ONeT-2.
j\’rhoolu_c‘ﬁon to Tc 'Techno\oald.

Intequated  chrcuidr. DE is the  combingtion
\ogic gotes falovcatd on a Small Chip
of  Semiconductoy:
(ov) !
A low cost, complete  electmmic chvcuit
CO“S‘S’HY}? of  actve ond Passive COH’pbnenfg

on o Smal “chip T of  Seryn Lonoluctor.

Tn 2clg Lawncatione mos’dg pxemxeo{

Sevicondo oy g Gk con .

The wadn featover of St ovex Gm

4

3 Tt g qb,l;%a to  conduct elec'tncrta
Contvolled © Pnanner:

= Tt an Opevatt  uptp 150 Comp ayed
Ge  (were).

—) Tt i Svitable foxr dabvcation and

LTS ‘& Stable owide (sioy) |

- Ondoped  yesishivity of SIS &3’ Lo

ond  Ge W3 om.

ik —1, Py—1 /32



S ee 18 difficolk to dope al tompared
to &
= & s and ot abondant | element on

Coxth. ;
= Growth of (sios) layex  does ot wequibes
oy Special - avvangement.-

S Ge har high 3w leakage ctwwent  ov
'.YQVQYS'E‘ _ cvxtent od compaved o "
classvfication of Tegi-

0 On e basis  of falmicativn.

D Scale o fevel oY ﬂnﬁazdﬁ'bh

C). Application— pigital acs

classifiation of  Tc's on Seale Drrtegr ation, ®
Genevation.
o Produvek .
At ST — 1D = \oge gates el
and =5 MST —3 100~1000 - T Counters, Mux , Add e

 Shittes
™ 2-blt < up rom pav

% = VLT 5 20000 ~Io lakh S and 21 bit mp
gophishicaid Peripheal

GHM DYOUM,

ad = LT = 1060~ 101000

bnit-4,0q —2 /o5



o

@

@

5 JISY ¢ ULTRA  LARGE Spetiol” type P esey
SeAate PWTEGRATION - mOCh‘\mj,Smd\"t‘
Senuove
Gtn G-\ﬁ © Gadnt SCQLE - Ty LrQ impk’mentﬁ:{
Shtﬁgxq‘don vexsion,

Ao\\mﬁmaes of Tc-

— Highex Packaging densities

= Wigh Cckt  speeds.

- Minidﬂ‘w\adﬁon of ckte.
VIS ‘Techngfoﬁ\i,

5 Tt ¢ \rexH lavae. Seale Tnﬁﬁ!ﬂ’ﬁbh, |

™ Process of inequation 0F  millions of Hangisty

on O Ppiece of S madeval. |

DOWVST 8 ohe OfF  dthe balic Iou'ildn‘na blockr
o€ -’cbolmd's h‘aa\nex <end oY . odvante {QCHMIQ%,!

SVLT  is  Airding e applications fn 4
NOmety of  oveas  fomn simpl  electonic

Consumer  produocts o vewy  tompler civwits
veed W ¢Pate  elethanice. |

r

- Aow a dmds Yhe  Aend h digital #ho

S—— i

Wnib-1, Pag — 7 /50



Produtt IS o hﬁ(gio’t Q¢ puch eveuitany
a¢  possible - on to & Single-thip.

Appli catione:-

VST eweoRS aye  uSed  alwost everjuher

Qeh at

¢ autkd Mmobilee
. D{a{to& cavevag

» cell phones | | ®
* Ditfevent  compulrY  Systems and othex
electhonic  moduets.
Vst design:.
— VUt has bﬂexed ﬁﬁw Opportunity +o
deg:{an Yhe dﬂuj’t_s which  newvex possible
O

befove:
B pup's -Cwogmmmabk logie  Deyicep)

EDAT ops ( Blectonic - dletign OBty oy
tools),

Vet ole&ian Stygtes

Two design Stgles

0y Semi Cogtow |
| v ful tottom | |

bnit-1, 05—l [34



Bas_ig Mo2  Brangistoy:.

et LS evamine the  basic N Mpg

enhantement ond depletiod mode transistoyce.

Gate
Souxce Bxain
\g N
A V/Z/ AAAA| A
~ AAAA =

AAAAANANAAAAAA
A AN A A A A AN AA

AAAA ARANAAANANNAN

NANANNANAANNAAA

Sub
NMoS  enhantemert wode:-

'..'.' . ; R |
| F ﬁcj gfam
MTIEZ 220 |
- (// J—1 L v T ‘ll
Ap ANA A LS - A mP{Q}’?
.
/\I\f‘ /9\“,\'3\1;//%;
AT A REAC AR A AR AR f
AAA»‘/\I‘A@AAAAAQQ
CAN AL AR A AN
ANATAI AR R A TR
‘!‘\A PARAAAAAA AAA A A AN
Sub |

Unik-2, Pa-S/F2




nMos  depletion vooder (sate

Soulfce
{ oo™

e RS |

oL T
M\% ”"'/Z%’”\ Jii
A A A A
AN NA NN A
NN A A A A :\\//\l
A A A A f® n oy
/\/\ N A A A

A A A A/\/\/\

Sub - O

p-M0s  enhantement  vnode:.

Mos  trangisters (Vb =dv): Souxce gate
nd  Svbttrak 4o ov)

NS

Srvos deptetio devices axe Fomed o
\>~‘t\dpe Qv Stxote of doP{na lewel.

-5 The Souxte and  dxain -xeaiom once ~fvorned )
by diffusing - ype inpuvities  trough
Suttable  matkt  into Hntse Gxeos W give
Mo desived  N- 'impmﬁ’ca contentration ouwd
Qeve e o depletion  vegions whith  exdend

Mainly  in e wove  lightly dloped  p- vegion

Ui ) 4, P‘L"é/ F2-



O

@

Sthe couvee and ainy  oxe  isolated  -fom
ore -Onothex by twd  diodec.

a depogittd metal ld’aey .
Tn ovdex +o wate a US%.l. device, thexe
Musk  be the Capa E?IF&H 0¥ etta blfsﬁing

ond conb\)\lir@ o cowen{ bedween S'IOmd b.

D Enhance ment  mode

D Depletion  wodle.

Eohantement raosder

oand  tre  dewice i a Non- condudinca
condition, (H  Vozves wNg¢ =)

= I AR qee e connekd  to o Suiable

e feld es-tabliskea blw -tre 80{6 aind “the
Qv bitsate Biveg' ;xﬁxe v Qo Chonfae.- Mveveron
'Keaie;n ™ e Subthatt  order cthe gate

wnaolohod  ond o cohduch*\a ?a‘c‘n 19

thonnel 18 fowned blw  Couvxce and dvain.

= connettidnt 4o dthe £ ond D ax e madetna

Qg 'HNU‘ L’LQ COmmb\‘%\a :aqhie-\md .loH ‘w0 Q)Clbtf

= To . whith “the  channel ¢ notk ectablichy

Ve vottage with wespect to gk Source, the

|

Wik — ) P~3%/349



Depletion | wode:-

Tn  whith,  undex  dhe  condiion vge=p -
by fenplanting Suttable Tnpowties  in the
Negions  blo  Souxce  4nd  ckaih  dutng
mManufactoxe  and  Pvor to depociting the
tolation  and  gode. tRnte  channe! €ctablichy

petweep € and D.

.__5' And  ‘the C\'\F\hhel s tloced by QFP%,H ”
a S\Jﬂ:o\-ble ~Ve Noltoge Ao -tne gote.
Enhantevrent  wode  opevatian;
- To  ectoblich *he  chanmel  between
Souxte  and drain, A mwnimowm fvoltOﬁe
18 xegyived.
@

AN € defivied ot e

'\18& Vol’ca‘?e at
whith

a  Mo< devicte bea(m 0 tonduet.

dn oxdex 1o E’S.‘taloli'&’h. the  chanper

O wWin Molhqae tevel of  uq MUt e

establithed blw  gate ta Soorce o (Louvce
+o Sobgbeaie)

bnib=3, 09 -2 /24



ET\“HGUEI : V%S = N

DYain. S Vg

SND cument  ~flows  between Snwce: and

.___5)07

|

I

e

SN

il

N

| //,///!//;]i;}; i

A A
A

A A

7

i 4

%

A

AA A A

A

f
¥ nA A

Ca A

A
A
A A

A
a A i

P
A A A A A A

A A

4

Y &~

A 4
AN AL A

,‘5
|

/|
7

A

N4

’ ng '>V%

A A,

Vay

roA S N e
AAAAAﬂA

rA
" A A A 4o

AN N A A ANACANA

:Oy

by

i yesishve ¢ dvop

g T cha»nae‘ &lupe'

- Thit ~etplts 0

— NOW  appling g between < and b,

(TR dvop - = Vo).

channet (Vﬂ and W) N aying with  distance.

