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ITWG TWG
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2000
ORTC
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2001 2001 2016 15

1999
130 nm 1 350 nm/1995
2 1997 250 nm 1999
180 nm DRAM Dynamic Random Access Memory
2
2001 2016
3 7
DRAM
MPU Micro-
Processor Unit ASIC 2004
DRAM 7
2001 ITRS
50
1995 350 nm
C
YEAR OF PRODUCTION 1995 1997 1999 2001 2004 2007 2010 2013 2016
ﬁf;ga'Tre”d Numbers | 350 | 247.5 | 175 |[123.7 | 87.5 | 61.9 | 43.8 | 30.9 | 21.9
ITRS Rounded Node 350 | 250 | 180 | 130 90 65 45 32 22
Numbers (nm)
2
ITRS

100 nm/2003

2001 70 nm/2006; 50 nm/2009; 35nm/2012; 25 nm/2015
1
MPU 2001
2005 MPU 32 nm 70 /2
DRAM 3
8
ORTC

ORTC



ITRS

DRAM 1

2 2002
ITRS

2001 2007
2010 2013 2016 3

MOS Transistor Scaling
(1974 to present)

S=0.7
[0.5x per 2 nodes]

Pitch Gate

5 MOS —1974



1994 NTRS -
7X/3

L og Half-Pitch

7x/2

0.7x 0.7x Linear Time
[T
250 ->180 ->130->90 ->65 >45 ->32 ->22 > 16

|— 0.5x —T

(T )
N N+1 N+2 *CARR(T) =
[(0.5~W/T ]1-1
* CARR(T) = CARR(3 ) = -10.9%
Compound Annual Reduction
Rate ( CARR(2 ) = -15.9%
T )

( )NTRS National Technology Roadmap for Semiconductors

ITRS Roadmap Acceleration Continues...Half Pitch

#2001 DRAM %2 Pitch

012001 MPU/ASIC Y2 Pitch
[ \
1999 ITRS DRAM Half-

— Pitch

N
p—@
\
7N
h 4
4
\ .

100

2-year Node
Cycle

3-year Node
Cycle

Technology Node - DRAM Half-Pitch (nm)

10 1
1995 1998 2001 2004 2007 2010 2013 2016

Year of Production

7 ITRS —



ITRS Roadmap Acceleration Continues...Gate Length

1000

A 2001 MPU Printed Gate Length
X 2001 MPU Physical Gate Length

1999 ITRS MPU Gate

\ — Length
100

2-year Cycle

Technology Node - DRAM Half-Pitch (nm)

3-year Cycle

10 T T T T T T
1995 1998 2001 2004 2007 2010 2013 ?1<6

Year of Production

8 ITRS —
2 3
DRAM 4
2001 ITRS DRAM
/
DRAM 1990
MPU DRAM
DRAM

2001



DRAM

2
DRAM
DRAM
DRAM
ORTC 2001
ITRS
la 1b
ITRS DRAM
MPU
MPU/ASIC -
DRAM ASIC/
MPU
DRAM
DRAM

995 2001 16 7/

30% /2 11 7/ 30% /3
6
1
la —

YEAR OF PRODUCTION 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007
DRAM % Pitch (nm) 130 115 100 90 80 70 65
MPU/ASIC % Pitch (nm) 150 130 107 90 80 70 65
MPU Printed Gate Length (nm) fft 90 75 65 53 45 40 35
MPU Physical Gate Length) (nm) 65 53 45 37 32 28 25
ASIC/Low Power Printed Gate Length 130 107 90 75 65 53 45
(nm) tt
L’iﬁ;fé')‘o(":mp)ower Physical Gate 90 75 65 53 45 37 32




YEAR OF PRODUCTION 2010 2013 2016

DRAM % Pitch (nm) 45 32 22

MPU/ASIC % Pitch (nm) 45 32 22

T'\-/rIPU Printed Gate Length (nm) o5 18 13

MPU Physical Gate Length) (nm) 18 13 9

ASIC/Low Power Printed Gate

Length (nm) ft 32 22 16

ASIC/Low Power Physical Gate

Length) (nm) 22 16 11

la 1
TtTMPU ASIC
as printed in photoresist 1999 ITRS
(as etched in polysilicon)
200072001 ITRS
(MPU)
Front End

