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Semiconductor fundamentals

Principle of optoelectronic devices(I)

Principle of optoelectronic devices (Il)

Principle of semiconductor-based solar cells

Integrated circuit (IC) manufacturing processes
Chemical vapor deposition (CVD)
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Lectures (power point presentations)
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Overview of Integrated Circuits (IC) industry in Taiwan

hag B« BEE éﬁﬁ% (tF7E—) ~ BE - EE

=5 NS
%AF—-Wﬂﬁﬁ mwaww %——T%—@%ﬁM——j
| e b A
BRI EY | &t | &RES
I HERA L ' S 58 pg e WS
SBR[ il % SEAE S,
~ WY $HAth
a8t WA
(LB B AHTTHH
- WS B
Bt sl G\ H] | SR
wﬁw#————ﬂ
i
\ RIS e 8 B 1 i
R wJEY
o e WU S A h
Eligie g @ > HHOE
il ER

1.2 ISREEITEER



icrochip fabrication

Pizzavs m

-
»-—
-
-
[ =
-
[ a2
-
[
-—
-
B




Integrated circuits (ICs)

- Combination of transistors, diodes, capacitors in a chip

- Ultra large scale integration (ULSI) >1,000,000 components per chips

- Morre’s law: the number of transistors on a chip were doubling every 18 months
- Intel four core Itanium CPU- Tukwila has over 2 billion transistors on a chip

Courtesy of wiki



Periodic Table of the Elements

1 New
1A Original
1 1
2
1 H
Hydrogen 1A
1.00794
3 8 4
2 'Li Be
Lithiurm Beryllium
6.841 5.012182
11 212
1
3 [Na Mg
Sodium Magnesium
22989770 243080
19 Z 20
i
4 K i+ Ca
Potassium Calcium
39.0983 40,078
37 : 38
18
5 Rb % Sr
Rubidium Strontium
854678 B87 62
55 I 56
18
6 Cs = Ba
Cesium 1 Barium
132.90545 137.327
87 z g
18
7/Fr = Ra
Francium 8  Radium
(223) 1 (228)

Mote: The subgroup numbers 1-
18 were adopted in 1984 by the
International Union of Pure and
Applied Chemistry. The names
of elements 112-118 are the
Latin equivalents of those
numbers

a0 B0 m oo e Mo o= b

an=
M@ K Em

18
Alkali metals Actinide series VIIA
2 2
Alkaline earth metals Poor metals 13 14 15 16 17 He
A A A A A Heliurm
N 1] Y/ \/ Vi Vil S
Transition metals Nonmetals - - - - -
6 17 : 8 109 2 10 2
Lanthanide series Noble gases Cc N O F Ne
Carbon Mitrogen Duaygen Fluoring MNeon
120107 1400674 1598984 189884032 201797
13 i 15 7 16 1 17 2 18 2
2 3 - 5 i 7 2
3 4 5 6 7 8 9 10 1" 12 Al Sij P S cl Ar
Aluminum Silicon hosphorus Sulfur Chlarine Argan
e IVB VB VIB VIIB VIIB 1B 1B O D e ot nass a5 o
21 122 I 23 2 24 1 25 1 26 127 T r bo 2|30 z |31 32 35 I 3 2
g = 10 1 13 13 14 15 = 16 18 18 1 1 18 18
Sc = Ti : V :Cr " Mn : Fe : Co : Ni : Cu 7“|Zn % |Ga Ge Br 7 Kr =
Scandium Titanium Wanadiurmn Chromiurm Manganese Iran Cobalt Nickel npper Zinc Galliurm Germanium Bromine Krypatan
44955310 47.867 50.8415 51.9961 54938048 5958457 58.933200 58 6934 548 65409 (== R} 2 Fd 79.904 83.798
39 I 40 AP 2 42 243 1 44 145 I 48 147 2 48 z[49 50 53 2 54 2
18 18 18 18 18 18 18 18 18 18 1 1 18 18
Y s Zr uw Nb ¢ Mo = 7 Ru #« Rh % Pd « Ag « Cd =|ln i Sn i | w Xe
“ritrium Zirconium Miobiurm Malybdenurm Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimory lodine Henon
§8.90585 91.224 92.80638 9584 (98) 101.07 102.80550 106.42 107 B662 112411 114818 118.710 121.760 126.80447 131283
72 173 : 74 : 75 1 76 177 ;78 2 79 z 80 281 1 82 183 : 84 A ES 2 86 2
18 18 18 18 18 18 18 18 18 18 18 - 18 18 18 18
s7to71 JHF 2 Ta =2 W =2 Re = Os = Ir % Pt 2 Au 2 Hg 2 Tl 2 Pb = Bi 2 Po JAt = Rn =
Hafnium 2 Tantalum 2 Tungsten 2 Rhenium 2 Osmium 2 Iridium 2 Platinum 1 Gold 1 Mercury 2 Thallium 3 Lead 4 Bismuth 5 Polonium 6 W Astatine 7 Radon &
17849 1809479 183 .84 186.207 190.23 192.217 195.078 196 96655 200.59 204.3833 207.2 208.98038 (209} (210) (222)
104 2105 2 106 2 107 2 108 2 109 2 110 2 11 2 112z 113 114 115 116 17 118
£ L L 5 5 5 £ L L
890 103 32 32 32 32 32 32 32 32 32
Rutherfardiurm 10 Dubnium 1" Seabargium 12 Bohrium 13 Hassium 14 Meitnerium 15 Darmstadtiurm 17 Roentgenium 18 Ununbium 18 ununtrium Unungquadium Ununpentium Ununhexium Ununseptium Ununactium
(261) 2 (262) 2 (268) 2 (264) 2 (269) 2 (289 227 1 (272 1 (289 2 (284) (289) (2688) (292)
Atomic masses in parentheses are those of the most stable or common isotope.
Wichael Dayah
57 58 z 59 Z 60 2 61 162 ! 63 ! b4 : 65 : 66 1 67 ! 68 Z 69 170 27 2
18 18 18 18 18 18 18 18 18 18 18 18 18 18 18
La « Ce = Pr : Nd = 2 8m % Eu = Gd =2 Tbh = Dy 2 Ho = Er = Tm : Yb = Lu =
Lanthanum 2 Cerium 2 Paseodymium 2 Meodymium 2 Promethium 2 Samarium 2 Europium 2 Gadolinium 2z  Terbium 2 Dysprosium 2 Holmium 2 Erbium 2 Thulium 2 Yiterbium 2 Lutetium 2
1389055 140116 140.90765 144 24 (148) 1580.36 151964 157 .25 158 82534 162.500 164.83032 167.259 16B8.83421 173.04 174 867
89 2 90 1 9 1 92 193 I o4 I 95 2 96 1 97 2 93 1 99 @100 2 101 2102 % 103 2
18 12 12 18 18 18 18 12 12 18 18 12 13 18 12
32 32 32 32 3z 3z 32 32 32 32 32 32 32 32 32
AC 18 Th 18 Pa 2 U 7 22 24 25 24 a7 28 29 30 3N 32
Actinium 4 Tharium 10 Frotactinium 8 Uranium 4 Neptuniumn 8  Plutonium 8 Americium &  Curium 4 Berkelium & Californium 8  Einsteinium 8  Fermium & Mendelevium 8§  MNobelium 8  Lawrencium 4
(227) 2| 2320381 2 25108586 2 23802891 2 (237) 2 (244 2 a3 2 24m 2 247 2 (281) 2 (252) 2 eEn 2 258) 2 (299) 2 (262) 2
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Si, why Silicon???

