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Figure 6 MOS Transistor Scaling—1974 to present
H = 1994 NTRS -
Scaling Calculator + | \Gwan
Cycle Time: £ pal-
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|- 0.7x 1|- 0.7x 1 Linear Time

250 ->180 -> 130 ->90 -> 65 ->45 -> 32 -> 22 -> 16

|— 0.5x —T

Cycle Time
(T yrs):
N-1 N N+1 *CARR(T) =
[(0.5)™N(1/2T yrs)] - 1
* CARR(T) = Compound Annual CARR(3 yrs) = -10.9%
Reduction Rate

(@ cycle time period, T) CARR(2 yrs) = -15.9%

(DRAM M1 Example)

Figure 7 Scaling Calculator
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Table C Rounded versus Actual Trend Numbers (DRAM Product Trend Example)
YEAROF
PRODUCTION 1995 | 1998 | 2000 | 2002 | 2003 | 2004 | 2006 | 2007 | 2009 | 2010 | 2012 | 2013 | 2015 | 2016 | 2018 | 2019
Calculated Trend
Numbers (nm) 360 | 255 | 180 | 1273 | 101 | 90 | 714 | 636 | 505 | 45 | 357 | 318 | 2563 | 25 | 179 | 159
ITRS Rounded
Numbers (nm) 350 | 250 | 180 | 130 | 100 | % 70 65 50 45 36 2 25 2 18 16
100nm

70nm/2006; 50nm/2009; 35nm/2012; 25nm/2015

1

ITRS 100nm/2003
2003

IRC
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2005 ITRS Product Technology Trends -
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Table 1a Product Generations and Chip Size Model Technology Trend Targets—Near-term Years

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM % Pitch (nm) (contacteqd) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) %z Pitch (nm) 90 78 68 59 52 45 40 36 32
MPU Printed Gate Length (nm) 11 54 48 42 38 34 30 27 24 21
MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13
ASIC/Low Operating Power Printed Gate

Length (m) 11 76 64 54 48 42 38 34 30 27
ASIC/Low Qperating Power Physical Gate 5 38 2 28 25 23 20 18 16
Length (nm)

Flash % Pitch (nm) (un-contacted Poly)(?) 76 64 57 51 45 40 36 32 28

Table 1b  Product Generations and Chip Size Model Technology Trend Targets—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020

DRAM % Pitch (nm) (contacted) 28 25 22 20 18 16 14

MPU/ASIC Metal 1 (M1) %z Pitch (nm) 28 25 22 20 18 16 14

MPU Printed Gate Length (nm) 11 19 17 15 13 12 11

MPU Physical Gate Length (nm) 11 10 9 8 7 6

ASIC/Low Operating Power Printed Gate Length (nm) 11| 24 21 19 17 15 13 12

ASIC/Low Operating Power Physical Gate Length (nm) 14 13 11 10 9 8 7

Flash %z Pitch (nm) (un-contacted Poly)(t) 25 23 20 18 16 14 13
Notes for Tables 1a and 1b:

TT MPU and ASIC gate-length (in resist) node targets refer to the most aggressive requirements, as printed in photoresist (which was
by definition also ““as etched in polysilicon,” in the 1999 ITRS).

However, during the 2000/2001 ITRS development, trends were identified, in which the MPU and ASIC ““physical’ gate lengths may
be reduced from the ““as-printed”” dimension. These physical gate-length targets are driven by the need for maximum speed
performance in logic microprocessor (MPU) products, and are included in the Front End Processes (FEP), Process Integration,
Devices, and Structures (PIDs), and Design chapter tables as needs that drive device design and process technology requirements.
Refer to the Glossary for definitions of Introduction, Production, INTERgeneration, and InTRAgeneration terms.

MPU Physical Gate Length targets are unchanged from the 2003 ITRS and 2004 ITRS Update, but also included are the complete set
of annualized Long-term targets through 2020. The printed gate length has been adjusted to reflect the agreement between the FEP
and Lithography TWGs to use a standard factor, 1.6818, to model the relationship between the final physical gate length and the
printed gate length, after additional processing is applied to that isolated feature.

MPU/ASIC M1 stagger-contact targets have been accelerated to 90 nm in 2005 to reflect actual industry performance per the
Interconnect ITWG recommendation, and a new consensus model technology cycle timing of 2.5 years (to 0.71x reduction) has been
applied through 2010, when the trend targets become equal to the DRAM stagger-contact M1 through 2020.

Numbers in the header are rounded from the actual trend numbers used for calculation of models in ITRS ORTC and ITWG tables
(see discussion in the Executive Summary on rounding practices).
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Table 1c  DRAM and Flash Production Product Generations and Chip Size Model—Near-term Years

(ORTC)

Year of Proaluction 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM %2 Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) %z Pitch (nm) 90 78 68 59 52 45 40 36 32
MPU Physical Gate Length () 32 28 25 23 20 18 16 14 13
DRAM Product Table

Cell area factor [a] 8 8 8 6 6 6 6 6 6
Cell area [Ca = af2] (mm?P) 0.051 0.041 0.032 0.019 0.015 0.012 0.0096 | 0.0077 | 0.0061
Cell array area at production (% of chip size) § | 63.00% | 63.00% | 63.00% | 56.08% | 56.08% | 56.08% | 56.08% | 56.08% | 56.08%
Generation at production § 1G 2G 2G 2G 4G 4G 4G 8G 8G
Funictions per chip (Gbits) 1.07 215 215 215 4.29 4.29 429 8.59 8.59
Chip size at production (mm?)§ 88 139 110 74 117 93 74 117 93
Gbitsem?2 at production § 122 154 194 291 3.66 4.62 5.82 7.33 9.23
Flash Product Table