At the Souvce  end  of he bc.hdhwe.f: |
V%g will: be -mm«iw{um, Sinle  theye s
<ol vq' oS efHetkive " “is available ‘col e
e chammet,

.
al brg the  channel, beging
of e Chanvel. -

e \Jol'“toae blw '861'19' ang|

Wit~ Pae 9/l



HNowevex at  -the - dyvaip end, o .the channe!

onlty (v%,\xd) i e e#—fee{:.
Sclorg s Nge =Vt 27 Vg

The  eniting  tonddtion  cOmes  whep

'\fcagv-\l_\:: N

fox  all Moltaﬂe: Vet ¢ ANde-Nt + The deuice

18 M He  nopn-  Catovated Y eqion.
Soturokd %e%xon:.

™ Nge Val~Vy . (Ve ¢ tndoed o g

a } | level  gyeaditn VqA-VED,
TN W2 an IR dvop = Vgs -Vt takes phee
OVEX < the  (ghole RNGH of tre  Chanmel.
- Neox e dvatn, dnexe 1i¢ fasufficient
electic feld  available. 4o - dive  ~ise O any
invexsion la Yex- o cweal gy chanrel. The
chanrel  5¢  tevefove | Pinthed  offl

Drffulion  covvent  completer  bath Ry,

CoxCe -tn  Drain ty thic  case, Causrnﬂ

(’N“P"’i,“:‘i——ro/‘—?—z




the channel o enhibit o h‘aah ~esistance
ard  ehave Q¢ o constant Covent  Source.

This Yegion

Chaxotended bti

an all

st and "o

Fox  ohancement  mode

S Known  ac - Satoyation, e

\[di =~ '\l(ag--‘\f.l:

cages, -he

0% %Qneml 12 xvesk

GN

covent

chanpel

Llow w hen .Va_(' <U{v

Wil lease 4o

devites wgp=AV NDDBY.
Nt = 0-Q VDD.
o
‘ A |
1 110

e Mova st

e 1 | A
A s o RN AV

o0 A 2 Nol - sodufd

CANNM AN AA A

AN N A AN PAA A
AANA AA AL LA

3 Pinched of f

VBs sy
V> vyl

ScctWafed  segioN

Uit 1, Paar fon



Depletion  mode trarkistor  action.

Fox  depletion  wode devices e thannel
to—ectablithed —betoyte —ofF e 'imiglan‘c,
evep  when \'/(aj:o, ond o Ctavce e
chanwel o Cteare W WSt o negative
Voltage  via  wwet  be applied  blo G g <.

Vid & Hyptaally <= 0:& VDD,
commonty  Vied  Lymbold: — O
#;i | 7’*J | II—J

O .
-] {
:

—

nmops
enhancement: Depletton
 nmos.
NMoc  Fabrcotion: Pmog  enhancemant
Mode
A') A A A A A A A A

NADIEE AN AN qubsrol.
A A A A A A A A

NAAAAAAA

it =1, P —12/74



&®

s/ *

0
™ T
Vo - L] - -

SNy

U s ) - L

4
AAAA AAAAA

/\/\/\,\;\A/\/\A/\

) ~nfek onide (A )

‘\MMM\
L R
&

U L]
ﬂ' .i -
Ny Y ' . o

AAAAA A AAA A

AAAAANAA AA

AAAAAAAA Ap

,’n',f,ga

LI Ny B

[] » ]
LI . [
{ 10 ' v w

/\/\/\A/\/\/\/\
I\AAI\/\J\/\A
ANA AA A AN A

A AN A AN A A A

WM{
. ?,-«.._,—-WW ‘
A v 4 4, e ¢ Pho-tb ‘{QS‘S_t

: .""\;L'\- L o

AAAA A A A AA

NN A A A A AN A A

L Mk,

WW\NW

window 10 owde

LMT\"#’/ P?"‘\‘CS/ =



Fadteyned
G-ady

A A AA A = :
A A A A ODMhin-gyrde

A A A A A

A A \ A ” C%oo-tooo,4)
~ A A A A
A A A A A 4
A A A A A
A A A A A A A A A

OM:\-—-——"‘ Pa _in /‘1.«:



&

_

AN N0E  peotess e Tllustrokd  wasically q
Lps, they Owe

D peocessirg 1S cawcied out 0N a thin ey
ct dow o Singe  ovytkal of & of high
Pty o which the  yequived  P-imnpunities

oxe intoduced  os e cwgtal i< grown.
cuth  wofxe Oxe Jd-@'fcalla 35 4o (66 MW in

d&amétex ard oMmwy Akick and  axe o ped]

with | fay, bovon to {mpuity  contentration
of B [emd Ao DE[omS Yiving  wedictivity
o e oLPpYO'\\ima’d’- ‘Kat\ae :;‘zSJ\— o 1o ghum,
D A lup of (i), Hypteally A ek, |
‘.‘s ﬁxbl:)h all Svex the  Sorbace o e wodes,
o P’sbtel& tre  covfate , act oar  banyien ’lb
dopantc dow‘\nod proctesding, and pYovide a
op vevally uvlating  Cobietate ot which
dthex lwdﬁj “’\O»U be' olePOSi‘ﬁfd and ,

Po\‘ct@h‘\’d-
:9*'\\\‘3 Sovface ¢ now coveved with o photo-

~esist whith ¢ depositdl Onto tne Wofes,

Unit-1 Pa —'(/3-9




—
and  Spwn o adhieve  gn even  distibotion

! ob “he ~veguived thickness.

HThe  Photo ~erist \cudeY € fhen evposd 1o
quQIo\et h‘aht deouah a wast which defires

“dhose ¥eons vt whith  dkfusion ¢ 4o take |

- place ogethex “with Joscmmﬁox chameu :

i —YThoge  OveOL em(;osed ‘0 W 'moh o&:or; !
oxe pohdmem&d Chaxdned) |, out —khodc —Hne Qxeog|
~equivech Hfox  didfogion  oxe &hte_ldecﬂ ba ~the |
st ond  dprain N OL-PvFecttd

5) There | Oeas flcme Subseqpemfg Te&dxlg

- etched  Quuoy 'baae‘c\nex with  Yhe Urd evlysin

Siog SO0ttt e mo&x Sovfate  is ewpoged ' .

|

| |
: M e window  defined by the  mazxk.

| © The ’“mﬂfﬁ“’g photoesict: 18 ~emeved oud
A thin \oudex of Sty (oldm iy Pical)

Jeown  bvex e entive thip Lovface. i

ewposed. W the  wivdow  defided By the wigsp,

|

(AV\:L-—‘" O 1 s /-"fl




o

®

ond  the Polaatlfmﬁ < depositd oo top of
this 40 own qote  Stwctuye.

“The polygilicon lagev congists of  heavily doped
Polﬂsilicm bld chavmebal chewmrical Vapauy deposi-ﬁor)
Ccudd
1) furthex  photosesist Coating  and Masking
allows +he polas‘x eor 4o e potttrhed  ang

Then e Wvin  owide i€ Yerrdved  to e;l—PO\(’f’

axear o which n—-type impuﬁi:ie_s oxe o ke

A sed Grpose  aveas into  hich n-type

§W\p\x'\’6 €S oxe W pe diffuted o fown e

Sousce  ond  dyoin  Shown. pikfogion i<
achiesed oy heatirg  the wokx 4o 0 -high

tempexatuve  0nd  patsing o gos tontaining

the  desived n- type ?vnpux‘\txd Cphosphvous) ovex
the  Sorface. Now that tne . PokKili con
with  Lndedying By onide and Hhick
onide acts  a¢ wnolksS o\mﬁn% diffodion.

Pre  DYocest 38 Sef Q\ifﬁn?n%.

Wark-1,P5 - |3 /9



© TThick owide CSi0p) 18 ammn oves all again
ond -?S ~then w\-o‘gked with photozesi st ond
etched to——expose” Selected —aveqe—OFthe
Po\ld&ilicon “fate. ard - the dwola ond Sooxeer
oeod - wheye . cpone chont (e contact cotg)

ave o be wade.

Q) Tre wohole Cchip tnen has  wetad (AL dq:o_(red
over, e JSoefote 0 o Maickivecc -haprcqlbd
af A wm TS vnetal \ouf}. 1 then vnogked
ouna e{-c'heck o o e equived onedconnec-
~Hon  potew.
Sommady  oF nenos  Process:-

PiotesSing  tokes place eona  p-doped
Sliton  tvystal Loo:~f€'u o whith T2 &own a
itk loges of Siog, ﬁ | ,
Madk-1" poteen Sioy v evpose the & Suvface
N oxeos wHeke  paths o -‘éV\e AL G on lqa«y}
oY Souxce, ovoln oY '8atﬁ dveas O0f  drangicts
Oxe  ¥equived. Depogit Haipy tnide ovex all, .
POr e, ~eason, the vtk 18 oftn Trawn

as  ghe ' bainow mask | 090 dffoiion  wmagk.

b -, g — 1€/ 24,



Mask-2. Potted  ton  Trnplantotion  within the
Biaok  WRHON (30 depetion ‘ode)- St aligning.

