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Overall Roadmap Technology Characteristics
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g /N fgel T, 2001 A2121% 100nm O MPU 7 — MR ZEBL T 20, £DRZIT 3 FEFA7NVITRDLETHIS
%, DRAM ON—TEyF /=R SHICEM R ELEWVOBBIA R A TE—HICH D, 2w Rtk
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rsa7aty i DRAM LOT7 7 /ay —X vy 7 E# OB IEELT K EMmDOIVI T TT7 17— )L
ZEFILTND, BIIE DRAM BL O~ Aru7 oty 8, 77 /ey —)—¥—ifii 2L H 425
HO LRSI TN D,

s 2 SORE T 7V — I RAWIE VDR S D, "G50 AN &5 3E o A pE
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DO NTRS WETHFIZTHISNTZE B, HOlf B ASNZIE E 193nm OFE L E L4 E~ A7 L
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HE ) (BT IE R, —FHE AR TIdZe< Mg/ B 1, R01ED 2001 R IZERSNDET RIS, &
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B9 2 HE T, 2001 FFEST0D,

1999 4FRR D ITRS % 1997 fFDu—R~y T L 58 74 —F v — A XDOE LM /N 1E, 1995
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Year 1999 | 2000 | 2001 2002 | 2003 | 2004 | 2005 DRIVER
TECHNOLOGY NoDE 180 mm 130 nim 100
DRAM % Pitch (nm) 180 185 150 130 120 | 110 | 100 D%
MPU Gate Length {nm) 77 140 120 100 85-90 ag 70 65 MGATE
MPU/ASIC ¥ Pitch {nm) 230 210 180 160 145 | 130 115 MANDA B2
ASIC Gate Length (nm) 180 185 180 130 120 110 100 AGATE
Memory
(eneration ar imtroduction § 1G —_ 206G —_ 4G — 8G
Functions per chip {Ghits) 1.07 — 215 — 4.29 — 8.59 Market
Moaore’s Law
Cell area factor 8.0 7.3 6.6 6.0 5.4 49 4.4 Market
Cost/Timing
Cell area m.r;;‘/} 0.26 0.20 0.15 0.10 0.08 | 0.089 | 0.044 Market
Cost/Timing
Chip size ar introduction jmni ) § 400 — 438 — 480 — 526 Market
Cost/Timing
Cell array area at introduction T0% — T2% — T0% — T2% Marker
(% of chip sizel § Cost/Timing
Ghits/cri’ at introduction 5 0.27 — 0.49 — 0.89 — 1.83 Market
Cost/Timing
Greneration at production § 25EM — 1512) — 1G — 2G Marker
Cost-Timing
Chip size at production (mn’) § 132 — 145 — 159 — 174 Market
Cost-Timing
Cell array area at production 53%, — 55% — 53% — 549 Marker
(% of chip sizel § Cost-Timing
Ghits o at production § 0.20 — 0.37 — 0.68 — 1.23 Market
Cost-Timing
Logic (High-volume Microprocessor) Cost-performance *
Creneration at imtroduction T p99c — pdic — p03c — pO5c
Functions per chip (million 238 — 47 6 — 5.2 — 190 Market
transistars [Mtransistors/) Moores Law
Frocess design annual 0.80 0.90 0.90 0.9 092 | 093 0.93 Market
improvement factor  ++ Cost/ Timing
Transistor density SRAM ar a5 50 70 95 128 173 234 Market
introduction (Miransistors/cm ) Cost- Timing
Transistor density logic at 6.6 9.4 13 18 24 33 44 Market
introduction (Mtransistors/cni’) Cost/ Timing
Chip size ar introduction (mni) *** 340 — 340 — K — 408 Market
Cost/ Timing

# la B AR EF TP A R T T 5 T

++ MPU O 7w R/ EDE N X, MPU AZ L N—T " FHIRIC LD D% 545 & #EHE
1 FE5 OO MR A 0 2 7= 4 8 T D, ZO BN R O HI L, — M DRAM O 2LV E 7 77
ZILRIBEOB R EZR D, A X —ax L ~UL DB, BV 7T T4 (self-alignment) £ 9f7
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Year 1899 | 2000 | 2001 2002 | 2003 | 2004 | 2005 DRIVER

TECHNOLOGY NoDE 150 nm 130 nm 100 i
DRAM #2 Pitch (nm) 180 185 150 130 120 | 110 100 Dz
MPL Gate Length (nm) 77 140 120 1040 85-90 a0 70 65 MGATE
MPUZASIC %2 Pitch (nm) 230 210 180 160 145 | 130 115 Manp A ¥
ASIC Gate Length (nmy) 180 165 150 130 120 110 100 A GATE
Logic (High-volume Microprocessor) Cost-performance *(continued)
Cost performance MPU 7 — 14 — 26 — 47 M Gare and
(Mtransistors/cri’ at intr wduction) M and A ¥

{inciuding on-chip SRAM) ***

Generation at ramp 1 pa7e — po9c — pllc — P03c —

Chip size at ramp (mnf) *** 170 — 170 — 214 — 235 Market
Cost/ Timing

Cost performance MPL 7 — 14 — 22 — 41 M Gate and

(Mtransistors/cni at ramyg, M and A 2

including on-chip SRAM) ***

Logic (Low-volume Microprocessor) High-performance **

Generation at ramp ¥ pe8h — pO1h — p03h — p05h —

Furnictions per chip 110 — 220 — 441 — BR2 Market

{mifiion fransistors) Maoares Law

Chip size at ramp (mm ) *** 450 —_ 450 —_ 567 —_ 622 Market
Cost/ Timing

High-performance MPL 24 — 49 — 78 - 142 M Gate and

Mtransistors/cmi at ramp M and A $2

{inciuding on-chip SRAM) ***

ASIC

ASIC usable Miransistors/cm 20 28 40 54 73 99 133 M Gate and

(auto fﬂ_}q;.l_.rﬂi‘ M and A 12

ASIC max chip size at ramp {minT) 800 800 800 800 800 800 800 Lithagraphic

(maximum lithographic field size) Field Size

ASIC maximum functions per chip 1860 224 320 432 584 800 [ 1064 Marker

at ramp (Mitransistors/chip! | fit in Ferformances

maximum lithographic feld size) Timing

# la WRHREF TV AXET NV—FH (Fr )

T J—RIZHEICE 2S00, 2001 F0356 3 FH A7 VTRV TR L0088 L, £len—F~y
TP ORM TR AR HEE THLHIEEZE R L TND,

§ DRAM tERRET L, 4 FEICE YN/ Ty 7 (PRI 2XE YN/ F o7 AR 23 4 5, InTer AR
Fo TP ARRERETNIT 4 FEMHIT 1.2 1%, InTer AT 7 A ZHE/NET 01, 1999 4E )
5 3 EMIC 0.5 %,
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I plE7aboY . BFIEITU T T T EEZE R WITE T =~ AR