Flash % Pitch (nm) (un-contacted Poly)(® 75.7 63.6 56.7 505 450 40.1 35.7 318 283
Cell area factor [a] 40 40 40 40 40 40 4.0 4.0 4.0
Cell area [Ca = aF] (mi?) 0.023 0.016 0.013 0.010 0.008 0.006 0.005 0.004 0.003
Cell array area at production (% of chip size) § | 67.5% 67.5% 67.5% 67.5% 67.5% 67.5% 67.5% 67.5% 67.5%
Generation at production § SLC 4G 4G 4G 8G 8G 8G 16G 16G 16G
Generation at production § MLC 8G 8G 8G 16G 16G 16G 32G 32G 32G
Functions per chip (Gbits) SLC 4.29 4.29 4.29 8.59 8.59 8.59 17.18 17.18 17.18
Furctions per chip (Gbits) MLC 8.59 8.59 8.59 17.18 17.18 17.18 34.36 34.36 34.36
Chip size at production (mm?)§ SL.C 144 101.8 80.8 1283 101.8 80.8 1283 101.8 80.8
Chip size at production (mm?)§ MLC 144 101.8 80.8 1283 101.8 80.8 128.3 101.8 80.8
Gbits/ern? at production § SLC 3E+09 | 4.2E+09 | 5.3E+09 | 6.7E+09 | 84E+09 | 1.1E+10 | 1.3E+10 | 1.7E+10 | 2.1E+10
Gbits/en? at production § MLC 6E+09 | 84E+09 | 1.1E+10 | 1.3E+10 | 1.7E+10 | 2.1E+10 | 2.7E+10 | 3.4E+10 | 4.3E+10
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Table 1d DRAM and Flash Production Product Generations and Chip Size Model—Long-term Years

Year of Proaluction 2014 2015 2016 2017 2018 2019 2020
DRAM % Pitch (nm) (contacted) 28 25 2 20 18 16 14
MPU/ASIC Metal 1 (M1) %2 Pitch (nm) 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
DRAM Proauct Table

Cell area factor [a] 6 6 6 6 6 6 6
Cell area [Ca = aF] (mm¥é) 0.0048 0.0038 0.0030 0.0024 0.0019 0.0015 0.0012
Cell array area at prodluction (% of chip size) § 56.08% 56.08% 56.08% 56.08% 56.08% 56.08% 56.08%
Generation at production § 8G 16G 16G 16G 32G 32G 32G
Funictions per chip (Gbits) 859 17.18 17.18 17.18 34.36 34.36 34.36
Chip size at production (mm?)§ 74 117 93 74 117 93 74
Gbitskem?2 at production § 11.63 14.65 18.46 23.26 2931 36.93 46.52
Flash Product Table

Flash ¥ Pitch (nm) (un-contacted Poly)(f) 253 225 20.0 179 15.9 14.2 12.6
Cell area factor [a] 40 40 40 40 40 40 40
Cell area [Ca = aF] (mi?) 0.003 0.002 0.002 0.001 0.001 0.001 0.001
Cell array area at prodluction (% of chip size) § 67.5% 67.5% 67.5% 67.5% 67.5% 67.5% 67.5%
Generation at production § SLC 32G 32G 32G 64G 64G 64G 128G
Generation at production § MLC 64G 64G 64G 128G 128G 128G 256G
Functions per chip (Gbits) SLC 34.36 34.36 34.36 68.72 68.72 68.72 137.44
Functions per chip (Gbits) MLC 68.72 68.72 68.72 137.44 137.44 137.44 274.88
Chip size at production (mm?)§ SL.C 128.3 101.8 80.8 128.3 101.8 80.8 128.3
Chip size at production (mm?)§ MLC 1283 101.8 80.8 1283 101.8 80.8 128.3
Gbits/en? at production § SLC 2.7E+10 3.4E+10 4.3E+10 5.4E+10 6.7E+10 8.5E+10 1.1E+11
Gbits/ern? at production § MLC 5.4E+10 6.7E+10 8.5E+10 1.1E+11 1.3E+11 1.7E+11 21E+11
Notes for Tables 1c and 1d:

§ DRAM Model—cell area factor (design/process improvement) targets are as follows:

1999-2007/8x: 2008-2020/6%. Due to the elimination of the *“7.5,”” *“7,””and the “‘5”> DRAM Cell design improvement Factors [a] in
the latest 2005 ITRS DRAM consensus model, the addition of “Moore’s Law’” bits/chip slows from 2x every 2.5-3 years to 2x every
three years.

DRAM product generations were increased by 4.x bits/chip every four years with interim 2x bits/chip generation. However, in the
latest model 2005 ITRS timeframe refer to Figures 9 and 10 for bit size and bits/chip trends:

1. at the Introduction phase, after the 16 Ghit generation, the introduction rate is 4/six years (2/three years); and
2. at the Production phase, after the 4 Gbit generation, the introduction rate is 4/six years (2xfthree years).

As a result of the DRAM consensus model changes for the 2005 ITRS, the InTER-generation chip size growth rate model target for
Production-phase DRAM products remains ““flat” at less than 140 mm?, similar to the MPU model. However, with the elimination of
some of some of ““cell area factor’” reductions, the flat-chip-size model target requires the bits/chip “Moore’s Law’” model for DRAM
products to increase the time for doubling bits per chip to an average of 2xper 3 years (see ORTC Table 1c, 1d).

Furthermore, the cell array efficiency (CAE —the Array % of total chip area) was corrected to 56.1% after 2008, since only the storage
cell array area benefits from the 6x ““cell area factor’” improvement, not the periphery. This CAE change in the model puts even
additional pressure on the production-phase product chip size to meet the target flat-chip-size model. 1t can be observed in the Table
1c and d model data that the INnTRA-generation chip size shrink model is still 0.5xevery technology cycle (to 0.71x reduction) in-
between cell area factor reductions.

Refer to the Glossary for definitions of Introduction, Production, InTERgeneration, and InTRAgeneration terms.