Mosks3:  Deposit pchzsgi\\'mn ovex all (5. Wyick)
Diffuse nt 'xecé\‘mb ko Oeos  whexe N cvide
has bleén "KGMD\I.Q’d- Tyangdistox  dxdive and
Souxces  oxe Hhaue  Sed - Ot“aﬁ"“g Wwith Yerpeet

An dre Qae Stethovec.

Mask - 80w dndek  owide over all and then
etth fox  romtoct tots.

Maoak 5 ©epodit  metal ard Patten ity
Mok 5.

Maski6- would  be  wequived fiyy the over glasrg
Pyoress  Sp.

CMpS - Falmication.

—_—

]

Theve 0 o nomber ofF oppxsache 1o

enot -~ Faloeation, nctuding § pwelt | D n-wel,

2 b0 b and ¥ (o1 (St eon — on - Ingytatey)
Px¥0ocess.

> P-wRll - Pudtecs fo widely weed i packige

Ond the WN-well  Pyocess TS also  populag

U~ Paw (9 /’3}-?._



P—well Dxotess:

A ovel  ovexview of  dne fabwcabion
aps Ty be obtodred W wefexente o
A0S, Noke . taat  Ere  bosiC  Pypeing  Stepg
ate. Sopre . nate  when  Compared to nmeg.

“The  Stsuekore  of  powelt, congists of an

n-type Sobstsale I which  p-devices rray

be —foomed ‘o\a Qurtoble masking ond  diHfgion

ond inditete W0 owder 1o actpenodeke n=type
devices, O oeep p-ell fo  difused ivito He
- J%Pe_ ottt ? |

s rfusion ot be  cawried out With
Sgéﬁjo}\ coe  Jinte  the p-well dopfng coNCerrba-
<o and deph  will  offect e ﬂrv;;efkolo( \Io\'bgﬂ!! Q
o wll o8 the  yeak down '\rokma& of the
nransistos: o Otheve  Low - Haverhpld '\fol'touga_f
(oub to LoV), we need  eithey, deep well offfucion
or  high well i pecistvity

YoweveY, deep welld sequie \Qxaex SPQU‘;&,
bw te noond P- Wee tongistoe 4 wivee

L&Y‘N\ lv—-i , Pﬁ*'?’o/:)'i-



©®

p-wett

tovin

Voltoye Pb\cxﬁ‘ha
1wp OXPOAL Qe elecbﬁco&hd 190l ated.

HoweN €y

‘w0

atke o8 Subttsotes
o e N-gobsteott

Yhexe

Sobtteal®  connections

~yequived,

®

®—

yeshickiong

aYe MW i effert two Subetals

fox the N-devices
and  DYpvided that

ave pbsewed the

(Vo ard  veg) ave

310y

NN N N NN

|

¥

P—-d\-ﬂ:\)ﬁm\ rﬁn R

— s

~N
/s 7

\
W

<t

waiv-1 . Ps — 2 J20



—:-':'— -"""4\ >\>_\: _:‘T

7 T
NN AN A
s LT AN T
\\\\\\\\,\A/\//\\\I\A
R Vo (V2 POXAER RV | RV AN ] ) VP

NSg .

VoB | Vout
AN ANANN ,

N\ AN NN A A R
///4 //\l// ///A////A/‘ //4:/
\

N

A
VN NN NN NNV A AN A A AR
A A ALA AN AN

A AN, A R /R /
U NG NN NG N U L N

P IY Aa AR B A S LY SRR R AN A4

cMos  P-well invextey  Showing  vpp  ondl gy
Subshodte  connections. O

Sommm"ﬂ
— ngkih%, PQH&*«NT\B cmd olFFFuSion..oﬁ(e Saire

a¢ in nmis  Fabvication  anpsthey proced‘ﬁna

$\eps  ave.
Mask A7 Definet 4he  Oveas o whith

Pwell  diffosions Ove 4 +kake place.

boni k-1, Py —na /=,



Magk:@ Defires -Akinon YEHONs, namely tnoge
oxeas wheye Ane ek OWide 18 to be

Stipped Ond  thin  onide. Fown o acomte
o ond n- tonsistors  ond  difosion wixes.

Masks3  vkd to  patten  the polagilfcm taU%
which 18 depocited  ofen  4he +thin Owide

Motk M A oF magk 18 oy osed b define

alt axeas whexe - dfotion Tt by toke ploce

Mask & “This 1$ uevolly  pefovmed using ~tre

Negokive ~Hown of the  p+ ™AIE and . with
molk &, defines -thee gveas wheve ntype
dfusion is  © -ake place.

Mask 6 covtatt COtS  ave now  defned

Magk # The  waekol Wde\r W defined Q)a tﬁ& agh.

MasE§ AN evexall Pwksi\m’doh' Cover 8lagg) Iaﬁ@,

'S VoW applied.

Wtk 1,05 —2.=2 /22



“The el Pyoceser~

—_——

Fovenah oo__onc_ncme[\_xea;.om .

Defive Nos Ond pos ackive
oreos

‘Fed ond  pattom pol\#{uu)n'

| e

l Pt ffusion | .
O

nt QiiHuston

cpn X0t oS

.bﬁposﬁ: ord  Pottevy

wetolizaon
" ot 'H':'.K \onm\ .
y |
Ovex  Ylags Gith wts '8‘[ O
Moain S¥ps in  Q '%NQOJ h-—u)eli ptess.
JNouk
~Noh- W0
NN ANRARY Ns¢
PaX \',// / ::-{/ L A F /\?F A
/\/\/\é\/\/ \’/:/\/\ ~ A/////ﬁ’\r\ 44 ,\4
A st /v 11, JAar A A AAAAAA
M&“A-\_\.{.\.\\\\\ ,\/\/\/\/\/\/\
,\/\/\A\/\A/\/\/\AA/\A/\/\@——P_
r\/\/\/\/\/\/\/\,\/\a\/\/\/\/\/\&)bﬁ“f&

Ukhil—-'-{ On_atrdna



- N-wetl  emoc  Civeptde Oye ol Supevioy o
p-well  becavse OFf the Llower Subttrale bk

effects On  brangistr  Hrveshold  Noltages ord

lowes povasitic  copagtontes aototd  with

|
£&D waiom.

l_T__%_e Twin-tb  Droces:.
LT ‘ |

-_>p. \UZ&\COJ\ e¥ention of e P-well and n

e ~well |
Opprooches 18 e D t0b fopycation Process
Oaeve we vt with o Su\ag’t;ﬂﬂﬁ of h’aaln

Yesishiviy  n-tpe mattval & then cyveatt byl
N-well ool potoell vegiont. ;
:“‘9'—“‘\'1003)“ s o protess it oig Pocible 4
- Pesenie the  pevfowvonce pf no ot Sty
o wihouk compomising the  p-tondistos:

| A
TODORRg  comdl iS wove  weods ly athieved awo|

- Some  welgwatlon i manuwcath)“«\ra “ple vonces

e Mtss e T m‘x’q‘ukmha wportont oy
- fLoxx Q2 \Oli(‘_h“u‘? IRy

= laxth up  Dxoblems  tan ke comid&mb%

|
¢ b tesned . ,'
|
|

| Tﬁd\uted ‘oLd US'\V\% o low- mesisﬁ\lfﬁa EP'\‘cmio_Lé
P-type SubStrokt oy A  Stating matexiol, [

Wi, €3 725/ 3a



Cwnich  Suotequently ok 02 @ vexry 'BW
| vesistonce ound-plane 4o colletk Spbgtrote |
Cuwrenel t i I
N0 |
|
o N
ANANAN ARRQNY S
SN <<V o ~ 7 7 I
f}r//';////f///’-/A/tA(///j///( l
| il . LSRN J\.A/\.AAA"\:; i
? — 2 T2 o v 01 /.._ﬂ'\r\/:\z\l\'(\’\’\"\/\' “@1&
i R i = T | o
el DRI M
N N S T U W N I N A
/|l 7 wsdosate /T /Ly
SN TG 2 o SRS S S
5 rloor b thpmd LR L
p—eltl |
n—well _.
. . |
— n-well  procets  Pexforning -POOC procecs |

= Modexh  pyocess

\ines  axe  pehieued b‘d

connlond r\a

5 00

11 T

\000

bpth P& N wel prYoLegs

“Thewnod - agpetts  OF  Docessing i

——

cNNGS

7.
- Time

i b1 ea-20 e



B

SThe  process  tavolved i MOARINg  Aos § |
| cmos  devices “\Q\jir\% o\i—F-Fe‘c"\na Ng% W\perahme
Sequence.

