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Transistor
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B Polysilicon
Metal

B p substrate

0 n material
SiO2

Silicon (TTupiTiO)
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[1paceIc ye transistors
X —




[1paceIc ye transistors

1 x=0




HAekTpovikn YAomoinon TTuAwyv

Av ovvduaooLYE, UXTAAANAX OAOYATIOWMEV, LeYaAO alid ToavioTtop umopobue va
DAOTIOLY|OOLWE TEQLOCOTEQEG TLAEG GO OUTEC TOL AVTLOTOLYOLY GToV o0 aEBPO
Toav{loToQ pepovepeva. Avaroya pe Tov aptbpo twv 1paviioToQ TOL YOYNOLUOTOLOVMUE
TOOUVTITOLY Ol TUOANATW TEQITTWOELG:

Ap.. oo
SSI Small Scale Integration ( 1960 )
- o, ~100 MSI Medium Scale Integration
1950 ~1000 LSI Large Scale Integration
- ~10° VLSI Very Large Scale Integration ( 1970 )
~10° ULSI Ultra Large Scale Integration
24 2000 (VLSI) 2021 up to trillions....

To VLSI/ULSI eivor pnpd, mopovotd{ovy pnen #otaviAmor] NAEXTOMNG EVEQYELXS

(epor exhbovy Myotepn Oepuotnta), eival a€lOToTH *AL TO KOCGTOG TAQAYWYNG TOLG

CLVEY WG EAXTTWVETAL. 10



Ap1Buo¢ transistors per circuit chip

Moore’s Law: The number of transistors on microchips doubles every two years [oBRWlE

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. in Data
This advancement is important for other aspects of technological progress in computing — such as processing speed or the price of computers.
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AANOEC (1) / Weudeg (0) - 0/ +5 Volt
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« Kard tnv nAekTpovikn uAotroinon Tuttou TTL (Transistor — to —
Transistor Logic ) avnmmxi{oupa TO AoyikO “0” (peudeg) ye taon O
Volt kai 10 Aoyiko “1” (aAnbeg) pe Taon +5 Volt. Opwg 10 aAnbeg kai
TO Yeudeg OV aVTIOTOIXOUV PE atroAuTn akpifeia ota +5 kai 0 Volt,
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>uxvoTnta YAoToinonc AoyikAC TTpdéng
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Kataokeun Transistor
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Kataokeun Transistor

1. Sand (Si) 2. Wafers S
2/4/6/8/12
inches

(’ﬁ"‘"#”_\\

4. Wafers with several layers




Photolithography on wafers

https://pt.coursera.org/lecture/nanotechnology/photolithography-sample-patterning-demonstration-TdtAR

Photolithography

Ultraviolet Light Source

| Mask

T

Silicon Wafer coated with Photoresist B} alamy stock photo

REF: https://billgascoyne.wordpress.com/eda-in-a-nutshell/



https://pt.coursera.org/lecture/nanotechnology/photolithography-sample-patterning-demonstration-TdtAR
https://billgascoyne.wordpress.com/eda-in-a-nutshell/

Photolitho

/lecture/nanotechnolo

L= = Heddway Research, Inc.

Photoresist Exposure



https://pt.coursera.org/lecture/nanotechnology/photolithography-sample-patterning-demonstration-TdtAR

Kataokeun Transistor

Bl Polysilicon
Metal

B p substrate

0 n material
SiO2

www.cmosvisi.com/lectO.ppt
http://lsmwww.epfl.ch/Education/former/2002-2003/VLSIDesign/ch02/ch02.html

http://lwww2.renesas.com/fab/en/line/linel.html 20



Transistor Cross-section

B p substrate
0 n material
SiO2

]
Metal
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—> Cover wafer with protective layer of SiO, (oxide)

- Spin photoresist

- n-well mask

- Etch oxide with hydrofluoric acid (HF!)

—> Strip off remaining photoresist (Piranah!)

- Place wafer in furnace and heat until As atoms diffuse into exposed Si
—> Strip off the remaining oxide using HF

- Deposit very thin layer of gate oxide

—> Place wafer in furnace with Silane gas (SiH,) to form polysilicon

—> Polysilicon mask, etch oxide with HF

—> Cover wafer with SiO,

- Etch with HF to expose contacts

- Sputter on aluminum over whole wafer and pattern to remove excess
metal, leaving wires

0: Introduction Slide 22



-> Cover wafer with protective layer of SiO, (oxide)

- Spin photoresist

- n-well mask

- Etch oxide with hydrofluoric acid (HF!)