Similarly to DRAM, the new Flash product model also targets an affordable (<145 mm?) chip size and includes a doubling of functions
(bits) per chip every technology cycle (three years after 2006) on an Inter-generation. Flash cells have reached a limit of the 4-design
factor, so the reduction of the Flash single-level cell (SLC) size is paced by the uncontacted polysilicon (three-year cycle). However,
the Flash technology has the ability to store and electrically access two bits in the same cell area, creating a multi-level-cell (MLC)
“virtual” per-bit size that is one-half the size of an SLC product cell size (refer to Figures 9 and 10).
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2005 ITRS Product Function Size Trends -
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Figure 9 2005 ITRS Product Function Size Trends:
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Figure 10 2005 ITRS Product Technology Trends:
Product Functions/Chip and Industry Average “Moore’s Law’” Trends
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Table 1e  DRAM Introduction Product Generations and Chip Size Model—Near-term Years

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM % Pitch (nm) (contacteqd) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) % Pitch (nm) () 90 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13
Cell area factor [a] 8 8 8 6 6 6 6 6 6
Cell area [Ca = aF] (mm?P) 0.051 0.041 0.032 0.019 0.015 0.012 0.010 0.008 0.006
Cell array area at introduction (% of chip size) §| 72.95% | 73.25% | 73.52% | 73.76% | 73.97% | 74.16% | 74.30% | 74.47% | 74.61%
Generation at introduction § 8G 8G 16G 16G 16G 32G 32G 32G 64G
Functions per chip (Gbits) 859 859 17.18 17.18 17.18 34.36 34.36 34.36 68.72
Chip size at introduction (mn¥?) § 606 479 757 449 356 563 446 353 560
Gbitsen? at introduction § 142 1.79 227 3.82 4.83 6.10 7.70 9.73 12.28

Table 1f DRAM Introduction Product Generations and Chip Size Model—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM % Pitch (nm) (contacteqd) 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) %4 Pitch (nm) () 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Cell area factor [a] 6 6 6 6 6 6 6
Cell area [Ca = aF] (mié) 0.005 0.004 0.003 0.002 0.002 0.002 0.001
Cell array area at introduction (% of chip size) §| 74.70% | 74.83% | 74.93% | 75.00% | 75.09% | 75.18% | 75.27%
Generation at introduction § 64G 64G 128G 128G 128G 256G 256G
Functions per chip (Gbits) 68.72 68.72 13744 | 13744 | 13744 | 27488 | 274.88
Chip size at introduction (mmé) § 444 351 557 442 350 555 440
Gbitsen? at introduction § 15.49 19.55 24.67 3111 39.24 49.50 62.44
Notes for Tables 1e and 1f:

§ DRAM Model—cell area factor (design/process improvement) targets are as follows:

1999-2007/8x%: 2008-2020/6x. Due to the elimination of the ““7.5,”” ““7,”” and the 5> DRAM Cell design improvement Factors [a] in
the latest 2005 ITRS DRAM consensus model, the addition of “Moore’s Law’” bits/chip slows from 2x every 2.5-3 years to 2x every
three years.

DRAM product generations were increased by 4.x bits/chip every four years with interim 2.x bits/chip generation. However, in the
latest model 2005 ITRS timeframe:

1. at the Introduction phase, after the 16 Ghit generation, the introduction rate is 4/six years (2x/three years); and
2. at the Production phase, after the 4 Gbit generation, the introduction rate is 4/six years (2fthree years).

As a result of the DRAM consensus model changes for the 2005 ITRS, the INTER-generation chip size growth rate model target for
production-phase DRAM products remains “flat”” at less than 140 mm?, similar to the MPU model. However, with the elimination of
some of some of ““cell area factor’ reductions, the flat-chip-size model target requires the bits/chip ““Moore's Law’” model for DRAM
products to increase the time for doubling bits per chip to an average of 2x per three years (see ORTC Table 1c, d).

Furthermore, the cell array efficiency (CAE —the Array % of total chip area) was corrected to 56.1% after 2008, since only the storage
cell array area benefits from the 6x ““cell area factor’” improvement, not the periphery. This CAE change in the model puts even
additional pressure on the Production-phase product chip size to meet the target flat-chip-size model. 1t can be observed in the Table
1c and d model data that the InTRA-generation chip size shrink model is still 0.5xevery technology cycle (to 0.71x reduction) in-
between cell area factor reductions.

Refer to the Glossary for definitions of Introduction, Production, INTERgeneration, and InTRAgeneration terms.
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Table 1g MPU (High-volume Microprocessor) Cost-Performance Product Generations and
Chip Size Model—Near-term Years

Year of Prodlction 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM %2 Pitch (nm) (contacted) 80 70 65 57 51 45 40 36 32
MPU/ASIC Metal 1 (M1) %5 Pitch (nm) () 90 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13
SRAM Cell (6-transistor) Area factor ++ 1156 113.7 111.9 1104 109.0 107.8 106.7 105.7 104.8
SRAM Cell (6-transistor) Area factor ++ 918 94.5 975 100.7 104.1 107.8 106.7 105.7 104.8
Logic Gate (4-transistor) Area factor ++ 320 320 320 320 320 320 320 320 320
Logic Gate (4-transistor) Area factor ++ 254 266 279 292 306 320 320 320 320
SRAM Cell (6-transistor) Area efficiercy ++ 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63
Logic Gate (4-transistor) Area efficiercy ++ 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
SRAM Cell (6-transistor) Area ++ 0.74 0.58 045 0.35 0.28 0.22 0.17 0.13 0.11
SRAM Cell (6-transistor) Area wioverhead ++ 12 0.93 0.73 057 0.45 0.35 0.27 0.22 0.17
Logic Gate (4-transistor) Area ++ 2,06 1.63 1.30 1.03 0.82 0.65 051 041 0.32
Logic Gate (4-transistor) Area wibverhead ++ 41 33 26 21 16 13 1.03 0.82 0.65
Transistor density SRAM (Mtransistors/ei?) 504 646 827 1,057 1,348 1,718 2,187 2,781 3532
Transistor density logic (Mtransistors/cn?) 97 122 154 194 245 309 389 490 617
Generation at introduction * p07c pl0c pl0c pl0c pl3c pl3c pl3c pléc pléc
Funct'ions per chip a{t introaduction (million 386 386 386 773 773 773 1546 1546 1546
transistors [Mtransistors))

Chip size at introduction (mn?) ¥ 222 353 280 222 353 280 222 353 280
Cost performance MPU (Mtransistors/en? at 174 219 276 348 438 552 696 876 1,104
introduction) (including on-chip SRAM) ¥

