* Ch 6: Lithography

Challenges — Moore’s Law

The number of transistors on a microchip will double every 18 months.
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Currently more than 1 billion transistors per microchip
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$ S [EV%] (Photoresist, PR)
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i PR Considerations

m PR Considerations

. (decrease of thickness when CD
decreases)

= Sensitive wavelengths

m Area ChE are most desired:
= Good resolution, good resistance, and good adhesion

= The thinner, the better resolution, but worse resistance.
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Rotation speed vs. thickness:

Special considerations:
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a7l TMAH
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G-line 436 0.50
—f=&SUEF H-line 405
I-line 365 0.35 to
0.25
XeF 351
XeCl 308
¥EST =B KrF 248 0.25 to
=} (DUV) 0.15
ArTrF 193 0.18 to
0.13
o~ TSR Fs 157 0.13 to
0.1
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Resolution Considerations

Br{fi-=% (Numeric aperture, NA)
m NA - EmST RGP VRS
m NA=2 o /D
LI R 717 U
= D AR RS
P U NS A T R
H5Y 1
E#477% (Resolution)
o FREE LY R R
= TR AR KA
NA
K1 EG i [ EIA TR, NA = 2 ro/D, ELTR

19

;Lc&%%ﬁﬁ@

= HIINA
= RITNPUZESH, T —F'j;ﬁf\ﬁ ?’K/JE\L_T s
= Vi ') DOF Blﬁ’;&}'%@ﬁ@%@
. [ (SR
= THIFERFTANR > ST
o [FE (SPR fOsd]
= UV Z[| DUV, Z] EUV, 4l = X-Ray
= [ XK,
o HEREFEL BT

20

10



$ EJ % (Depth of Focus)
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AL 365 nm

|
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Past and Future
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(International Technology Roadmap for Semiconductors)
Table 2a  Lithographic-Field and Wafer-Size Trends—Near-term Years

Fear of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM % Pitch (nm) {contacted) 30 70 5 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1} # Pitch {nm) (f) 90 78 68 39 32 45 40 36 32
MPU Physical Gate Length inn) 32 28 25 23 20 18 15 14 3
Lithography Field Size
Maximum Lithography Field Size—area fmm) | 858 858 858 858 858 858 858 858 858
| Maximum Lithagraphy Field Size—length (mm) 33 33 33 33 33 33 33 33 33
| Maximum Lithography Field Size—width (mm) 26 26 26 26 26 26 26 26 26
Maximum Substvats Diameter (mm)—High-volume Production (>20K wafer starts per month)

Bulk: or epitaxial or SOl wafer [ 300 ] 300 | 300 [ 300 | 300 [ 300 | 300 | 450 | 450

Table 2b  Lithographic-Field and Wafer Size Trends—Long-term Years

Year of Prodhiction 2014 2015 2016 2017 2018 2019 2020
DRAM *: Pitch (nm) {contacted) 28 25 22 20 18 I6 14
MPUASIC Metal 1 (M1) % Fitch tnm) (f) 28 a5 2 20 18 16 14
MPU Physical Gate Length (nm) 1i 10 9 8 7 [ 6
Lithography Field Size

Maximum Lithography Field Size—area (mm2) 858 858 858 858 858 858 858
| Maximum Lithagraphy Field Size—length (mm) 33 33 33 33 33 33 33
Maximum Lithography Field Size—width (inm) 26 26 26 26 26 26 26
Maximum Substvate Diameter (mm)—High-volume Production (> 20K wafer starts per month)

Bulk or epitaxial or SOI wafer [ 450 | 450 ] 450 [ 450 450 450 450
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Year of Production 2005 2006 2007 2008 2009
DRAM ¥ Pitch {nm) (contacted) &0 70 63 37 30
MPUYASIC Metal 1 (M1} 42 Pitch (nm) (f) 90 78 68 i9 52
MPU Physical Gate Length (nm) 32 28 25 23 20
Lithography Field Size

Maximum Lithography Field Size—area (mm’) 858 858 858 858 858
Maximum Lithography Field Size—length (mm) 33 33 33 33 33
Maximum Lithography Field Size—width {mm) 26 26 26 26 26
Maximum Substrate Diameter (mm)—High-velume Production (> 20K wafer starts per monih)

Bulk or epitaxial or SOI wafer 300 | 300 | 300 | 300 | 300
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i Novel Techniques

» Currently Used
= Immersion Lithography
= Double Exposure
= Photoresist Trimming
= Possible for Future Processes
= Scanning Probe Lithography
= Nanoimprint Lithography

= ....many more
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