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1971:
4004 Microprocessor

The processor debuted
with 42 million
transistors and circuit
lines of 0.18 microns.
Intel's first
microprocessor, the
4004, ran at 108
kilohertz (108,000
hertz), compared to the
Intel® Pentium® 4
processor's initial speed
of 1.5 gigahertz (1.5
billion hertz). 1.5 x 1.5
cm 478-pin.

2000:

Pent1um® 4 Processor

Carmean, Doug (Spring 2002).m,\55|FH
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Production [Actual] T
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Lechnology Node hp130 hp90 hp6s hp45 hp32 hp22
(nm)

2-Year Technology
Cyvcle [1998-2002actual]

/

3-Year Technology Cycle

Source: 2003 ITRS - Exec. Summary

* Cycle Time = one-half of the time to reach a technology trend reduction to 0.5x
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This legend indicates the time during which reseanch, development, and qualification/'pre-producton should be taking place for the solution.

2 003 ITRS roadmapk D 5IH



VDS D+ FKiiDZEE

L-+1)—Dxt N R

73 o _ KrF i g
ﬁq:'fg%g R NA (248 nm) (365 nm)
ArF g 1]
— (193 nm (436nm)
(13.5 nm) (157 nm)

l EIORE
| | M| | | (nm)
0 10 100 250 500 1,000

m DP for 3Znm, EUV for 22nm and beyond

70

60

A2ALNKR—Z417 K1<0.25

3
1IN i
N
7
o
P

\ /NA)
——

193nm—>1 3,5nm|

@
o

Design rule (ITRS)
'S
o

B Jonmhp]
—n




EUVIEBDEIMERZUYV IS T+« 0

OUVYDS T« TRELEECERBGHRZES DIE¥$HT

ASMLODHPL D5|F

EUVU IS T 1 OB EUVUY DS J -1 DiERE
Extreme Ultra Violet light(#Bim3R41M¢) (& > NFRORI =S —DRIIZEE70%IEE TH D,
BE13.5nmEArF(193nm) & D —HIE L, iﬂ%‘;wﬁfﬁ*ﬂﬁgﬁ?@fét&l L>X I\ﬁﬂﬂii
> LAU—dD R=K,x(A/NA)ELD ”?é&@ﬁgfﬁbwﬁmx;wtw\%
K,=0.3,A=13.5 NA=0.33 & UCR=11nm DIFH LVRRHEL X MWE,
HiERAR I RE. > AEFRNLZAMERIUBEZERANICHFTET D28,
> BAMIZSERRHSS—EErEDER LA MDD 7D MHACKDREZS — D]

REIE R TR NS, SAZXR -3 NEE TN,



EB/EUViL=FIEREIL

L =X hODRIRER

EB/EUVL X MTRIDERRYFE
OfEE(/) (T2 DREL)
ORME (/N5 — I ERTRILF-)
OSTXRRX (\F—>DIEERE)

{EZEIBREIL > X FOFIH(BEHSDER)

EUV
n a1l B2 54
T (PhyS*CF3S057) — X-

" %A %”*
@aﬁﬂﬂ%ﬁﬁq:

/e -, & £ A Y Y

.. F. ¥ cw.¥.¥
L. 7

LS MR ENEERLE  ELERAR

{EFIRRERL X PORES
AR

R SIRA

- BRRE - BE - SRR
DL —RATREE

{EF DESHRIR I it
(CKDERELT
(FRART D &(F
NS

BEHRIEE - MEIC KD R
ANDZ_ALZHBAL, S=
E - SfRRECFEREEL >
Z l\a)n!n




WEHEAERRISICE DUV L X MY EHEETDIRE

12

KUYVISTA BZATEKRFZERE U > IS ICLET 3MSMEFEERETS
A > I SEBRICERI DBE

mmmmmmm

DRAM half pitch(nm) 24 17.5
SI%A(nm) 2.4 2.0 1.8 1.8 1.7 1.4 1 [ | 0.84
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YEAR OF PRODUCTION

DRAM minimum ¥ pitch (nm)

17.5

Key DRAM Patterning Challenges

MPU / Logic

CD control (3 sigma) (nm) [B] 1.8 1.8 1.7 1.4
Mininum contact/via after etch (nm) [H] 18 17.5 17 14.0
Minimum contact/via pitch(nm)[H] 54 53 51 42

Overlay (3 sigma) (nm) [A] 3.5

Contact CD (nm)after etch - finFET, LGAA
Chip size (mm 2)

Logic industry "Node Range"” Labeling (nm) i

Key MPU/Logic Patterning Challenges

MPU/ASIC Minimum Metal ¥ pitch (nm) 18

Metal LWR (nm) [C] 2.7

Metal CD control (3 sigma) (nm) [B] 2.7

Contacted poly half pitch (nm) 27.0

Physical Gate Length for HP Logic (nm) 20 18 16 14 12 12 12
Gate LER (nm) [C] 0.8 0.7 0.6 0 0 0 0
Gate CD control (3 sigma) (nm) [B] 13 1.0 0.9 0 0.6 0.6 0.6
Overlay (3 sigma) (nm) [A} 3.6 3.0 2.4 2.0 : 6 :
MPU/ASIC finFET fin minimum 1/2 pitch (nm) 16.0 14.0 12.0

FinFET Fin width (nm) 8.0 7.0 6.0

Fin CD control (3 sigma) (nm) [B] 0.80 0.70 0.60

FIN LER (nm) [C] 0.80 0.49 0

Lateral Gate All Around (LGAA) 1/2 pitch 11 10 10 10
LGAA minimum width 7 6 6 6
LGAA CD control (3 sigma) (nm) [B]

GAA LER (nm) [C]

MPU/ASIC minimum contact hole or via pitch (nm) 51 42 34

Via CD after etch (nm) [H] 18 15 12

Maximum exposure field width (mm) [E] 26 26 26 26 26 26 26
Maximum exposure field length, i.e. scanning direction (mm) [E] 33 33 33 16.5 16.5 16.5 16.5
Maximum field area printed by exposure tool (mm 2) [E] 858 858 858 429 429 429 429

2 02 1 IRDS roadmapk D5
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Transmissivity (%)

PMGI

photoresist

thickness 1 um
|

novolac type |

KrF

Transmission spectra of a DQ/N (novolak type) photoresist,

|
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Wavelength (nm)
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polymethylmethacrylate (PMMA), polydimethylglutarimide (PMGI) and
polyhydroxystyrene (PHS).

Sub-Half-Micron Lithography for ULSIs edited by K. Suzuki, S. Matsui and Y. Ochiai
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Table 4-1. Absorption coefficient and acid yield of Fluorinated E
polymer per photon. £ 0.05 *
'g 0.04 F
Concantrationof Absorption coefficient|  Acid generation = * b %
fluorine atoms (Wt%) (um™) efficiency per photon| = AL %
= 0.03 X
42 7.0 1.6 S
38 8.6 1.7 g 0.02
33 8.1 1.9 ;
25 6.6 2.3 5 0.01
0 4.0 24 < 0

0 200 400 600 800 1000
Depth from resist surface (nm)

dl o
c(z)=¢ —— |=¢a e , , . L

dz Figure. Depth profile of acid concentration calculated with acid
generation efficiency, absorption coefficient and the exposure
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