Processes FEP Process Integration,
Devices, and Structures PIDs Design ITWG

1 DRAM —
YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007
DRAM % Pitch (nm) 130 115 100 90 80 70 65
MPU/ASIC % Pitch (nm) 150 130 107 90 80 70 65
MPU Printed Gate Length (nm) 90 75 65 53 45 40 35
MPU Physical Gate Length (nm) 65 53 45 37 32 28 25
Cell area factor [a] 8 8 6 6 6 6 6
Cell area [Ca = af2] (“mZ) 0.130 0.103 0.061 0.049 0.039 0.031 0.024

1 0,

Cell array area at production (%| 5, g0, | 55.306 | 55.7% | 56.1% | 56.4% | 56.7% | 57.0%
of chip size) §
Generation at production § 512M 512M 1G 1G 2G 2G 4G
Functions per chip (Gbits) 0.54 0.54 1.07 1.07 2.15 2.15 4.29
Chip size at production (mm2)§ 127 100 118 93 147 116 183
Gbits/cm? at production 8§ 0.42 0.54 0.91 1.15 1.46 1.85 2.35




1 DRAM

YEAR OF PRODUCTION 2010 2013 2016
DRAM % Pitch (nm) 45 32 22
MPU/ASIC % Pitch (nm) 45 32 22
MPU Printed Gate Length (nm) 25 18 13
MPU Physical Gate Length (nm) 18 13 9
Cell area factor [a] 6 4 4

Cell area [Ca = af2] (pm?2)

0.012 0.004 0.002

Cell array area at production (% of chip size) § 57.7% 58.1% 58.4%
Generation at production § 8G 32G 64G
Functions per chip (Gbhits) 8.59 34.36 68.72
Chip size at production (mm?2)§ 181 239 238
Gbits/cm2 at production § 4.75 14.35 28.85
1 1
§ DRAM /
1999-2002/8x; 2003-2010/6x%x; 2011-2016/4x.
DRAM 2 x / 4 4 x
/
. Introduction 8G 4x/5
2x/2 3
2. Production 32G 4x/5
2x/2 3
INTER-generation 572mm? field
1 572mm? 2
32G 572mm?
2 DRAM 2 x /

INTRA-generation
0.5x

Introduction
INTRA-generation

Production

INTER-generation



le DRAM

YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007
DRAM % Pitch (nm) 130 115 100 90 80 70 65
MPU/ASIC % Pitch (nm) 150 130 107 90 80 70 65
MPU Printed Gate Length (nm) 90 75 65 53 45 40 35
MPU Physical Gate Length (nm) 65 53 45 37 32 28 25
Cell area factor [a] 8 8 6 6 6 6 6
Cell area [Ca = af2] (pm?2) 0.130 0.103 0.061 0.049 0.039 0.031 0.024
Cell array area at introduction| ;4 390 |71 89 | 72.2% | 72.6% | 72.9% | 73.2% | 73.5%
(% of chip size) §
Generation at introduction 8§ 2G 2G 4G 4G 8G 8G 16G
Functions per chip (Gbits) 2.15 2.15 4.29 4.29 8.59 8.59 17.18
Chip size at introduction (mm?2) § 390 308 364 287 454 359 568
Gbits/cm?2 at introduction § 0.55 0.70 1.18 1.49 1.89 2.39 3.03
1f DRAM —
YEAR OF PRODUCTION 2010 2013 2016
DRAM % Pitch (nm) 45 32 22
MPU/ASIC % Pitch (nm) 45 32 22
MPU Printed Gate Length (nm) 25 18 13
MPU Physical Gate Length (nm) 18 13 9
Cell area factor [a] 6 4 4
Cell area [Ca = af2] (pm?2) 0.012 0.004 0.002
Cell array area at introduction (% of chip size) 8§ 74.2% 74.6% 74.9%
Generation at introduction § 32G 64G 64G
Functions per chip (Gbits) 34.36 68.72 68.72
Chip size at introduction (mm?2) § 563 373 186
Ghits/cm?2 at introduction § 6.10 18.42 37.00
le 1f
§ DRAM /
1999-2002/8x; 2003-2010/6x; 2011-2016/4x.
DRAM 2% / 4 4 x
/
8G 4x/5 2x/2 3
32G 4x/5 2x/2 3
572mm? field 1
572mm? 2
32G 572mm? 2 DRAM