CMDS pD-well pyotess has o Iy 3" mpevatie
Pl ditfusion  protess CHOo-1350%), the hmos
Peote o hawlna N Suth Xequ'\fement betause

S'{m?lt‘d{jé ond easy o+ Falbicotion.

Beskeley n-well  protess CFoldcation stepe), |

Mosk 1@ Defines the phocposove  dopped nwells

l
&/
Greow Yot owide, then covex  with

Glicon nNhade.
J
Magk 2 defive tetn - ovide Qgveas obove the
p-Sobstsake, leauing atl n-wegions Covere

J
Nitide 18 Se\eL\H\felU - etched oM dhe

segions wheye taith odde s desived

L

Boron  imgont 18 intoduced to att ag
P-type channel Stop

| o

Uiy -4 Pa_oa/1a_



Fie\d onidation I

. , |
Max 3 Nitide layen 13 Qelectively etched

abdve n-woell
J

phogposous  Traplant 1< tnboduced b s

n-type channe! $top 1 the n-uell

i |

The ~erroining nitdde lmde:x 'S etchedf
1

‘lm\s\owc fox rvesho\d adjoStrent
\Y,

Heonily doped (n—type) Po(a&?l?ton NS
d\e‘DDSijcﬁd ONEX md—&x

v |

Mosk 4! Foveotron  of po\édsi\icon qotes of '
n- chonnd - devices
{
' Formed b nt we%{om, 0 ook oreeas |
| nok C.D\erﬁd\'b\d Po\\dgi\rcm Usi'na
axtenic  implant |
Mayk 5. \V;
Coseagton of e ons "ch*m\Jﬁ‘\ byan
\

bnit-1 Pq —2¢/99_



“Thick ovide owvexall

NP

Mask 6! Define  Contatk cute
Ay
Mask 32 pepoctt A’ and patien
L
Mask ¢ Poxival ond rmake Wi fov  leonding
Pods.

—\:_’ﬁ cNp< ”&Chhcl%

— The dwawbatk  of Mo Hethnslogy 18 limited
tood  divirg  topawililies OF MOS  trongicor

- This 1a due +o tne Ueitd  cowert SBUKGVE?
ord  Coxkent Snking. abilides Ot puakd Wwith
both P& h-tsangittore

- Sv BipolaX  bonsittot also  Bryvide highey
oin ond  have  vedten toite  and nigh
-Fgecwehﬁd choyo HERSHCE  Haonn Mg {dﬂh&?&‘tbm
- g% US'\\(\% B omos %&‘cu, < peed up e i

arstoiks
Qp‘s\ { ca e

- AW, Rowm

U\\’\I\"“-f ‘?q .-10/".7—2



— Regisis file
Now conidesing the componsions  bekeeen

e Chovoteviste®  oF tmoe and gipplay k.

cMios iethnslogy | Bipolas, dechhology .

= 0w stadte Powex = High powey  dissipatisn
dissipakion

Ly Ha’h Tnput Tmpedonte (- Lo Tapst Trpedone o

Clow dvve Cuowent) ‘Citgh  dotve osent).

= Stalable N¢ = low Voltage Cwirg (ogic

- HEgh  oise ragin 4

- HT%\\ pachi ng densl ¥y = low \BQQH“% O\EMHa

> Wigh dday Sensitvity |3 tow delay Senittivity
+o \DO\d o lOQd @

- Low dudput dvive -2 Hi%-h o (gm de\h‘nj -
coxfent

= Wigh H ok fow CWwrent

- Bt divectioral Lapability |- Becertiolly  vnidivectioal,

(Dyoin Qnd Louxte oxe

v ies, Q\\o\vﬁe_able) :

J

Wik -9 Py _20/20,



To acheve  newell  Bierde  echnology , corbdining

n-well Cmod  Pxocess  with 4wo  odditipral lqaﬁlg
= nt Subloltector. ond st page layex.

— The PN drantistey 1S fovened. ‘ln an n~welf

ord Bne odditional P+ baze gegion Ts o cated

N the  well to fgm te p-base

xeg\'on af
the txonsigtor- : :
-y The Setond odditiondk layer, boved N+

sobollecksy  cBeed) 18 added: o mredute +he

howell Ceollecte) esistance and thue Tmpye

the  quality of the bipolay  teonsi Stoy-

Ricrmos ~alication peocess C“"L‘-’e”)

——

_—

v

- foldcation OF  Ricmoe T2 Cimtlay 40 e

et but vty w0 gdditionol ProCesting
2ept  Oe

G P bate Y egion
G W Colle clx wooske .
Gi) Ruoded toltectoy

Uik, 05— /.



n-wel Bicm()& Falow cotion Pyotege S“Hps'.

Sma\ﬁ Pol\d S\N(\fle ﬁ&d\hb\‘\&l Steps ‘i
rnetal - crnbs b\Polm denices
(2 cw)

- Define Otdve aweas

= Ford deep vt Collecksy
- thannd  stop :

= Thwechold v+ odjuctmat = Foxwn Pt bage fox biplay
= Dehne poly gatee

2 Powd wiF, Bt o ckive ooy
- defire contadks

- defne raetal  Qyety

Applitationg:.
CMOS Fog \ogi¢ qotes tenplemnentation
B cnos =y oy 7l b § dwviver uxtotke CBuffey).

l\ﬂwoﬁf&ph‘ﬂ Chairing  me-thod)-

- Tt 18 0 peocecs of ’tmmy&s,ng Potiecs of
9RO C Shopes tn o roask o layes of
wodiabon  Sevaitue  Cyedist) wetesial oy COVEYI e

4

Cusloce 6f Cemicanduttsr- toa fex:

i b-1 P -3 '1//%



SOVoR0uL  lithogyaphfc  protess  EMploged N

‘m*fcgm‘dn% VLIT  palexnt On  CSubnthsale .

\itnoqeoph:

B pinied  trge  pyodoced by \ﬁhnawapha
o TN0ge  pyoducted by e{éhfng te itnage onto
oo ot Suvfoce , then €O pying %P etChed Quyface
by Opplying Ink to it ard  Precsng  anotrer

mMmoksiol o Yt -

VAT O\&&i%ﬂ
J
Porexn  Yenexotoy
|
pryeck wrlt Mask.
. |
L . L T T 1 :b
u%h—t THO e\e thon clettson  To0 'x*-Rala k‘ﬂ}”t

S I0 tais PYotes, frnpresirg  Cevevol flat

emboshd  dlabs  ontg a Papth. Every clap hag

L\,W; ‘__ll Pc}' —-33/%



definite  Coloor- oftes  dhhie  work, the Ckt
Pattexns O0xe  twonslved on - worye.

optital  Lthogvophy:.

—The  Aoeoration of pqttemghmqa@ Dell/ & N
photoxesist fn  optical li&ho@xaphud olue to
Vistble 0¢ W ¥odiaony hich  okiliyes

Promimity
O trojetiod  prioting _ | 'S
~ e APOSING  radiotion 1S Jtsdmmr-ﬁﬁd ’t‘mugﬁ,
e ckox Mol HOnSHRing  pattens on Sobttrgle.
. & Tipoting vodiatisn
et T Chwomtowm,
e ReSISE
wbotkoll.
o

Eletton L&hb‘dw{b}\j:

¥ecolution Compawed o optical t'Ud”O((’FfO\Ph;J .

|

L“"\‘"’i, a2/ L



= The é\ecmn lT{ho‘ax&Pl-\U 1S MDs%l\d USed ~fy

Pattevh  Qerevates onetions Such as;

MatK folrication, divect veachon with Sorme
Maltsia)l  wadley Cmo\4 diveet  on watey -
= Theve  are  twp -bdpeé of electon l%oﬁmphd
-Swhmna 'ba{)ﬁ |
* PXOjection -hd‘:.e
= The oupet fownot o e ca e i
convered * ioto foraat of individual Systemy.
The dota ic -then detdrpoced  irito '\C?m‘a(e elernent
Suth an -topeyodial o '&e&oma\ez. baﬂelettw‘n
ewposuxe  rachine
DrHfuden: | | '
~ The  peocker o inmoluu'ﬂa contwlled  amount

ot oko?qn-tg W Semni cpndottovs 1S talled
" difugion.

“The Condu etivity of. S s Cf\dna-eol be cauge
of d'rFFoS:‘bn P“coducina Seietﬁ\lchd hr-‘ttjpe C;U\d
P"*‘“@?ﬁ egons  Yequuves ok diHfosion o be

cawied out ot high emperche.

