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diLtcoN WAFER PREPARATION | Lpl?otaﬁé;” ;

[ i i e o Y i i .
0 : BN L
Steps Used Tn the Pﬂ-ef?a/\’dhoﬂ of o SEED i<l
gy~ Wafers | Yegibtor
| C,Y:.f&tc:{f 3rowt’h and dopi ng T:S':l-u‘z;n_— ¥
2-jﬂ(70t fﬂ?m"f\fﬂg and g}"fno??ng 'T>rﬁr§‘c»§c. é_(.‘?ﬁrtii-b%e
3. Ingot &licing - -
F1g2 - ¢ zochvaldk
4. Wa GBA’ PO'!\SNVW? Omd e tcha n? CAYyStd gfr’vwfh

<. Walexr cleans ng .

¥ CZOCMCIISKP amgsbalg'rowthp’rocessa) used for
producing single caystal stlrcon Pngots:

¥  Poly cnystalline
‘ + @rount } put 7t P & afuarte
silicon Obdepant ? cauci ble eund
Placed Pn a furnate

K ‘Tﬁe Mmaterual 7s then heated +o a temperature
PN excessof the s7lPcon melt?ng point okt420C

X A Smal dingle carystal nod of &¥IPcon called
a Seed carystal 7& then dfpped Fnto the ST|PCon
mett and ¢lowly pullesd out:
¥  Ac the Seed crystal Ts pulled out of The melt,
Pt brings with 2t a goltdrifed Madss ok SPlrcon
With the Same caystallene structune asthat
Ob seed CﬂyStal,
¥ Dusung The caystal putling process, The seed
crnyStal and the cauctble ane Hotated
¢n opposite Jdirtectons Fn onder o produce
’?ngoﬂ oy cistcular cacssection.

X Top and bottom portions ofthe FTngot
Arp cut Okl . Pngol Surface FS grv uncl.
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% The ailicon wakers go obtafned hav
very Hough gurface due to<liting opera
tion. |

x Thesde uua{;e/ns unde rgo a num ber Of Pob‘sk

Qteps bo P}ﬂoduce a fHat gurface.
% Finally, the wapersace 't‘homughlg suinsed
and daied. |

EPITAXIAL GROWTH .

%AWomgm%a’coms ?n single caystal Lash?on
upon a S?ngte cayékal cubstrtate |

Cultivating Technology

200 C |
8‘;6’9.*?'2#!9. l;;_-—o—}_f g+ gHcl

4 The basic chemfcal weactton used for the

epitaxial 3'mw'th of pu

Heductfon of g7l? con tebra chlorfde.

x Mostly epftaxial (%)m s wWith gpec e Tmpurd

Qoncent?“fo o a2e %edu?ﬂed.
X n-type do ?ng Fnto the
(Phos?lnme —> tj:;e s?[rfongbe’cﬂa “hlovide
b‘t ovane —2 P"' H hf_—jd'\’vgeﬂ cgqg Lt eam.

¥ ProcessTs cavried out 7N Neaction chamber
Congﬁang of « long Cg!mo@m‘ cad aluartz tube

encin cled by an RF oA uctfon COT |.

x Siliconwaler
gnap\/rﬁ’{:e nMod Ccalled a boat:
2 Thes boat 9 then placed inthe sreactfon

e SlPconfs the hydrr'ogt-

s ane Pla ced on« ?1€C£aﬂ5zulotw

=

Chﬂh’\be’y whexe “The ﬁz{c«f?whi’ 18 héc:‘rf’t'd art 'QDOQC.
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OXIPDATION
W-

¥ 870, has the pyopenty ot -P're\/enl“‘?’ng“l'hﬁ
d}Husior\ Ol)' a[mos% all ?mpum{'—?e\g%qougk ot

. 8102 = havd P’B’Dbfid[ﬁ\/é toating and £3
unafbected bg almost all ﬂeagen%g except
hy daoe tHoumc acidl.

