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A Alloy junction
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A Semiconductor technology nodes
Scaling factor v/2

e 10 um-1971 * 90 nm — 2002
e 3 um—1975 * 65 nm — 2006
e 1.5um—1982 * 45 nm — 2008
1 um-—1985 e 32nm - 2010
« 0.8 um—-1989 e 22 nm — 2012
* 0.6 um —1994 e 14 nm- 2014
 0.35um - 1995 « 10 nm - 2016
 0.25 um — 1998 * [/ nm-2018
 0.18 pm — 1999 « 5nm-2020

0.13 um — 2000 e 3nm-2022
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ransistor Count Trends

Transistor Count Trends
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Moore’s law

* The number of components per IC doubles

every 18 -24 months.
 Introduced in 1965
* Does not depend on technology

» Reflects development of mankind, i.e.,

technology in general sense
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CMOS chip, as built in the early 2000s

back-end /
"Advanced Packaging"

front-end
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https://en.wikipedia.org/wiki/Integrated_circuit

3D Iintegrated circults

More than Moore (MtM) Diversification

o
.Q .. .
) : |
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3 RF/Analog HV Power Passives Sensors MEMS Biochips
(1*]
45 nm_

A chip which accommodates
one or more layers of active

electronic components 3D |ntegrated Circuits

Falub, Claudiu, 2018/01/19
Innovating the Soft Magnetics for Tomorrow’s RF Passive Devices

More than Moore
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Product pricing
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Microlithography trends
1000 x >
o0 Htitn hy Roadma 85 g . 8
‘| Lithogra oadm ©.2 S £ o
600 Based gn M?Itiglp Sources gg g’ g g’ § =
£E £cw S|a 2
400 .‘:E '_-ign- Tl ®
it {ESS £
cd €E3 =>.2
200 S 25 SEQ 2|3 £
E ||125nrh\\j:‘\ i —T
< 100 95 n D“?AM N
< 60 Snm ; =L
] Fial :
T J - A s S S ]
2n i \NQ\\{\\
20 [ e e P
6 e -~
%‘3 | | [™obpte | [ eEm
10 I N (N I N AN S B /- N N I

2000 2002 2004 2006 2008 2010 2012 2014 2016

ITRS Roadmap 2012

Aalto Nanofab, 2023 Microfabrication: lecture 18



A
Phase shift mask (PSM)

*  Phase shift for light traveling:
— in the air for a distance L is

@ =27nL/A,
— in the phase shifter material with index of refraction
“n”,
@ = 2nnL/A.

*  For 180 degree phase shift, A& = 180°, the condition for
shifter thickness is given by

L (n-1) = A/2
binary mask (quartz/chrome) phase shift mask (PSM) shifter

‘ '.

/\/\ amplitude /\

r r \ e intensity
1807 Space O" Space

Chrome covers quartz

sidewalls to form dark lines
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A

PSM application and quantized SiO,

Quantized gate oxide thickness

Linewidth A/2, A=193nm

88 .3 nm 211 .7 nm
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EUV, starts 2020

6-Layer
Reflective Optics |

_y / EUV Generating
/ Plasma

EUV Source
Collector

A=13.5nm
HP = kq /NA
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EUV mask

Optical Mask EUV Mask

Absorber
50-75nm thick
TaBO/TaBN,

I u. éAbﬁonmr E TaNo/TaN
\f Attenuator Capping i Capping A e
. ! A Ye 2.5nm Ru, 4nm Si

Substrate S
’ Subslrate Multilayer Neecm
———— \ 250-350 nm thic

MoSi 3nm / 4nm

40 to 50 pairs

Fused silica
6.4mm thick

Backside
CrN 70-100nm thick

Substrate defect that
“grows” as a result of
ML deposition
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Double patterning

first pattern — PR mask
o Lt Lt L CVD or ALD deposition
spacer formation by RIE
first pattern (PR) removal
etching with spacer mask

spacer residues removing
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A

Multiple (triple) patterning |

_Litho ] *HMstcn] Depo. JEtch-back]2Hm stcn] Depo. JEtch-back| HM Etch_
ﬂ “ “ -I-I- I._I I I _llll. MRER 00

»| 23nm hp |

HM — hard mask
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drain

SOUrce

FINFET

14 nm FInFET: Two levels of air-gap-insulated
interconnects at 80 and 160nm minimum pitches. Eight
layers of 52nm pitch interconnects embedded in low-k
dielectrics. 15 levels of Cu interconnect

Ilfi I1II

Magn WD F—— 200nm
250000x 2.3 p030318/d9 NiSi nMOS

32 nm — the last node with planar FETs
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- Intel 65nM node ~Intel 45nMmnnode - intel 32NM node - Intel 22nM node

(2005) (2007) (2009) (2011)
2D Lavout Style 1D Layout Style The vertical fins (9nm)

of Intel's tri-gate
transistors passing
through the gates

(Conventional)

> il

David K. Lam et al., Multibeam Corporation and Tela Innovations

= Diffusion
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Multiple patterining Il

Self Aligned Double Patterning
With Cut Mask for Fin and Gate

*Techinsights, Intel Ivybridge

Photo-lithographically
defined
sacrificial structures  1st Spacers 2nd Spacers 3rd Spacers

7
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Cu metallization

www.intel.com
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A

Issues with Cu metallization

* Adhesion to dielectric

 Diffusion in (and reacion with) dielectric
« Compatiblility to lower level metallization
« Deposition

« Etching / patterning CMP

« Contamination on the chip

« Contamination in the equipment
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Metal-CMP planarization (damascene)

Oxide deposition

Wire litho, oxide RIE

Metal stack depostion

Metal CMP

AR

i$ swdl /. Aswdl

X
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A

Dual damascene unit structure

“Barrier for Cu

International SeMaTech
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A Low

-K is hard...
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A

Low-k materials

Oxide Derivatives

F-doped oxides (CVD)
C-doped oxides (SOG, CVD)
H-doped oxides (SOG)

Organics

Polyimides (spin-on)
Aromatic polymers (spin-on)
Vapor-deposited parylene
F-doped amorphous carbon
Teflon/PTFE (spin-on)

Highly Porous Oxides

Xerogels/Aerogels
Air

k=3.3-3.9
k=2.8-3.5
k=2.5-3.3

k=3.0-4.0
k=2.6-3.2
k~2.7

k=2.3-2.8
k=19-2.1

k=1.8-25
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A

How long can this scaling continue ?

If all goes as predicted by Moore’s law, in 2059,
the 100th birthday of the integrated circuit, we
will have:

2.5 A minimum linewidth

0.04 A gate oxide thickness

2 mV operating voltage

64 exabit DRAMSs (exa = 1018)
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