Conductors:

chacterized by loosely bowd electrons Hnt om

emsfly mave Jrl/\mm{ht&vd' He W\mkzn'mﬁ) o\“ow'mg

carvemt flow; eg. copper, silver alwminimam

Insulatars :
tightly bond elechons that vesist wovewerd,

resulting in o poor conductor, eg. vwbber, glass

Semicondwctors:
bridse the gop btwin. condunctors & inswlators s
their condnctivity can be conbrolled

Impor‘l’nnce:
ollow precise conbroll of crmvonts: lnelps
build  elechropic Comps. swdh &s

Tronsistors :
fndamondal. buildivg black of wodern

lechanics, ncking o switches & amplifiers

Integrated Circwits (ICs):
cambine nmultiple teamsistos & otber Conps.

on o single chip- cares of wicroprocessors

Light - emitting diodes (LEDs):
canvert elechriaal emergy into li{/\h used in
dl'splmys Z( li{’n'l’l'wg mPph'Cmﬁow

Silican
Advantoges :
o Abundont (L'\J) L EmH’h—'fY‘iemély
. Bm(|c||'ng Blacks & Profection

—> acls as protection fo shigld
delicate Camp. s oM insul.
. Tmilom’mg Cov\dmdivf+\/
= conhrolled via dopfmgé introdunce

specf‘ch impmn"ries

Types of Semicanductor

Intrirsic Semicondnctors: The Natnal State
* pwre sevvn'condv\c'l'iv/\g mal. (single odam specl'es)
°eg Si & Ge (Germaninm)
* show intvinsic. electricl props. wlo intonkionall
iyv\pum"Hes
* notwral st o specific energy bend shrcive
Allowtng moderente condunctivity

Extrinsic . Semicondnctors : Dopimg Adds New. Possibilthes
° |'/\+en+|'ov\o\my wadified by in#odN\dw\X I'Mpwﬂ—y otoms

Vi clopl'v\Z’ which can alfer wmat’s elech ol props.

1 canwmon +)(Pe_s :

p-type semicondwctors
doped. wl dlowerts . that cremte haoles fn the

volene band — (+) chovge carriers

n-type semicondwctors:
doped w/ elements Hot inbrodnce  exhvin
elechons — (=) C’/\a\@e covviors

Silicon Wafer:

single - CVYSJraJL slices of silicon w/ precise Hrickiess
L orientrtion & are swbstrotes for micreele chonics
= microdhips, solor cells,  trnsistors & diades

g recyclmHe & energy efficiont

Silicon Ingot Produchion
The Czochvalski Method :

Cremtes o so[l'd, sin?@_—cy\/si-ml shrnchve from walten Si
Process:

1. A seed cvx/siﬁ( (smell Si nysu) Aippecl info

a moden silican melt L s slowh pulled ont
while V‘o+m+i|/\g

2, Slicon atoms otoch 4o the mscgt/\Al'V\K seed
A granv as & single crystal

AJVG“"‘G@S * high- yie‘d) cost- e#ed‘ive, lowrge - seda

Wafer Slicivey L Poh'sh\'mg

Iqus are cnt inta thin wafers v\sfl/\g diomond gaws £ poh‘slneo\
fo achiove wmitform dhickness & €lntness

Wafer Cleomiln?& Inspection
Chemicel. Clemnilng Methods :

Wofers ore immersed in chemicod solntians (eg. ocids,

bases, or solvents) that efectively vemave organic
4 inoroanic conterminants

Mechenical Cleomilnx Methods :

Ultrasonic clemm’mg expases waters o high {;E”IU\W\C\/
sonndwoves that disladge  contemminents

Quality. Control
owvtomnted opticall  laser - based systems defect defects,
scrofches, or |'Negvxlmw'+fes3 W\e+r0|05y taols ave wsed to

measare thickness & S!/\V‘FU\CQ VOV\XMW‘.’,SS to emsure
reproduncibility.



Crysl-a\ Strnctnre of Silicon Wafers
Si. odoms are anvanged in a diamond cnbic  [atices

e~dh otom  bonds w/ 4 V\eq'r;f/\[or.\n'ng ortomis .

Anisotro Py

differowt  crystallagraphic planes have varying
properties

Dopont  Diffunsion :
doponts (eg. boron, phosphorns) . diffiase diff
along crystl axes

E{'ckl'n? Selectivity :
etchants Pre{er@mﬂvﬂy aHock spe_q'ﬂc cvyslrw(

p|mves

. Crysme orlentation aflects elechrical
behav, (impact elechical props.)