Yk, Py — 3¢/ 39




= pHFfusion s cawied out at go0-1200'c
=) DHfvusion of bown o st produces p-type
St-and—diffosion of A¥Senic oy PhbsthUg
o & pyodutec n..tudpe o Semi CIDhO(UL‘ED'K-

Ton Im plantation :
ﬁ_—___'-'———_;

“The  protess  OF  wvboduting \m'a’l« enexgy
chavged  parcticles o the Sobstsett called o

1)

Ton Teaplamtation:”. Tt Produocer extemby
thin, Se\etﬁ\fehd Plated  doped \QLJE‘(S- Ton
rnplontation 35 pyeffeved when tmall  aveas ate
to be doped ot towex tempevabures.
Tm \)\awtq{\ o0 Mechanism:. .

A beamn  O0F  Teplanked  jone  with  desived
choar%e o mads  xatio ave aceotuoted  ~atio.

Thete  ione . Wlides with 4ne  Silicon wadey

. ond loxes enevgy The  lose of enexgy toreg
place by & mechanisme
D Nucleoy  Stoping.

1) glectwonic S'tDP'm&

i

Lml\——j,,(’g/——:l,é/:}e



6

<) The 0N cowent oluvin% imP\&n’tOﬁon i<

vsed oy contmllina ‘dopant  dbse “The olamoae'

'ED Stiton  lottice i $ollf lled by Qm\ahaﬁura
'tfea‘cmer\t

Metallizati o~

Metalligaion  is peotece  of Howoatiop  of
fslms

Metal x £0¥  interconnections, ohmic  eontaths and

Wth‘-ﬁdﬁ\’g metal  Semt tonductoy CONL g eks.

> The metheds  Used fox naling  metal
g Oxe  chernical Vapovr Deposition Cevi)

and P\'ud&\‘ml vopowy  deposiion (pv D).

Requivements  of metallijation by vier opplication:
- Low Resi&Hvi’ca

— Ewe of patewn 3:enemﬁon
— N0t Contaminak  devices

= Mechanical  stabiliy

= Pyopvide qood device contact
- bw Shess

Wik -1, Pep 29/



Role of Metaligation in T fabecation.

=3 Metalligation  contdols Speed of ckt by
its Wt connection  wesigtance of the cohtaCJ;.
- 7t decides +he thyeshold Voltage o-f Mog.
5 The Yesistance OFf wmetalligation cause the
ohmic “tontoct The Dhmic Contatt &koulcjf
have | et “wesigtance and  must be T gtable O
Elec{ﬁca(la ard hnechoh.icaﬂy'.

= Metalligation  pyovides 0 Connection o

outside world. ?
T_W&%’m’(ﬁd ' Resittoye ond Qaphd’co*;fg:. * -
Resistonc:

= &0 Undoped ‘G’ highly  vesistive, Ahig o

Proberty o uced to fabricale  Yesishye,

- T mived Sgnal MBS, o weristive meln)
nichyome 1< odded -to high  value,

!
%uqu’hd BELT S,

Y

bni=1, by 3% /30



)

capac‘rtoxs:.

= TThete  Capacitps

— TThege  Oxe xecv,u‘xeo( ‘o Switched (apatitay

analog (bt ond o\a»nomic memy  Cells.

ave  {abwicatrd by (lddira
Ore  ewtro layer of Polté&‘\l?toh by di-H event
-techh'tqp%-

A
/')?0\"3

— - [ Newyth

402

L
rh

|

bonit-1 , R4 -39 J70_



VeV -1 Pq~ Q'OA-?.



Basic electical propevties of Mos and BitMag

" NAAAN AAA DA

iy tuakse
PR AN

D¥ain o Souvte cuvgent IdS veysus vortage

Vds velationships:

The whole (ontept  of the  Mos bopici

develops fam e yee of o vottaQe on the

W 4o Tnduce o thaxge in 4re  Channe by

Souvce i '
N ond o\‘fcun, which may then be cauge

© move fom Soorce A dain  Under e

influene of on 8 feld  cxented oy Vottage
Mig opplied  blw  dvoin  ord  Source.

e choqe  induced 13 dependent on ve,
then  Tag T dependent o both VE ¢ Ve

Toes ~Tsq = O ndued tn chanrel Cag
-0

————

Eeckon trongit  tipve (o)




|

Pivek, tonagt Hene: Tod = Lﬁf\gun of -the channel(y
Velou‘k\d )

but \Je\Dd‘ba Nz Eds
M- eleckon oY hole mobili{b,
Eds— &lertionic ful (4yq )

Now  Ede= Vds
L

SNz M- VdS
L

2
SS9y - L o) i —(®
od A Nge L LV o

‘T\d?{m,\ values of 0 ot YODw emp Qe

Ln== 650 tm|v Let (gmcace)

HMp= Y40 tn?fv Seo (Sudface)
The mn._gammﬁd Tﬁgx‘ on:.

c;\smg%e induted 10 chonrel due o Vg i |
due o '\IDPCO\‘aQ ditfevence t;lw e 8a+e ahd
chovnne! C\fgs) Castume §obshat(d conmnected o Souxce)

N Hhe votto\ae Q\br\a the chanrel MVasieg

R\r\ecrf\\d with  distance Lo He § ourece olue

to IR dyop v Hee chonnel

-4 Pq u/‘l—/;m/



8

and  aStume e device 8 mot Sotuyakd then

the ovg value tg Y_f}é_.

Fovtiex moxee6f gete [vg= v 7]

N - Thaechold Voltage
NoR ot the thasge [unit  aveq s E9 €Tns €

Thue  Trduted Q\\a“(ae Qc= Ea €ine o WL
whexe B9~ € feld

€ne welabive  pexmitivity  of ingolgtien blw gt ¢

Channef
& > Relotive pey vty of Aree Space

W width of e qate
o len 8360 of the Channe!
Ceo= &85 107 Plem)

Céfns =4y +For Sios)

) ) Vg
Now  Eq = [C\Jas—-V 1] D> 0ide thitkne
-—_-_-—__—B_-__—__ &’
Re=  Cns€suwl Vg —
\J ~\ B>
“Taus i [Q g8 V) - ’ )

N ow Qombhnir% €90 f}@) N )

O e I W S



Idﬁ-'*— Eing eolxu)‘ CCV%&“V‘E)"\L%)VQ{S
D L

et k= &ine Co M
D

- W
B-= "\:_L'
Vi<
~Tass B (Lugs-wvas- V) -6

and oltesobive Hdown €@ o tre doan of

gode | channel Capaui tance ®
Cg= €ins WL Cpavallel plate)
)
s k= fing oM S M
b wlL
1|
Id&: CaM CCV%S—V'(:)VC‘S" \J_%_.( )'—@
1
Sorne bivet ik 18 convinient 0 use gake O

Coqxxcjtgnce[omt owea  Cp athey than Ca.,

O Ca = CDwL

Tde> CoR W (ugsuvge- VY
—— (s vige - VK &
The Satovered. egi ;-
SMHDH begms when Ndg= Vgg ~Vt Ohee

ot this  point the 2R dwp in the thanrel

bt -1, 0 =44 /oy



&

ECU..\G].L effechive %oc\;ﬁ +0 'chan)el VOH:ﬂae O‘L 'Hne

dvain ond we May  asfume ot the  COwvent

ernodng —Coavlud conttant a8 Vgt noceages ~Hurthes,

TS Bgcs KW [ vge-ve\-
: T(LS\:‘

Tds= Col W0 CUas“Vt)i ~® |
-
PIeal  Chasa clewi atics - Enhancement mpde

\J;A al'u-\{hai VC'A 7\’5& V‘L
\”__,,_. Vs >~ O Vi

‘\: V&5 -. 05 WM™
- | gj ]vs

/-'-——%*“*-\\_RE.‘%S_ OV vp

Pf—" ) 'vgﬂ oo vy o

]

b i .l ')
| 1

O | oSvP  vbp vAg

Py . )
\ Depletion rcle e
VR _4 [ e
Nag =0 /\\
——_""“-H——‘Jap: =0yl \%& -
/4 ' ——— va\:-m%»
) ! : ] \
E DL RVoD Vs —’\éﬂ.’-

N S B e O e 2= T



Aspecks  OofF Mos  tangistor Hrreshold Voltage Ve

“The Joke couctove  of o Mos Bransictyy

consicte, electacalty , of Chowaes Stored tn Yo

‘diﬁlett(\c \Q\-dets& and e sovface 1o Surface

indevfates 0 well 0s I the Subthate el

Switthing on  enhanternent  mode Mog tongsts
fom e oFf to on Stale  contiske in applying e
Sutfident 80&& Voltage. t0  neutvaliye thege
chonges and <eroble The ST to  Tavevsioh due
o & field fun e gote.