2x /

0.5x%




19 MPU ( )

YEAR OF PRODUCTION 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007
DRAM % Pitch (nm) 130 115 100 90 80 70 65
MPU/ASIC % Pitch (nm) 150 130 107 90 80 70 65
MPU Printed Gate Length (nm) 90 75 65 53 45 40 35
MPU Physical Gate Length (nm) 65 53 45 37 32 28 25
SRAM — Cell  (6-transistor) Areal ,q 1 |153 0 120.3|117.8 |115.6 |113.7 |111.9
factor ++
Logic ~ Gate  (4-transistor) Arealz,5 o 1320.0(320.0|320.0 |320.0 |320.0 |320.0
factor ++
SRAM — Cell (6-transistor) Areal ;g3 | 963 | 0.63 | 0.63 | 0.63 | 0.63 | 0.63
efficiency ++
Logic ~Gate (4-transistor) Areal 554 | 950 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50
efficiency ++
SRAM Cell (6-transistor) Area 33 5 5 20 15 1.2 0.93 0.73
w/overhead ++
Logic Gate (4-transistor) Area 10.4 8 2 6.5 5 2 a1 33 26
w/overhead ++
Transistor density SRAM

R 2 184 237 305 393 504 646 827
(Mtransistors/cm=<)
Transistor density logic

. 2 38.6 48.6 61.2 77.2 97.2 |122.5|154.3
(Mtransistors/cm¢<)
Generation at introduction * pO4c — — p07c — — ploc
Fu_ncFlons per_chlp at mtro_ductlon 193 243 307 386 487 614 773
(million transistors [Mtransistors])
Chip size at introduction (mm?2) t 280 280 280 280 280 280 280
Cost performance MPU
(Mtransistors/cm?2 at introduction)| 69 87 110 138 174 219 276
(including on-chip SRAM) ¢
Generation at production * pOlc — — pO4c — — p07c
Functions per chip at production| o 122 | 153 | 193 | 243 | 307 | 386
(million transistors [Mtransistors])
Chip size at production (mmz) 88 140 140 140 140 140 140 140
Cost performance MPU
(Mtransistors/cm2 at production,| 69.0 87.0 |109.6 |{138.0 (173.9 |219.1|276.1
including on-chip SRAM) 1%

1
MPU DRAM
C
pOlc 1999 2001
pO4c 2001 2004




t MPU MPU 2 L2 SRAM Static
RAM RAM SRAM
§ § MPU MPU MPU
2016
2001 2
0.5x 2001 3 0.5x%
1  MPU ( M )
YEAR OF PRODUCTION 2010 2013 2016
DRAM % Pitch (nm) 45 32 22
MPU/ASIC % Pitch (nm) 45 32 22
MPU Printed Gate Length (nm) 25 18 13
MPU Physical Gate Length (nm) 18 13 9
SRAM Cell (6-transistor) Area factor ++ 107.8 106.7 105.7
Logic Gate (4-transistor) Area factor ++ 320.0 320.0 320.0
SRAM Cell (6-transistor) Area efficiency ++ 0.63 0.63 0.63
Logic Gate (4-transistor) Area efficiency ++ 0.50 0.50 0.50
SRAM Cell (6-transistor) Area w/overhead ++ 0.22 0.17 0.13
Logic Gate (4-transistor) Area w/overhead ++ 0.82 0.65 0.51
Transistor density SRAM (Mtransistors/cm?2) 1718 3532 7208
Transistor density logic (Mtransistors/cm?2) 309 617 1235
Generation at introduction * pl3c pléc pl9c
Funct_lons per ch_lp at introduction (million 1546 3092 6184
transistors [Mtransistors])
Chip size at introduction (mm?2) t 280 280 280
i 2
f:ost pe_rform_ance _ MPU _(Mtransmtors/cm at| ggo 1104 2209
introduction) (including on-chip SRAM) 1%
Generation at production * pl0c pl3c pléc
Functlor_\s per chip at production (million transistors 773 1546 3092
[Mtransistors])
Chip size at production (mm?2) §§ 140 140 140
Cost _perfo_rmanc.e MPU. (Mtransistors/cm? at| ggo 1104 2209
production, including on-chip SRAM) i