* MPU QAT 4y —<L AETFT I —aARST 54—~ A MPU X, /<L 1(L1)®D SRAM
(32Kbyte/1999) & Ty, EELLUTHBINT L D AZBERED DY D, SRAM, SR FERERE L . 2 AE
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MPU @ /R 7 4=~V AET b—@ /X7 4 —~<v  AMPU X, 2 FEFTOHRNOHME/NLT 7Ty 7L
AR Ty —vr ZaTEREICBINESRZ KL~ 2(L2) D SRAM (2MByte/1999) %5 T¢
(P99h = 11.9 VATV AZ (/N P97 27) + 98 IUA U RT2 P AH (2048bytes X
8bits/byte X 6 k7Y A% /bit) L2 SRAM = 1103UA L F 7P A4 /1999) , SRAM, ff BELFERE &1 |
2RI 2 510705,

MPU Fv 7Y A XEF )N—a AT —<2 A MPU BIORE X7+ —~<2 A MPU @ InTer 4%
Fo Y ARG ELET 1T, 2001 FFHIZFEHTHY, 2001 FLLEIT 4 FEEIC 1.2 [FORREL
704, InTer AL TF 7B A XfE/NEF LI1E, 2001 4E 1T 2 4F41C 0.5 %, 2001 4ELL#4 13 3 4R
12 0.5 i,

YeAR 2008 U EE

TECHNOLOGY NoDE ftmm | S0 am 35 nm
DRAM ¥ Pitch (nm) 70 50 35
MPU Gate Length {nmm) 17 45 a0-32 20-22
MPUZASIC ¥ Pitch (nm) 80 55 40
ASIC Gate Length (nmy) 7o 50 a5
Memuory
Generation at infroduction § — 640 —
Functions per chip 2473 68.7 194
fhillion bits (Ghirs))
Cell area factor 3.5 3.0 2.5
Cell area (um') 0.017 0.008 0.003
Chip size at introduction {mm ) § 603 691 o2
Cell area efficiency ar introduction (% of chip sizel § B0% 75% 5%
Ghits/crmi at introduction & 4.03 9.04 245
Greneration at production ¥ — 168G —
Chip Size at production (mnt) § 199 229 262
Cell area efficiency at production 52% 56% 57%
(% of chip sizel §
Ghits/cm at production § 3.05 7.51 18.5
Logic (High-velume Microprocessor) Cost-performance *
Greneration at infroduction T — pllc —
Functions per chip {milfion transistors (Miransistors)) 5349 1,523 4,308
FProcess/design improvement factor 0.93 0.93 0.93
Transistor density SRAM at introduction (Mtransistors/cm ) a7y 1423 3,510
Transistor density logic at introduction (Mitransistors.”| crmi ) 109 269 664
Chip size at introduction frmms ) ¥*F 468 536 615
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YEAR 2008 2011 20i4

TECHNOLOCY NODE A nm | 30 nm | 35 nm
DRAM ¥ Pitch (nm) 70 50 35
MPU Gate Length (nm) 771 45 30-32 | 20-22
MPUASIC Y2 Pirch (nm) 80 55 40
ASIC Gare Length (nm) 70 a0 38
Logic (High-velume Microprocessor) Cost-performance * (continued)
Caost-performance MPU Mtransistors/cni at infroduction 115 284 70
{including on-chip SRAM) ***
Generation at ramp | — p09c —
Chip size at ramp (mni) *** 280 ana 354
Caost performance MPL Mtransistors/cm at ramp 100 247 609

(including on-chip SRAM) ***

Logic (Low-volume Microprocessor) High-performance **

Generation at ramp © — plth —
Functions per chip 2494 | 7,053 | 19,049
{million fransisiors)

Chip size at ramp (mni) *** 713 v 937
High-performance MPU Mtransistors/cni at ramp 350 863 2,130
{including on-chip SRAM)

ASIC

ASIC usable Mtransistors/eni’ 328 81 2,000

{aura layout)

ASIC maximum chip size at ramp (mnT) 800 800 800
{maximum lithographic field size)

ASIC maximuam functions per chip at ramp (Mtransistors/chip) 2,624 6,488 | 16,000
(it in maximum lithographic field size)
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T J—REEICERHLDI1L, 2001 05 3 FH A7 20T T O8N L, Flen—K~vy 7
THOEM TR NAMETHLIEEE R LTV,

§ DRAM #RET /b, 4 FEICE YR/ F o7 (FHRIC 2XEy R/ F o7 HiAR) 25 4 £, InTer HAX
Fo T PARXRERET M A FIC 1.2 5, InTer AT > 7 A Xfi /€T L1, 1999 4E7>
5 3 AEfFIC 0.5 5,

T o plET eyt BTFTIEAFEEE R, c ITaAMNIT p—w R BN
I plETabeyY BFIET T T T EE IR hITE N T = AL,
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(32Kbyte/1999) & ey, LU TN T D AXBERED DN D, SRAM, R FIRERES L . 2 41
\Z 2 1512725,

k%  MPU N7+ —~< L AET IL—@m/ 7 +—~2 AMPUIL, 2E RO BHE /N LT T Ty 7L
AR R T p—<  AaTHEREICB NS R L~ 2(L2) A F 7D (2MByte/1999) 24 To
(P99h = 11.9 IUA TP RAZ (fF/ P97 227) + 98 VAU T2 P AHX (2048bytes X
8bits/byte X 6 k7 A% /bit) L2 SRAM = 110UA L R 72 P24 /1999) , SRAM, G BEEFERE &1
2 FEEIT 2 51705,

wxkk MPU Fov 7 A RXET )L—aAMRT 3 —~< 2 A MPU BLXOE /X7 —~2 A MPU @ InTer A%
F o TP AR H R RET VL, 2001 FHIXTFEHTHY, 2001 FELUHZIT 4 FEIC 1.2 [HFORELE
72%, InTer AT > 7 A XHi/NET /VIZ, 2001 FHIE 2 44T 0.5 £i5, 2001 FFELL#Z 13 3 4F
312 0.5 fi%,