Generation at production * p04c p04c p07c p07c p07c pl0c pl0c pl0c pl3c
Functions per chip at production (millior 193 193 386 386 386 73 773 773 | 1546
transistors [Mitransistors])

Chip size at production (mn?¥) §§ 111 88 140 111 88 140 111 88 140
Cost performance MPU (Mtransistors/cri¥ at 174 219 276 348 438 552 696 876 1,104
production, including on-chip SRAM) *
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Table 1h  MPU (High-volume Microprocessor) Cost-Performance Product Generations and
Chip Size Model—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM % Pitch (nm) (contacted) 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) %5 Pitch (nm) (0 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
SRAM Cell (6-transistor) Area factor ++ 104.1 1034 102.8 102.2 101.7 101.3 100.9
SRAM Cell (6-transistor) Area factor ++ 104.1 1034 102.8 102.2 101.7 101.3 100.9
Logic Gate (4-transistor) Area factor ++ 320 320 320 320 320 320 320
Logic Gate (4-transistor) Area factor ++ 320 320 320 320 320 320 320
SRAM Cell (6-transistor) Area efficiency ++ 0.63 0.63 0.63 0.63 0.63 0.63 0.63
Logic Gate (4-transistor) Area efficierncy ++ 0.50 0.50 0.50 0.50 0.50 0.50 0.50
SRAM Cell (6-transistor) Area ++ 0.084 0.066 0.052 0.041 0.032 0.026 0.020
SRAM Cell (6-transistor) Area wioverhead ++ 0.13 0.106 0.083 0.066 0.052 0.041 0.032
Logic Gate (4-transistor) Area ++ 0.26 0.20 0.16 0.13 0.10 0.08 0.06
Logic Gate (4-transistor) Area w/overhead ++ 051 041 0.32 0.26 0.20 0.16 0.13
Transistor density SRAM (Mitransistors/crr?) 4,484 5,687 7,208 9130 | 11558 | 14,625 | 18,497
Transistor density logic (Mtransistors/cir?) 778 980 1,235 1,555 1,960 2,469 3111
Generation at introauction * plé6c piSc piSc p19c p22c p22c p22c
Functions per chip at introduction (million transistors [Mtransistors]) | 3092 3092 3092 6184 6184 6184 12368
Chip size at introduction (mn?) 1 222 353 280 222 353 280 222
Cost performarce MPU (Mtransistors/cr? at introduction) (including 1391 1753 2209 2783 3506 4417 5565
on-chip SRAM) £

Generation at productfon * p13c pl3c pléc pléc pléc pl19c pl19c
Furnictions per chip at production (million transistors [Mitransistorsj) 1546 1546 3092 3092 3092 6184 6184
Chip size at production (mm?) §§ 111 88 140 111 88 140 111
Cost performarce MPU (Mtransistors/er? at production, including on- 1,391 1,753 2,209 2783 3506 407 5565
chip SRAM)

Notes for Tables 1g and 1h:

++ The MPU area factors are analogous to the ““cell area factor’” for DRAMs. The reduction of area factors has been achieved
historically through a combination of many factors, for example—use of additional interconnect levels, self-alignment techniques, and
more efficient circuit layout. However, recent data has indicated that the improvement (reduction) of the area factors is slowing, and is
virtually flat for the logic gate area factor.

* p is processor, numerals reflect year of production; c indicates cost-performance product. Examples—the cost-performance
processor, p04c, was introduced in 2002, but not ramped into volume production until 2004; similarly, the p07c, is introduced in 2004,
but is targeted for volume production in 2007.

1 MPU Cost-performance Model—Cost-performance MPU includes Level 2 (L2) on-chip SRAM (512Kbyte/2000), and the
combination of both SRAM and logic transistor functionality doubles every technology node cycle.

88§ MPU Chip Size Model—Both the cost-performance and high-performance MPUs INTER-generation production-level chip sizes
are modeled to be below affordable targets, which are flat through 2020 (280 mm?/cost-performance at introduction; 140 mm?%cost-
performance at production; 310 mm?high-performance at production). The MPU flat chip-size affordability model is accomplished by
doubling the on-chip functionality every technology cycle. Actual market chip sizes may exceed the affordability targets in order to
continue the doubling of on-chip functionality on a shorter cycle, but their unit costs and market values must be increased. In the 2005
ITRS, the MPU model now includes introduction-level high-performance MPU targets that shrink to the ““affordable™ targets (the
same way the DRAM model operates). The INTRA-generation chip size shrink model is 0.5 every two-year density-driven technology
cycle through 2004, and then 0.5x every three-year density-driven technology cycle after 2004, in order to stay under the affordable
flat-chip-size target.

Refer to the Glossary for definitions.
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Table 1i High-Performance MPU and ASIC Product Generations and Chip Size Model—Near-term Years

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM % Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) %5 Pitch (nm) () 90 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13
Logic (Low-volume Microprocessor) High-performarice ¥

Generation at Introduction p07h pl0h pl10h pl10h pl3h p13h p13h pl6h pl6h
; ‘;’:;;‘;ZZ 'j’er chip at introduction (million 1106 | 2212 | 2212 | 2212 | 4424 | 4424 | 4424 | ss48 | 8848
Chip size at introduction (mm¥) 492 781 620 492 781 620 492 781 620
Generation at proauction ** p04h p04h p07h p07h p07h p10h p10h p10h p13h
Funetions 5’9’ chip at proatiction (million 553 | 553 | 1106 | 1106 | 1106 | 2212 | 2212 | 2212 | 4424
Chip size at proauction (mm?) §§ 246 195 310 246 195 310 246 195 310
High-performance MPU Mtransistors/en? at
introduction and production (including on-chip 225 283 357 449 566 714 899 1133 1427
SRAM) ¥
ASIC
ASIC usable Mtransistors/en? (auto layout) 225 283 357 449 566 714 899 1133 1427
ASIC max chip size at prodiction (mn?) 858 | 853 | 858 | 858 | 858 | 858 | 858 | 858 858

(maximum lithographic field size)
ASIC maximum functions per chip at

production (Mtransistors/chip) (fit in maximum | 1,928 2,430 3,061 3,857 4,859 6,122 7,713 9,718 12,244
lithographic field size)