2. BU gelective etC‘fl‘rl’)g-s"O-z, Cﬂ_ik%'usfon Ok— ﬁ’m‘?u

sukbres T’hmugh Cane fully delgned windows 1n
the 3102 can be accomp\fshed to fabricate

\Varuous tomponents:

¥ <ilicon wapers ane Stac ked up ?na aluartz
boat and then Tngerted fnto afuartz fud nace

tube .
% The Si-walers ane Hased btoa hegh temp
TRENYE

_exatune 9n the ftange ok gso to

ST 4 2Heo —> STos +2Hz2

* Theg ox“rdat—?on pPprocess eg called ther mal
oxfdatfon because h?cozh tempevatuze 98
used to geou the ox?de layer

PHOTO LITHO &IRAPH Y
I P T i S

% wrth The [’)e.[;? ok Phol:o't‘f‘ﬁog'ra phg, °t ha <
become poss?ble tO pryoduce mMec 21 o copPcally

amall cistcusl and deVite patteyns on st~
UJQ{j@’Y&’
I Making aphotogra phic Mmask
2. Photo etcheng.
Tr}le M a K:‘ng ofF a Photo[r"f'ho?”ra]?hic Mo sik
?nVolye ¢
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¥ prepava ton of 7rif Eial ot oK IDACE

¥ Reduction
Plg%faﬁ}\n %?Maﬁ;w orkK:

— The TnTtfal (o‘tjout or avtwWor kK of an Tc Ts
normally done at a Scale, gdeveral hundned
Lemes |anger than the hinay dfmensions o
the ntghed monolithic ciseu®t

—>Thfs e because, Lor a Efny chip, lavger The
ant Wovk, mMmone accunate s the bnal mask
< then decemyposed Tnto
each Correzponcking

— “The ParEfal \ayout ¥
e FabﬁCaHonSCh edule.

Seveval mask tayevs
‘o a pypcess step TN T

Reduction:

s This stubyth pattern of °n A5 viduad mask
Te p\not—oa”raphed and then steduced n dteps
by ka ctor 5 to o Seve~val Emes to FTnally
Ob LN the -E)CCRCl':' ?mgge Iize .

rthe sremoVal

% Photo etch?ng fg used ko
°enong Zothoat

pk avor Frrom Aesirned 21eq
a Can b€ djt%uge_c’

degisted TrMPUTL tre
Vv Aadiation
Pheto mask

| Photovesist 14 >
gip azﬁ Sios_ //,_L/ /. [ Ph??gg"s'i
£ g ieo 0 N -
wa ey b
') | ()
polymevb&ed Pho@siﬁ )/Ph‘zf%g,isl’

1 J .
Sfo:__é ¢ &;;'/_ G iii li i/g
O &
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DifFuStonat:

¥ Thfs uses a h?gh -tempevabu%-e kuﬂncmée havir%
a flat te rpevatune profile overa use but length .

boat tontaining about 20 cleaned

¥ A afuartz
Wakers T2 pushed 6nto the hotzone LT TN
Yeropevaturie Mmasntained ak oabout o 1000C-

Adibbused ane stastelytS€ d

# Tmpunitfes to be
| foyms.

on the® elementa
B.03, BCls — Sounces ob Boyon

Ros, pocls =2 Zousces of Phosphoyou s

* A Canrtiean gas, auch as dnyoxygen o N tog en
°c novmaltly used koY qweeping the Smpuruty
4o the high te mpevatue Z on-@

¥ The depth of Aiffusion depends upon the Hime
O{j (;Qj'gkusion which novrﬂa”fg -Qxl;end\gft‘DQ—hound‘

¥ The i fFusion of ‘me?u?d’kff’e_s novmal‘ia takes
Olac= both laterally &8 we l] ag vertically.

n.type e;liewoq

p-ty pe Subshale

FiG: The CYo3s gection of o PnhransiStey

ahowing cusved gunctfon prfiles as &
secult o [ateval A Fhuson
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ToN {MPLANTATION
VA T

¥ Tt s a techn‘?q[ue used to Pntatoduce
opustities nto a gflfCon waker

x Qilrcon wakfers ane placed®n a Vacuum
chamber and ane Scanned by a beam Ok high
enevgy dopant fons: ,
% Thege Ponsane accelerated by enevgies
between JowrV topgsokV.
¥ AS the Pon Jtrukes the gTIPcon wakers,they
penebvate dome small dfztance Into the Waiel-
% The depth o} penebation of any pa st calon
type ok ton Fncreases with Tncaeasing
accelexa Hng voltage

