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A Semiconductor technology nodes
Scaling factor v/2

e 10 um—-1971 e 0.13 pm — 2000
e 3um—1975 « 90 nm — 2002
e 1.5 um—1982 e 65 nm — 2006
e 1 pum—1985 e 45 nm — 2008
e 0.8 um — 1989 e 32 nm— 2010
e 0.6 um — 1994 e 22 nNm — 2012
e 0.35 um — 1995 e 14 nm—-2014
e 0.25 um — 1998 e 10 nm - 2017

e 0.18 um — 1999 e /nm-—2018

Aalto Nanofab, 2019 Microfabrication: lecture 17



Moore’s law |

 The number of components per IC doubles

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

» Reflects development of mankind, i.e.,

technology in general sense

Aalto Nanofab, 2019 Microfabrication: lecture 17



1.E+11
16Ghb
LE+10 - NAND
IA2-65
1.E+09 - S
1E+08 | DRAM
T4
s 1m07 4 24 months
B IA2
c
& 1.E+06 A ) Pnt P4-130
» EquY Lngm : 76 486 P4-180
5 1 cros - E4Kb
g 8008 s’ 36 months
E 1E+04 {  256KbSRAM_ 1kph ¥16Kb
z 8085 Intel X86
4Kb &
LE+03 1 1stMOSIC
Mosiac
1.E+02 1 Flip Flop
+<—— 18 months
LEHO1 1 1“'5\ Op Amps
RTL 907
1E+00 r , . : :
1950 1960 1970 1980 1990 2000 2010

Moore’s law Il

http://www.icknowledge.com/trends/trends.html

2020

Aalto Nanofab, 2019

Microfabrication: lecture 17



The price of shrinking linewidths |
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A

The price of shrinking linewidths Il
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Product pricing
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A
Phase shift mask (PSM)

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

@ = 2nL/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

Cl e —— — -
“hrome I A—
/

/\/\ amplitude /\

: intensity
I80° Space ¥ Space

Chrome covers quartz

sidewalls to form dark lines
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PSM and quantized SiO,

Quantized gate oxide thickness
Resolution A2, A=193nm

2 4 nin

" W%& ‘510,

88 .3 nm 211 .7 nm
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A

Dual damascene unit structure

“Barrier for Cu

International SeMaTech
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A Low

-K 1s hard...
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G-Layer
Reflective Optics

A=13.5nm

EUV

\ Numinator 7
" Optics y

/ EUV Generating

EUV Source
Collector

HP = kq A/NA
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EUV mask

Optical Mask EUV Mask

Absorber
50-75nm thick
TaBOITaBN,
TaNo/TaN

Capping o A
™= 2-4nm thick Yeed
2.5nm Ru, 4nm Si

Subslrate Multilayer @)
S— - \ 250-350 nm thic
MoSi 3nm / 4nm

\ 40 to 50 pairs

i Aftenuator

Substrate |

Fused silica
6_4mm thick

Backside
CriN 70-100nm thick

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

first pattern — PR mask
= el el CVD or ALD deposition
spacer formation by RIE
first pattern (PR) removal
etching with spacer mask

spacer residues removing
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Multiple patterning |

[ Litho | 1*Hmeten | Depo. |Etch-back]zum etcn| Depo. |Etch-back] HM Etch |
-.I.I..l.l..l.l. [TETRETTr AT

45nm hp »| 23nm hp »{ 11nm hp

HM — hard mask
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Multiple patterining I

FiInFET Formation — Scalable to 10nm w/io EUV

o o5

Self Aligned Double Patterning
With Cut Mask for Fin and Gate

defined
sacrificial structures  1st Spacers 2nd Spacers 3rd Spacers

7, BN
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FiNFET

14 nm FIinFET: 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

SOUrce

drain fin'

Magn WD F—— 200nm

250000x 23 p030318/d9 NiSi nMOS
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1-D gridded layout

S | e
i - S——— —

1‘[ | .'.' ft——. _ — e _ :.'jE __;f :
- Intel 65nM node - Intel 45NMnode - Intel 32NM node - Intel 22NM node
(2005) (2007) (2009) (2011)
The vertical fins (9nm)
2D Layout Style 1D Layout Style of Intel's tri-gate
(Conventional) transistors passing

through the gates

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

Aalto Nanofab, 2019 Microfabrication: lecture 17 22



A

Modern patterning, 14 nm node

e 193 nm, ArF laser, immersion lithography, 300 mm

wafer
8 nm Fin Width i

 FIinFET, TIN pMOS / TIAIN nMOS gate 42 nm Fin Pitch

e Self-Aligned Double Patterning

* Intel, processor Skylake, porous low-k 15t pre-metal

dielectric
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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)

Aalto Nanofab, 2019 Microfabrication: lecture 17

24



A

Strategies for device scaling

Intel transistor gate length trend

 multiple gate field effect

transistor(MuGFET) /'/

1 10 100 1000

e channel strain engineering | node )
 silicon-on-insulator-based technologies

* high-k/metal gate materials
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A

Buried oxide

Types of multigate MOSFET

Drain b c

Drain

Buried oxide

Buried oxide

Silicon Silicon

Buried oxide

Source |

Buried oxide

Silicon Silicon Silicon
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A

Pi- and Omega-gate FINFETs

Gate
material
IIA;;
Z
I ?j Gate
/ extension
/ depth
4

A

Buried oxide

7

Buried oxide /
7
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Strained SI n-MOSFET

relaxed Sij,Geg 5

poly-Si gate

B e e
G

s e o
EEREHER

graded Si,_,Ge, layer

Si-substrate

gate oxide

strained silicon (10 nm)
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Strained SI CMOS

Pre-Metal Dielectric
Stress-Inducing Nitride

- i
1

Gate

Shallow msmms;

Trench Channel
Isolation

PMOS Solutions NMOS Solutions
1. Compressive Silicon Nitride 5. Tensile Silicon Nitride
2. Compressive Selective SiGe Epl 6. Tensile HARP [STI)
3. HARP Pre-Metal Dielectric T. Tensile HARP Pre-Metal Dielectric
4. Biaxially Strained Epi Substrates 8. Tensile Selective SiC Epi
9. Biaxially Strained Epl Substrates

HARP — high aspect ratio process

S-TRMH ENGINEERIHG Extemal Lige APPLIED MATERIALS
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