1i MPU ASIC

YEAR OF PRODUCTION 2002 2003 2004 2005 2006 2007
DRAM % Pitch (nm) 115 100 90 80 70 65
MPU/ASIC % Pitch (nm) 130 107 90 80 70 65
MPU Printed Gate Length (nm) 75 65 53 45 40 35
MPU Physical Gate Length (nm) 53 45 37 32 28 25
Logic (Low-volume Microprocessor) High-performance £
Generation at production ** — p03h — pO5h — pO7h
Functions per chip (million transistors) 348 439 553 697 878 1106
Chip size at production (mm?2) §§ 310 310 310 310 310 310
High-performance MPU
Mtransistors/cm? at production 112 142 178 225 283 357
(including on-chip SRAM) ¢
ASIC
ASIC usable Mtransistors/cm?2 (auto 112 142 178 225 283 357
layout)
ASIC max chip size at production
(mm2) (maximum lithographic field 800 572 572 572 572 572
size)
ASIC maximum functions per chip at
production (Mtransistors/chip) ( fit in 899 810 1020 | 1286 | 1620 | 2041
maximum lithographic field size)
1 MPU ASIC —

YEAR OF PRODUCTION 2010 2013 2016

DRAM % Pitch (nm) 45 32 22

MPU/ASIC % Pitch (nm) 45 32 22

MPU Printed Gate Length (nm) 25 18 13

MPU Physical Gate Length (nm) 18 13 9

Logic (Low-volume Microprocessor) High-performance 1t

Generation at production ** — pl3h —

Functions per chip (million transistors) 2212 4424 8848

Chip size at production (mm?2) §§ 310 310 310

High—pe_rformance_ MPU _ Mtransistors/cm?2 at| ;494 1427 2854

production (including on-chip SRAM) 1

ASIC

ASIC usable Mtransistors/cm?2 (auto layout) 714 1427 2854

ASIC maximum chip size at production

(mm2)(maximum lithographic field size) 72 372 272

ASIC maximum functions per chip at ramp

(Mtransistors/chip) 4081 8163 16326

(fit in maximum lithographic field size)

1j

h
p99 1999 pOlc 2001




r MPU MPU L2 L3 SRAM 2M /1999

+ P99h 25M M SRAM

§8§ MPU MPU MP U
2016
2001 2
0.5x% 2001 3 0.5x
30 IEEE (Institute of
Electrical and Electronics Engineers )
DRAM 6
12 1.5 2
/ / 59
/ ~25-30%
1 /
/
2
4 20
50 0.7x%
DRAM
70
DRAM
tracking 7/ DRAM
ORTC 1lc

1d 1le 1f

2001 ITWG MPU

SRAM MPU
ITWG

ITWG SRAM



MPU
MPU(140mm?)

2004

1 1i1 MPU

2a 2

DRAM
ITRS
572mm?

DRAM

MPU(310mm?)

2004 MPU 2
MPU
MPU
MPU
3
2
MPU
/
1999
(25x32 = 800mm?)
ITWG 90 nm
572mm? (22x26)
DRAM
1
DRAM
A 2
DRAM
DRAM
2x/1.5 2x/ 2
2x/ 2.5 3
1 1 le 1

ITWG



DRAM MPU DRAM
2001
2001 300 mm
450 mm 1.5x%
/
/

MPU

classical

Semiconductor Equipment and Materials Institute

/
measure

300 mm

2a 2

2013

SEMI

SEMATECH Semiconductor Manufacturing Technology Institute
industry economic modeling
IEM
2a —
2001

YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007
DRAM % Pitch (nm) 130 115 100 90 80 70 65
MPU/ASIC % Pitch (nm) 150 130 107 90 80 70 65
MPU Printed Gate Length 90 75 65 53 45 40 35
(nm)
MPU Physical Gate 65 53 45 37 392 o8 o5
Length(nm)
Lithography Field Size
Lithography Field Size—area

800 800 800 800 800 800 572
(mm?2)
Lithographic field size — 32 32 32 32 39 392 26
length (mm)
Li_thographic field size — 25 25 25 25 o5 o5 29
width (mm)
Maximum Substrate Diameter (mm) — High-volume Production (>20K wafer starts per
month)
Bulk or epitaxial or SOl wafer 300 300 300 300 300 300 300




2b

YEAR OF PRODUCTION 2010 2013 2016
DRAM % Pitch (nm) 45 32 22
MPU/ASIC % Pitch (nm) 45 32 22
MPU Printed Gate Length (nm) 25 18 13
MPU Physical Gate Length (nm) 18 13 9
Lithography Field Size
Maximum lithographic field size—area
(mm?2)
Lithography Field Size—area (mm?2) 572 572 572
Maximum lithographic field size—length 26 26 26
(mm)
Maximum lithographic field size—width 29 29 29
(mm)
Maximum Substrate Diameter (mm)—High-volume Production (>20K
wafer starts per month)
Bulk or epitaxial or SOI wafer | 300 450 | 450
/
/ /70 /
3a 3
ITWG
ASIC ITRS 4-6K
50 ASIC
2 / MPU
1/70 13 / 3
1/70 2 / ASIC