1631 Ge Si GaAs
Aloms/cm’ 4.42x10" 5.0<10" 2.21x10%
RFEa+H 72.6 28.08 144.63
E&(g/em’) 5.32 233 5.32
M Diamond Diamond Zinc blende
EE(C) 937 1412 1238 -
M B 16 11.8 10.9
BREREN o

BB N, (cm™ ) 1.04x10" 2.8%10" 4.7x10"

#B N (em™) 6.1x10" 1.04x10" 7.0<10"
RFRIHV) 4.13 4,01 4.07
(V) 0.68 1.12 143
ERETFEE n(em™) 2.5%10" 1.5%10" 1.79x10°
R EA) 5.658 5.431 5.654
BAGTR

"7 m=022m»m*=0.12m m= 0.22m » m,*= 0.12m 0.068m

BE m=03Im»m*=023m m=0.56m » m*= 0.38m 0.56m
B# % (mobility) —

& f(cm'/V-3) 3900 1350 8600

®E(cm*/V-s) 1900 480 250
FBE B (W/em-0C) 0.6 1.5 0.8
H#(/g’C) 0.31 0.7 0.35
REBBEFRBE(CC) 5.8x10~* 2.6x10°* 6.86x10""*
YR T % 6 8 W (sec) 10°’ 2.5x1 ~10"*

Silicon has smallest carrier mobility
compared with Ge and GaAs.

Drawback of Ge

-Ge’s device easily to leak at high temp.
-GeO2 is water soluble

-melting point of Ge is only 937 C

Drawback of GaAs

-hard to get high quality and large size wafer
-need additional procedures to form dielectic
materials

Advantage of Si

-Cheap raw materials, e.g., rock, sand,

second most abundant element on earth,
appear as Si0O2

- High melting point: 1415C

- stable silicon oxide (SiO2) as dielectric materials



Optoelectronic devices using
semiconductors: Si ~ lII-V ~ I-1lI-VI,

many semiconductors are candidates
e LED (light emitting diodes) e Laser




The band gap of semiconductor optoelectronic
materials corresponding to a optical spectrum

Optical coding

Magnetic <
FePt Cellular and assay labelling
Fezﬂa FRET donar  Near-infrared iﬁmqing
i e =
Co/SmCag 5 letnelectmchemlst ry -

Mlcmhlalogy labels

N < 250 <—L yigible ——» 700 2!!! !!!!!Ed

A fmm)
W Cd5e/Te CdHgTe alloys
7nSe CdTe PhSeTe
ns CdSe PbS

E=1.24/ A (eV)
E= hc/A When E: electron volts
A:um -direct band gap materials

-Compound (I1-VI, llI-V, IV-VI) semiconductors



LED — basic manufacturing processes

sull : 5 #E(GaAs - GaP) — B8 — &Sl ET — &80

g - @gap ., a8l
H * —H88/1 HEHE

G dakd

. forir prip —. = =%} 4= MELSGEE W L EEEH L IS
C;J] . l_amp - :‘é.‘ f-/JC ~ <HIRTHE I\ * S0 247 - <37 SRy, P AH

W 3-3-1 {WhA_HME - -F - THSIEERE

&%,3-76

Similar manufacturing process could be also applied to laser, solar cell industry



