I E A i | | *
1904 |[FEP|Z A A Fleming o
1906 |FEPH= AP Y _ = =
1947 | 3R [VIEErll R Bell Lab
1951 [#R*¥] Gallium Arsenide #18] Siemens
1953 |JAGTNRFE Bell Lab FErifs
1954 |58 Zener ~ iyl NS
1956 |38 % Silicon Controlled Rectifier | General Electric
1958 [Fi IC I3 Y TI
1961 |37 gy~ IC_F]] Fairchild ~ TI S
1963 |38 TTL Logic IC Sylvania (10"

1963 |38 Linear IC Fairchild ~ TI

1964  [58% MOS IC General Microelectronics

1968 |3 CMOS IC RCA i
1969 |ROM _F[j Electronic Arrays M>I

1970 [FHETHE B IC Hj) T a0

1970  |F#]3E 1K DRAM Intel *F%TL
1971 |3 %* EPROM Intel

1972  |B¥13% Microprocessor Intel

1973 |BI5% EEPROM NCR R
1975 |F'% 383385 VLSI F MITI/NTT (10" -
1976 |38 64K DRAM -

1978 [SAFH AW IC TI A
1980 | B R il 2 7w Lol

1980 |3E% DSPIC Bell Lab (10"

1981 |3% % 32 bit Microprocessor AT&T FE
1982 |3&% IBM PC IBM

1982 |V 4 & 256K DRAM Bell Lab

1984  |#]5 VRAM TI .
1985  |IM DRAM B35k A5 IBM/AT&T VLS [
1986 |5CF A SRy Pl DOC ~ MITI

1986 |[4M DRAM ¥ : (10

1987 [16M DRAM Fi¥ i % NTT %
1989 (57— % 16M DRAM BfFERY= | Hitachi/TI

1991 |64M DRAM ﬁﬁ_&j’ i Fujitsu =~

1992 [16M Flash < i NEC
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1993 |256M DRAM F—:’ﬁﬂf HE Hitachi/NEC ULSI
(109
1993 |1G DRAM F?ﬁﬁ?i/ Ei NEC GLSI (10"

x © SSI(Small-Scale Integration)4p — #f & = (chip) 7 ~10 & & 5 %

MSI(Medium-Scale Integration)4s — % & = (chip) # ~10° & T 5 4
LSI(Large-Scale Integration)4 — %f &  (chip) # ~10° & T & 44
VLSI(Very Large-Scale Integration):f;q - 3 & = (chip) z ~10% @ @

oo 18

ULSI(Ultra Large-Scale Integration)4p — *f & = (chip) 5~108 B3

oo 18

GSI(Giga-Scale Integration)4s = 3£ s > (chip) 7 ~10° & T & 44

TALKRR A RREFT P ITIS-% > 2000 £ 9 *

%11 rHMFEROAFE
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Yy of Production i 2Mef 203 20 Jiey i Jiww
Technology Nede et hpii 3
DRAM
IRAM 4 Pitck (o) 100 80 &0 T 65
Cantacd I reiss nm) 130 110 100 30 BD
Cortact affer sich o 115 100 50 80 Th
{herlay 35 iz 28 5 23
€D control (3 sigma) fim) 122 | o | a8 | 86 | 80 | 70 | 64
MFPL
MPUASCT Mewad T (013 % pitek ey | 120 107 95 85 76 &7 &0
MPEE Fiich fos) sencontacied gatel 107 a0 &0 TO 65 57 50
MPU gate invesint (nm) *- 65 53 45 40 35 a2 28
MPU gae Tengih afier etch i) 45 ar 32 28 25 22 20
Contaet in velsy (wmp 130 122 100 80 1] 75 B0
Contact after steh fum) 120 107 95 85 T &7 B0
Gaate 0 comirad ¢3 sigmal {vm) L= B 13 2.9 2.5 2.2 2.0 1.8
ASICAP
ARTC Y Plock fem furcondacted gate) 107 a0 80 70 65 57 50
ASICAP gade v resist (nm) g0 TS 65 53 45 A4l 36
ARICALP gave length after 2ich oy 65 53 45 ki 32 28 25
Contaet iy vexiss fum) 130 122 100 a0 1] 5 B0
Contact after etel fum) 120 107 95 a5 Th &7 B0
O contral (3 sigma) (e 5.8 4.7 4.0 3.3 29 2.5 2.2
Mg yize |'.'.I|.II.'-I.I
DRAM, trtroduction 485 383 568 419 662 448 356
DRAM. production 139 110 82 122 a7 131 104
MPU, Rlgh valane ar iefeoduction 280 280 280 280 280 28D ZE0
MPLL gl vodume af praduction 140 140 140 140 140 140 140
MPEL high prevformaies 310 310 310 310 Mo MO 310
ASHC 704 704 T4 T4 704 704 704
Minimaim fleld areq T04 T04 T4 T4 T4 T4 704
Wafer size {aigueter, mm) 300 300 300 300 oo 300 300