17—2—-2 FyTH AR VT TT4T74—VF BIRT=2— NP AL XD F

T4 —F % — P AZXDHER 30%HE /D UE T TWDIZHED D59, IEEE International Solid State
Circuits Conference (ISSCC) & D i 7+ —F LA TR IIZE L T ELV AR —3 3> DfT oD DRAM
DY ARNE 6 FETEIT 2 f5L72>TWD I 12%/FE D) , ZOF» 71 B OB INE ., Moore D% HI
(LB AEICTF v T HI0DBEREN 2 513722 L WO RREBR A ITTE > T, B4 59%H M358 v/ F v 3
BN D ABIACK IS THTeDI M E Lo TS, LOLEBEREH T2 ARE 25-30%/ - HI 95 L0
IELHINL U REHERF T H72DIT1E, MEBERY SRR D AEEMEZ WM B, RE &2, 7TRE 72 i
RIAZXDY == nEFHT21E0, Vo= EOF T RaRm KT LHIENRBEE THDL, Vo —
NEOFoTRBOERIZ, KRBT —F v — VA XD /N (a7 /A= 7) L /7 'a
TADOFEF (M) I A G b RICEDT v TV A RXOMi /Nl L TR SND, Bl 21E. &
FABEINZET MICENIE, 2 AND R 8 i R (2 FEo AR CTHEED fFL7D) O A
Fy 7T HEFEIL, 4T 2%, BT INL TEeb2n, EOICZOEMEIL, 77 /vy — /) —RE o
(M QIERES AN S 50%(9?7‘?74%@4\% 0.7 DI-F7) THa /N L2RITF IR 5720, 2001 £EETH 2
EVAINPBINSNTZT2, MPU BGIE7 T M AP A X% HIZLTEDIEAH, LAL 2001 4FLLKE
I, 3EEF AT NVITR DT MPU AR T 7 VA XY 4 12 20% DR TR 57259, Ao F
VT RERE (FT U P AFH) ZEHE LG, 4 £ T 20%D# NI 2 57-012, MPU Fy 7 BL 07k

AR FHENL VYT TT7 4D E DI, 2001 4F LR IZEHITHER 19O EH/ TR AR BRIk F v
P A XD N RBLLRT LR B0,

DRAM # i i%, R OF > 7 A XD K INH 32 LW B A 72 31ED ViR FE R a2 A
A O TORAR M ISHERF L2 U e b 7200, L2235 C DRAM BT LW Vil RS 7 77 & (B
INT 4 —=F X% P A XD FHFEENELI- LV E ) NEREND, 7ar b R 7o 28 ilF WG 1%, 7
O bR TR ADRE T, BVEHBE 7 774 LW EVIEHBEER T/ Va—ar~OffE L
—REFEMITIR R TS, ZOLTEH LW E OB B/ N EE ThDH72H, ORTC 7—7 /4 1 {1
DRAM t/bﬁ%a7775'ﬁzzwf4x BF TP ARIx T HEATUVAHAE LR, EWOITIH H %38
MU=, EREMER EODdIlix, BiET ot AOKEM CRA Ty 7OR M AN T L ERH D,
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— BN LS TEE T 72TV N TDREINZ. VT TT 4 — DT 4 — VR YA XL Tz— N |
WV T 2F o 7T HBRBIORNTARIRIC ks T $5, ZOA BRI A—Z |+ 2u—R~y 7
. T —T7 I 212G EN WA,

DRAM IZBH 3 28L7ED ITRS Fv 7P AXET NV TlL, BAREOF 7P AXD T 5 800mm? DEE 17
DRKBAT T T URAX X 74—V REOL /NS, @BEEDONA/T p—~< 2 A MPU Fv 7P AKX
TH, 2011 AR ETIH800mm? L EIZIE KRLAAWETFRHRIN TS, LLET A TR VT T74D
BUTE D B AR & K 357217 T7e< DRAM BXL U MPU 0);:}#&7 RERCED L ERDTHIEN
FEEoTnD, bLINGD HENERINR T, BIIEOr—R vy 7 IO KR ERFPAXDF v
TV RLRIT UL e bl D,

FEAEEMOME BT BRI s— A XD GER SN TS, 300mm 7 =— Tl
200mm V= — NEHEEL T, ATREZR T v TN 2.4 D 2.5 ([ZHIINTHETHISH TS, LavL
300mm Vx=— "HIZNLTa—0ORAa Y TG4 DT AR —T g A 1998 12T, EEEICHE A
64M Bk DRAM HAEFESNTZ, A4 DEZA 300mm DV = — EAff 7= K8 A FE~DBITI, 2001
FEETHESRNETHIN TS, 20 300mm 7> 7 7y 7 OFEFLIE, 1)200mm 155 0 Fll 4t 3% |
2) TUT R ORMEIRAER . BEOY 3) i Al A% A T ﬂ&??‘éqﬂftt&ﬁ%z@i%ﬂn%i* X
T 570, BEfFO LG CET7 /ay—oia L (EIZVV T T7 ) 2K ->7228, O AA DENEIA
Lo TWA,

AR PE S TIE, 1999 o EIE QIR LB R 6D, 2072 300mm 4 pEME R BT 1%, E<ICHE

FB TN ELDHDTIFTEAE RN GG E AT R 7 D A— T TRGEIZHR EH7259, 1999 FF DT = — Y
ARXDu—R<y 7%, 300mm OB OBENIZHEDOETHESIN TS, LIRS TRIZY =— P A X
Z 1.5 fFOEE 450mm (BT 3534y I, 2009-2010 FTHHERNWETFTHISHD, 72, 300mm
7 — R ORRERDNS, 450mm V= — N AEPEIL, 2012-2014 FETITRE GAHZD 20 T7=—
BlAR) ICABIRWNEAD, L LM DA FENE M EEBRAT Y 2 — L@ ICER LT, BEROKR
ERT = —EAE S THEFEMZN LT 20 ERHE T b ENR0,
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Year 19599 2000 2001 2002 2003 2004 2005
TECHNOLOCY NODE 180 nm 130 nm 100 nm