* Corvier wability : electrons & lholes
maove frster alongy cerfoin Crysjml
directions

* Theshold VﬁH’mge’ varies |0‘>\S€d on

or llev\'l'mﬁ'ovx,

* Trowsistor Performonce Aw's-l-mpy
influerces ronsistor chorncteristics

Tntrodnction to Tromsistors:

tronsistors act as n switch, on mw\P\l'Flef or o

sigrad wiodulator 3 it manages convont flow &
VV\V\V\IpV\lo\‘J'e s!ng\ls

IMPOV""G'\CQ: Vep[mced L)V\lky vocvnm funbes »
ovnbled  wininduvization, improve

efficioncy, 1 enhnce perforwonce

* Acks as switches that conbrol cnrvenvt flow bnced

B I &2

(100) (110) (111)

T

Orientation
<1,0,0> Origntrtion,
* AKA “wafer flat” arigntotion
* The surfce mlr'gns wl Si |ntice
° (vﬂ‘u(hs lie in Squnre 9,—(&)
* Commonl\/ wsed for CMOS

(Cow\{)leW@V\‘I'mr\/ Metodl - Oxide - Semicandnctar)

° Ahis“vopfc props. allow provision o beler
trowsistor perForW\. Canrol .

How <1,0,0> breck: ‘

“cleavage plaves” ove lines of wemkness m[omg

which the cr\/shﬁ con easily fractaes 1 set o

these planes is poralll o the \wnfor swrfnce

7 mortor joints bhwin loricks
Jo ! o MncmlLy Per{:ec-l—

Pressing the ;
‘ wafer witha |

. nail on the
center

. breaks it
into 4 pieces

+5 +5 +5 +5

<1, 1, 1> Orientntion. :
* The surfrce aligns wl S |otice
* (atomms form o equiladend, frizvgle)

* For applicotions req,. high, Mobflijry of elechons;
eg. RF devices

: Um‘qme electrical prop- dve 1o its syw\w\e'lry

How <1,1,1> bremk:
(leavarge plones  ave NOT parallefl fo wafer shunchwe
bt angled -H\rol/\% {he wafers Pymm[de sides wlin.
= bresk (nto many wnpredictable frngments
when stressed os e cnnck proprotes alorgy
W\V\l']'iple deavage plmhes

7. a CL\m“eN?_)C, bt proper. dfcih7 allows exp|m'+.
of 111 weters

Pressing the - §

wafer witha !

nail on the

center i

shatters the " !
wafer in
irregular

picesitinto
4 pieces

Basic Principles of Trensistors
Energy Bonds & Bond Gops:

—O —O0 .
i og(rm’r og}w'r 0\V17H|0lb€ @V\B/@\/ S‘{’m"’es 'Fomn Lmnds dve
mpg I f j I to He proximity o energy levels
N mmsrs'ron SPSTSWITCH T;Aggm;R SPTSL;W;CH leence and;
YSATURATION"
® (Vce Vcc) (Vee=.1V)

* No Vo[erge to bae = “o‘F‘F:/ open cirawnit,

blacking cwrewt flow

on o voltnge applied +a Hheir contrall fermingl (base)

¢ B('nmr\/ (npv&- K om+pm+'-
logic gete deal W/ binery doatn
- hl'aonh vo foge (often SV) = lOg(caz 1
= low Vonae (oftenr gramnd oV) = [o«vl'caﬁ 0

N VoH‘nge to base = “0n" (sm-lwrerllom VV\()C‘E),

carvont flows blwn. collector & emitrer

leference between BJT & FET

BjT small T requlates

(4} lﬂ\rge I
@ FET: simall V requlntes

(7 Io\rge I,

Thetal carningPoint.Com

contrins electrans +hat ore Fiyhtly

bonded +o atoms; not fee to
move & contribute 4o s%bilﬂ'\/.

Condnction Band:

€|€C+VQV\S l!\ovve Ir\fgl'\er enersy & are
able to mave \Cveely within the mandt,

VB =D e => (B, becomes mabile
g, con Pmr*fc(pm*& electrical condunction

BOV\J 60\

Sprce H’WV\ VB X C B énevay e
where no elechrons can exist s size waries
by mat & inflwonces its prap.

