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The atomic level view - .
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1950 Shockley parking garage model {ZZEiZEA

Traffic RAEER M FHIB3) LRSIk

(a) Intrinsic semiconductor
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No traffic possible Traffic possible

(b) n-type (c) p-type
- &=
EB=SEES S esS S ey ~— gy
Traffic possible Traffic possible

Shockley's automobile storage garage model in which electrons in
the valence and conduction band are symbolized by cars in a lower
and upper level of the garage, respectively.

http://homepages.rpi.edu/~schubert/Educational-resources/1950%20Shockley%20parking%20garage%20model.jpg
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The Birth of Modern Electronics
The Point-Contact Transistor
BELL LABS
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The triangular wedge
is made of plastic and
is covered with gold
foil slit in half at the
wedge's tip. One side
of the wedge serves
as the emitter, the
other as the collector.
The irregular-shaped
material directly under
the wedge is
germanium, which
acts as the base. Gains
in current of up to a
hundredfold may be
attained with this
device. (A re-creation.)
Actual size: the wedge
is 1.25 inches to a
side.
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Lo . The structure of the first point-contact transistor
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The first junction transistor made by Sparks in 1950 JUT _
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The junction transistor is a mudlike substance in the center of the
board. The wire on the left is attached to the emitter and is grounded;
the wires on the right are attached to the base and the collector. (A re-
creation.) Actual size of the transistor: 0.50 inches tall.

http://smithsonianchips.si.edu/augarten/i4.htm FRRES R AVE KB 60 4, 2008
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Fig. 2: Leakage current comparison of Si IGBTs and 1200 V/220 mQ) SJT as a function
of temperature.

IR EET e, R s A IR B AR A ?
e BT e, A Y L PH AR AR ?



AR 2K A ,/mf”EmEl’Jalei FAARE, NAZ AT IR RE?
PSR o1 L

—— ~

J:g = ‘é J : %\\\ “\\\ ,7%%"‘“‘%} e
L A

\ = %[ 2n0 ) BeTe
'_?F X 30
:c'% E 5iC . AlP fl| ZnSe ZnTe
' H ] . |
. 3 -
Si Ge—ﬁ @ 10 \ "GaP 0 s | e
N InN |
GaAs GaP_xfE 2 Gahs [0 I~ T 1 CdSe
o —_— 10 ’
SiC GaN =A%, sl | ofce
05 i
30 32 36 51 52 5.5 6,0 6.2
Lattice Constant [4]
A Eﬁng uction € IV-IV O IHI-V O I-VI
band gap SiC sublimation temperature

- ermi energy - }I‘é ‘EL .i 2700 C

metal semiconductor insulator 20

increasing energy




SiCH- A KL

SiCesFMY miE, LAEIR
J%300-500°C, AJ T
%fm ug,%mk
MEXKE: >360
W/(m-K)

o 25 3 5m A Sifr 8%
PURSS, TAERB S
ET e, mol. KT
3% Iﬁ;o

DhFefi:

E&%&ﬁ:ﬁ :c/;B—EI) %EE—%EE
—ME )ﬂlMOSFET

/ft ’ IjJ%%TBEFSO%,
E%im%o

A high-temperature silicon carbide (SiC)
semiconductor transistor was fabricated, packaged,
and electrically operated continuously at 500 °C
for over 2000 hr in an air ambient.
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Overview Silicon

Purification Process

for Solar Photovoltaic
or Semiconductors
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Siemens .2
High-purity silicon rods are exposed to trichlorosilane =& E4T
HSiCl, at 1150 °C.

The trichlorosilane gas decomposes and deposits additional silicon
onto the rods, enlarging them because

2HSiCl; = Si + 2 HCI + SiCl,.

Silicon produced from this and similar processes is called
polycrystalline silicon.