/0 1 /

MPU



3a

YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007
DRAM % Pitch (nm) 130 115 100 90 80 70 65
MPU/ASIC % Pitch (nm) 150 130 107 90 80 70 65
MPU Printed Gate Length 90 75 65 53 45 40 35
(nm)
MPU Physical Gate Length 65 53 45 37 32 28 o5
(nm)
Number of Chip I/Os (Number of Total Chip Pads) — Maximum
Total pads—MPU 3072 3072 3072 3072 3072 3072 3072
E;%’;;" 1/O—=MPU (1/3 of total | 4,, 1024 1024 1024 1024 1024 1024
Power and ground pads—MPU | 54,4 2048 2048 2048 2048 2048 2048
(2/3 of total pads)
Total pads—ASIC high- 3000 3200 3400 3600 4000 4200 4400
performance
Signal 170 pads—ASIC high- 1500 1600 1700 1800 2000 2100 2200
performance
Power and ground pads—ASIC
high-performance (% of total 1500 1600 1700 1800 2000 2100 2200
pads)
Number of Total Package Pins—Maximum [1]
Microprocessor/controller, 480- 480- 500- 500- 550- 550- 600-—
cost-performance 1,200 1320 1452 1600 1760 1936 2140
Microprocessor/controller, 1200 1320 1452 1,600 1,760 1,936 2,140
high-performance
ASIC (high-performance) 1700 1870 2057 2263 2489 2738 3012
3 J—
YEAR OF PRODUCTION 2010 2013 2016
DRAM % Pitch (nm) 45 32 22
MPU/ASIC % Pitch (nm) 45 32 22
MPU Printed Gate Length (nm) 25 18 13
MPU Physical Gate Length (nm) 18 13 9
Number of Chip 1/0Os (Number of Total Chip Pads) — Maximum
Total pads—MPU 3840 4224 4416
Signal I/O—MPU (1/3 of total pads) 1280 1408 1472
Power and ground pads—MPU (2/3 of total pads) 2560 2816 2944
Total pads—ASIC high-performance 4800 5400 6000
Signal 1/O pads—ASIC high-performance 2400 2700 3000
Power and ground pads—ASIC high-performance (% of 2400 2700 3000
total pads)
Number of Total Package Pins—Maximum [1]
Microprocessor/controller, cost-performan 780~ 1014~ 1318~
P : P ance 2782 3616 4702
Microprocessor/controller, high-performance 2782 3616 4702
ASIC (high-performance) 4009 5335 7100




3a 3b

[1] Printed Wiring Board

1:

ITWG
da 4
/ 5
10
95 / x 1.10 / =1.05 /
PC
30 ITRS
2
29%/
10
1. 15
2. /
1
Systems-on-Chip SoC
chip-on-board COB

1.5

3a

2%



MPU /

1.5 2 MPU / millions of

instructions per second MIPs
X /
ITWG ITWG 4c 4
line-to-line
line-to-substrate
K~2-3
chip-to-board
4a —

YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007
DRAM % Pitch (nm) 130 115 100 90 80 70 65
MPU/ASIC % Pitch (nm) 150 130 107 90 80 70 65
MPU Printed Gate Length (nm) 90 75 65 53 45 40 35
MPU Physical Gate Length (nm) 65 53 45 37 32 28 25
Chip Pad Pitch (micron)
Pad pitch—ball bond 45 35 30 25 20 20 20
Pad pitch—wedge bond 40 35 30 25 20 20 20
Pad Pitch—area array flip-chip
(cost-performance, high- 160 160 150 150 130 130 120
performance)
Pad Pitch—peripheral flip-chip
(handheld, low-cost, harsh) 150 130 120 110 100 90 80
Cost-Per-Pin
Pacfkage cost (cents/pin) (cost- 0 80— 0 75— 0 70— 0 66— 0 61— 0 56— 0. 64—
performance)— 1.60 1.44 1.30 1.17 1.06 1.03 1.00
minimum-maximum
Package cost (cents/pin)| 0.36- 0.34- 0.32- 0.30- 0.28- 0.27- 0.27-
(Memory)—minimum-maximum 1.54 1.39 1.26 1.14 1.03 0.93 0.84