DRAM Chip Size
Cell area factor 8.0 73 6.6 6.0 5.4 4.9 4.4
Call area m”}‘/fl 0.26 0.20 0.15 0.10 0.08 0.059 0.044
Cell array area at introduction (% of chip size) § T0% —_ 2% —_ T0% —_ 72%
DRAM generation at inftroduction § 1G —_ (2G) —_ 4G —_ (8G)
Chip size at introduction (mnf) § 400 — 438 - 480 - 526
Chip height at 2:1 aspect ratio (mm) 14.1 —_ 148 —_ 155 —_ 16.2
Chip length at 2:1 aspect ratio (mm) 28.3 — 2986 — 30 — 324
Cell array area at sample (% of chip size) § B0% —_ B3% - B1% — 62%
DRAM generation at sample § (512M) — 1G — [2G) —_ 4G
Chip size at sample (mm’) § 230 — 252 — 276 — a0z
Chip height at 2:1 aspect ratio (mm) 10.7 —_ 11.22 —_ 11.8 —_ 123
Chip length at 201 aspect ratio (mm) 21.5 —_ 22.5 —_ 235 —_ 246
Cell array area at production (% of chip size) § 53% — 55% — 53% — 54%
Generation at production § 256M —_ (512) —_ 16 —_ 26
Chip size at production (mni) § 132 —_ 145 — 159 — 174
Chip height at 2:1 aspect ratio (mm) 8.1 —_ 8.5 —_ 8.9 —_ 9.33
Chip length at 2:1 aspect ratio (mm) 16.3 — 170 — 178 —_ 187
Cell array area at ramp (% of chip sizel § AB% — 49% — 45% — 47%
Generation at ramp § (128) — 256M — (512) —_ 1G
Chip size at ramp (mny ) § T4 — 83 — a1 — 100
Chip height at 2:1 aspect ratio {mm) 4.2 — 6.4 — 8.9 — 9.3
Chip length at 2:1 aspect ratio (mm) 8.4 —_ 127 —_ 179 —_ 186
MPU Chip Size
High-performance MPU generation at ramp =% § p99h —_ pO1h —_ pO3h —_ PO&h
Chip size at ramp (muy) *=* 450 — 450 — 58T — 622
Maximum lithographic field size — area (mni ) 800 800 800 800 800 800 800
Maximum lithographic field size — length (mm) 3z 32 az 3z az 32 3z
Maximum lithographic field size — width {mim) 25 25 25 25 25 25 25
Minimum lithographic field size — area (mme)' 484 508 529 552 576 &00 625
Minimum lithographic field size — length {mm) 22 225 23 235 24 24.5 25
Minimum lithographic field size — width {mm) 22 22.5 23 23.5 24 24.5 25
Maximum Substrate Diameter (mm) — High-volume Prodoction (>20K wafer starts per monti)
Bulk or epitaxial or SOI wafer | 200 | 200 | 300 | 300 | 300 | 300 | =00

K 2a FyTIAXNVITTTAT 4= VR, BEOY 2= P A XD F—R T [ 4F

(FE:1999 DV T 5T 47 4—NVRP AR BUROBE AR LTV, )
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YEAR 2008 2011 2014

TECHNOLOCY NODE F nm 50 nm 35 nm
DRAM Chip Size
Cell area factor 3.5 3.0 2.5
Cell area (um') 0.017 008 0.003
Cefl array area at infroduction (% of chip size) § 69% 75% T5%
DRAM generation at introduction § —_ 640G —
Chip size at introduction (mod) § 603 691 a2
Chip height at 2:1 aspect ratio (mim) 17.4 188 19.9
Chip length at 2:1 aspect ratio (mm) 347 ar.z 39.8
Cefl array area at sample (% of chip size) § 60% E5% B5%
DRAM generation at sample § — (32G) —
Chip size ar sample (mnT) § 347 Jo8 458
Chip height at 2:1 aspect ratio (mim) 13.2 141 15.1
Chip length at 2:1 aspect ratio (mm) 283 282 0.2
Cefl array area at production (% of chip size) § 52% 56% 57%
(Feneration at production § — 166G —
Chip size ar production {moi) § 199 229 262
Chip height at 2:1 aspect ratio (mm) 10.0 10.7 11.4
Chip length at 2:1 aspect ratio {mim) 202 214 229
Cefl array area at ramp (% of chip size! § 45% 49% 49%
reneration at ramp 5 — (8G) —
Chip size af ramp (mni) § 115 131 151
Chip height at 2:1 aspect ratio (mm) 76 8.1 87
Chip length at 2:1 aspect ratio {mim) 15.2 16.2 17.4
MPU Chip Size
High-performance MPU generation at ramp ** F — pith —
Chip size at ramp (mny) *** T3 av Q3T
Maximum lithographic field size—area {mm ) B8040 B00 800
Maximum fithographic field size—length {mm) 32 32 32
Maximum fithographic field size—width {mm) 25 25 25
Minimum lithographic field size—area {mnt ) 625 625 625
Minimum lithagraphic field size—length {mm) 25 25 25
Minimum lithographic field size—width (num) 25 25 25
Maximum Substrate Diameter (mm)—High-volume Production (20K wafer starts per month)
Bulk or epitaxial or SO0 wafer | a0d | 00 | 450

£ 20 FoTHARX VITFTT4T4—=NAR, BEIOT 2= P A XD F—E BT I 4

SOl—silicon on insulator (Var A Ao al—&)