=S, ARSI ALE
At

A polycrystalline silicon rod made by
http://en.wikipedia.org/wiki/Silicon the Siemens process
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3. Based on techniques developed in 1917 /Nfh FiGeitt
by the Polish chemist Jan Czochralski, he Jﬁ—%‘ﬁﬁ%ﬁGe
suspended =iz a small “seed” crystal of
germanium in a cruciblestz of molten '
germanium and slowly withdrew it | |
forming a long, narrow, single crystal. = <'e —ae '

4. Shockley later called this achievement |

"the most important scientific ‘
development in the semiconductor field #WXRERE—T?

in the early days." 25N 7
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Different crystal structures that can be employed: a) zinc blende. b) simple-cubic. c) wurtzite. d) trigonal. e) graphene.
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Control by Substrate Surface
Cu+Si—>Cu;Si
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"Self-assembled shape and orientation-controlled synthesis of nanoscale 41

Cu3Si triangles, squares, and wires." Nano Lett. 8, 3205 (2008)
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http://www.photonics.ethz.ch/research/core_competences/technology/epitaxial_growth/mbe
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9I\ﬁé: CRYSTAL GROWTH -- Sandia researcher John Klem
stands next to the molecular beam epitaxy system
\&% used to grow the crystal structure of the 1.3-micron
|’ _M B E communications vertical cavity surface emitting laser
(VCSEL). (Photo by Randy Montoya)
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peacefulslt.blog.163.com http://www.sandia.gov/media/NewsRel/NR2000/laser.htm 45
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VLS vapor liquid solid
%ﬁék—‘«ﬁéﬂﬁéﬁ’ﬂﬁ H

IT

= ) |

Si/CIES DT M

= e [

J AR
%) B A8 i 4%

VLSA AL (4% o k4%
(a)-(b) =2 AL (o) - AL AL (d) [ -7 5 A 1) £ 2

47



2.

3.

R BERI B IR

rn e P B3 2 A 2 a0 A I Y 2
RE

B AR F R A B S A
A5

B2 IR Lk R B M 2
BRERINEZE. BRANRERIEER

4. BIFERET R AIYIA?

48



Lk, S
%%?ﬂlfh EIEEI%ﬁE:I H‘Jﬁ%ﬁ Segregation coefficient o ,°
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C.=0.8 X 1ppm X (1-0)%8-1=0.8ppm
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Solar grade silicon 5N cannot be used for semiconductors.

=}

B da{i s 26Si ON?

L"-i

Bulk silicon wafers used at the beginning of the integrated
circuit making process must first be refined to "nine nines"
purity (99.9999999%, 9N).

FER B3N 4N 5N 24 = B2

N & ninelI TR S, Hia/L, JUINFU &R 2R & LA L,
3N A Ut H 4l 72 99.9%,4N K /299.99% . IX st H i 4l
J5T 8 FH R 7R
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& ZiifEultra high purity Sif¢) il &

XI55 /F5 %  Zone melting/refining

=1 X 1574 floating zone process

Xfas, RV —FITE,

R FH % Jo 72 [ A A VB B S R AN [

Z% I LE RAE i R AR P

KT B S R RE

e Rk Segregation coefficient
,segri‘geifon 40 L

5] A 2% S A
AR 25 B

Any idea”
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XIFERI S (F2iGeHIFESR)

Circular  http://www.mindfiesta.com/metallurgy
heater

Recrystallized
pure germanium

v x
——

ERIKE—BILRZ— Maolten zohe

[containing impurities)

Impure
germanium rod

Direction of travel
of heater, molten zone
and impurities

LZone refining of germanium metal.

J_Iﬁ Zone Movement P

Freezing Interface

e Melting Interface >
Melted http: designscientifi ini heory/index.html
7 one ttp://www.designscientific.com/minizone/theory/index.htm
Liquid moves from left to right during melting BYEAETAE

in the float-zone crystal growth process 57
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TURSER = 1) —
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Zone refining

one part per billion

JXIRBLASS T A, KA
R T, 5 L AR
CHIED) P

William Pfann and Jack Scaff

12 N El Z_\“ I » Eé (? 5 L D N < g

Henry Theurer developed a variation on this technique called float-
zone refining in which a rod of silicon clamped3% at both ends passes

vertically through a heating coil & F&|.
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The small molten segment remains fixed in place between the solid
portions of the rod due to surface tension®&H 5k /7.

