semiconductor) 6



1.1.2 Cac dung cu ban dan chinh

TABLE1 Major Semiconductor Devices
Year Semiconductor Device? Author(s)/Inventor(s) Ref.
1874 Metal-semiconductor contact® Braun 5
1907  Light emitting diode® Round 6
1947  Bipolar transistor Bardeen, Brattain, and Shockley 7
1949  p-n junction® Shockley 8
1952  Thyristor Ebers 9
1954  Solar cell® Chapin, Fuller, and Pearson 10
1957  Heterojunction bipolar transistor Kroemer 11
1958  Tunnel diode® Esaki 12
1960 MOSFET Kahng and Atalla 13
1962  Laser® Hall et al 15
1963 Heterostructure laser® Kroemer, Alferov and Kazarinov 16,17
1963 Transferred-electron diode® Gunn 18
1965 IMPATT diodeb Johnston, DeLoach, and Cohen 19
(continued)
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Cac dung cu ban dan chinh (tt)

TABLE1 (continued)

Year Semiconductor Device? Author(s)/Inventor(s) Ref.
1966  MESFET Mead 20
1967  Nonvolatile semiconductor memory Kahng and Sze 21
1970  Charge-coupled device Boyle and Smith 23
1974 Resonant tunneling diode® Chang, Esaki, and Tsu 24
1980  MODFET Mimura et al. 25
1994  Room-temperature single-electron Yano et al. 22
memory cell
2001 20 nm MOSFET Chau 14

"MOSFET, metal-oxide-semiconductor field-effect transistor; MESFET, metal-semiconductor field-effect transistor;
MODFET, modulation-doped field-effect transistor.

bDenotes a two-terminal device, otherwise it is a three- or four-terminal device.



Lich sur cac dung cu dién tu
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Diode

Metal-Ge point contact diode, with Schottky junction (1S-32)
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The bipolar transistor

First transistor (Point-contact
transistor using germanium).
The transistor was invented by
Bardeen, Brattain and Shockely
at Bell Labs in 1947 [Ref.. M.S.
Szel.
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Schematic diagram of a point-
contact transistor. [Ref.: Bardeen,
Noble laudate lecture, 1956].
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The metal oxide field effect transistor
(MOSFET)

Source Gate Drain

e A

Photo of the first metal oxide Schematic cross section of a metal oxide
semiconductor field effect semiconductor field effect transistor

transistor (MOSFET). The (MOSFET).
transistor was realized In
1960 [Ref.. M.S. Sze].



Integrated Circuits (1/3)

Integrated Circuits (1958) Planar Process (1962)
Phase Shift Oscillator RTL (Resistor-Transistor Logic)
Jack Kilby, Texas Instruments, (Noyce and Hoerni)
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Integrated Circuits (2/3)

Operational Amplifier (1965)
Fairchild pA 709

Mircoprocessor (today)
Fairchild Clipper 100
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Integrated Circuits (3/3)

First mircoprocessor Intel 4004,
Manufactured in 1971

Size: 3 x4 mm

2300 transistors

Clock: 108kHz

First mircoprocessor Intel 4004,
zoomed in
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1.2 Céng nghé ban dan
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TABLE2 Key Semiconductor Technologies

1.2.1 Cac cong nghé ban dan chinh

Year Technology® Author(s)/Inventor(s) Ref.
1918  Czochralski crystal growth Czochralski 27
1925 Bridgman crystal growth Bridgman 28
1952 ITI-V compounds Welker 29
1952 Diffusion Pfann 31
1957  Lithographic photoresist Andrus 32
1957 Oxide masking Frosch and Derrick 33
1957 Epitaxial CVD growth Sheftal, Kokorish, and Krasilov 34
1958  Ion implantation Shockley 35
1959  Hybrid integrated circuit Kilby 36
1959 Monolithic integrated circuit Noyce 37
1960 Planar process Hoerni 38
1963 CMOS Wanlass and Sah 39
1967 DRAM Dennard 40
1969 Polysilicon self-aligned gate Kerwin, Klein, and Sarace 41
1969 MOCVD Manasevit and Simpson 42
1971 Dry etching Irving, Lemons, and Bobos 43
1971 Molecular beam epitaxy Cho 44
1971 Microprocessor (4004) Hoff et al. 45
1982  Trench isolation Rung, Momose, and Nagakubo 46
1989 Chemical mechanical polishing Davari et al. 47
1993 Copper interconnect Paraszczak et al. 48