§

K3k

DRAM EF /b, 4 FE @ ICE Y N/ F o7 AL (P RAIZ 2XE YN/ F o7 HAR) 28 4 %, InTer HAL
DF w7 OEENMIL 4 F8I2 1.2 1%, InTer AT v 7 A XHE /€7 V1, 1999 FEND 3 FE 4812
0.5 &%,

plE7atyY BFTIET T Ty T EER IR h ZE N T — < AR,
MPU &R 7 p— < AE T )L—E N7 4 —<2 AMPU 1%, 24ERTO M NSHE/NLT T T 7L

J2aARNRT =< AT HEREIZ KL ~UL 2 (L2) D SRAM (2MByte/1999) 201 2 7= (P99h = 11.9
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SUFVRTU D ARE (KGN P9T 27) + 98 SUF L TP A% (2048bytes x 8bits/byte X6 hFo
A4 /bit) L2 SRAM = 110 SUA LT 24 /1999) . SRAM., PR RE L 2 4E /1T 2 1212705,

#xk MPU Fv 7V A RXET )V—aARIT 3 —<2 A MPU BLEOE /X7 4 —<2 A MPU @ InTer A4
F o TP AR H R RET VL, 2001 FHIXTFEHTHY, 2001 FELUZIT 4 FEIC 1.2 [HFOREE
72%, InTer AT > 7 A XHi/NET /LIF, 2001 FHIE 2 44T 0.5 £i5, 2001 FFLL#Z 13 3 47
312 0.5 %,

17—2—3 R —VDONRTF—< R
NRoRBIOE U/ Ry Ry F | BrHizDaxb, B &

DEZESDOEEEZH — T v 7 ECHEB T3, £ -AHRICEBNT, IVELDRTVAZLE YR
AEVEBNL) OREDNLTELRS, WAIFIZIEL, Fo 7 EORNIU D RAE N 2 BIZHE > T, EfE R
EAH T /O)VEFEZRVENVTHIZDD Ry RBLIOE O N4 5, & 3 25 M,

BHEBOREALE, JAXMME A L3270, Fy 71T B IR B O A i1 0B 2 %
g L7p%, Test TWG 0)1”EEJZL7”:‘/L‘77/\“/F‘%X?*ﬂ:i%ﬂ: ITRS O x5 HIfH F12, fa B8 &L (MPU
LENT A= AASIC)IEELLS 4 Ty RO KMEIZIE S<, 2O o MPU 8§ T3Sy Rk
B 2 5L DDITK L, ASIC TIETF v T HI0 DB KXy REBK 3 5 L7705, 20 2 FEH OB

T, B/ B Sy RO RIZHL KREREVWRH L, A2 MPU #5 TlEL 5 1/0 Suk
/31 L CEFREBLOE Sy 2/3, DEVEE /O RNyR 1 DI LTE N BLOE Sy R 2
DEIRSTND, ZAUTK L THAIR 225 R 7+ —~ X ASIC B TIXL AE 5 1/0 7Sy R 1 D23 LT
BIRBLOEH SRR 1T DLl TND,

YEAR 1999 | 2000 | 2004 2002 | 203 | 2004 2005
TECHNOLOGY NODE 180 nm 130 1N iz

Number of Chip I'Os (Number of Total Chip Pads) — Maximum
Total pads—MPL 2304 | 2,560 | 3042 | 3042 | 3.042 | 3042 3,042
Signal I/0—MPU (173 of total pads) 768 1,024 | 1,024 | 1,024 | 1,024 | 1.024 1,024
FPower and ground pads—MPU (273 of tatal pads) 1,536 | 1,536 | 2018 | 2018 | 2018 | 2,018 2,018
Total pads—ASIC high-performarnce 1400 | 1,800 | 2200 | 2600 | 3.000 | 3,400 3,800
Signal 1/0 pads—ASIC high performance 700 900 1,100 | 1,300 | 1,800 | 1.700 1,900

{¥2 of total pads)

Power and ground pads—ASIC high-performance (#2| 700 900 | 1,100 | 1,300 | 1,500 | 1,700 | 1,900
af total pads)

Chip-to-package pads (Peripheral) 368 397 429 484 501 5441 584
Number of Total Package Pins/Balls—Maximum

Microprocessor/controfler, cost-performance 740 821 912 1012 | 1,123 | 1.247 1,384
ASIC (high-perfarmance) 1,800 [ 1,792 | 2007 | 2248 | 2518 | 2,820 3,158

X5 3a N —ORTp—w AN RB IO B —5E
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Year 2008 ) 2014

TEcHNOLOCY NoDe A nm 50 nm 35 mm
Number of Chip I'Os (Number of Total Chip Pads)—Maximum
Total pads—MPU 3,840 4,224 4,416
Signal -0 pads—MPLU {173 of total pads) 1,280 1,408 1,472
Poawer and ground pads—MPU (273 of total pads) 2,580 2818 2,944
Total pads—ASIC high-performance 4,600 5,400 6,000
Signal 170 pads—ASIC high-performance 2,300 2,700 3,000
(%% of total pads)
Power and ground pads—ASIC high-performance (¥ of 2,300 2,700 3,000
total pads)
Chip-to-package pads (Peripheral) 738 927 1167
Number of Total Package Pins/Balls—Maximum
Microprocessor/caontrolier, cost-performarice 1,893 2,589 3,541
ASIC {high-performance) 4,437 6,234 8,758

F 3 N —VDNRTp = ANy RBIOE U —E

Assembly and Package TWG DIER L=/ R0 7r—TE (£ 3) BLOE U HIZVaAR(FE 4) DT —
Z1E, PR OBE B TR BN EZ R L T D, Ty T HIEVRT DA O T RN LT
Rl =D /R — VIR 1S THEM T 2013 L, ErHDaxMNIFEE 59 TR T5, 2
NOHDOR U RIZEIIR, R = DB a AN 2R E U THEE 5% TH I35 (1.11 ¥ /4 X 0.95
IARN B =1.05 AN 2D Ny —U T a—Dh T TARXICES TR RO E WYY 2—
TarORMEITIVEEZ L E T O LR D,

FERITH P OWMUNFE BRI R T, PC R BRSO L7 & R A7 7 8L 5 O 4% 1%
ERRODTRBETAHEMICHD, FMAAI, ZNEDONAT 78 TIE, 2F 8122 1%@/\72L~<7y
AERBL TS, TN L ERE A= DT> TOZU R —F O HBRE THY ., HEHE (B
NI R AZE) BTV ANEFE R I0% HLUZENLL E D2 X 2F & IZFE il Toee/ 7=
29%/ A HIJH T HEVD ITRS DA DO R 1TiX, ZORARBIZRE R BMFEAET D,

