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MOS (Metal-Oxide-Semiconductor) Transistors
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e MetaAAkol aywyol (maAata: kot n muAn = ovopaocio MOS)
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ANN 0N N-Channel MOSFET: Physical View
Tov gate

“MOSFET” source

Heavily doped n-type
diffusions

Polysilicon wire

Inter-layer SiO,
insulation

Very thin (<20A) high-quality
SiO, insulating layer isolates
gate from channel region.

Ips x W/L

Channel region: electric field from
charges on gate locally “inverts”

type of substrate to create a
conducting channel between

Doped p-type silicon
source and drain. pec p-yp

Gallk substrate
MOSFETSs (metal-oxide-semiconductor field-effect
transistors) are four-terminal voltage-controlled switches.
Current flows between the diffusion terminals if the voltage
on the gate terminal is large enough to create a conducting
“channel”, otherwise the mosfet is off and the diffusion
terminals are not connected.
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To pev A NAEKTPOVIWV LECO OTO KOVOAL

Gate electrode Source VGs Ups
Source electrode Drain electrode O
o —eee () : - ar
== Gate (Metal) <= Oxide = M.d l
P electrode
flow of electricity
Gate insulation film
(Oxide film)
|
p-type Si substrate p-type
Construction of MOSFET l

(Substrate bias)

e Otav n MUAN «BeTknN», EAKEL KOlL CUYKPOATEL NAEKTPOVLIOL
OTO «KAVAAL»: UTTOPOUV VA KLVOUVTOL OTIO TtnyNn o€ Kataf.
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To tpaviilotop NMOS cav «OeTIKOC» SLAKOTITNC
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To tpavitotop PMOS ocav «apvnTLKOC» SLAKOTITNC

Open switch
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Buoata
KAToloKEUNC
CMOS chips

e eTloTPpWON PWTO-
guTtaBouc UALKOU

* tpoPoAn oxebiou
Qo ULKPOPIAU

* OKANPUUEVO Pw-
ToguTIa0EC WC
LALOKO XN LKWV

e ava Kat Eava...
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1. Grow field oxide

OX.

p-type substrate

2. Etch oxide for pMOSFET
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p-type substrate

3. Diffuse n-well
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4, Etch oxide for nMOSFET
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5. Grow gate oxide
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6. Deposit polysilicon
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7. Etch polysilicon and oxide

p-type substrate

p-type substrate

7. Etch polysilicon and oxide
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8. Implant sources and drains

p-type substrate well

9. Grow nitride
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11. Deposit metal
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Ta tpaviiotopc CMOS wc ALOKOTITEC
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tpaviiotop NMOS: cuumnepldpepetal wC «OETIKOC» SLAKOTITNG
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tpaviiotop PMOS: cuumepldpep. wWC «opvNTIKOC» OLAKOTITNG
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Ta tpaviiotopc CMOS cav tic emadec HAEKTpOVOLLOU
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NMOS («BeTIkOc» SLakOTTNC): OTWC KATW £Ttadn (evepyomoinong) peAe
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PMOS («opvnTLlkOc» SLakOmTNC): OMwc emavw emadn (npepiac) peAe
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[MUAN NOT: mpwtn npoomnaBeia (dev dSoulevel!)
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Tpavliotopc CMOS: EAgyyovtal amno Taon!
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xovtal

ano
Peuua!

TLTaon €xeL €vog
KOUBoc uovwue-
VOC QITO TTAVTOU;

* [tat Alya ms, 0,TL
doptio eixe peivel:
«Avvautkn Mvnun»

*Yotepa: Ayvwaorto!
(Pevpata Atopponc)
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(2tatikec) MUuAec CMOS: Mavta odnyouv thv E€odo
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Zrotikég MoAeg CMOS  Auvvaypukn  Apvwor Tdor),
Eva ko povov éva Aiktuo  Mvnun - KoravoA. Peul.,
(pull-up/pull-down) ayet Experts Only! Kivbuvog Yrep0.
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O Avtiotpodeac (muAn NOT) ue tpaviiotopc CMOS
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* PMOS onwc Kat pe NAEKTPOVOUOUC: apvNTLKA emadn
* NMOS: twpa 10 XpeLalOUAOTE KOl QUTO... (emtdpevn Siad.)
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[MUAN AND: mpwtn npoomnaBeia (dev douAevel!)