—> Strip off remaining photoresist (Piranah!)

- Place wafer in furnace and heat until As atoms diffuse into exposed Si
—> Strip off the remaining oxide using HF

- Deposit very thin layer of gate oxide

-> Place wafer in furnace with Silane gas (SiH,) to form polysilicon

—> Polysilicon mask, etch oxide with HF

—> Cover wafer with SiO,

- Etch with HF to expose contacts

- Sputter on aluminum over whole wafer and pattern to remove excess
metal, leaving wires

Grow SiO, on top of Si wafer
900 — 200 C with O, in oxidation furnace
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—> Cover wafer with protective layer of SiO, (oxide)
- Spin photoresist

- n-well mask

- Etch oxide with hydrofluoric acid (HF!)

—> Strip off remaining photoresist (Piranah!)

- Place wafer in furnace and heat until As atoms diffuse into exposed Si
—> Strip off the remaining oxide using HF
2.

2.
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—> Cover wafer with protective layer of SiO, (oxide)
- Spin photoresist

- n-well mask

- Etch oxide with hydrofluoric acid (HF!)

—> Strip off remaining photoresist (Piranah!)

- Place wafer in furnace and heat until As atoms diffuse into exposed Si
—> Strip off the remaining oxide using HF

- Deposit very thin layer of gate oxide

-> Place wafer in furnace with Silane gas (SiH,) to form polysilicon

—> Polysilicon mask, etch oxide with HF

—> Cover wafer with SiO,

- Etch with HF to expose contacts

- Sputter on aluminum over whole wafer and pattern to remove excess
metal, leaving wires

HF
[ I
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—> Cover wafer with protective layer of SiO, (oxide)
- Spin photoresist

- n-well mask

- Etch oxide with hydrofluoric acid (HF!)

—> Strip off remaining photoresist (Piranah!)

- Place wafer in furnace and heat until As atoms diffuse into exposed Si
—> Strip off the remaining oxide using HF

- Deposit very thin layer of gate oxide

-> Place wafer in furnace with Silane gas (SiH,) to form polysilicon

—> Polysilicon mask, etch oxide with HF

—> Cover wafer with SiO,

- Etch with HF to expose contacts

- Sputter on aluminum over whole wafer and pattern to remove excess
metal, leaving wires

Piranah
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—> Cover wafer with protective layer of SiO, (oxide)

- Spin photoresist

- n-well mask

- Etch oxide with hydrofluoric acid (HF!)

—> Strip off remaining photoresist (Piranah!)

- Place wafer in furnace and heat until As atoms diffuse into exposed Si
—> Strip off the remaining oxide using HF

- Deposit very thin layer of gate oxide

-> Place wafer in furnace with Silane gas (SiH,) to form polysilicon

—> Polysilicon mask, etch oxide with HF

—> Cover wafer with SiO,

- Etch with HF to expose contacts

—> Sputter on aluminum over whole wafer and pattern to remove excess metal,
leaving wires
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—> Cover wafer with protective layer of SiO, (oxide)

- Spin photoresist

- n-well mask

- Etch oxide with hydrofluoric acid (HF!)

—> Strip off remaining photoresist (Piranah!)

- Place wafer in furnace and heat until As atoms diffuse into exposed Si
—> Strip off the remaining oxide using HF

- Deposit very thin layer of gate oxide

-> Place wafer in furnace with Silane gas (SiH,) to form polysilicon

—> Polysilicon mask, etch oxide with HF

—> Cover wafer with SiO,

- Etch with HF to expose contacts

- Sputter on aluminum over whole wafer and pattern to remove excess
metal, leaving wires

HF
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—> Cover wafer with protective layer of SiO, (oxide)

- Spin photoresist

- n-well mask
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—> Cover wafer with protective layer of SiO, (oxide)

- Spin photoresist

- n-well mask

- Etch oxide with hydrofluoric acid (HF!)

—> Strip off remaining photoresist (Piranah!)

- Place wafer in furnace and heat until As atoms diffuse into exposed Si
—> Strip off the remaining oxide using HF

- Deposit very thin layer of gate oxide

-> Place wafer in furnace with Silane gas (SiH,) to form polysilicon

—> polysilicon mask, etch oxide with HF

- Cover wafer with SiO,

- Etch with HF to expose contacts

- Sputter on aluminum over whole wafer and pattern to remove excess
metal, leaving wires
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—> Cover wafer with protective layer of SiO, (oxide)

- Spin photoresist

- n-well mask

- Etch oxide with hydrofluoric acid (HF!)