Table 1j High-Performance MPU and ASIC Product Generations and Chip Size Model—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM %2 Pitch (nm) (contacted) 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) % Pitch (nm) (1) 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Logic (Low-volurme Microprocessor) High-performarice ¥

Generation at Introduction pl6h p19h p19h p19h p22h p22h p22h
Functions per chip at introauction (million transistors) 8848 17696 17696 17696 35391 35391 35391
Chip size at introduction (mm¥) 492 781 620 492 781 620 492
Generation at proaduction ** pl3h pl3h pl6h pl6h pl6h p19h p19h
Functions per chip at production (million transistors) 4424 4424 8848 8848 8848 17696 17696
Chip size at production (mn?¥) §§ 246 195 310 246 195 310 246
High-performance MPU Mtransistors/en? at

introduction and production (including on-chjp SRAM) | 1798 2265 2854 3596 4531 5708 7192
7
ASIC
ASIC usable Mtransistors/er? (auto layout) 1,798 2,265 2,854 3,596 4,531 5,708 7,192
ASIC mex chip size at prodction (i) (meximurm 858 858 858 858 858 858 858
Iithographic field size)
ASIC maximum functions per chip at production
(Mtransistors/chip) (fit in maximum lithographic field 15,427 19,436 24,488 30,853 38,873 48977 61,707
size)

Notes for Tables 1i and 1j:

* p is processor, numerals reflect year of production; ¢ indicates cost-performance product. Examples—the cost-performance
processor, p04c, was introduced in 2002, but not ramped into volume production until 2004; similarly, the p07c, is introduced in 2004,
but is targeted for volume production in 2007.

1 MPU Cost-performance Model—Cost-performance MPU includes Level 2 (L2) on-chip SRAM (512Kbyte/2000), and the
combination of both SRAM and logic transistor functionality doubles every technology cycle.
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88§ MPU Chip Size Model—Both the cost-performance and high-performance MPUs INTER-generation production-level chip sizes
are modeled to be below affordable targets, which are flat through 2020 (280 mm?/cost-performance at introduction; 140 mm?*cost-
performance at production; 310 mm?high-performance at production). The MPU flat chip-size affordability model is accomplished by
doubling the on-chip functionality every technology cycle. Actual market chip sizes may exceed the affordability targets in order to
continue the doubling of on-chip functionality on a shorter cycle, but their unit costs and market values must be increased. In the 2005
ITRS, the MPU model now includes introduction-level high-performance MPU targets that shrink to the ““affordable™ targets (the
same way the DRAM model operates). The INTRA-generation chip size shrink model is 0.5 every two-year density-driven technology
cycle through 2004, and then 0.5x every three-year density-driven technology cycle after 2004, in order to stay under the affordable

flat-chip-size target.
Refer to the Glossary for definitions.
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Table 2a Lithographic-Field and Wafer-Size Trends—Near-term Years
Year of Prodluction 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM % Pitch (nm) (contacteq) 80 70 65 57 50 45 40 36 22
MPUASIC Metal 1 (M1) % Pitch (nm) (£ 90 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13
Lithography Field Size
Maximum Lithography Field Size—area (mimn¥) 858 858 858 858 858 858 858 858 858
%a;jmum Lithography Field Size—length 23 23 23 23 23 23 23 23 23
Maximum Lithography Field Size—width (mm) 26 26 26 26 26 26 26 26 26
Maximum Substrate Diameter (mm)—iHigh-
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 Production 2014 2015 2016 2017 2018 2019 2020
DRAM %z Pitch (nm) (contacted) 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) %4 Pitch (nm) () 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Lithography Field Size
Maximum Lithography Field Size—area (mn¥) 858 858 858 858 858 858 858
Maximum Lithography Field Size—length (mm) 33 33 33 33 33 33 33
Maximum Lithography Field Size—width (mm) 26 26 26 26 26 26 26
Maximum Substrate Diameter (mm)—~Hligh-volume
Production (>20K wafer starts per month)
Bulk or epitaxial or SOI wafer 450 450 450 450 450 450 450

/o
Table3a 3b
ITWG
MPU ASIC ITRS 4-6k
MPU 50% ASIC 2
2 / MPU
173 2/3
MPU ASIC 1 1
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Table 3a Performance of Packaged Chips: Number of Pads and Pins—Near-term Years

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM % Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) % Pitch (nm) (1) 90 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13
Number of Chip I/Os (Number of Total Chip Pads)—Maximum
Total pads—MPU 3,072 3,072 3,072 3,072 3,072 3,072 3,072 3,072 3,072
Signal I/O—MPU (1/3 of total pad's) 1,024 1,024 1,024 1,024 1,024 1,024 1,024 1,024 1,024
Power and ground pads—MPU
(213 of total padks) 2,048 2,048 2,048 2,048 2,048 2,048 2,048 2,048 2,048
Total pads—ASIC high-performance 4,000 4,200 4,400 4,400 4,600 4,800 4,800 5,000 5,400
Signal I/O pads—ASIC high-performarce 2,000 2,100 2,200 2,200 2,300 2,400 2,400 2,500 2,700
Power and ground pacs—ASIC high- 2000 | 2100 | 2200 | 2200 | 2300 | 2400 | 2400 | 2500 | 2,700
performarice (% of total pads)

Number of Total Package Pins—Maximum [1]

. 600— 600— 660— 660— 720— 800—
Microprocessor/controller, cost-performarnce 550-900 | 550-990 1088 1198 1318 1450 720-1596 1754 1930
Microprocessor/controller, high-performarice 900 990 1088 1198 1318 1450 1596 1754 1930
ASIC (high-performance) 3000 3180 3371 3573 3787 4015 4256 4511 4736
Tables 3a and 3b
1 PWB

21 14
Table 3b  Performance of Packaged Chips: Number of Pads and Pins—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM % Pitch (nm) (contacteq) 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) %4 Pitch (nm) () 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Number of Chip I/Os (Number of Total Chip Pads)—Maximum