4

YEAR OF PRODUCTION 2010 2013 2016

DRAM ¥ Pitch (nm) 45 32 22

MPU/ASIC % Pitch (nm) 45 32 22

MPU Printed Gate Length (nm) 25 18 13

MPU Physical Gate Length (nm) 18 13 9

Chip Pad Pitch (micron)

Pad pitch—ball bond 20 20 20

Pad Pitch—wedge bond 20 20 20

Pad Pitch—area array (cost-performance, high- 90 80 70

performance)

Pad Pitch—peripheral flip-chip (handheld, low-cost, 60 45 30

harsh)

Cost-Per-Pin

Package cost (cents/pin) (cost-performance)—| 0.49- 0.42- 0.36-—

minimum-maximum 0.98 0.93 0.79

Package cost (cents/pin) (Memory)— minimum-| 0.22- 0.19- 0.19-

maximum 0.54 0.39 0.33

4 - _
YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007
DRAM % Pitch (nm) 130 115 100 90 80 70 65
MPU/ASIC % Pitch (nm) 150 130 107 90 80 70 65
MPU Printed Gate Length (nm) 90 75 65 53 45 40 35
MPU Physical Gate Length (nm) 65 53 45 37 32 28 25
Chip Frequency (MHz)
On-chip local clock 1,684 2,317 3,088 3,990 5,173 5,631 6,739
Chip-to-board (off-chip) speed
(high-performance, for peripheral| 1,684 2,317 3,088 3,990 5,173 5,631 6,739
buses)[1]
Max_lmum number wiring levels— 7 8 8 8 9 9 9
maximum
ng_lmum number wiring levels— 7 7 8 8 8 9 9
minimum




YEAR OF PRODUCTION 2010 2013 2016
DRAM % Pitch (nm) 45 32 22
MPU/ASIC % Pitch (nm) 45 32 22
MPU Printed Gate Length (nm) 25 18 13
MPU Physical Gate Length (nm) 18 13 9
Chip Frequency (MHz)
On-chip local clock 11,511 19,348 28,751
Chip-to-board (off-chip) speed
(high-performance, for peripheral| 11,511 19,348 28,751
buses)[1]
Max_imum number wiring levels— 10 10 10
maximum
M_ax_imum number wiring levels— 9 9 10
minimum
4 4
[1]
[2] 2001 CMOS 3.125 GHz
SiGe 10 GHz 2002 CMOS 10
GHz 40 GHz SiGe 2003
DRAM MPU ASIC 83 89.5 %
5a 5 DRAM



5a

YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007
DRAM % Pitch (nm) 130 115 100 90 80 70 65

MPU/ASIC % Pitch (nm) 150 130 107 90 80 70 65

MPU Printed Gate Length (nm) 90 75 65 53 45 40 35

MPU Physical Gate Length (nm) 65 53 45 37 32 28 25

DRAM Random Defect Do at

production chip size and 89.5%| 1,963 2,493 2,148 2,748 1,752 2236 1426
yield (faults/m?2) §

MPU Random Defect Do at

production chip size and 83% yield| 1,356 1,356 1,356 1,356 1,356 1,356 1,356
(faults/m?2) §8§

# Mask Levels - MPU 25 25 25 25 25 27 27
# Mask Levels — DRAM 21 22 24 24 24 24 24
5 _

YEAR OF PRODUCTION 2010 2013 2016
DRAM % Pitch (nm) 45 32 22
MPU/ASIC % Pitch (nm) 45 32 22
MPU Printed Gate Length (nm) 25 18 13
MPU Physical Gate Length (nm) 18 13 9
DRAM Random Defect Do at production 1356 1356 1356

chip size and 89.5% yield (faults/m?2) §
MPU Random Defect Do at production chip 1464 1116 1134
size and 83% yield (faults/m?2) §§
# Mask Levels — MPU 27 29 29
# Mask Levels — DRAM 26 26 26
5a 5b
Do —
§ DRAM /
1999-2002/8x; 2003-2010/6x; 2011-2016/4x.
DRAM 2% / 4
4 x /
1 8G 4x/5 2x/2 3
2. 32G 4x/5 2x/2 3
572mm?2 field
572mm?2 2

3

2G




572mm? 2 DRAM
2 x /
0.5x%
§8§ MPU MPU
2016
2001 2 0.5x 2001
0.5x
6a 6 6a 6
Vg IC
2013 2016
1999 IRTS 2014 0.3V
MPU 3
1
2 _