—> Strip off remaining photoresist (Piranah!)

- Place wafer in furnace and heat until As atoms diffuse into exposed Si
—> Strip off the remaining oxide using HF

- Deposit very thin layer of gate oxide

-> Place wafer in furnace with Silane gas (SiH,) to form polysilicon

—> polysilicon mask, etch oxide with HF

—> Cover wafer with SiO,

- Etch with HF to expose contacts

- Sputter on aluminum over whole wafer and pattern to remove excess
metal, leaving wires

I B Polysilicon
B p substrate
n material

SiO2
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—> Cover wafer with protective layer of SiO, (oxide)

- Spin photoresist

- n-well mask

- Etch oxide with hydrofluoric acid (HF!)

—> Strip off remaining photoresist (Piranah!)

- Place wafer in furnace and heat until As atoms diffuse into exposed Si
—> Strip off the remaining oxide using HF

- Deposit very thin layer of gate oxide

-> Place wafer in furnace with Silane gas (SiH,) to form polysilicon
—> polysilicon mask, etch oxide with HF

—> Cover wafer with SiO,

- Etch with HF to expose contacts

- Sputter on aluminum over whole wafer and pattern to remove
excess metal, leaving wires

Ar Gas

I Target

Glow Plasma —#
Silicon Wafer

Watfer Chuck

Sheld

Vacuum

0: Introduction Slide 35



Transistor Cross-section

B p substrate
0 n material
SiO2

]
Metal
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Fab for BIO-MEMS

Manalis Lab, MIT
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Lab-on-Chip Technology

Features/Benefits

* Miniaturization

« Automation

* Integration

« Data Quality

* Reagent Savings

» Portability

* Precision
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AAyeBpa Boole & Aoyika KukAwpara

2100epéc AAyeBpacg Boole

“1": ANANBEC
Béon ON
5V
KAEIOTOG OIAKOTITNG
avapevn AauTra

MetaBAnTég AAyeBpacg Boole

X,Y,Z.... O1Tou 1Taipvouv TIuEC 0 / 1
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Teleotec (Boolean operators)

Aoyum
[Ip&én

MoaOnpatikog
YvpuoMopoc

NOT

A, B

AND

A-B

OR

A+ B

(oupTTARpwya)

(yivopevo)

(dBpoiopa)

To "kai” ogv givar AND!

43



AND > - , ,
OR > + [lopadeiyuarta lNpacewv

NOT > ' X+Y X OR Y
X+Y >XANDY
(AND) (OR)
<1 x+ 0
X®y
X°®y
xeyez-°l
X+y+Z
X . (y+z)

(ABC'D)+(AB'C'D)+(A'BCD)+(AB'CD)+(A'BCD')



Novikéc TTUAeC

Name NOT AND NAND OR NOR XOR XNOR

Alg. Expr. A AB AB A+B A+B A® B A® B

Symbol | A [, x -y O T > | O | D > | 2> | ) >

Truth A
Table 0
I

—_ - O Ol =
—_ O = O P
- o o M
—_ O = O P
—_— - O O
—_ O = O P
'-'-‘Qx
— - O O
—_ O = O
- -
—_ - O O =
—_— O - O P
c—-—cx
._.._.Oow
—_ O = O p
— D | A

O1 muAe¢ NAND kai NOR ovopalovtal « OIKOYMENIKEZ MYAEZ» yiaTi o1 TTUAEC
QUTEC UTTOPOUV va TTapacouv OAeg TIC AND, OR, NOT.

KaBe wneiakd KUKAwua uttopei va ulotroinBei povo pe mmuAeg NAND | povo ue
TTUAEG NOR




AND »> - , , ,
OR > + KOVTE TIC AOYIKEC TTPACEIC

NOT »> '

1
.U .v .u .U

OAND1=" (1+0) e 1’
Qel="7 X + X

0
0
X.Oz?O X+X’
X
X
1
1

XORO="7"
Xx+0="7
(1+1)+1 =7
(1+1)+0 = ?

X+ 1

I
-~V

X ® X
X ® X

I
-V

0
X
1
1
X
0
1

]
*~J

(1+0) e 1

n Aoywkn paén AND (*) ponyeitat g Aoyikng mpa&ng OR (+). Xe kaOe mepimtwon opws Xpnoyomrolovue rapevieoeig
avaueoa otig Aoyikeg mpaetc AND OR mov KAvovy gu@avi) v IpoTepaloTnTa.
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YAomoinon TTuAnc NOT

QeTIKA TAon
(11.X. +5 Volt)
1 0
E=-OAOZ
O
EIZOAOX — . _
O XX x —po— XA X
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TTUAn AND (.)