HLF R EE R R =2 MR MEE O — B ERITER T2 BEELRTIERS2 WA,
= BHTEODNEHE D 11BN TADIC, B rH=0a xR s 5% 0 0 LT L. ik Z L
L5259,

1) 15 FEon—K~vy 7B, B8 2N L TR —U 0 BRI 5 O 5EIE DM ME 45,
2)  FEMRAICITRFIE ~— P D KIEICHEA L, R&D BLO L HE ) ~DEE B HI BRSNS,

FDEOFEER T, VAT LA F v T F o7 (SoC) ~DEEDHE A, vV FFuvTEV2—/b,
NWNOTNF T FH L F T R—=F(COB)FEDAIE YV a—arOF|HIZL>T, VAT LADE VE
R EZHIJE LI EL TV D,

BeREH -V A2 R BB E AL :?ﬂwéﬁfm%%‘g%%t@m?@z\g WCINZ . BT —~ AT
AR 72 B TR T~ — v hOFREIZITER R A2 0WIOICEbinsd, TA—T0iER 0T #lIC

E B R fff o —R~> 7 1999 4E kR



FNTHEFOFELWMITIL 1.5 FEICTF v T HIZEEEDN 2 (512700, ZNICE>T—BEEm

RESAE BAHENESREINS, MPU OB A, 7y Oma /b 1.5 END 2 FEMIT 2 570>
T%to MPU @ 1 B &7=0E 1 fim (MIP) Z AL LT 2B GE Sy o Bix, 1 IR T 7 /ay— "7 %
= A (IR LT =X T I TF N T k= A (I I T ANV BT m ) O AE
bEIZE-TERKEIND, Ty T DY A ZXOENNFE > THEAEE B S o EngERksh, 7akx,
KAt N =PI T B LW B DB 3 B St LB LR DTEAD,

£ AT IEBERKRENTEY, B TIVOE FEH I R TR OTDIZEEFH TWG OfE
FRLTZATIH B 235 £ T 5, & 85 AR CTRBLATRE 0 dk & B UL W R T O RAZ AR T —~

ANCHEBEEBR T Ty v—vrayr), ﬁﬂ~7b/wEiﬁi&k%yﬂﬁ%&%ﬁ“é%%(%
vy ray ) DFREEEDFET B-BRBIOR-EHROFHER BICLLHEFOLRHEELEICEIY, FF
REDIZHER T 27255, TOMDIE 5T, 94’%%6\%0)4"/97&‘/2&/\°y/7~°/‘u~1\“c:<1;%.’>
LD THD, o —VIZE > TELDRIER 25k E 326 %07 5 kX, ff:*)%’%yf@ﬁ%%ﬁum:
b E e, T ETOE B LB E )OS E i3 570 BLRRE ORI 2 T
ETHEND, Bl &R EMH AR I ARDOT T A =0 ThiThbhbed 5L, i (1&#&%)%@%1
DR (k ~2-3) #k 2 7o @ AR IE AR H SN D 801070572 59, Ty 7 - —REMERE 5 (F7F
v )& BT 50 ZEAGEMNBFIHENDTEA9,

YEAR 193g | 2oog | 2o0f 2002 | 2003 | 2004 2005
TECHNOLOGY NODE 180 nm 130 nm 100 mm
Chip Pad Pitch (micron)
Pad pitch—hall bond 50 48 47 45 43 42 40
Fad pitch—wedge bond 45 43 42 40 39 38 35
Fad pitch—area array 200 200 200 200 182 165 150
Cost-Per-Pin
Farkage cost (vents/pind (cost-performance) —maximum 1.0 1.81 1.M 1.63 158 147 1.40
Farckage cost (cents/pin (cost-performance)—minimum 0.80 0.86 0.81 077 073 070 0.66
Farckage cost (cents/pirg) (Memory)—maximum 1.80 1.71 1.54 1.39 125 1142 1.01
Farckage cost (vents/pingd (Memory)—niinimum 0.40 0.38 0.36 0.34 0.33 0.3 0.29
Chip Frequency (MHz)
On-chip local clock, (high-performance ) 1,250 | 1486 | 1,767 | 2100 | 2490 | 2952 | 3500
On-chip. across-chip clock (high-performance) 1,200 | 1,329 | 1454 | 1,600 | 1,724 | 1,857 | 2000
On-chip. across-chip clock, high-performance ASIC 500 559 626 700 781 828 900
On-chip. across-chip clock fcast-performarnce) 600 660 727 800 890 989 1,100
Chip-to-board (off chip! speed 1.200 | 1,321 | 1,454 | 1,600 | 1,724 | 1,857 | 2,000
thigh-performance, reduced-width, multiplexed bus)
Chip-to-board {off chipl speed 480 589 722 885 932 982 1,035
(high-performance, for peripheral buses)
Maximum number wiring levels—maximum 7 7 7 8 8 8 9
Maxinm number wiring levels—minfmum & L] 7 7 8 8 8

Fda NI F—~<LRAREF T RNy axbh BIOVE KR E—E B
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Year 2008 2011 2014
TECHNOLOCY NODE 70 rmm 50 nm 35 nm
Chip Pad Pitch (micron)
Fad pitch—ball band 40 40 40
Pad FPitch—wedge bond 35 35 a5
Pad Pirch—area array 180 150 150
Cost-Per-Pin
Package cost {cents/pin) (cost-performancel—maximum 1.20 1.03 0.8a8
Package casr (cents/pin) {cost-performance)—minimum 0.87 0.49 0.42
Fackage cost (cents/pin (memary!—maximum 0.74 0.54 (.39
Package cost {cents/pin (memaory)—minimum 0.25 0.22 0.19
Chip Frequency (MHz)
Ori-chip docal clock. (high-performance } 6.000 10,000 13.500
Ori-chip, across-chip clock (high-performarice) 2,500 3,000 3,800
On-chip, across-chip clock (high-performance ASIC) 1,200 1,500 1,800
Ori-chip, across-chip clock (cost-performance) 1.400 1,800 2,200
Chip-to-board (off chip) speed 2.500 3,000 3,800
(high-performance, reduced-width, multiplexed bus!
Chip-to-board (off chip) speed [high-performance, for peripheral buses) 1,285 1,540 1,800
Maximum number wiring levels—maxinmum 9 10 10
Maximum number wiring levels—minimum 9 9 10