DI'CI'I\?- Si Wafers

Uilizes o very thin, high-speed, diamond

-conted blade to cnt wafers precfselyi

water [ coobwt is Spw\yed det'V\Y the process

fo minimize dust, heod, & blade weanr
“MonherHon line” on woker surfnce



TYPeS of Transistors Fabrication of Transistors & Integrated Circwnits:

PNP Transistor NPN Transistor

Wafer M. ©=> Oxidation, oD Ll'Hnogrmpb\\/ = E+c|m'm7
BI.POIO\Y' JV\V\C‘HOV\ Trnr\SfS'l'OV‘S (BJTS) Emitter Collector Emitter Collector
Thvee—lmyer semicandvctor devices w/ PNP or NPN Cow%—. AP NP AN[PINF = Ton Implewentation. & Deposition. > Metallizortion
— operate by contralling flow of curent thmugh base B;l:e B;l:e
region, inflnencing the calleckor - emitter carrewt a)._Physical Construction

= Tes‘Hv\g, X PV\CkD\QI'V\?/

= commonly wsed for amplfication & switch applications £ c E—NTN—E
Light Reticle

B b). Two-diode Anal B e S||c?£'8|c;x|de \E (mask) Close-up of

2 ¥ Chip Pattern
Field - Effect Tromsistors (FETs): : Ve - - Ve : \) 3 <4 N A
Voltnge - controlled devices Hhat regulate curront flow based on o B o< e Polished Wafer ] : E ‘

- = = ens . )
an mpplied B: 3 +\/Pesi \ / \ / WZ'fZ?"si'i‘ion \Q\*
Ves ~ I:_/ Vs Ves ~ IB‘/ Ves 51 — Pattern Repeating | Water
. . . “B Y Cicuitsymbas < B~ ya Silicon Dioxide
Metnl - Oxide - Semicondnchr FETs (MOSFETs): E— "

) . o ' ) BJT FET ‘ — Pholoresist (Si0,)

WIdely V\se,(J " d|9|+ﬂl ciranits 5 can be enhvanced- wode (bipolar junction transistor) (Field-Effect Transistors) 3 Silicon Crystal Silicon Dioxide (SiO,) "
] (ingot) (with exposed areas removed)
or _ depletion - mode “ c D . J e PR Water
: =
IV\V\C{’I'OV\ FETS (J-FETS) G 11 Silicon Dioxide (SiO,) ~Silicon Dioxide
Additional Layer(s) (Si0,)

whlize a PN janction o conbrod cowvent ; commeonly weed E S ‘ % |3

Wafer
in low-woise amplifiers

onto Wafe

| E Photoresist
5 lafer

< Wafer

Insvlated - Gate Bipolar Transistors (168Ts):

cambines fentures of BITs & MOSFETs: wsed in pover
electronics .

Conducting Metal

.
NS s
Additional Layer(s) o Additional Layer(s) Wafer F3H 33
(such as polysilicon) Silicon Dioxide (SiO,) i ;:: : t : |
= Doped Silicon .l
Silicon Dioxide
| | (Si0,) Slicing

il v Wafer

Body
Cleanvroom. Requirements : particle free Regular C|eom|'ng, 3 Monitoring Oxidation: Silicon Dioxide & Tis Pmperﬁes
Con‘l‘rols: continnons c|e,mniw7 pv’0+oco|s Chswre
duwst & contominent vemaval Excellent IV\SV\'U\"’OY: hu@% baundga\P% e#ec{‘(\/e dectrical insu|otor
Temperwl'u\re 2 Hmmid(i‘y helps Plrevewl’ W\wmn{'eA cwrront ﬂow.
prevent wovpirgy of wafere & enswe consistent

process behe.

HEPA Filters Chevm'cql S'I'ﬂbfll.{'y: V‘C'SI'S+S corrosion & clegb’ﬁdm-]'{cv\ #row\ Vorions
chemicds § processes

Air Quality s I
S+r|'ngem+ filtrotion sysjrevv\s 1o remove dwst po\r‘l'fcleS)

airborne molecvles, & even bacterin

-
SPeC;ql S’\H’S Return Air Grill

I - Good Thermod S‘l'blbill‘l'y: willistond  high tewp. in some fobrication steps
e Relatively Good Growth Uniformity: across the wafer, emsuring

Return Air Grill
Near Floor Near Floor

consistont elechrical properties
AKA bunny swuits made of lint - free matenals fo
prevent shedding of hairy skin flakes, & clothing, fibers

Growing the Oxide La\yer=

Air Filtration Wet Oxidartion : Dry Oxidntion:
Maltistage Fitration systems iV\clmo\fw?/ Hl’gl'\‘EFﬁcfewcy froditionad method utilizes water \/mpor@ higlh temp. nses malecvily- oxygen (01) at lower ‘|’€W\ps.

Particnie  Air (HEPA) filters, which removes porticles (900 ~ 1100% ) to oxidize exposed silicon : (100 ~ 900°c) 4o ochieve oxidetion
s sl s Q1 micrometers fram air.