Switching & depletion  wode hmos trangists
Fomn te on o Y O Stott  congsts
0pplying erdugh  woltage to the gate to add ®

™ e Steved thaxge  and nvert the
tonplant vegion to P
The Ameghold  Vottdge Vi mhay be  ewpveued as

\f_t: ¢mg~ Q\B'_Qq_( t9 WN

Co

QR Q\‘\maelom’t axen. N e dep\eh‘on (G.Jder;

leneath the Ovide |

bni k-3 Py — 4"6/:,'-«;__



r'

Qe Choxge dengtty ok Sit Sioy Interface
o C&mﬁ’t&nce! Lhtt gate  ovea
Grog-> WOrk Honction  diffexence

MU—OI ‘CDY

blw qate & .

pol\ds‘n[fcor\ g and S Sobtteate, the
value of e 19 T\eaaﬂve but healf&‘ble.

e mognitude  and 9h of Ve ave thug

detexmired o e balante blw tee “d’f’maim'lﬁ

Negative -texm-%% and other o exms, byt

0-‘: U)hich orxe +UQ,

Mo evalugk Vi eath ey i

oS Lollows :

d etexmigg

QR = \Ja €€ ST (QgHfutVep) columblme.

Bt = %‘ Lo = volts

Q¢ (v tp ) xip® culme .

deperdirg  on cmd:rtql odentation and whee

Ngg= Subgkrate  Wiag Voftade (ve w-v et Soovtefor
nmog,
+ve oy PMag)

bt b~ :L, F‘f\""f‘}/14 =



g = 1&xwo ey
M= Trabudty Contenation i e Subtiwate.
(Mlp OF Np O oppsopiate).
cgy = ~yelalive pe‘sm*\{‘;\ﬁtt‘ of Si=lA-
oo orhangi o elethon  concenteation  C1exioPfem3
at 200 £)

K=8olgmannle  constant = 1y x> Joule | ok,

S | &
[11] |
l

\\\\'\;\‘ il
W,

DI

} ,//// o

AN A ALA A AN

I\AA
Y A/\,\/\®/\/\./\J\/\

A A AL AN

| BOd‘d effect Campe  dewice)
Toe body effects wmay ol be taken trip
actoont Stnce  the Substyal 'm&td— ke biaged

Wt o Lovxie. ‘

Tnoseasivg VSR cavses Yne channel to be

de‘)(et{d choxge Coorrfes  Hhut the Vt 1S woited

bak-1, 8 —yq /5,



Hyypteal %%\)xes o Ve ove s Holipwe

Charge T V¢ IS Ghven bd -ﬁVtZY(USB)\"“
wheve ¥ = constant-
which depends on  Substote  cdoprg  So tiat ™ive
n%m% doped the Jobstrak, the Smaller will be
the loody effect .

Algsnatively, we M™ay  wyite

D
V= Vi (ed+ [e ) o &srap X (Vsg)'le

ing €o
wheye vi0) ¢ threchold VDltagfe fov  Vep 6

T ectoblish the magnitude  of Soth edfetts

\JSQ,:D\J; V'td—"—'-OF‘VDD C=_3-5\l 'FOX Vpp = "PSV)

NVER=25V; Vaqs—06Vpp (=-20V g Vpp= +5v)
Mbos  trone stoy o tonduckonce Cgm) and
Output  torduckante (§de).

Tyane  conduttance ENprecses the welationchrp

blo outpot et 14 oand the fnput \lortq(?g
Vae and T8 defingd oy

by Py —¢5 )79



—— e

gro= &Grldﬁ | vae= constant
\fcd&

To find o expyestion fox Q™  nwng of
ettt and teonsistoy.  PavomeierS, Condidey
thokt tre th‘((ae v tee Channel Q¢ TS Such

Yot

Qc = Q¢
Bkl Td¢ =
Xadg R
Thos Q\\N\%ﬁ N aogvent  3Tdg=s S8
Tl
;R
Now Tass
MV dg

8 OTd<= ARC UV
LL

ot Q\'\Qnaq e G\\M‘ae AR = g &V‘F

Co that dTde = Qa &Vca_g.u\!d_g

e

L |
NDW gra= 83d¢ | cquuvde
Tov: _%

™ LY oo Nde = \f%g__\l,t

-

%m- ch A CV%sﬁV-t) o

L?_—

=

SUN Py _{O/}L



and  Qub S’d‘(\)ﬁ\"% +ov ca: €irg G WL
B

3m= M Cing €p

__‘QC (Vag ~Vet) ‘-"@

Altenatively, Jw= B (Vge Vi)

H 7S possible 4y incyeque dine dm of g

Mos device by 'incxeasina S widdh. Howevey,

this will akp Tnevegge the Tlp Cepacrtance
ond  ovea geeupied

A weduckion N e hannel length qeqults

N an incxease wpy 0wy 4o Hhe htahevam

Hou)e\lezf, e aojh - e Mg device

decveasec owing o ne SoYy  degadation of
+he olp vesistance = ‘/8CL¢.

Tthe  olp Conductonce gas coan pe enpesiaf

b - Qs Ly
O s Gge )

e dhe  Stog dependonte by e

lﬁ\’\%-t\q 19 demondyoted os /Icl(‘:—_') Onel

Tas % () Jov e Mo device .

b, Pg —51/ 7.



| MDS  Avangi sty -Pfawe of west Wol-

obtalned o the  Pavomety W where

= " . \ 3._\ -
Lo ia :%{;C\l%s V-L-)( (m) 0,

This  chows | Aok Sm'rttwrﬁ Speed  depencls
oNn 8°J@ \:o\’co%e oove trrethold and o O
comsiex Mol UJ% and, TWWSQ[LJ A% the SQuase
of Channel length.

As  fose  Cveuit  wequuiver thak gm  be

0l Q\;a;\ os  posSible  Electopn Mobility  n g

Cov) oventtd n-tyee  wersion layer Qo ce (un)
18 laxgey  tan dhat o0 (1) oxtented Swdace, @&
and 18 infact obout dhwee Henes ax laxge og
hole mob‘\'ln‘ha 00 & (1) oniented pﬁudfe frweysioh
loges - Sovtace  mobility i3 also deperdent on

Yhe effective 80&( VD\'@%Q (V83~—Y-t—)

Cov Lol nmos  crtuits, Bea tne

would  Choote o (100  pperked. p—type Sohmfﬁi

it Pq =52/,



o whith  4he  savession \Q‘(’je‘f wlv hove . Suvface

IR wobility  un= 656 U %0 ot woom J@mp

(OMpoge  this ity the typtcal  byik vy lilikes
M= 1950 c.ml/v Se¢
MP = Y806 em?® v gec

oM which e will be Seen ok -'_1_“__.:0;5
AL

whexe o= auvfoce mobility  ond s bylx rrobi lity
“The  pacs  tsonaistox:
MBS bronsistoxs N be used a5 guptch

by Vivtue OF  the Solated nakuve of the gate.
The QQPITQQ*((Oh 0f the MbS device 18 C@UQO(_ ‘

Toe  pass  andety  and switching fogic amay

VoD

, . , | X=nARc |

baiv-d €553 )59




— Pols ﬁ@.ﬁi‘s{m bsed as twitth ard can
tronsfec—logie—levels 4o m dne  point -to-anvthe

— V83 as  Tyoarwmission gat CApplication)

- Moy

* — XOR

D DFIF

O
Trovestess

A0S Tonests:.
— A pasic  vequirement —fox Prodoting A tomplete
“Songe of togic cietite 18 dhe Woweytthe TS s
needed fox  vestoding logic levels for wand and
0OY  Qatts , cequentiak  and Wiempy  €TvCuits of | E

Jofous  fowng.

4 The basic Trweyley Oraldt reguives a rangisty

with  2ooxce  connected o Jwound  and a lead

sesistor  of  fovee Sovt connecttd  Avrn e

dwoin Ond  the  Tnpot  applied  between ol

arc cngouhd :

b1, P4 —StE [faz



Npp — Npp

Nouk Ru
.—'{ (D"O s VUt

NN | _ : .
] &
AT | o, =

ResiStors ave not (On\lthi'?.htlt.d pmduced'on the

Y

'S’ Svbetsalr even ' wodest values  qnd it
e¥in Occopies fovge  <pace.

Thexefove Some  othey formn of Ry (g ~equuiveol aind
one of e Convinent WY o “Colve thig Dmkoh;m
18 o v A DM QnsTY sk e toad

Nob. . e

=0 N

\\m——‘} g
j.. N

ﬁca (2): ML Tvnieyen.

aow,
— with Y0 torcent dudh wofovo  Olp, Yo Jds for

both transisy  voost be  equal.