E=OAOZ

(x.y) :_D— x AND

MINAKAZ AAHOEIAZ

EIZOAOX
(0: Avoixtn)

O

X

x|y )

0 0
0 1
1 0
1 1

L, O O O

O
y

a<z) @
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TTUAn OR (+)

E=OAOx

(x +y)

X
y x OR Y

MINAKAZ AAHOEIAZ

x|y |ty

0

EI>XOAOZ

) o) o

0 0
0 1 1
1 0 1
1 1 1

<z



TTUAn NOR

. - (x+y)
— M
y ,
(x+y)
EEEErEr
0) 0 1
0 1 0
1 0 0
1 1 0
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TuAn NAND

) %)
‘B 4

(x.y)

x|y ey

<

_ = O O
R O —» O

1
1
1
0



YAotoinon aAAwv TtuAwy ammo NAND

Ti ouppaivel . (x.y)
oTav X=y ; y D

(x.y)

<

x|y )

=

m B @ O
) Q@ B O
O K
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YAotoinon aAAwv TtuAwy ammo NAND

T1 ouppaiver 6tav ocuvdéooupe pia NOT pe pia NAND;
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YAotoinon aAAwv TtuAwy ammo NAND

T1 ouppaiver ye Thv TapakdTw ocuvdeopoAoyia;

3 NAND
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Mia TTUANn --> 6Aec o1 Tpdceic

KaBe wneiakd KUKAwua PTTOopEl va uAotroinBei poévo pe
TMUAEC NAND | povo pe mmuAe¢ NOR (OIKOYMENIKEXZ
[MTYAEZ) vyiaTi oI TTUAEC QUTEC PTTOPOUV va TTapacouv OAa Ta

AND, OR, NOT

-- NAND --
NOT— > T OR
—
AND — +— 1 %
B

Ly o =




AND »> . , ,
OR > + /\OYIKEG OUVAPTNOEIG

NOT »> '

suvaptnoelc:  z=1f (X, %,...x,)e{01} xe{01},i=12,...,n
H AoyIkr) ouvapTtnon z Twv n JetaBAnTwy opileTal o€
2N gnueEia TTou avTioTolXoUv 0TOUG N gUuVOUOQCOOoUG
TOUG. [MapadeiyuyaTa

Z=X¢*Yy _
Z=x¢1 £=x+0

Z=X*ye*1l & 2emO0Q onueia opileTal n Z7?

Z =X+ (y+c) € Ze moéoa onueia opiletali n Z?



Novyikec MeTaBAnTEC, MNMUAeg, INpageic, ZuvapTNOEIC

* Noyikég peTafAnTég: X, 6TToU X, 0Nl

*  Aoyikég TTUAEG: aTTAEG KAl TTAPAYWYEG.

* Noyikég TPagelg: ATTAEG AOYIKEG OUVOPTAOEIG TNG HOBNUATIKAG
AOYIKNG OTIC OTTOIEC avAyovTal OAEG 01 AOYIKEC OUVAPTAOEIG.

* NOYIKEG OUVOPTNOEIG: QUVAPTACEIG OTIOU TOOO Ol AVELAPTNTEG
METABANTEC OCO Kal n ecaptnuUévn METABANTA €ival OAEC AOYIKEC
METABANTEG, ONAQN

z=f (xl,xz,...,xn)T{O,l} X T{O,l}, i=12,2.n

» Emeidn «kdbe petaBAnth X umopei va AaBal 2 TIHEG, N AOYIKN
ouvapTnon z Twv N PeTaBANTWv opiletal o 2"onueia.

* Tlivakag aAnBegiag: epyaleio ouoTnNUATIKAG TTAPACTACNS OAWV TWV
TIMWV A  AOYIKAG OuvapPTNONG TIOU  QVTIOTOIXOUV  OTOUG
OUVOUOOHOUG TwV X; METABANTWYV TNG.
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A\OVYIKEC 2UVAPTNOEIC O€ AOYIKO Olaypauua

2UVOPTAOEIG OTTOU TOOO Ol avegapTNTEG PETARBANTEG OCO
KOl N s?,cxpmpevr] METABANTA €ival  OAeEC  AOVIKEC
LMETAPBANTEC, dNAadN

z:f(xl,x2 ..... xn) zT{O,l} XIT{O,l},izl,Z,\:,n

H Aoyikj ouvaptnon z Twv n JeTaBANTWY opieTal o€ 2N onuEia TTOU AVTIOTOIXOUV
OTOUG N oUVOUOOOUG TOUG.