* Tt Ts Pe)Y[)‘O’amed at low temperatunes.
¥ Thevefore, Pfrev;ous.lg Athused segions
have a  lessey tendency fov la teral Spreadiny
% Tn ciftusion process, temperatune horg
Yobe contriolled over a Lavge aned engrde
tne oven , wheve as Ton ?mplqr;l«’f;ﬁo;ete;hm
—ofné ¢ N tential an e A
ﬂﬂﬂ'@%ﬁ Z'zqe?jgi cally controlied from outtigle

Y-ax?s

deltecBon

Plate- ¢
&4 !?&W‘“ﬁ—&—l
wakers \

s
T(lﬂgo m amb-e~—

A o P o
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TloLATION TECHNI QUES,
[ i Y S m....-——-—--'

% 3ince a Numbey of components ane %abw"c.:z{:ecﬂ
on the Same Tc chip, 7t become s necegsary 1O 'P“"OV‘\‘JL
electrical e olatfon between dilfevent tomporen
and $ntes connections:

¥ TYPES OF TSoLATION TECHNIQUES

[- P-n Junctfon CaolatTon
2. Drelectetic £golatfon

p-n Junckion Ccolation !

y Heve, ptlype Tmpurities ane seletively diffused
ento the n-typeep! taxial |ayer SO ao 4o veach p~type
Qubstratée -

¥ Tk the p-type Subs
Most negat‘?\/e Pol:enBal °n the cFa1 cut By

will e #teverse biased Pwvf’df?ngelectmc
bebuleen-ﬁn_ese ¢?sland s

Tsolgt"m
slan 7\]; aupstwate-ve)

+ ’/ .
n-epf¥ P n-epftad "P+ n-epitata ’ﬁ n-epi

psubstrate

tvate material s held at te
the diodes

raolo BT oN

FiG: pn JV NcTioN T30 m*%rau

¥ The toncentsnation ol the accepto” A
segion between folatfon 7slan sually Kept
rouch ugher than +ne p-type cubstrate-

x Thoe pyeventsThe de pletfon 915107 ob the
i ased dfode from pene&na{%}g ~ove Pnto f
and possibly onne cbing The eo)ation 7€ land s

e\/-«e/YSG’
t '?feg‘@ﬂ
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K TETs the presence of a trangition Capa

o . DACE
Citance abt the Fsolatin - pn Junctrong, ey o Teeaia

9y

"[-Hﬂg N an fneVitable cchacl‘i't—ov COUPIT'H@ bef'ween
the components and the Substriate .

¥ Thege Pavast e capacttances IPmfE the per lor
—Mance @}; a taansttion Ciztcuit at W'gh lsreqfuenueo

DIELECTRIc TS0oLATION!
LT N

X A [03” oh Solid _djefecl':-w‘c Such as giicon
Qipxid e om >1u by c,omplete_ty Luarounds each compo

-nent, theveby poroducing fzolation , both electricy/

and physiial.
£ Thfssolating Adreleclaic layer Ps Hrick enough
Qo that s assocrated capacitance P negligh ble.

x Tt sealurtes addrtional babestication ste ps,
2L becomes mosre expenstve.

FIG @ DIELECTRIC TSOLAT (o)

X The techn?qfue Ps mostly used pov fab v
—Cating professional geade gcee ealuirted fov
Spectaliged applications - |
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METALLIZATION

¥ The punpose of thfspecocess 7s }o produce
tnin metal BFim layer That will SexVe o make
enterconnections o} the Yariods components on e
e pe
% AlumFnium Ps usually us-ed Lorthe metallizaton
pk most Fcz

. Tk Ts Melabively agood tonducto”
2. TETS easy to ciéiPosit alum inTum -bﬁ’]ms UsSTNg
cﬂ{gpo&wp[—ﬁ:on.
3. Alumfnfum mMakes Good mecha
wfth arlfcon -
4. pluminium kovms Jow sregistance, ohm?e
Contact With p-ty pe &TlPcon and heavly deped

n-type 2siPcon.

