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1940's: Vacuum tube era [ETE ] REEESIER NS CCIERL L EE T

1946: First electronic computer: ENIAC

1947: First transistor [RAE] Transistor [FRIXE]
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1950: First Si BJT bipolar junction transistor (BJT) Bipolar [BFZE]
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1954: First commercial Si BJT (&dk BJT)

1958: 1st Integrated Circuit  IC in germanium [$]

1959: First Monolithic IC, planar technology — BEEUEIE eI\ AR T :HIFA
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1964: Fairchild Semiconductor digital (DTL) IC

1971: first microprocessor
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1997: Pentium Il processor

2001: Pentium IV processor . n e s
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2002: Pentium IV processor

2009: Intel CoreTM i7 processor

2009: Intel shows 22nm processor technology

12 Moore’s law EE/RERE

“Density of IC devices is doubling with each new generation”

Gordon Moore (co-founder of Intel) in 1965
Number of transistors on a chip doubled every 18 1o 24 months.
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Yield distribution of a processed Wafer Clustering of epitaxial defects
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Wafer cost

Die cost = no. dies X Die Yield
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Basis Lattice = Crystal
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The Si Crystal: Unit Cell _
b4 AR

e  Each Siatom has 4 K

nearest neighbors

e Lattice Constant
=5431A
=0.5431 nm

“diamond cubic” lattice
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“diamond cubic” & Unit cells I @X %

A, & “diamond cubic” #, ETF®E unit cells EEFEIG@FF
A—#, 2HEEEN.
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E]?

B%, RBETARRFEE,
RFEERTRFEZETLENEERE, HEDE:
ERRA M BNZERE NDNREF, BARRFEEN N/M.

EXNEEBNGFR, AIRTHTER, AEEITE, HI—REAR/E
FRRFIE— lattice, BBRNfAIHE— lattice BEJINEFIR?

ANEEN /4 NRFHET —NREF
B4, BFZRE =1/ lattice EfR o

AT ASRE? BA lattice FETR, SRORIRNRFIUTHS, M
HAARERFASHEDE

SX L, FFNFLaE0E, FARSESmIEE, EiMER
B, CENMTEN, ZONNA108, NEAEEN, @&iHF, &
EBHENTENEREF

ZEHEE, YAFAEELNEFRE 1/8, UAKA5LE ENRE 1/4,
HEELNRE 12, REEEENAZTEN 1.



® Si atomic density: 5 x1022 cm
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3sp tetrahedral bond
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Miller Indices K Eh#5EX
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Assignment: _(
Intercepts: ‘2a,a,« {
Fractional intercepts: 72,1, | 2
Miller Indices: (210)
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REMROFRRELE:

(hkl) crystal plane
{hkl} equivalent planes
[hkl] crystal direction
<hkl> equivalent directions
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Bohr model IF/RIEHEY
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"Bands" are \alence
composed of band
closely spaced
orbitals
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Valence band [f#5] M EBFEENEES
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E,: bottom edge of the conduction band & &

E,: top edge of the valence band BB

E,: band gap energy Z£HRE

R SE: [2] (BRPIER) (HE)

\



Week3 Semiconductor Fundamentals li
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Conduction band and Valence band &1
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Figure 2.5.2  Fermi function for (a. b) different temperatures (for Ex = 1.0
eV) [11].
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Eo, BKEEEZA 0.5 M Fermi-Dirac function [%*—Wﬁﬁﬁ:‘i‘ﬁ]

HERFE, XM AS B4R
EREER, PPT LAXXIM RS

Probability that a state at energy level, E, is occupied by one

electron is Fermi-Dirac function
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Carrier Concentrations & FiRE
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@ Ec: Bottom edge of
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. 15773/2 _Eg 3
Pure Sl n =32%10"T expW electrons/ cm
OO Ly -
8 @ @ conduction " F [TV =
O COOA ), electron o W/ FGh
0 A0 2E LAY
OO B I
hole vEN//
wELLS
Covalent (shared e”) [
bonds exists between i /
Si atoms in a crystal. i /
Since the e™ are loosely , [ / .
bound some will be free 0 200 400 600 800 1000 1200 1400 1600 1800
atany T, creatinghole | reHrERATLRE N
electron pairs. -_=°' 167312, _ 0.605eV
 =39x10"°T KT /o
p.75 n; = IX101° cm-3 at room temperature
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Doping 8%
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FE Fermi potential [Z2KBE |V AT AEEBRNEE,

NF N-Type BZ, ZFREIINEIATEHBEF, EFEEHENEKES, &
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e Fermi potential: ¢;
> How ‘strong’ the n-type is

® Space E
+/ charge F q¢fI
¢®Pe®» T TET- Midgap
° Free @ E
® " electron ° Y
25 KBE4R upup



MNF P-Type BZF, ZREEIISIATENR (BLTBF) , BFEEEHE
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e Fermi potential: ¢;
> How ‘strong’ the p-type is

Immobile ion: Ny \@ @ ...... Ec

ionized acceptor - + )
@» B@o @» Sjee qe, 3 - Midgap
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® Under thermal.equilibrium.conditions,.the product of
the conduction-electron density and the hole
density is ALWAYS equal to the square of n;.

Y [1np.= 1 =(101)2/cm? at RT

P-type material at RT Example: at RT
prN, N,=1015/cm?
n p=10'%/cm?3
"N, N,=1015/cm3
n=105/cm?3




Counter-doping iz o282
Bms<, BZ 7K, KSTINE,

RZAHREERRNERTH, BERAZSKERKZET,

e An N-type semiconductor can be converted
into P-type material by counter-doping it with
acceptors such that N, > Nj,.

e A compensated semiconductor material
has both acceptors and donors.

* N-type material P-type material
(ND > NA) “netldoping” (NA > ND)
n=Ng=N, p ~Wh— Ni§
2 2
n, n,
p= n~
ND _ NA N 4 ND
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