Total pads—MPU 3,072 3,072 3,072 3,072 3,072 3,072 3,072
Signal I/O—MPU (1/3 of total pads) 1,024 1,024 1,024 1,024 1,024 1,024 1,024
Power and ground pads—MPU
(213 of total pack) 2,048 2,048 2,048 2,048 2,048 2,048 2,048

Total pads—ASIC high-performance 5,400 5,600 6,000 6,000 6,200 6,200 6,200
Signal 1/0 pads—ASIC high-performarice 2,700 2,800 3,000 3,000 3,100 3,100 3,100
Power and ground pads—ASIC highperformance (% | 5 709 2,800 3,000 3,000 3,100 3,100 3,100
of total padss)

Number of Total Package Pins—Maximum [1]

Micraprocessor/controller, cost-performance 800-2124 | 8802336 | 880-2568 | 960-2824 | 960-3108 | 1050-3418 | 1050-3760
Microprocessor/controller, high-performarnce 2124 2336 2568 2824 3108 3418 3760
ASIC (high-performarnce) 4973 5222 5483 5757 6045 6347 6665

A&P ITWG Table3a 3b Tableda 4b

10
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Table 4a Performance and Package Chips: Pads, Cost—Near-term Years

Year of Prodluction 2005 2006 2007 2008 2009 2010 2011 2012 2013

DRAM %% Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32

MPU/ASIC Metal 1 (M1) %4 Pitch (nm) () 90 78 68 59 52 45 40 36 32

MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13

Chip Pad Pitch (micron)

Pad pitch—ball bond 35 35 30 30 25 25 25 20 20

Pad pitch—weage bond 30 25 25 25 20 20 20 20 20

5:,‘7{; ;’Zn;fr/fg ZZ‘ZJ,;U"/;%Z; )(C"St' 150 130 120 110 100 90 90 90 9

Pad Pitch—2-row staggered-pitch (micron) 45 40 35 35 35 35 35 35 35

Pad Pitch—Three-tier-pitch pitch (micron) 45 40 35 35 35 35 35 35 35

Cost-Per-Pin

Package cost (cents/pin) (Cost per Pin Minimum

for Contract Assembly — Cost-performarce) — | 58-1.17 | 57-1.11 | .64-1.05 | .63-1.00 | .62—96 | 0.61-94 | .60-92 | 0.58-90 | 0.57—.89

minimum—maximum

" ﬁ;’ﬁi;%@%%g% oot Mandiheld | 2750 | 26-49 | 25-48 | 24-47 | 23-46 | 22-45 | 21-43 | 20-42 | 20-41
Table 4b  Performance and Package Chips: Pads, Cost—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020

DRAM % Pitch (nm) (contacted)) 28 25 22 20 18 16 14

MPU/ASIC Metal 1 (M1) %4 Pitch (nm) () 28 25 22 20 18 16 14

MPU Physical Gate Length (nm) 11 10 9 8 7 6 6

Chip Pad Pitch (micron)

Pad pitch—ball bond 20 20 20 20 20 20 20

Pad pitch—weage bond 20 20 20 20 20 20 20

ﬁgigfrff;;;f C;r ray flip-chip (cast-performance, 80 80 80 80 70 70 70

Pad Pitch—2-row staggered-pitch (micron) 35 35 35 35 35 35 35

Pad Pitch—Three-tier-pitch pitch (micron) 35 35 35 35 35 35 35

Cost-Per-Pin

Package cost (cents/pin) (Cost per Pin Minimum for

Contract Assembly — Cost-performarice) — minimum-—| 0.56—87 0.55-85 0.54-83 0.53-81 0.52-.80 051-79 0.50-79

maximum

ngﬁ%ﬁ}"f% ‘ji’;’:f%;mf; handheld and 20-39 | 19-38 | 19-37 | 18-36 | 18-35 | .18-34 | .17-34
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Table 4c  Performance and Package Chips: Frequency On-chip Wiring Levels—Near-term Years

Year of Prodluction 2005 2006 2007 | 2008 2009 2010 2011 2012 2013
DRAM % Pitch (nm) (cortacted) 80 70 65 57 50 45 40 36 32
MPUASIC Metal 1 (M1) 45 Pitch (nm) (1) 0 78 68 59 52 45 40 36 2
MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13
Chip Freguency (MHZz)

On-chip local clock [1] 5204 | 6783 | 9285 | 10972 | 12369 | 15079 | 17,658 | 20,065 | 22980
Chip-to-board (off-chip) speed (high- 3125 | 3906 | 4883 | 6103 | 7629 | 953 | 11,920 | 14900 | 18625
performarice, for peripheral buses)/2]

Maximum number wiring levels—maximum [3] 15 15 15 16 16 16 16 16 17
Maximum number wiring levels—minimum /3] 11 11 11 12 12 12 12 12 13

Table 4d Performance and Package Chips: Frequency On-chip Wiring Levels—Long-term Years

Year of Prodluction 2014 2015 2016 2017 2018 2019 2020
DRAM % Pitch (nm) (contacted) 28 25 22 20 18 16 14
MPUASIC Metal 1 (M1) % Pitch (nm) (9 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Chip Frequency (MHz)

On-chip local clock [1] 28,356 33,403 39,683 45,535 53,207 62,443 73,122
Chip-to-board (offchip) speed (hghperormance, | oa 05, | 29107 | 36378 | 45472 | 56840 | 71051 | 88813
peripheral buses) [2]

Maximum number wiring levels—maximum [3] 17 17 17 18 18 18 18
Maximum number wiring levels—minimum [3] 13 13 13 14 14 14 14
Tables 4¢c and 4d

[1] PIDS TWG 2007 12

2007 PIDS 14.7% 2020
17.2%
[2] A&P 2017 25%

(3]
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DRAM MPU ASIC 83 895 %
Table5a 5b DRAM Tablel

Table 5a Electrical Defects—Near-term Years

Year of Production 20056 | 2006 | 2007 | 2008 | 2009 | 2010 | 201 | 2012 | 2013
DRAM ¥ Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 2

MPUIASIC Metal 1 (ML) ¥ Pitch (nm) () % 78 68 59 52 s 2 36 2

MPU Physical Gate Length (nm) 2 28 25 2 20 18 16 14 13

DRAM Random Defect Do atproduction chipsizeand | 5007 | 5516 | 5701 | 3516 | 2215 | 2701 | 3516 | 2215 | 2791
89.5% yield (faults/m”) §