nPca) bonds

o
x The matestal to be eVapora %(,\\5
~ ted 7S P[aced °n o mesistance

;’ieaEed Jgunﬁs%en C,o‘i’[ o
N Very F\,ijh poweﬂ Ol*e;ns.—‘iftj

electyon beam 7.5 {TDCUQSC‘—‘O} S

at tue sunjace of the matera)

"[’Dbe eVOIPOYO!'L’ed. — 7] i
, i ) 5\1'083: éﬁon e
¥ Thus heats upthe Ma te#tiod £ 63)050
o very high temperabtusdte and \l
ob cbavts Ve popusing.These D Va CUU
Va pound Eravel f0 ctnafght [fne u?
po tot Fig - H
g Vatuum evaporano
¥ The e\/apom%ed molecules kov roetallizatiov

Wit the Substnate ond condense

+hese to oy & Hun [;'Efm Coating.
¥ AftevThe thin §Fim metallizationi’s done, tne Erlm
?S aH‘:emed to ‘P'B”OdUCe’ﬂﬂe %eqfuj ﬂGCﬂ?ﬂ tex conne

cHhons and bonwnj pad CDﬂ{s‘ig(J?1aHO/\,
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PSSEMBLY PROCESSIN G ANO PACKAGK 6.

_EDACE

Cultivating Yachngiogy

% Each ok the waley processed (ontafns
seveval hundvedchips, €ach being o complete
ctHcui b

¥ A common methed catled Scrubing and clea
~Ving used fov geparation makes use ok &
Aamond teupped ool to cut lines into The
sutkace of fh_ewa&@v&[mg The %eci:angu[aﬂ
gMcP Separating The ends\vedual chipg

oNad lapl e

- Me tal canpackage
2 Ce/rarm«i'c{y[a{: packcg‘e
32 Pual- 'rn-(PcJtCkage

UNIVERSITY RUESTIONS

wWith Neat Plluststatfons e_xpla?n'l%e, VanPous ke ps
nvolved9n the Tc Fabstifca Honprocess:

DesinfheThe cteps nvolVed fnihe Fabmicatfon

o monolithie t 1angisto=

Explatnthe basic proces<s uced Pn SitPcon Plana~

technologj wfth neakd}ajﬂann.

Wette a note on Magking and etching priocess Pn
Tec Fabnitation

Theve avethvee b fhevent package Gon{rfg&ﬂa’b'on:?.
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2. FAgricATION OF A TYPICAL CIRCULT ;
KEFER: Lic Book | fg.no (.21 to 1-24]
‘-s___lce_&!: WAFER PREPARATION

P-type Subslmqte T
lon-cmmesistvVity: Na=1.4x10%| 100pm

‘ - A tomeslc _JL

% Toe starbing mate rual called the Substriate s
a p-type stltcon wakern:

¥ The wabers ane usually of lo-cm dbhameter
ond 0.4 mm thickness.

R Resistivity = 10n-cm

* concentriation 0} cicceptoy atom - Na= 1:4x10'%
| al:nms}cmﬁ

step2: Ep(TAxIAL GiROWTH

| N-epilayey 0.1- 0.5 n-cm s?zsm
. R

- p-type substrate
_ B ton-cm |

X An n-type epitaxial kilm fsgvown onine
P-type Substrate. |

A This ulbimately pecomes the collectoryegion
0} the transistor, ovan element of the dfode
ond Ailbused capacttoy assSotiated withihe
crorcutt:

* Regsihivity = O 0 0.6 -Cm.

% Al active and passive layer o} componentarre
Labsi cated withipthis lager
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Steps: oxipaTiont

2702
j//////////////////////////////////_.s'\

N-epilayer

~—-[7:ch Substate

b

X A Si‘Og_ folgé’/{O\S thickness Ok‘hne O'Ydé’/\/@l}‘-
©.02 o L,um

Step 4: Tsotation Du:r:usno:\l

Dilfusion ok
p-type
' , | l l ,fmpuwt’f

| l Tslard -t | ], |1g1and = \L:fsfand-_é-\Lmsla‘rnd ’l

pt n-epi | P n-epi | ptin-ep: |# n-epi P

p-type substvate

|
¥ Toun components have to be'{jdbﬂ?mked,&o
weaealusste boust Tsdtlands Whfch ane Psotated.