4 1.22004 & ITRS “F %k b st il 3 &
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Yepr of Producior 2016 2042 M3 215 2o 208

Techmalogy Node Typd 5 hp 32 hp2l

LHEANM

DRAM %5 Piteh frm)

Capiges B restel (o)

Camdicd afier @il il

{hverid)

CE cantend (3 slgea ) )

MELr

MPLYARCT Mesal 4 (M T % pirch fua)

MPL 4 Plted fem) funconiaeted gare)

MPL gate i pesiss (o)

MPL pate length gfter et (v}

Clandied U resied )

Candacd afier @il irm)

U comtend (3 slgea ) o)

ASTCALR

ASNT W Pich fuanh fmeoriasted gete)

ASNALP gerte fn resiss o)

ASNALE gave fengeh afier efek frm)

Camdant U resisd S

Camdaed a@iier il drm)

0 pomniend {3 slgma ) four)

Chip gize _rui'.'.'.u:;
DRAM, infroduciion 563 A53 560 357 464 202
DIRAM, produciiog 83 104 83 104 138 &7
MPLL igh volume ot intradiction 280 280 280 260 280 280
MPLL Digh volume o peoduciion 140 140 140 140 140 140
MPLL Bigh perfarmance 30 310 310 30 310 310
ASNC 704 T04 T Tid T04 TO4

Mindmu feld area T04 T04 T04 T4 704 TO4

Wfer gize pflameer, ) 300 450 A50 450 450 450

7 1.31TRS #73¢ % A K #icE 2 MR F i Bl
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Material Thickness n k T (%) 2]
Al,O3(vuv, r) 20 nm 1.8618 | 0.0253 87.30 32.15
Al,Oz(vuv, n) [ 20 nm 1.8783 | 0.0167 87.99 32.77
Nb,Os(vuv, n) | 20 nm 1.9522 | 0.0603 81.76 35.52
Nb,Os(vuv, r) | 20 nm 1.8681 | 1.1026 16.93 32.39

Mo(vuv) 20 nm 0.8012 | 1.9520 1.91 -7.42

MoN(vuv) 20 nm 1.3860 | 1.7780 4.52 14.40

MoOy(vuv) 20 nm 1.3127 | 1.5964 6.31 11.67
Cr,03(vuv) 20 nm 1.6162 | 0.8208 27.68 22.99