LJ"\"\‘-t""‘-f--/ P‘g _"313//7.2‘_



SEo¥Y DM horwiSty G T connetked - to gource So

it Ts

) Tn s

Pol-vp (pU) and the EM deviee s called polt-down

alwma»s on (Vg =0)

configuration  dhe OM  device it tally

|
| sond doy
Rl ObtIn  Hne  fewextty  4consdes, chaonacterietics ®
a We Sopeximppse the wge=o, DM chavacteietics
i_
5 cowe on  the "COUmilg 5f  enhantemert mode
j
| Choroctenighics - eosve-
| Nok thek Hhe Moy aotoge  omdes EM
| |
e ¢ Covyes .
| e Porde  to  mintraun Voltage acwsy
DM teansihor
. ®
Lo Tae bointS of e Settion of foe  Cowe
i
] Hves tcansfen  chonacksisteg E
| a5
=0
%SQC\EK’
e HEe ,.,__‘ —-\ -
s — .-N%g—o'gxsobcw)
Vs NGE=61G ¥ O L%'V
1 !r(:
Sl Nggspuvon )
788 : _,____V%:D'“PB L)
\ ‘ \ Vg (th)J
 ONatep) 0B WD NBE

Gowiv—1., 0= S6 [0



Nas CEm)= Vop - Vag (dep)=Vout ‘

\ffa.q CEnh) = vip

—3 N'in

\‘N\'\l =0/5VpD

FiIg wmos  Taveds % transk Chosa desich ¢
- Wott that 0p Vin= Vg CPd A ang st ey dg
Vi tuwent  beging b Flow |
- Toe Voutr thud  decxeages Qnd .‘S\)bsewent ntveaseg
o Vin  will  cavte  the pod tangiotor to Core
Ouk  of Sok ond  become Yeaithive
D N ek pu twongictor g ,wq‘gkhd wesi Stive
0L e pd o on

= OOANY  the  Aowuition, e dope of ChMGMS‘HQ

detesmi nes & afn = Ig\lout
S &Vin

WAE -, Ca — 53/ 50



o
“The  point ok Vin= Vouk = 1€ denotd 68 Ny

ghited oy Pull-op and pult-dowp  vesistantes
%P.O - '-;> %':_L_
p-d W

A DNNGUOD  of  pull-up o pull— dbwn xatio

C’%> Loy 00 hmo_g 1 havevter  dodyen by

anptihexy oS inwexdes, ®
Jin vouk | 5
y 3 et and
ci% N\ 0% N\\IQ‘(&U? d‘i\\ﬂ—?ﬁ G\N ; ‘d bké ‘the‘(* l
Tvexies.

cbnsiole*‘ o Qﬁ(\gonchﬂment, n whidh an iwesto,

| | @
19 dedven BOD e outpt of  Qnothex Similag *

Verto

corgidex the DM (pepletion vooded teongdetnr

e e T——— g 2ok e

Hot  which '\Jaf 0. under  all QO\'\O\i‘HOM, "FUTH’\%
Oonae that i Oydex 1© Cascode WANE e
wHdnOwEk deamdoitbﬁ of .‘Neu.

to

{

whte ave Cﬁmina

weet e vequixement: . .a.

P (Rt Tkn —pr e " L - J

Ui k-1, ()cy—s’%’/%__




Vin=Vout = Viow ' !

Fox  equol Tnagins - oxound  the  Taveviey Hvedhold
we ek Vinw = 0.5 Nob.
At Anis  poiet  beth  dongstons axe i .

Sotoxation ond  J4¢- K-t ("vaghvt)a

2

Tn e .M \I%=D

STdges ROWPU AN\
Lpu C = )
ord To the €M

wWed iy Vi Y
Sqe = . Hre ( W ) (-\j =\
d Lfd 3 8 ‘YW)

E%&ﬁﬁac Wnte  toenms oxe e Soume) we ha«ne_

}/- wL—‘:i'_ (\”‘(’N -U-{:SL - )( w C__\H_dYI—
Z Lp.L 5

wheve  Wey, Lpd ;o WP, Lpu Ove the  withthy

and \f\’\ﬂﬂ\& of pulh dowd  oud PUN-0P Hrargicton
'xes?e(h'\felﬁ.

_ lpd oy
2Pd' } ?.P §) = LPU
W pd Wpu
we hove - RRTEN 76, R NN (UEVEST RS
1pd Q\Iw\\ ) 2p0 ( ‘U

WNboq | Pe—$9/a,



Now SubSttuk  Vin= Vipy = 0:5° Vo

\/_t':. 02 VpD

\/{:d: —0:6 VBD

5 ‘ . C'_ \Jﬂ‘s’-
L VT B
= 2 PV

Vip-VE_ V)™

2pd TPV
' _ “Ad
Hence  Niaw'se Ve
&Pz

\/-t: 0:2\ DD \H;d: —0+6 VDD M

-

\igw = 0+5 NDD : ‘

0.5: 0‘2— "‘___0_‘_5____

2o s

pofpd T i

ond W EPY .M
2pd s
Boy G awesdo o\i?@tﬂa d\mentla antthey
ey \o\d Rl
A’ L] , -

¢ Poll-0vp W pi-down ~0ti 0 for 0N Ywn(g

o 4 i . |
PNAS  Oedgen -wmugn Onve  OY Wove Page
tsons ¢tose.

tonl -1, 0q —60/2,



®

considex  +he Oocmnazzrmnt, ‘n;\ which e tnP;;t
'tO. Wuees & comes. r{lmm Yre Output of NVERG 4
but pagses *’dmfouah Ov.we oY coore DS tvongf Staxs
0w 8 quikthes in  Sedes Ccatled PASE Acongctg)
cornection of  pags - orsittixs 0 Sevied will
o\e%mde doe logiea level trto  inwerlt & 't et
oukput will not e & propex  logre ‘6 tevel e
cdbcal tondibop i when  point A T3 Ot 6ot
& B iz ot vBd, Vit e Noftage  TOtD Tewevies o
ok point ¢ f¢ VoW yeduced oo vop by
Hvecho Ld Nottage DF the Sextes  page teongisto

Nin A Vouk &

S |
# POU-UP 4o pull down oo Lo '\'n\leh‘bad logie
covpled. by Pate tsangichx: Lo all pace tongetoy

Joter  conneckd O b, theye 13 o loce o Vip,

trevefore, the ip Noltoge 4o tww g g

\I{n = \’DD_ '\].tP

otk Po— 4f 2



4
|

i
|
i

§
]

Np— Thvegholdl ‘\lokmﬁe “$ox a Pate tongcty.

we waust now  fnsore Yok fox thic Tjp Voltoge
we et out the Sawre Vottage ox  tould ke Uy
cate -foxX Tnvextes A dviven withn i|p = Vo,

Contider  Indexits 4 withy flp= Vpp

T the dle it ot Vop, dnen fpo PO tangictd
Ty 13 condutﬁra bot a tow Voltage acxoee it
L Th T8 Tn weRictive NRFOD  wepvesented ‘ba R,
Mean while, e ©U oo T 72 in Strtuxoitr:or)

ond g ~€epxe&m@o\ A cowert Cpuy ce.

0% N = ko 2B .
Cox e pg Wonkittor, Tg¢= k Lgd CunD~ViIvgpa

——Vd’:c)
N Nag e

P Sy

. R\:— Ndgh
Td ¢

i Cy BV~ Vd ga
o4 Pda (yp-va- Va<aY

Nl A f¢ Sraall Gnd Vden .

P Al T Te
v b i = e
RN
I\ T
™ [N RNTLY: 3.8 Ml
NIV _ = \i LOD

T A with Vi = Vop TN with ilﬁ:\ﬁb,p‘;'\!-te

v - N

./3—7_,



N le-—\ﬂ:') - )

Thu Ry= L 2
A)S \ g ?di\.(

NOW, fox DM PO in Satuvation with Vgg =

Ty= Tdes k. WPVA  ygyy?

thor -z @
“The pyvodock TRy = Voux &
Noug A = TpdA Cu ) __@
TPys  QUdpd-W)
congides Inva. :
when 1P Nins VUpp —Vip
AS Hor ety A
Rg= L 2pdy ——
| 3 | CUDB-HP)-vi , .
Ta= ko %llui’- C\J’Jﬁj

.'-\lo\_& = Elkl = %._Pﬂ'_
Pyl

((\ltd)" -
a (\mb-\i‘cp~"‘c)) 0

Mo e caene olp voftoge  undey,
Hrese Qo'nd‘\‘ciom then  Voura = Vowkd

€ Tw e

' -

Trok T2 Ilgl: Ty Ry

“oZpuL . ThuA
Z Pd2 ZPd L

r

(VB D-V4) .