[Tivakec AAnBeiacg

[Tivakag OAWV TwVv TIMWV MIAG AOYIKAC ouvapTnong Trou
QVTIOTOIXOUV OTOUC OUVOUAOHOUC TwV METABANTWY TNC.

Aoyiko Ailaypappa Mivakag AAnBsiog

i o EANAES
3 :D

X
<

Xy

, B, O O
, O B, O
, O O

Aoyiki Zuvdptnon Z=X-Y+X-VYy
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N\OYIKEC TTPACEIC OE ETTITTEQ0 OXNUATOG

Kai o1 teooepic teAeaTtec (NOT, AND, OR, kai XOR)
UTTOPOUV VA £QPOPUOOTOUV O€ £va oXnNua he n bit. To
ATToTEAECUA €ival TO idlI0 OTTWC av epapuolaue KABe
TEAEOTN O€ KABE pepovwpevo bit yia tov TeAeoty NOT,
Kal o€ KABe avTtioToixo Ceuyoc bit yia Tou¢ AAAOUC TPEIC
TEAEOTEC.

n bit n bit n bit n bit n bit n bit n bit
NOT AND OR XOR

n bit n bit n bit n bit



NOVYIKEC TTPACEIC O€ ETTITTEQ0 OXNMATOC

Kail o1 téooepic teAeatec (NOT, AND, OR, kai XOR)
UTTOPOUV VA £QPOPUOOTOUV O€ £va oXnNua he n bit. To
ATToTEAECUA €ival TO idlI0 OTTWC av epapuolaue KABe
TEAEOTN O€ KABE pepovwpevo bit yia tov TeAeoty NOT,
Kal o€ KABe avTtioToixo Ceuyoc bit yia Tou¢ AAAOUC TPEIC
TEAEOTEG. | 0o1)| (©oo0) ool @11 ©o01)| 111

(00 1)

n bit

o] o] )
n bit . bit n_hit
(11 0) ‘( T(111) (110)

MAZKEX
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Epappoyeg

[l TV TpOTToTroinon €vog axXNUATOC bit ptropouv va
EQPAPUOCTOUV Ol TEOOEPIC AOYIKEC TTPACEIC.

d 2uummAnpwua (NOT)
4 AtrevepyoTtroinon (AND)  (érav n paoka eivai 0)
 Evepyotroinon (OR)  (¢mav n paoka eivai 1)

A AvtioTpoon (XOR)  (6tav n pdoka eivai 1)
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Napadelypa AND — AMNENEPTOIMNOIHXH (OTAN MAZKA ETNAI 0)

XPNOWOTOMOTE U0, LACKA, Y10, VO, OTTEVEPYOTOMOETE TOL TEVTE OploTepOTEPa. bit evidg
oynuartog. EAéyEte ) pdoxa pe to oymuo 10100110.

Avon
H pdoxa etvor 00000111, To amotéreosua g epapuoyne e ndokoag eivot to ENg:

1 0 1 0 0 1 1 o Elooboc¢ n bit

n bit

AND o 0 o O O 1 1 1 Maoka

AND

1 0 ‘E€ob0C¢

n bit

(6tav n paoka givai 0)
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Mapddelypa OR — ENEPTOMOIHZH (OTAN MAZKA ENAI 1)

XPNOUOTOMOTE UL LACKO YL VO EVEPYOTOMOETE TA TEVTE aplotepdTep bit evdg
oynuatog. EAéyEte ) paoxa pe to oymuoe 10100110.

Avon
H pdoxa etvor 11111000. To amotéleoua g eQapuoyns e ndokog etvat to eENG:

1 0 1 0 0 1 1 O ElocoboG  nbit  nbit

OR 1 1 1 1 1 0 0 O MdOKa|lORI
1 O ‘E€obocC

(6tav n paoka givai 1)
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Mapddelypa XOR — ANTIZTPOOHZ (OTAN MAZKA EINAI 1)

XPNOWOTOMOTE UL HACKO Yo VO, OVTIOTPEYETE TO. MEVTE aplotepotepa bit evog

oynuartog. EAéyEte ) pdoxa pe to oymuo 10100110.

Avon

H pdoxa eivor 11111000. To amotérecua g eapuoyns e pdokog eivat to eENG:

1 0 1 0 o0 1 1 o0 Eloobdoc 1
XOR 1 1 1 1 1 0 0 O Maoka

1 0 ‘E€obo0C¢

(6tav n paoka givai 1)
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END
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