MPU Random Defect Doatproductionchipsizeand |y 7e7 | 5514 | 1305 | 1757 | 2014 | 1395 | 1757 | 2214 | 13%
83% yield (faults/ m?) 88

#Mask Levels—MPU 3 3 3 35 5 35 35 35 37

#Mask Levels—_DRAM 2 2 2 2 2 2% 2% % 2%

Table 5b  Electrical Defects—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM ¥; Pitch (nm) (contacted) 28 25 2 20 18 16 14
MPU/ASIC Metal 1 (M1) % Pitch (nm) (f) 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 1 10 9 8 7 6 6
Il ip Si 0,

D_RAM Randozm Defect Dy at production chip size and 89.5% 3516 2215 2791 3516 2215 2791 3516
yield (faults/m”) §

- — o
MPU Rar21dom Defect Dy at production chip size and 83% yield 1757 2214 139 1757 2214 139 1757
(faults/ m”) 88
# Mask Levels—MPU 37 37 37 39 39 39 39
# Mask Levels—DRAM 26 26 26 26 26 26 26
Notes for Tables 5a and 5b:

Do — defect density
§ DRAM Model—Cell Area Factor (design/process improvement) targets are as follows:

1999-2007/8x%: 2008-2020/6x. Due to the elimination of the ““7.5,”” ““7,”” and the 5> DRAM Cell design improvement Factors [a] in
the latest 2005 ITRS DRAM consensus model, the addition of "Moore's Law'™ bits/chip slows from 2x every 2.5-3 years to 2x every
three years.

DRAM product generations were increased by 4.x bits/chip every four years with interim 2x bits/chip generation. However, in the
latest model 2005 ITRS timeframe:

1. at the Introduction phase, after the 16 Ghit generation, the introduction rate is 4/six years (2x/three years); and
2. at the Production phase, after the 4 Ghit generation, the introduction rate is 4./six years (2 fthree years).

88 MPU Chip Size Model—Both the cost-performance and high-performance MPUs INTER-generation production-level Chlp sizes
are modeled to be below affordable targets which are flat through 2020 (280 mm?*cost- -performance at introduction; 140 mm ’fcost-
performance at production; 310 mm?high-performance at production). The MPU flat chip-size affordability model is accomplished by
doubling the on-chip functionality every technology cycle. Actual market chip sizes may exceed the affordability targets in order to
continue the doubling of on-chip functionality on a shorter cycle, but their unit costs and market values must be increased. In the 2005
ITRS, the MPU model now includes introduction-level high-performance MPU targets that shrink to the ““affordable™ targets (the
same way the DRAM model operates). The INnTRA-generation chip size shrink model is 0.5.x every two-year density-driven technology
cycle through 2004, and then 0.5x every three-year density-driven technology cycle after 2004, in order to stay under the affordable
flat-chip-size target.

Refer to the Glossary for definitions.
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Table6a 6b Table6a 6b
Va 1C
0.5V Vg 2018
2001 2013 Va
2016 0.5V 2001 IRTS 0.6V
MPU 3

1

2

3 WG Harsh

Table 6a Power Supply and Power Dissipation—Near-term Years

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM %2 Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) ¥z Pitch (nm) () 90 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13
Power Supply Voltage (V)
Vdd (high-performance) 11 11 11 10 10 10 10 09 09
Vg (Low Operating Power, high Vg transistors) 09 09 08 08 08 0.7 0.7 0.7 06
Allowable Maximum Power [1]
High-performance with heatsink (W) 167 180 189 198 198 198 198 198 198
Maximum Affordable Chip Size Target for High-
performance MPU Maximum Power Calculation 810 810 810 810 810 810 810 810 810
Maximum High-performance MPU Maximum Power
Density for Maximum Power Calculation 054 058 061 064 064 064 064 064 064
Cost-performance (W) 91 98 104 111 116 119 119 125 137
Maximum Affordable Chip Size Target for Cost-
performance MPU Maximum Power Calculation 140 140 140 140 140 140 140 140 140
Maximum Cost-performance MPU Maximum Power
Density for Maximum Power Calculation 0.65 0.70 0.74 0.79 0.83 0.85 0.85 0.89 0.98
Battery (W)—(low-cost/hand-held) 28 30 30 30 30 30 30 30 30

[1] Power will be limited more by system level cooling and test constraints than packaging
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Table 6b  Power Supply and Power Dissipation—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM %% Pitch (nm) (contacted) 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) %2 Pitch (nm) () 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Power Supply Voltage (V)

Vdd (high-performance) 09 08 08 0.7 0.7 0.7 0.7
Vg (Low Operating Power, high Vq transistors) 06 06 05 10 05 05 05
Allowable Maximum Power [1]

High-performance with heatsink (W) 198 198 198 198 198 198 198
Maximum Affordable Chip Size Target for High-performance

MPU Maximum Power Calculation 310 310 310 310 310 310 310
Maximum High-performance MPU Maximum Power Density

for Maximum Power Calculation 064 064 064 064 064 064 064
Cost-performance (W) 137 137 151 151 151 157 157
Maximum Affordable Chip Size Target for Cost-performance

MPU Maximum Power Calculation 140 140 140 140 140 140 140
Maximum Cost-performance MPU Maximum Power Density

for Maximum Power Calculation 098 098 108 108 108 112 112
Battery (W)—(low-cost/hand-held) 30 30 30 30 30 30 30

[1] Power will be limited more by system level cooling and test constraints than packaging

Table7a 7b
15 2
cm’
2001
29
3 4
2005 ITRS DRAM MPU
29
/ /
/ 2003 53
1 DRAM 45 /

microcent

! McClean, William J., ed. Mid-Term 1994: Status and Forecast of the IC Industry. Scottsdale: Integrated Circuit Engineering

Corporation, 1994,
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MPU 45 /
29 /
2005 ITRS 2001 MPU ITWG 2001 ITRS
MPU
0.7x 0.5x
MPU
2004 3 2004
MPU
3
DRAM 2005 ITRS DRAM
6 8 25 2008
5 2016 2003 ITRS
TWG DRAM
2008 56 3 2
128Gbit ITRS 140mm>

2005 ITRS DRAM

DRAM MPU

Tableda 4
CoO
(Built-in Self Test: BIST) Design-For-
Testability DFT Design for Manufacturing :DFM 2005

McClean, William J., ed. Mid-Term 1995: Status and Forecast of the IC Industry. Scottsdale: Integrated Circuit Engineering
Corporation, 1995.