o 3

-+ | 77
e 0 40 AR ! sv 35v AB??
! | >
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e Ta tpaviiotopc NMOS bdev rmepvouv KaAd T¢ PNAEC TAOELG
— YLA va. AyouV, TIPETIEL N TACN TNES TTUANC TOUC VAL ELVAL ONUOVTIKO,
unAotepn amo TNV TAon tTNE INYNG Touc (apvnTikn MAELPA KAVaALOU)
— 01O KUKAwpa 6e€Ld, ya va avaBeL To aplotepo Tpaviiotop, N mnyn Tou
(6e€Ld) Sev pmnopel va aveBeL Tavw oo OpLOUEVO OpLO: SEV LAC KAVEL...
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Avtiotpodn taocswv Kol oAkotntac: MUAn NAND

* Ta tpav{iotopc NMOS eivo
KaAQ oTnVv KaveAkuon
—taon nuAng “1” eival onua-

B 5V vTikd unAStepn amd Tdon
@ RV (OV) = dyouy kehd
5 puli-down = NMOS ev oelpd Sivouv “0”
_ g¥ part of: otav A==1 KAI B==1
>

A oV - ov - AB = WOoTN KoOEAKUON yLA
oA NOT AND = “NAND”

/117
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Aiktuo AveAkuonc: Auikn tonoAoyia, De Morgan

A oV pull-up * Ta tpavllotopc PMOS eivai
> part of: , ,
+ A A © KaAQ oTnV avéAkuon
T5_V::: £y AB, . AveAkuon = OXI KaGeAkuon
B oV o — Eva kot uovov eva amo ta
L ’ ’ ’
1 o— dlktua pu, pd elval tavta ON
— mtavta 6ivel tdon otnv €€0d0
B, 5v P u//—dov.vn —toté Sev €06Vl (otart.) pevpa
5\ part of:

L

* Aiktuo pu = Auiko diktuou pd
— KoBEAkuon otav: A-B
— aveAkuon otav: (A-B) =A" + B’

A ov ov AB_
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[MUAN NAND: NMOS v osipa, PMOS gv mopaAAnNAw

+ + + + +
[Jjgb ;%b ;b J%b Jjb
L-- (AB) J:T- 1J:T1 1J: 1J:-1 0
A 0 0 1 % 1
B [ o i 1 0 1
1B L 11 L 1
-1 o— 77;7 77;7

* E¢ob0c = 0 (kaBeAkuon ON) otav (A==1) KAI (B==1)

* E¢oboc =1 (aveAkuon ON) otav OXI (kaBeAkuon ON), SnA.
otav OXI [(A==1) KAI (B==1)], dnA. otav: (A==0)H (B==0)
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MUAN NOR: NMOS ev mapaAAnAw, PMOS sv oslpa

+ + + T+ '
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S 4 4 4
—] [;';l] = — o ;F* Hs ﬁ?;%
A B 0 0 0 1 1
Do pe

* E¢oboc = 0 (kaBeAkuon ON) otav (A==1)'H (B==1)

* E¢oboc =1 (aveAkuon ON) otav OXI (kaBeAkuon ON), SnA.
otav OXI [(A==1)'H (B==1)], 6nA. otav: (A==0) KAI (B==0)
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O (otaTwkec) muAec CMOS sival mavra AVTIOTPEDOUCEC

«Avodoc» karolag eLoodou amo 0 oe 1 eite dev emnpealel
tnv €€000, elte mpokaAel «kaBodo» tnc e€odou amno 1 ce 0
* To Siktuo kaBeAkuonc (otatikwv) CMOS navta pe tpoavl. NMOS
= Avodoc karmolac etoodou avapel kamoro(a) tpavl. KaBEAKUONC