Si t H0 — Si0, + 2H, Si+ 0, = S0,



Silicon. Dioxide :  Roles in Tronsistors

Gate Oxide

A Hhin lnyer of Si0; grown on the silicon substrate
to act s the gate nsvievtor in @ frewsistor; isolmtes

9‘7\{'8 eleC'h’Qde 'FT'OV"\ G’/\V\V\V\QQ V%Ihlﬂ} C_Ql/ﬂ‘ﬂ)”lrg’ CV\VWV\‘f" Source

Field Oxide

D

Insulation

Oxide (CVD)

Gate Oxide

thicker Ia\yerg o‘F Svaz V\SQC{ o isalte diff. fransistors

interncdion & ensuwivg  proper ciromit opefm+iav»,

& ather crand elements on V\/VncerJ prGVP/VH’I'Y\g e|echrl‘c0\l Source i
? Gate Oxide ?
[ -

Passivation Laver

thin loyer of Si0y depasited o prolecd vnderlying silicon

Gate

Drain

p

suvrfrce b conteminents & improve dovier Vﬁll‘nbfl”“y

NPN Fied Effect Trawnsistors:

p-type substrate

Source (S)

T Oxide (S105)

Gate (G)
O

Channel

region

|
L o

p-type substrate

(Body)

Channel
region

Drain region

How To Fabricate & NPN Transistors:

* Sttt wl o silicon water +7pe—P (doped w/ Barons

has 3 vorlonce 8_)

ane for the dmains

Creste twe +ype—'l/\/ donvonins one for the sowree,

CJQV\Q L)y CVEWHV\K ‘I’Wq opgnl'vxgs an. ~ lo\yer Q'F 5(02

Vi photo | ['I’l'\orgrmbhy

doposition of sore /drw‘vx/gmjre

Oxide, Gate

Source Drain

S0, lnyer AKA iW\plo\V\+m+|0V\ |ayev
Pho{-oh}hogrv;:by vsed AGHN to ochieve metnd

Photolithography is used to create the two

.domains of n-type silicon for the source

and the drain

Ln+ — | n+‘j
p L

Body

First we start with a silicon wafer that
is doped with boron (type-p)

(Body)

(J) Body

Drain (D)

l

Body

S0, l”\yer prevevts gnte

Phatolithogymphy

omobles the tromsfer of intricmte cirent desighs ado  silicon winbers Wi high
precision; wdilizes light - sensifive wederinds E n saies o step to crente
patermed vesist loyer thet onides the subseqront proesses ke oxid.d etch..

O » [ =5

Silicon Werder Photonsorck [ Reticle Expasure Deve[opvmfm‘l'
(olrss/ wylar wask w/ wiask aligner wused exposed resist
opogve fil) t poss DW/EW - is Woshed ooy
theangh mask onto while Wiexpased
worker resist  remaing

Photoresist Applicartion
npply @ thin loyer of photoresist a light - sewsitive polymer anto worder
different types of phatoresist have vavying  sens divhes +o sPech,‘C
Wﬂvelmnxﬁ‘lns of \1‘@/&'
—> positive resists become mare sluble wpon exposwe
—> neoptive resisks become  less  solvble npon exposwe
=2 choice olepwds on_ desired Pa\H-em fonstor L subsenvont procescing steps

elechode from Shor{-circmijriwzf

sowwce & d\ro\t'n .

Vpnte Modnlntes Hhe  width
of the dvnrel behneon

the sowcg & e dmnin,

Cl/\a\y\g l'I/\g IsD

Si substrate

Base material

Sio,

Si substrate

Step-1: Oxidation laye

ring

NSNS

je— Negative photoresist

SiO,

Si substrate

Step-2: Photoresist coating

NSNS NSNS

SiO,

Si substrate

<+— Ultra voilet light
Optical mask

je— Negative photoresist

Step-3: Stepper exposure

\\(SSI ESSS le— Hardened photoresist

S0,

Si substrate

Step-4: Soft baking

le— Hardened photoresist
le— SiO,

Si substrate

Step-5: Acid etching

==

Si substrate

Step-8: SRD

je— Hardened photores ist
fe— SIO,

M—— n’ doping using

ion implantation

Step-7: Varous steps can be performed
@.g. lon Implantation shown here

N\ [0,
L]

Si substrate

Step-8: Ashing

Photlovesi'st Apph'ca\'Hon Techniqme
Spin. Coorting

most common webhods  \wafer spvm ot hu‘gt\ speeds while Hle p\nc\i‘oms\'s-l- is
disp@msed onto He conter. C&/ljm'ﬁ/\gmﬂ forzs distribtes He resist unﬁocv*mly,
creating o thin film W/ o consislont Hhaickness across e wafer swfaa