% <%0, 7s Aemoved prom five dublferent
Places usmg Phot'o(tﬁvo va phic technfalue

Igotarion EI“S LANPS

= e

X The avea under the 810, adae n-type Pslande Hrech

ane completely Sunmounded byp-type moats
¥ Ag [009 as the p-n Junchon between e 2g0|ation

DACE

———e
Lultvating Technalogy

—t
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¢3lands aste held at neVerse blas “thak s The

p-type cubstrate 78 heid at negattve potential

W Tth sle speck £o n-type Tsolation Tslan ds,these
Hegions ane eleckw ca Wy feolated krnom each other
by rwoback to back drodes, provtading Tne

dQSi ﬂecﬂl?s ol a Eton .

gtep.s5 . BAsE DIEFUStON

F" p | I
e
p-type Substrad
[A— C;gg;n::_) g lé_plooﬁ-sl ({...Tgﬁg,\f,é!_ﬁ' '[‘FRE% —-)[

* A new layex OF St‘bz Fs grown overy the entf=e
wakey and a new pattexnol operings s formed
using photolithographic techniofue -

K P"‘{'ﬂ pe Tmpurnibieg Such agboven are A bf ersed
thvough the o penings Pnto the Tslands ofn-type
epi taxial Sificon.

* The depth ok tus duffusionmust be Lonbolled

So that Tt Oqoeg not penetvate thvough n-layey
Tnto the Zubstsate.

% This dibfucion s ubilized to form The base
Megion, telansistor, Plesistor,The canode © &
the diode and gunction capacitoY

Sktep b6 EMITTERDIFEUSION

2 A new layey of siox 75 Again gyown
entine waker and Selectively otched t™® OP“-’: AR
new Set of wipdows and n-type © r puat T8

oven The



) WE:INDOV" -
J ' - Wa- DACE
. RI7 L7 7777 77A P77 —ra ‘ _ J . .

Ll 7777777

_ | M "'_n.,'. M Iﬂ L7777 //{/773
+ p 1 p 1 | | La‘
n :

F* N l’1F 7l n

P~type Suktisare .
|

% Windows aste also ebched onto n- stegfonhersg
contack Ps ko be made to the n~type layer .

% Alum?atum, normally used fov making Inter
~ (onnechons, TS a p-type TMpurityfnsfif Con
and Pfcoduce an undanted nectibying conbact ot
the [?3?\{:(3 doped n-matestcd.

K Thus nt [c:tye,y maKesd 3ood ohmS¢ Conta ot

wWith the aAf-layev
Step? ALUMINIUM:METALLIZATON"

% Tc clup Ps Complete with all achiveond
Passive de \¢ices betweenthe Vot ous (omMpone

nx have +v be vade #n o CCovdance Withthe crnd

ONIVERSTTY QUESTIONS
| Degcrube oboul epftaxfal 3710uofln procesgs.
| explatn ¢n deta?l about the photolithog# aphy

rocess with Neat oh‘agﬁam :
Eip[a?n the Fabgticationpriocess PnVolVed tn The

lollow?ng circuit SragHam.

—
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3. FABRiIcATION OF FET | |
REFER ' Lic Book [Pg.no -~ '35 t-ohsaﬂ

X FET S & deVice 0 which the Flow of cusrent
th~ough the tonductfng »1egfon Fs contriolled by an
elecktaic bield .