2 3) Dataguest Incorporated. x86 Market: Detailed Forecast, Assumptions, and Trends. MCRO-WW-MT-9501. San Jose: Dataquest
Incorporated, January 16, 1995.

b) Port, Otis; Reinhardt, Andy; McWilliams, Gary; and Brull, Steven V. ““The Silicon Age? It's Just Dawning,”” Table 1. Business
Week, December 9, 1996, 148-152.
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Table 7a Cost—Near-term Years

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM ¥ Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) % Pitch (nm) (f) ) 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13
Affordable Cost per Function ++

DRAM costibit at (packaged microcents) at 53 37 26 19 13 093 | o066 | o046 | 033
samples/introduction

DRAM cost/bit at (packaged microcents) at production § 19 14 0.96 0.68 048 0.34 024 017 0.12
Cost-performance MPU (microcents/transistor) 2 11 » 1 1 7 P
(including on-chip SRAM) at introduction 88§ 0 3. 0 56 0 8 55 39 8
Cost-performance MPU (microcents/transistor) 2 1 1 4 7 47 24 17
(including on-chip SRAM) at production §§ 66 88 33 o 6 ) 33 ' '
High-performance MPU (microcents/transistor) 244 172 122 1 4 29 1
(including on-chip SRAM) at production §§ ) ’ ’ 86 6 3 30 ’ 5

Table 7b  Cost—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM ¥ Pitch (nm) (contacted) 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) % Pitch (nm) (f) 28 25 2 20 18 16 14
MPU Physical Gate Length (nm) 1 10 9 8 7 6 6
Affordable Cost per Function ++

DRAM cost/bit at (packaged microcents) at 023 016 012 008 006 004 003
samples/introduction

DRAM cost/bit at (packaged microcents) at production § 0.08 0.06 0.04 0.03 0.02 0.01 0.01
Cost-performance MPU (microcents/transistor) 19 14 097 069 049 034 024
(including on-chip SRAM) at introduction 88 ' ' ’ ' ’ ’ ’
Cost-performance MPU (microcents/transistor) 12 083 059 042 029 021 015
(including on-chip SRAM) at production §8§ ' ’ ’ ' ’ - ’
High-performance MPU (microcents/transistor) 11 076 054 038 027 019 013
(including on-chip SRAM) at production §8§ ] ) ’ ’ ’ ’ ’
Notes for Tables 7a and 7b:

++ Affordable packaged unit cost per function based upon average selling prices (ASPs) available from various analyst reports less
gross profit margins (GPMs); 35% GPM used for commodity DRAMs and 60% GPM used for MPUSs; 0.5x/two years inTER-
generation reduction rate model used; .55dyear inTRA-generation reduction rate model used; DRAM unit volume life-cycle peak
occurs when inTRA-generation cost per function is crossed by next generation, typically seven—eight years after introduction; MPU
unit volume life-cycle peak occurs typically after four—six years, when the next generation processor enters its ramp phase (typically
two to four years after introduction).

8 DRAM Model—cell area factor (design/process improvement) targets are as follows:

1999-2007/8x%: 2008-2020/6x. Due to the elimination of the ““7.5,”” ““7,”” and the ““5”” DRAM cell design improvement factors [a] in
the latest 2005 ITRS DRAM consensus model, the addition of "Moore's Law'™ bits/chip slows from 2x every 2.5-3 years to 2x every
three years.

DRAM product generations were increased by 4.x bits/chip every four years with interim 2.x bits/chip generation. However, in the
latest model 2005 ITRS timeframe:

1. at the Introduction phase, after the 16 Ghit generation, the introduction rate is 4/six years (2x/three years); and
2. at the Production phase, after the 4 Gbit generation, the introduction rate is 4/six years (2fthree years).

As a result of the DRAM consensus model changes for the 2005 ITRS, the INTER-generation chip size growth rate model target for
Production-phase DRAM products remains “flat” at less than 140 mm? similar to the MPU model. However, with the elimination of
some of some of ““cell area factor’” reductions, the flat-chip-size model target requires the bits/chip “Moore’s Law’ model for DRAM
products to increase the time for doubling bits per chip to an average of 2x per 3 years (see ORTC Table 1c and d).

Furthermore, the cell array efficiency (CAE —the Array % of total chip area) was corrected to 56.1% after 2008, since only the storage
cell array area benefits from the 6x ““cell area factor’” improvement, not the periphery. This CAE change in the model puts even
additional pressure on the Production-phase product chip size to meet the target flat-chip-size model. 1t can be observed in the latest
table 1c and d model data that the INTRA-generation chip size shrink model is still 0.5xevery technology cycle (to 0.71x reduction) in-
between cell area factor reductions.
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88§ MPU Chip Size Model—Both the cost-performance and high-performance MPUs INTER-generation production-level chip sizes
are modeled to be below affordable targets, which are flat through 2020 (280 mm?/cost-performance at introduction; 140 mm?*cost-
performance at production; 310 mm?high-performance at production). The MPU flat chip-size affordability model is accomplished by
doubling the on-chip functionality every technology node cycle. Actual market chip sizes may exceed the affordability targets in order
to continue the doubling of on-chip functionality on a shorter cycle, but their unit costs and market values must be increased. Inthe
2005 ITRS, the MPU model now includes introduction-level high-performance MPU targets that shrink to the ““affordable” targets
(the same way the DRAM model operates). The InTRA-generation chip size shrink model is 0.5x every two-year density-driven
technology cycle through 2004, and then 0.5x every three-year density-driven technology cycle after 2004, in order to stay under the
affordable flat-chip-size target.

Refer to the Glossary for definitions.
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