= Avodoc karmolac eloodou = diktuo kaBEAKuoNC: lte LEveLl oBfnoTto
(eav Tpavl. mou avaye ev oelpad Pe oBnoto), eite avaPel

* To biktuo avéAkuoncg (ot.) CMOS navta pe tpaviiotopc PMOS
= Avodoc karmolac eloodou ofrvel kamoto(a) tpavl. aveAKUONG

= Avodoc karmolac eloodou = HLKTUO aVEAKUONG: ELTE LEVEL AVAUEVO
(eav Tpavl. mou €oPBnoe ev mapaAANAw UE avapEvo), eite oPnvel
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* JOKKOUAQKL e OLKA oag, EWC lavouaplo
* [Mpoooxn — ta mtodapakLlo oTPABwWvVouV
e Eykomn aplotepa, apiBunon pins ano KAtw aplotepa
* ouvnNOwc yelwon katw 6g€Ld, tpododoacio MAvw aApLOTEPA
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Nwc va (unv) kataotpewete/kawete ta Chips (1/2)

* 2TATKOC HAeKTPpLOUOC: EkpoptioTeite!
— aYYLETE KATL YELWUEVO TIPLV TA TILAOETE, KOL CUXVA 000 £pyAleoTe
— TNV HETAAALKN TTAAKA apLotepad (R TNV (aywylun) emipavela
epyaoiog, udpavA. cwAnveg, tpito nodapakt mpiloc couko, KAT.)

* Ptiaéte To KUKAWA Le 08noTo TPoPoSOTLKO
— eA€yéte TO £TOLUO KUKAWMA KAAA TTPLV avate 1o TPodPOSOTIKO
— ayyilete ta chips va olyoupeuteite otL dev Kaive, adou to avate

* MMpooavatoAlopog chips kot apiBunon Twv pins: cwota;;
* [lpoooxn: l'eiwon — Tpododoaoia ot cwotd pins!
* BpayukukAwuata EEodwv;; (emduevn Swaddvela)

03b - CMOS Transistors & Gates, ta Chips tou Epyaotnpiov - HY-120 © U.Crete 20



Mwc va (unv) kapete ta Chips (2/2): BpayvkukAwuota!
—P>o— ¢ lNa kaBe nA. koppo, uia kat povo uia
Do  «Tinyf mAnpodopiag» va tov odnyet!

—)] Do+« Efodoc nUANC = tnyn mAnpodoploac
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. AML(bQ' «TOOKWHOC» TIOLOC SLVEL TLUN
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AvVOLKTOKUKAWMA (aiouvdeTn
£L0060q nuAnc) oe CMOS =
ayvwotn tTun (6opufocg)! 20, #1
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- e Axpnotlpomnointeg elcodol
+.j> B TT - 6 4 “_n x
PETIEL VA OUVOEOVTOAL. N “t7
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BpaxukUKAwMa E€E06wv = MoAU Pevpua, YriepOgpuovon

y !

_|

l;

+

0?77?

* H puia mUAN-rtnyn AgeL “0”

* H aAAn ntUAN-rtnyn AgeL “1”
* O kKOpBoc Ba €xel uia Taon
* TLtaon;; MaAlov akupn!!

e KaBeAkuon mpwtng tuAng ON
* AveAkuon Sevtepnc ninAng ON
* [MoAU pevpua!

e YiepUepuavon! — Kivéuvoc!!

 YrtataAn Evépyetloc!
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Aok. 3.11-13: 20vBOeon KukA. armo Mivaka AAnBeiac

A B |06ovn en—0o—
a2 g0 g © g’ 1
A ¢ flilb 01 4 *f=A
51 [ el o 10 £ ed=A+B
S = *a=d = (A+B)
CCoA 4B
* b =equal.f=A-B+A-B’

* MeBobikoTEpPOC

A
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1
) TPOTIOC: EMOW. §4

B b
0 1
1o o
0 0
1 1

S = N =
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