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The first point contact transistor
William Shockley, John Bardeen, and Walter Brattain
Bell Laboratories, Murray Hill, New Jersey (1947)
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Jack Kilby's first integrated circuit 1958




Passivation

Dielectric
-— Etch Stop Layer

<+— Dielectric Capping Layer

. Copper Conductor with
Ball')r?erlNucleation Layer

Metal 1 —C=

|«— Pre-Metal Dielectric
— Tungsten Contact Plug

-

1
! T
—>: :<— Metal 1 Pitch

Table PID52a High-performance (HFP) Logic Technology Regquiremenis
2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
node |"1614" "1M0"

2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028

"E]'T“ “E‘I.E"

43" "3(2.5" "2i1.5" "410.75"
metal 1/2 pitch | 40 | 32 | 32 | 283 | 253 | 225 [ 200 | 179 | 159 | 142 | 126 | 113 | 10.0 | 89 g 741
gate length | 20 | 18 | 167 | 152 | 139 | 127 | 11.6 | 106 | 97 | 88 | 80 | 7.3 | 64 | 64 56 5.1
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YEAR OF PRODUCTION 2097 2019 2021 2024 2027 2030 2033
P54M 36 P48M28 P42M24 P36M21 P32M14 P32M14T2 P32M14T4
Logic industry "Node Range " Labeling (nm) o™ T 5" 3" "z.1q" ™.5" .0
ID-Foundry node fabaling i10-f7 ir-r5 i5-13 i3-r2A4 i2.1-f1.5 i1.5-1.0 i1.0-f0.7
; ; ; finFET finFET LGAA LGAA LGAA VGAAR, LGAA | VGAA, LGAA
Logic device structure options FDSOI LGAA finFET YGAA YGAA 3DVLSI 3DVLSI

Logic device mainstream device

MALYSaC Metalx 22 Piteh (nm)i1,2]

finFET

FinFET

Fi-501

finFET

FinFET

LGAA

Laberal Nanowsr e

Wertical Nanowre

LGAA

Laber al Nanowr e

Wertical Manowine

YGAA

Werrlacad Marowere

MALYSoC Metafyl 22 Ritch fnm) 18.0 14.0 12.0
Contacted poly half pitch (nm) 27.0 24.0 21.0
Lo Physical Gate Length for HP Logic (nm) [3] 20 18 16 14 12 12 12
Lo Physical Gate Length for LP Logic (nm) 22 20 18 16 14 14 14
Channel averiap ratic - two-sided 0.80 0.80 0.50 0.50 0.80 0.80 0.80
Spacer width (hm) 8 i L] 5 5
Contact CO {nem) - FnFET, LGAA 18 16 14 12 10
Contact CO {nm) - /GAA
Device architecture hey ground rules
FInFET Fin HalEpitch (hm) 16.0 14.0
FinFET Fin Width {nm) 8.0 7.0
FInFET Fin Helaht (nm) 45 50
Foatprint drive efficiency - fnFET 3.06 3.82
Lateral GAA lateral haltpitch (nm) 12.0 10.5 9.0
Lateral GAA vertical halt-pitch (nm) 8.0 8.0 8.0
Lateral GAA (ranosheet) thickhess (nim) 5.0 5.0 8.0
Lateral GAA (nanasheet) minimum width (nm) 7.0 7.0 6.0
Number of vertically stacked nanosheets 3 4 5
Device height (nim) 47 63 79
Footpeint drive efficiency - lateral GAA 3.00 4.57 6.11
lrertical GAA igteral hal-pitch (nm)
lFertical GAA width (nin)
Contact-gate enclosure {nm)
Footprint drive efticiency - vertical GAA
Defice effective width (nim) 98.0 107.0 72.0 96.0 110.0
Device lateral half pitch (nm) 16.0 14.0 12.0 10.5 9.0
Device height (nm) 45.0 50.0 47.0 63.0 79.0
Mindtnwen device width (fin, nanosheet) or diameter (nim) 8.0 7.0 7.0 7.0 6.0




Conductivity
Al: 6=3.5 %107 1/Q'm
Si: 6=4.3 x10% 1/Q'm

1
A

12.01

14Si

Silicon

nc
20

5 [] 7
VB viB VI
58 L] B

23 24 25 26 27 28
\" CrMnFeComCu

10

L] 5
Vo e W

30
Zn
Hee 'Wa Wee UEEET % Shm siem o ew

39 40 41 42 43 44 45 46 47 48
Y Zr Nb Mo Tc Ru Rh Pd Ag Cd
tase  Covz e e Mo MDio Torse  Moeart  ovess  izan

73 T4 75 76 77 78 79 BO
Ta W Re Os Ir Pt Au gg
Tass  ata e RS e e wseser

106 107 110 m 112

Db S 'Bh “Hs “Mt 'Ds Rg 'C
oh s s n

Misstans  Mafineeim  Dammstadiium
[ [ 288 268 &M

Lanthanide
Series

Actinide
Series

TEEE

2| =
g

i

=

giqi‘ﬁ;
ﬂm’éﬁo-:éa

>
n
wk
[

o

w

de #

=
L

el
o



233 28.086

Slllcon 5.43 SI 14

3s23p?

 Important semiconducting material
* 2nd most common element on earths crust 1683  DIA 625

(rocks, sand, glass, concrete)
 Often doped with other elements
* Oxide S10, 1s a good nsulator

silicon crystal = diamond crystal structure



Silicon

Large (2 m) single crystals are grown

@ Float zone

http://en.wikipedia.org/wiki/Czochralski process



Silicon wafers

50 um - 0.5 mm thick




Photolithography
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http://britneyspears.ac/physics/fabrication/photolithography.htm

http://cleanroom.byu.edu/lithography.parts/Lithography.html



lon imEIantation

e ) |/--x\| ( ---\I ( \I
O U A\ substrate
™

s Udecell_

separation magnet

LU accell

T lon source

Implant at 7° to avoid channeling




11

7

D

P

®®@® AMOS pM088®© @

Fig. 2 Schematic cross section of present CMOS FETs with
multilayered wiring.

19 nm HO.B nm
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MOSFET

Metal Oxide Semiconductor Field Effect Transistor
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~ 1 billion /chip
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Self-aligned fabrication

p-S1 100 wafer




Dry oxidation

S10, gate oxide




photoresist

polysilicon CVD: SiH, @ 580 to 650 °C

SiO,
TiN (CVD)
30-70 uQ-cm Conductive diffusion barrier

p-Si
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Self-aligned fabrication
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gate




Spacer

PECVD SiN,
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Spacer
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Salicide (Self-aligned silicide)

Transition metal (T1, Co,W) 1s
deposited (CVD). During a high

temperature step is reacts to a T1S1, (metal)
silicide (TiS1,). Not silicide is

formed on nitride or oxide.

polysilicon
gate