F£A4b NI —<REF VT Ny R | AN, BIOVE K H—E M

17—2—4 RBEHBE

DRAM, MPU, ASIC @ /K 8% & (2B 32 F¢ 87 O T (5 FE D ITIE 65-85%D A EE A3z il 372 40 B
NoD) %HE 5IRT, FRXKBEIT. DRAM E~A/u7aty i onTE 1 BIW2 THREL-&K
FOF T HARXTRETNMIE ST, T T HARXDENEE B L THHAII T D, ASIC B 5 o
RRFYTHMEIT, BREBEBOR KT 4— AV RPARIZELWERELTND, ELZOR T, EFET
ATHATNVEED T —ZPRENTWD, [ REOHI | OFE TR S8 E2E 21X, Fl—727 /81
V=) —ROBRRLF TP ARNZOWTRBEE LR CTEL, FTETHML T EROEEL

LT, B F AL ADS A7 H B #H LTV 5,
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YEAR 1999 | 20k | 200f 2002 | 2003 | 2004 2005

TECHNOLOGY NoDE 180 nm 130 nm TN e
Defect Reduction
DRAM at production electrical D, 1,249 | 1,193 | 1,140 | 1,089 | 1,040 Q04 850
chip size at 5% yield (dsni) §
MPU at ramp electrical D), 1,742 | 1,742 | 1,742 | 1,852 | 1,383 | 1,321 1,262
chip size at 75% yield fd/mi) ***
ASIC first year electrical D at 65% yield {d/mi’) 562 562 562 562 562 962 562
Minimum, mask count—maxinam 24 24 24 24 25 25 26
Minimum, mask count—minimum 22 23 23 24 24 24 24

#* ba KIA—HEH

YEAR 2008 2011 2014

TECHNOLOCY NooE F0 m S0 nrmy 35 nm
Defect Reduction
DRAM at production electrical I, g28 723 630
chip size at 85% yield (d/mi) §
MPLU at ramp electrical D, 1.101 960 837
chip size at 75% yield {d/m’) ***
ASIC first year electrical Dy at 65% yield (d/m ) o862 562 o862
Minimum, mask count—maximum 28 28 30
MNinimum, mask count—minimum 26 28 29

# 5b RE—FEM
Doiﬁ—\’ *E%h};ﬂjo

§ DRAM EF V—tAX, 4 FE I8N/ Fv 7 (FRAIZ 2XE YN Fo 7R 28 4 %, InTer
RF VT VAR ERETT L 4 F8I1 1.2 %, InTer AT 7 A XHE /2T V1T, 1999 4
M5 3 HEEIZ 0.5 fiF,

wxkx MPU Fo 7P A RXET )L—aAMRT 3 —~< 2 A MPU BLXOE X7+ —~2 A MPU @ InTer A%
Fo TP AXEREFRET /L HEIE 2001 FFHITFEHTHY, 2001 FFLIZRIT 4 FEIZ 1.2 5Ok
T &72%, InTer AT > 7 VA XM /NE T /LT, 2001 - H11% 2 412 0.5 £F, 2001 FFLATRIT 3
43T 0.5 i,

17—2—5 BEIREBEBELHEEN

BIREEALSTAHZEIT, MWEESTOHIEL., NP AEF ¥ IV E OfE /N 7 — M g I O fi M 5 |
BEEOERIZIY M E L5 TS, 1999 4£0 ITRS TEIREEOEAER T HEIX, 1997 FFoOr—R
<~y 7 LERILTHD, £ 5 0LEBY, EIRE L ITHAE CRINLTND,
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FEE D VORI, IC O ELE ) Z R ICICRE LT 572000 o— el TiThh b7
B, & BRI DWW TRE 2 R E SR TED LT D, Vy, D% 2011 4£ £ TIZ 0.5 AL bk
B E FIFHZEITATREL Z 2 B4, 2014 £ ETIZ 0.3 RAMEZEMRTIEV) BENo—R~y 708
mEhTnd,
I K& 7N%V/bmwuﬁ%%j:%%ﬁ% D)o =Y EORENTFENDE /N T 4 — < AD
%27@7%% )R —FT VB WMF ALY 2 DOBTIAVICONTREN TS, EHHD
Ab. IKER aﬁra‘:ﬁ;ﬁﬁﬁé ZHNb oI R EE TN U T TnD, ZOWEEE ) O
mu;@%Eﬁﬁ®%k&zﬁﬁ»7%%®%mK%oﬁﬁﬁi&ﬁ#é&®ﬁk ZEoTH &l
ZENTNWD,

YEAR jga9 2000 2 202 2003 2004 20005
TECcHNOLOGY NopE 180 rmm 130 100 rm

Power Supply Voltage (V)

Minimum fogic V, (Vl—maximum 14 1.8 15 15 15 12 1.2

{for maximum performance)

Minimurm fagic L"n,ﬂ. (Vl—minimum 15 1.5 12 12 12 09 0.8

{for lowest power))

Maximum Power

100 115 120 140 180 180
21 2.3 2.4

High-performance with heatsink (W) 90
Battery (W)—{hand-held) 14 1.6 1.7 2.0

#* 6a EIREILEEHEEE T —EY

YEaAR 2008 201 f 24
TECHNOLOGY NODE 70 nm S rim 35 nm

Power Supply Voltage (V)
Minimum fogic 'L"n,ﬂl (Vil—maximum 0.9 0.6 0.60
(for maximum performance)
Minimuim fogic L"n,d (Vi)—minimur {for lowest power)) 0.6 0.5 0.30
Maximum Fower
High-performance with heatsink (W) 170 174 183
Battery (W]—{hand-held) 2.0 2.2 24