#CVD, chemical vapor deposition; CMOS, complementary metal-oxide-semiconductor field-effect transistor; DRAM,

dynamic random access memory; MOCVD, metalorganic CVD.



Cac cong nghé ban dan chinh (..)

Theo tht tu thot gian:

N S A=

10.
11.

Czochralski crystal growth (tdng trudng tinh thé)
Bridgman crystal growth (ting trudng tinh thé)
IT11-V compounds (hop chat ITI-V)

Diffusion (Khuéch tan)

Lithographic photoresist (k§ thuat quang khic)
Oxide masking (tao mat na oxide)

Epitaxial CVD growth (ting trudng bang lang dong hoi hoa
hoc vi1 epitaxy)

Ton implantation (cay ion)

Hybrid integrated circuit (vi mach lai/hon hop)
Monolithic integrated circuit (vi mach don khoi)
Planar process (xu ly plana)
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Cac cong nghé ban dan chinh (..)

12. CMOS
13. DRAM
14.  Polysilicon self-aligned gate

15. MOCVD (lang dong hoi hoa hoc véi hop chat hitu co-kim
loai)

16. Dry etching (dan kho)

17. Molecular beam epitaxy

18.  Microprocessor (4004)

19. Trench 1solation

20. Chemical mechanical polishing

»1. Copper interconnect (két noi bang dong)

CVD, chemical vapor deposition; CMOS, complementary metal-oxide-semiconductor

field-effect transistor; DRAM, dynamic random access memory; MOCVD, metalorganic
CVD.
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Photolithography (k¥ thuit quang khac)

O V& l1én wafer roi tay di phan minh muon tay va giir lai nhitng
phan minh can.

0 Muc vé nay kéu 1a chat can quang (photoresist). Co 2 loai: chat
can quang duong va am.
Loai duong thi phﬁn bi che khuét s& con lai.
Loai Am thi phan che di s& bi tay mat.

0 Mask (mit na): phan nay 1a do mot hang chuyén lam, né chi la
mot miéng kiéng cd hinh mudn vé 1én wafer. Mot wafer c6 rat
nhiéu mask, tir hang trim mask tré 1én. Moi mot mask thi
thuong 1a gdm c6 vai chuc dén vai tram hinh cua mot die (1 die
s€ 1a mot 1C).

Ngay xua luc wafer con nho, k¥ nghé con tho so thi thuong ho lam 1

mask cho 1 die. Mot bo mask cho vi xtr 1y gid khoang 250,000USD (gia
nam 1990s) 20



http://www.ece.gatech.edu/research/labs/vce/theory/photolith.html
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Hinh anh céc phién Silic (silicon wafer)
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1.2.2 Cac xu hwong cong nghe

Thu nho dung cu

C6 duge bang giam chiéu dai dic trung (feature length) cta

IC = tang mdt do tich hop.
Clng lam giam nang lugng ti€u thu.

IC ¢6 toc do xir 1y cao

Tiéu thu ning lugng thap: giam d6 1on ngudn cap dién, cach thiét

ké hudng toi cong suat thap

Nhu cau bd nhé trong céc thiét bi cang tang
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Fig. 8 Exponential increase of dynamic random access memory density
versus year based on the Semiconductor Industry Association (SIA)
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Fig. 9 Exponential increase of microprocessor
computational power versus year.
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Microprocessor power (GIPS)
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Fig. 10 Growth curves for different technology drivers

Market size (Arbitrary unit)

26

1950 1970 1990 2010 2030

Year



Memory area will increase
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Due to design productivity, yield, and power
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