(hagreT
(1) MosEET

- JFET FaABRICATION -

¥ The epiltaxiallayer whrch fovmed the colle ctoy
of the ByT < used aw the n-channel ok the sreT
* The P*gate s fovymed Pn the n-channel by The
pProcegs ok dikfusion 0s Ton §mplantation.
% The nTsregfons have been lyO'Ymed und e
the d2stain and Sountce contact segFons tO
- provrd egood ohmfc contact-

SovrcE A TE

s
N—<channe | pt ’ n-epi

P-—{'j pe Substvate

ri6: p-channel IJFET structune

MOSFET FABR{CATION

% Enhancement type and clepletfon ¥y pe
£ Metallic ate & Fs gepamted {5?1 om the .
SemPcond uctovthannel by the INsulatfng S0z
"Xt a;{%é’/; Pnsulating layer ok gilicon droxide give s
anext nemelyigh Snput sesTstance .
Thveghold Vo H;otge > 3to by

e vilmar e svyanlog - t2 v
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USE OF glitcon NITRIDE  ( Sia Ny)

* S$3N‘r has Su Perttor h’)aSK’i’ngﬁPﬂoPe/fHe&
(Omparved to 70,
¥ The ST;N4 78 Sandw?ched between two sio,
layers and provide tThe necessany baret ey
#ome\/enl—:_?m puns tfes Penet aH’nﬁ Fh~ough
't’he S702- [O‘QJM :
% dieleckric tonstant o Stsny = F5
K dielectaic ConStant o) Sio2 — @4-

*This fncreased ovevall dielect »u ¢
con stant Aleduces V1. |

PorysiLtcoN GATE !

K Poly(tdystarh‘nes:h‘con when doped w?th phosph
—ovus PsConductiVe and 9g uced as the gate elec
toole Pnstead o alumPnium.

% Thee steduces Vr to aboub | to 2 V.

% Quch deViced ame called Zilicongate MoS

teransic bovs

X SiaNy > Coated to The enbive Cuvfaceot &

pP-type Wafer

* S?gr\lq, > Next o etched Aoy brom tin e

Ju tface outside te transistor¥€gior

The two Pmpovtant points to be noticed.

I The polylilicon -go te pyoVides gef- a lrgrmen

ob twe gate with the Soumce and drein. The
Silicongatbe due to Sefbfalfgnmg pfyope/vtye(?m,{
Nates tWese capacitances:

2. No fsolation fsland ¢5 21e afui #ted.

PARAMESWARAN. R
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£ MoS FABRICATION

¥ Tt Pcpossibleto babyvicabe Nmos and pm osm
enhance ment devices onthe Same siliconchap

\lpP NMGS /-—QP/M—O\i |
/v_\ u
| Br 51 & pn@§ Tk

2 %2 (32

im )

$Po- ; WIW%! I| [ . | 4610
Vf o ——oVo

’_pj'
- ‘4 Nos (@) | ]
G Tf_q,, % B s tfed tv S, = Connecte

# Bz Ps tTed toS2—- supply
Fta(® cmos Voitag -+
INVERTER ¥ £inte, B »>p-type VP

Bz> n-type

2 Both The Lubitrates ane s1e Verce biaseot and
Thus Cutolk. Thus, Psolabionbetween Nwios
and pmMos teransi@toy Ps automat Contly achieved
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| THEN p)MD THtc.K FtLm TecHr\roLo&y: %ACE |

Cullvating Technology

- ?EF??"_ .L.l ¢-RoyCHOU DHURY Book [Pgne TET

B Flim technology at present can produce only

- Passive components: |

¥ Tt will be mainty used bov fsolation ov

Pntevconnections have to made $n n tegvated
Citcun B3 ' | |

FlLm Tez
J — 31
THINFLIM THICK Erim .
(nﬂi(_‘kne‘.QS- So A Thickness - 25,000 A
to o te
= 0,000 A 6,25,000A

FThick Flm Tes ave made by the prvcess o}
Scrieen prainting, usually like Silk SCvee ning
tQChT’UG\fue‘g
¥ “Thin fﬁlm mdfé‘.'ﬁafs axe 3’8!’137‘&”3 deposatedon
to cubstvates PN cx\/‘acuu'm-chqmbe,v-

¥ Thaick talm P'\’Oduce_‘s cheap and ?’Mgged s1es?
~Sbor¢, capacitors and conduckting patterns.

1 ) ater preas
Tin Yilm technology provides gve |
grn Mcxn\::kac{:u?’dng but 78 move costly than
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