#F 6b EIRELEWEEE N —KEM

17—2—6 =X}

K TFIIARDRL U RERL TS, HBEH TV AN & 4E 25-30%H Il TEHHE /713, 8K PE %12
A OLOTHY, T2 — EHDLWIHE FMEAENIZHLH T, 1.5 FEIT 2 FOREEZ I LT
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WHZEDBE N eRE R THD, ZOaAMIEZ T AR —h T 5720121%, R&D BIOE DT D& AR
DEAZH ML TR e by, TH N—ATHATH, %mwiéz&:xh ML TS, Ll
EITBWTHEIRERIT. 3 FTLIC 4 T%@%yfé%ﬁ:m%%ﬁﬁ%%fﬁwm%\ T T AX O NN %
LAfE . aAROEEING 1.4 4% CEER lem?H72VOaAMNIUTIE — @) IS & e, 2077 /ny— |
BLOREH AT+ —< 2 AU, #%{ﬁﬁi@ﬁkﬁéizéwz&m@% HipoTW5,

L LA H OB G 72~ —7 v MNREETIE, 2ARD TR NSO BB B 35, 207
WRRIE R IL, CNETEEREDRE /27> TEXIMEREDH -0 AR D Y & B A5 723
72O FLWET ARSI RTIILARO20, A2 1999 4 0 ITRS S N4E 313, 2 Z 2= XN
HERTOHLNVET VERELTWD, ZUTE R ICH LT, Ty T HIeDax bz —EICLRNG,
2IEMICHEREL 2512752V OB D THD, ZOHET L TRLADLHERE (Evh, MU TR %E) B2
IANOHIIL, FERIC 2=y b TV AN 1A fSIZLRND, 3T LI A G OMEEZERBL 528
TERLTEXEZLOLFET 29% TH 5,

ZOFET NEM ST, DRAM bvAruruky AL T, ENENE Y RHTZVaANER T DAY
HTVAANDOBE E R U RPRE ST, INOOIANEIE IR HIE X, = V=T R’& T/ /8
BRI ar T LB E, BT THREOREERDIEAY, T ITRTHET L OFITIX, DRAM ¥
T TAY B KB IR FE A #E (ASP) Z AR C— BT 27212, 2 BICAH T 7BV RR 25D
HRZEAL, B bHIVa AN H AR 2 B3R 29%L LT LiERbun,

JE BRI RESE R 9758, 1999 4121 1G Bk DRAM T, N8 AR JICEBL AT RERE v 72
IANMIE T D 42 BNl D, R R URIZENUIE, DRAM ﬁ1ﬁWTt“yF§>f:Dﬁ7\F75§$
M A5%HI SN D ZEN T RIS D, v~ 77ty THARINTET —ZIZLD0 0 Tb ., [k

DfER PG HND, MPU O TEH, 2 F1mIC 2 5O (b?‘//“x&mm%kénﬂ\éo [ —
RN THER] 45%E VI RT P2 Z2 BT 0 ANOHIE B AF 12T, AR CHE A 29% D HI sk B A% 23 H
WHIL TN D,

Fo T BTV SHEH ML TWDeD | i ER G OTAMNIET ETRE TIARD1NLHD
L7 TS, ZIUETAZ DA EFIZEDL D ThD, TAZOE U HI-VaANMIFM 3-9%E LT
WA (R D) BEVEITFER 1%L WD (FK 3), ZD7=8 1999 4F D ITRS O T I A i /1 | FH A A
H 7T ANBIST) BXOTANE S L% (DFT) O E i 2 5| &t N E T 20 ERHDHE5H, 5t
IZOWTIE, TAND E Tilam AL TV D,
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YeAR 1999 2000 | 2004 202 | 2003 | 2004 2005
TECHNOLOGY NODE 180 nm 130 nm TO0 i

Affordable Cost per Function ++

DRAM cost/bit at {packaged microcents) 42 — 1 — 1 — 53
at samples/introducition

DRAM cost/bit at {packaged microcents) at production § 15 — 76 — 3.8 — 19
Cast-performance MPL {microcents/transistor) 1,735 —_ B68 o 434 — 217
{including on-chip SRAM) at introduction ***

Cost-performance MPU (microcents/transistor) 1,050 — 525 — 262 — 13

{including on-chip SRAM) at ramp ***

High-performance MPL {microcents./fransistor) 245 — 123 — 81 — H
(including on-chip SRAM) at ramp ***

Cast-Per-Pin {see Table 4) — — — — — — —
Test

Volume tester cost per high-frequency signal pin ($K./pin) 8 7 T <] 6 5 5
(high-performance ASIC)—maximum

Volume tester cost per high-frequency signal pin ($K/pin) 4 3 3 3 3 2 2
(high-performance ASIC)—minimum

Volume tester cost/pin ($K./pin) {cost-performance MPL) 8 8 T T 5] 5] 5

X 2% 7a = AR—45 #

YEAR 2008 2001 2054
TECHNOLOOY NODE Fm A0 nm 35 nm

Affordable Cost per Function ++

DRAM cost-bit (packaged microcents) at samples/introduction — 0.66 —
DRAM cost bit (packaged microcents) at production § — 0.24 —
Cost-performance MPLU (microcents/ transistor) — 27 —

(including on-chip SRAM) at introduction ***

Cost-performance MPU (microcents“transistar) — 16 —
{inciuding on-chip SRAM) at ramp =%

High-performance MPU (microcents /transistor) — 38 —
{including on-chip SRAM) af ramp ***

Cost-Per-Pin (see Table 4) — — —
Test

Volume tester cost per high-frequency signal pin (8K pin) 5 5 5
thigh-performance ASIC)—maximum

Velume tester cost per high-frequency signal pin (8K pin) NIA IR MNiA
{high-performance ASIC)—minimum

Volume tester cost/pin ($K/pin} (cast-performance MPLY] 4 2 2

# 7b 2A—EH

+ BEEH VO A RE R Ny r =V D=y ha AT, & R AT LA — M LD R 58 Al B (ASP)
POBFIEE~—V (GPM) ZZ LS| Wb Oa i &35, 1H# 3 717 DRAM Tl 35%, MPU T
1% 60%D GPM ZfE L7z, 2 4E AT 0.5 f5 O AN HIER T V2 Lz, 1 4412 0.55 fi%
DA IR T T V&M H L7z, DRAM O=y NEPETA 7 A7 0%, A H 38 A D
T-8 1%, AN REH TV I AR DR EARZ Z LR R T — 27705, MPU D=y N &
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