—

(VDD ~VAp-Vit)

1
Uk~ Pa—L2/2a



heve  Cobttrtotion Typteal . Values oy '\/‘t’:o‘z\'fﬁo

Vip 2 0.3 VDD

—

tPd2 FPd A

THUL _ ZPLA (\j\)b_g.r\lDD ‘ P
VDD 0. IVHH ~012VDD

- 2PUA Co‘g)' | fa i
2pdn NO'0
- 3 %P“'&) ' . ;
%PQ‘Q— r" ‘?.'PUA ::i

9&)('3*:—&
I

L

L)
- A b g

SURNrNaNing 40x nenos Trwew,

-

B0 et chiven  divettly for olp of andlives,

D AN dweds,  deiven  Wowoughone O we  pad

Londttess | Chold Nove o ZPO e sein
- 2pd |
Alevnalive Hfoame oF  pul-up (Nordous pull-opls
BP0 now  we have omtumed ok e invents
Ckt hoa O deplevon thode Bol-UP trangtid
s kS lood: “Theye axe U \east polible

o\wm\%q nents-




H \oad esickonce CRLY: This oo angement g

not often vsed  Lecquge of He laxge  Space

TeQuavement OFf  Yegsictys P¥oduced fn a Stlicon
Substrade.

Vpo

Ry

Vout

Vin ’

AVANK . i 7
Canp)

HYLD Resictor  pull-up.

2) NNDS depletion mode  tsonsistoy Ipo\l-up
(o) pigtipation 1t high Sinte vail Yol cowent

o when Nty = logical A

© Switching of olp fom A to o bea;m' N V‘m'
enteeds gy b P4 device ¥
(o) when  witthing the  olp foro A o 0

/ 'ﬂr\ﬁ pu=
devite s non- Soxuroaked inttially and Hhig me&%.

IBwes  ¥esidtance ﬂnmu%{,-\ which +o thrae
Copadtive loody.

bnib—o, @a —( €/ an



\”—‘;“\5/ non 36 ofp
Se__
G\ﬂD b /l\ ﬁ'\}m

£590). nnoe  depletion enode tvontistoy  pot-up andl

tronsistoy  Chaxoetenistice - '

) Vo Enhancement waode  poll-up

) Distpation ic Wigh ‘gGnte cowent flows whep
Vip s \O%RLOJ A (Nae 1€ ~etuenad o Vbb)

() Nout (@n Nevey -yeach Vop (togied 1) i Vgg=vpy

(O VoG ™oy be O\E.S)T\;'Qd 'me G Stf)i"’cchfr‘g &o\m_e)

ot Ore phage Of tlotk, So that diggipation cap

be %QQ{}J& weduced. 3 .

@) TF Ve i€ highes dan  vop Ao an
exto  topply 7wl {3 yequived,

M) Qomp\ementmf\a Tonui ttor \3\)11~LL{> (emog) |

©) vo Went  Hlow  eithey 1034‘t 0 0¥ (ogzg_um

(b Py logic & ondio fevele oxe  Pregerted ot -the fp

Ui =1, fa,—(b /?“7—-/



®

() Fo¥ devites of Sivmitax  ditnensions te P~C‘r\um}eﬂi}

18 dowey thon Wne N-tharnel  device

¥ The CMDS  Tawvedey -

a&neml mmn%emﬂt ard  Chayo (o i ave:
Nushotd below  with wwah’c\wmae Xe\a‘dcmlwfpf

Lo e Mo trandidhy May be witth,
Tac= K"% (Vﬂs-\f—t)\/dg— .\’_Q'E{_-f
2
n e yesithive ¥egion, 0¥
— _ L
Tae = k12 Cvas;\fg) _

W Sotordlion . '
Tn  both  cuer the fatkoy & ig g Jced—\mlopa
deperdent  poarnelen  Sueh thak

k= &ing 8{5 M
—

The  foctoy wit T8 of caurge, wn’aibﬁﬁd bgﬂt

rorrty and K g cComMmMon  pratkice o wele

- bW
ps H2 ,

rj—c'_(.= _g_ C‘\]ﬂ_q._\}_tjl

whexe  gn= k. Wn
tn

Bp= h'% Wn §ln, wpg (p

OXC  the N p_dsonaitise diveeng ong T&PGC‘HVE%.f
/

bniv -4 Qe - f:?'/’_‘l_a



—L P '
VAL
C Nl

L
Tyorsle  dnosacgigice  CO) Lo Tewgktey

(0> eros el )
Ive Vi

et

opesation: CMDL  Inved have five dighntt ¥egiong

o opevation. considex &\:&dc condition  Ast, it hra
be Seen Yok

Yegona: Fox which V= logic 0, S the  p-bronsicts
g folly towmed on while the - trongttr fe Aolly-
foened  off. TTul o cowent fows trough the

dowextr ond e Olp T dm&ta connetted to v
tvough e P-tans stot

SNpuk =y Preset Qood  fogic 4 gfp

1
TN ¥eY06 b vhen i e logic 4 | the w trongicwd
i folly on while the P—'t(wm'hj(‘ e Jolly off.

ﬂ%&j\n ng  towent FTlowe ond o %ood logm'o

oppeaxs ot the  ofp.

Unie-y, £ (€ /:),L/—



N Xegionq: The ilp \lb\tO\aQ (vin)  has inm%go(
0 o level  whick Just eateeds the thyeghold
Voltoge  of e - tranistor -

The  n- trongictor conducks and  hay ¢ lQ\r@Q

Volt&ae blho Sov¥te  and  doin i+ 12 in
Sotovation Tea{on.

Tre  potronmisioy 38 alep Cbnduc,h‘na but

with only a  Lrall Voltoge aevoss it, ft opevaty

0 vnSatovated. 0¥ | Yesictve 'xeafon.

A tmall  cowent £ tough tre  inverter
"&D\;ﬁ NOD to Vs T we wamt o oma(ﬁae “the

behavioer of this  Yegion, equating  podeyice

~e Qi S ye _"{-Q%{'On Tde= N~ device SQtUKOH:{Oh YQ%(O&Q

CId Q). Thog Obtadn  vyg & Id,c. velation hipe

Regonw 3¢ s Siwilax o egiona bt it

the ~oles of He PGD 't(QMI&'t'O‘(S NeNeY Se of
(P - Saturation)
N~ yesittive )

t

covcent  magnitudes We gl
Regfon 21 1n whiech the  javertty evhibite o

0nd i which oth  Wangstws Ove in Sotuvation |

baie-4,0q —49 /5.4



‘»
|
E%@&E‘FO“Q cowents tn  eath devite must e

come. Sincte the tonsistoww ave in Sex\"ez,
Lo we ‘mcud LN '

Tagp = —Idsn
Tatp: _B_j, (Yih—Vbb—VtF)L C‘"Vgll\lihrvob%" p;mos)
Tadh = fi;l (\J‘\h—\‘t\l’\)* C-Vge=Vip fox  nwnog)
Ccovn  whnich we  Can expyets N totms of

R xokio

Vinz VoptVept Veo (Bnlep)i®

v (Enlee)t |
l
= ¢y both ave ack op  wowent Eomrté o -tl—\a:lci
‘e emuudlmt (Kt M g *&ea{on i< twd
o ent Smrc.tes W tesies blo Von & Vag.

(T pnsBp § M Ven=Vep AV

DN

A chavoctenistics  with Rxokio




The  torudfy  chaaotenishce Ove ghtexwed  at
Vinz 05 VD

Nin s Vout = Vi =015 VDD

teye gn=pp otwe ot moblc{—d

JJF = My WP
P Lp
we PYT: ep length & width watio ot

Lp tn P denite TS Q&) 3 timen that

of n-device
M= My @-— 95(03_—.(-\1{)) ®- tonstant =0-05

A2 3 90v0 Acaravere feld.
Bremps  Tovexten

Cormnpadisions of Spwe PAYOYNHYS  §y BY T & Cmag

(Mo | Ribolay
D Tac- —L—LS}-"—% C\ias-vt)"' | D TcxTe eLelkr
Daw: @R (ragylle Dom=_~C
2 R (T | 3 ‘ =
3)) 'Ids g: M(O \ — L 3‘ = 5 = \ 5 i
I aL* ( iy Ao ) 3l RG ,m i
‘t'r‘dﬁg‘ ' -1—;%- cuscent [Ayeo. and ?\Bb) base Yu\ﬁwnce |

(o-3b%¢

| T gg b%e 'E(O!M\’t ’nme(ie&?)

b 1 fg /:H/'-]-‘L-



i e e

3> we may  ceet that BYa fox  bipolan T
5 Hdeoes betdty ton ok of cmoe.

RicMoe Tovewted . | | |

VDD

— [ oy
, ./'Ta.
SO >
H "l's.( 2 A | ;_
o

: H : Giop (veg)

A Simple Bicmos  faverty.

AS Tn . nenot ard embg logie civtdany | the
basic  logic elernent 1o e owewe  Che-

Lhen dedigning - with  Biermas M ™ind, the

loo@'cgl OPPyoath i2 4o ote MOS  guitches 4y

Pecforn  Hee (oa{c Hfonecioh  ond bipola «hw,gme
©  diive the olp loods.

|

4

l.)\-\’l;\'“—j-, P% .—-}7_;;—1.,——-