A
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H

&, FAERI

http://www.s-yamaga.jp/nanimono/chikyu/kobutsu-03.htm
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—‘I%—gtzﬁéu |tra h igh pu rity Si H@fﬁﬂ% http://en.wikipedia.org/wiki/Zone_melting

mll  WTEKKER?

I THE, kP30 E2.22
R Inert gas or vacuum

| Polyfeedred

Watercooled r. . coil

| Single crystal with growth fines

Seed

AT LTS BB 0 N B ?

A schematic of floating-zone
(] oge .
‘ processes used for silicon single-
N

crystal growth.

http://www.tms.org/pubs/journals/JOM/9802/Li/Li-9802.html

Silicon crystal in the beginning
of the growth process
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X I’g{%/@ ;::/ ,fmﬁ*;l‘m EZ ?
A high-purity (99.999% = 5N)tantalum single crystal, made
by the floating zone process (cylindrical object in the

center) &1t BH

XA T E AR R R 20 4H Ta

it can be extended to virtually /L% any solute-

solvent /‘salju:t/’salvant/ ¥ i 7 system having an appreciable
concentration difference between solid and liquid phases at

equilibrium. MW =

http://en.wikipedia.org/wiki/Zone_melting
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For Stacking Dies, the final chip thickness is reduced to 30 um d belew loAmhowever,
these thicknesses cannot be achieved by grinding, espec in hi

production becomes an important issue at 50 pm and-below

the advanced technology of wafer thW sthooth s
7 =

Reduced to 30 pm

http://www.pvateplaamerica.com/s_' ainning.pk ;
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FEyE AR

There are four primary methods for wafer thinning:

f5

bR

1. mechanical grinding,
chemical mechanical polishing (CMP),

wet etching
atmospheric downstream plasma (ADP)

dry chemical etching (DCE).

A S

http://electroig.com/blog/2003/03/wafer-thinning-techniques-for-ultra-thin-wafers/



CMP

Process (Chemisal Mechanica Wet Etching Dry Etching Dry Polishing
polishing) (Plasma)
HF+HNOal Exhaust Fluorine gas Dry polishing wheel
gas system
Wafer Water Plasma Wafer
Reacting . Oxidized metal
Substance Slurry HF+HNO, Fluorine gas abrasive
Processing rate 1 ¢ m/min > 10 g« m/min 2 ¢ m/min 1 gm/min
Productivity Good Excellent Good Good
Die strength Good Good Good Good
Environmental
condition ey ooement | Generates NOX SF6 Excellent
Rggg}lng Acceptable Acceptable Acceptable Excellent

(*Including waste fluid and exhaust gas treatment)




Ultra Thin Wafers and Chips

Advanced Concepts in Remote Cold Dry Etching

Main Applications

¢ Wafer Level Stress Relief ¢ Wafer Thinning
¢ Chip Level Stress Relief (CSH) ¢ Surface Passivation
¢ Post Polish Treatment / Pre-Backmetal ¢ Surface Cleaning
e : 1

N T TRETR |

P

R

SETAE

Chip thickness: 60 ym

Chip with backside stress Chip with backside stress
relief only relief and with CSH



The history of wafer size
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A larger wafer size considerably
improves the production efficiency of

300
1 semiconductor devices 150mm
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The history of wafer size
ia%sE(boule bu:l)

A50mm
ylafali

Meck
Tc:-|:-7L

L
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Wafer transition from 50mm to 300mm to 450mm

J v 1. A A BT ?
s s basketbal et B fEP23

o 05w 2, PP AR BRig A4 ?