CrN(vuv) 20 nm 1.2921 | 0.8989 23.85 10.90

Nb(vuv) 20 nm 0.9532 | 0.9636 18.81 -1.75

NbN(vuv) 20 nm 1.9019 | 1.1747 14.94 33.65

Zr(vuv) 20 nm 1.2100 | 0.6950 33.77 7.83

ZrN(vuv) 20 nm 2.212077:-.1.3280 11.22 45.21

Ti(vuv) 20 nm 1.1089mf+.1.2897 10.66 4.06

TiO(vuv) 20 nm 1.7400 | 1.1024 17.04 27.61

TiN(vuv) 20 nm 19381 1-1.3974 10.12 35.00

TaN(vuv) 20 nm 1.8579 | 1.2666 12.76 32.00

Ta(vuv) 20 nm 1.3582"1" 1.7328 4.89 13.36

Ta,Os(vuv) 20 nm 1.9233 | 1.5289 8.01 34.44
SiOy(vuv) 20 nm 1.5729 | 0.0231 92.21 21.37
SigN4(vuv) 20 nm 2.4852 | 0.1853 60.66 55.41
Ag 20 nm 1.0242 | 1.1748 12.85 0.90
Al 20 nm 0.1126 | 2.2056 0.04 -33.11
AIN 20 nm 2.4222 | 0.0416 74.71 53.06
Al,O; 20 nm 1.7840 | 0.0178 89.56 29.25
a-Si 20 nm 0.9752 | 2.1008 1.71 -0.93
Au 20 nm 1.4252 | 1.1560 15.21 15.86
CaF, 20 nm 1.5014 | 1.5014 13.58 18.71
Cr 20 nm 0.8418 | 1.6472 4.00 -5.90
CrQO; 20 nm 1.6364 | 0.6504 36.53 23.74
c-Si 20 nm 0.8808 | 2.7638 0.35 -4.45
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Cu 20 nm 0.9669 | 1.4026 7.71 -1.23
HfO, 20 nm 23191 | 0.2123 61.01 49.21
LiF 20 nm 1.4435 | 1.4435 14.74 16.55
MgF; 20 nm 1.4279 | 1.4279 15.06 15.96
Mo 20 nm 0.7880 | 2.3474 0.76 -7.91
MoN 20 nm 1.5171 | 1.3653 10.45 19.29
MoO, 20 nm 1.6027 | 0.6849 36.65 22.48
Ni 20 nm 1.0091 | 1.4536 7.15 0.34
Nb 20 nm 1.0997 | 0.9215 21.82 3.72
NbN 20 nm 1.8916 | 1.7589 5.26 33.26
Nb,Os 20 nm 1.7687 | 1.1234 16.41 28.68
Pd 20 nm 0.7288 | 1.2798 7.87 -10.12
Pt 20 nm 1.4234 | 1.2882 11.88 15.80
Rh 20 nm 0.6980 | 1.7614 2.50 -11.27
SigN, 20 nm 2:6630 |0.2451 53.37 62.04
SiO, 20 nm 1:5631 | .1.5631 12.43 21.01
Ta 20 nm 1.5645 | 1.7513 5.05 21.06
TaN 20 nm 2:0717 1 -1.5300 7.99 39.98
Ta,05 20 nm 2.0519 | 1.2408 13.20 39.24
TaSi, 20 nm 1.1060" | 1.4603 7.51 3.95
Ti 20 nm 1.0735 | 1.1247 14.57 2.74
TiN 20 nm 1.5812 | 1.3060 11.77 21.68
W 20 nm 1.0518 | 2.1550 1.64 1.93
WN 20 nm 1.6603 | 1.7675 5.01 24.63
WO, 20 nm 1.6525 | 0.7986 28.66 24.34
YF3 20 nm 1.6054 | 0.0741 85.77 22.58
Zr0O, 20 nm 2.2031 | 0.8782 23.45 44.88

%22 2193nm k£ T2 kR RERFE S %
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Simulation Parameters used

Parameter Value(s) Comment
Name
Wavelength 193 nm ArF
Numerical
Aperture 0.85
Line Width 90 nm Line
[llumination Quasar Oouter=0.8, Ginner=0.5, Blade Angle=45°
Annular Oouter=0.8, Gipner=0.5
Dip0|e Ocenter=0.7, Oragius=0.3
Resist 270 n AGE Clariant AX102 (n=1.703)
Thickness
BARC 45.m Shipley AR2 (n=1.47)
Dessfc;;ting Enhanced'Mack | Rua=333.73 nm/s, Ryin= 0.011 nm/s,
Model Model Riesisi=46.25 nm/s, n=1.77, 1= 5.63
Line width Specification (+/-%): 10.0
Sidewall Angle Specification (deg.):
Pr_ocess EL: 6% _ 80.0—_1_00.(_)
Window Resist Loss Specification (%): 10.0
Exposure Latitude Specification for
DOF (%): 6.0
Imn_ﬂer§|on Water n=1.44 at 193 nm wavelength
Liquid

3 2.3 MRRCEE AR S ¥c
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B. W. Smith =k 78 2. i Sicdy

Thickness n 0 T %
SisN, 16.9 nm 2.6630 52.4 56.07
Sio, 11.8 nm 1.5631 12.4 30.44

d 7 kAT 2 Bicdy
Thickness n 0 T %
SisNy 16.9 nm 2573 49.6 51.18
SiO, 11.8 nm 1,493 10.9 35.05

3041 LT LEHETRPIEE
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