3. BHEETBEE A RZE T X4 K

EYA/ Y

\

The total weight is expected to be somewhere in the region of one ton,
Ta"—\—\/ approximately 3 times the weight of a 300mm crystal.

http://www.semi.org/en/node/47621

Interestingly, it is estimated that a 450mm silican ingat would be
roughly the sarme diameter and beighl as a basketball boop.
vw.sumcosi.com/english/products/next_generation/large_diameter.html 73



o 5] 7 FR 2= Bf tspecification FAEER ?

3 Typicas specification for 2-in. GaAs wafers YRBERBE
LEC Vertical Gradient Freeze
Resistivity {{}-cm) H B 28 >2 X 107 >10
Mobility (cm?-V/s) EBER >4000 >5000
Carrier concentration G{cm‘j}ﬁ“ﬁ?‘}’&}g <10 —
Etch pit density {em 3 FEphbcasp? X 10%(typical) <1
Flatness (pm) SRR <4 <5
Thickness (um) 450 500
Cost ($/em?) 10 15
— Typical specification for state of the art silicon wafer
Cleanliness (particle/cm?) GRS <0.03
Oxygen concentration (¢cm ) HIRE Specified +— 3%
Carbon ¢oncentration (cm ™) IR B <1.5%10"
Metal contaminants bulk (ppb) ERiIEH (FFR)<0.00]
Grown in dislocation (cm %) JE A fip 4 <.
Oxidation induced stacking faults (cm™) & pp e <3
Diameter (mm}) =150
Thickness (m) 625 or 675
Bow (m) A 10
Global flatness (pm) BYER 3

Cost ($/ L‘I'llz]' 0.2




o B R P R

Polished & Epitaxial Wafers for IC Applications

Crystal / Bulk 300mm
Growth Technique ) A KHAR CZ
Orientation HY 1] 1-0-0
Orientation Tolerance  BY Ja] /A 72 degree +0.2
OIf Orientation ¥ A degree 0
Dopant | Eaoron / Phosphaorus
pol prime - Boron Ohmem 0.5 - 50
Resistivity Target Range pol prime - Phosphorous Ohmem 1.0 - 50
HLPHZ | episubstrate - Boron Ohmem 0.006 - 50
) o o Boron typical 1-0-0/1-1-1 g =10
Radial Resistivity V-EirIEllIEII"I/f 2 I'EJ Phosph. typical  1-0-0/ 1-1-1 % -5
pol prime - Boron 1-0-0 48-7.8x10" 205
1-1-1 at cm? MA
Oxygen Target Range + Tol pol prime - Phosph. 1-0-0 ASTM F121-83 48-7.8x10" +£0.5
1-1-1 MA
Radial Oxygen Variation typical % =10
Bulk Metal Concentration Fe at cm® < 5.0 x 10"
Bulk Carbon Concentration measured on wafer at cm* < 2.0x 10"
12 A E AR : \
Gl Polpolished JLJE Z BT RRE ?
PR i Epi->epitaxial #}%E
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o B A P AR

Polished Wafers / Substrates 300mm
Cu/Cr/FelNi at cm’® <1.0x 10"

Surtace Metals RIS B 7201/ Na s Ca at cm’ <5.0x 10"
size Him =0.2 =016 =012

LLSs (Frontside) pol prime # per wafer = 30 = 40-300 | « 200-10°
UltraFlat (150 mm) # per wafer MA A MA
monitor # per wafer < 30 = Bl < 100

Diameter Tolerance  EL AR N 7= mm + 0.2

Warp 30 i polished - without layer pm < 50

Wafer / Substrate Thickness Standards pm 775

Thickness Tolerance Him + 25

GBIR = TTV (Std | UiraFlad *) P4 S RE Y pm <4

GFLR = TIR {Std | UltraFiat) ") pm NA

Local Flatness ™) SFOR/ STIRmax, sbf.  F3{MA4H & pm < (.25

(Std | LiltraFial) SFOD ! SFPD, s.b.f. pm <018

SBIR / STIRmax, b.r. pm MNA

Standard Site Size T 15 PR A% R~ mim? 25 % 25
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j Silicon Crystal Structure and Growth _
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