MPU

0.5V Vg4
0.4V



6a

[1]

YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007
DRAM % Pitch (nm) 130 115 100 90 80 70 65
MPU/ASIC % Pitch (nm) 150 130 107 90 80 70 65
MPU Printed Gate Length (nm) 90 75 65 53 45 40 35
MPU Physical Gate Length 65 53 45 37 392 o8 o5
(nm)
Power Supply Voltage (V)
Vdd (high performance) 1.1 1. 1.0 1 0.9 0.9 0.7
V.dd (Low O;?eratlng Power, 1.2 1 1.1 1.1 1.0 1.0 0.9
high Vdd transistors)
Vdd (Low Standby Power, high 1.2 1 1.2 1.2 1.2 1.2 11
Vdd transistors)
Allowable Maximum Power [1]
High-performance with
heatsink (W) 130 140 150 160 170 180 190
Cost-performance (W) 61 75 81 85 92 98 104
Battery (W)—(hand-held) 2.4 2.6 2.8 3.2 3.2 3.5 3.5
6 J—
YEAR OF PRODUCTION 2010 2013 2016
DRAM % Pitch (nm) 45 32 22
MPU/ASIC % Pitch (nm) 45 32 22
MPU Printed Gate Length (nm) 25 18 13
MPU Physical Gate Length (nm) 18 13 9
Power Supply Voltage (V)
Vdd (high performance) 0.6 0.5 0.4
Vdd (Low Operating Power, high Vdd 0.8 0.7 0.6
transistors)
Vdd _(Low Standby Power, high Vdd 1.0 0.9 0.9
transistors)
Allowable Maximum Power [1]
High-performance with heatsink (W) 218 251 288
Cost-performance (W) 120 138 158
Battery (W)—(hand-held) 3.0 3.0 3.0

6a 6b




7a 7

1.5 2
cm?
average selling price ASP 2
ITRS
4
29 DRAM MPU
29
DRAM
/
2G DRAM
/ 2001 21 microcent
1 DRAM 45
1
2 MPU
45 /
. McClean, William J. 1994 ;1C

Integrated Circuit Engineering Corporation 1994.

McClean, William J. 1995 c1C
Integrated Circuit Engineering Corporation, 1995.
2

a) Dataquest Incorporated. x86

MT-9501. San Jose: Dataquest Incorporated 1995/01/16.

b) Port, Otis Reinhardt, Andy McWilliams, Gary Brull,

1 Business Week 1996/12/09

25 30
1.5 2
1999 ITRS
2001
1.4x 3
/
/

29 /
Scottsdale:
Scottsdale:
MCRO-WW -

Steven V.

148-152.



0.7x
MPU
2001
DRAM
10

Self Test: BIST)

ITWG

0.5x%

2001

MPU

10

MPU
2001 3
3
DRAM MPU
/
Ta 7
4a 4 (Built-in

Design-For- Testability DFT



7a

YEAR OF PRODUCTION 2001|2002 2003 | 2004 2005 | 2006 |2007
DRAM % Pitch (nm) 130 | 115 100 90 80 70 65
MPU/ASIC % Pitch (nm) 150 | 130 107 90 80 70 65
MPU Printed Gate Length (nm) 90 75 65 53 45 40 35
MPU Physical Gate Length (nm) 65 53 45 37 32 28 25
Affordable Cost per Function ++
DRAM co_st/blt at_ (packaged microcents) at 21 148 | 10.5 74 5 3 3 7 > 6
samples/introduction
DRAM gost/blt at (packaged microcents) at 77 5 4 38 2 7 1.9 14 0.96
production §
Cost-performance MPU
(microcents/transistor) 176 124 88 62 44 31 22
(including on-chip SRAM) at introduction §8§
Cost-performance MPU
(microcents/transistor) 107 75 53 38 27 19 13.3
(including on-chip SRAM) at production §§
High-performance MPU
(microcents/transistor) 97 69 49 34 24 17 12
(including on-chip SRAM) at production §8§
Cost-Per-Pin
Test Cost
Volume tester cost per high-frequency signal
pin ($K/pin)| 4.0 3.0 3.0 3.0 3.0 3.0 3.0
(high-performance ASIC)—maximum
Volume tester cost per high-frequency signal
pin ($K/pin)| 1.0 1.0 1.0 1.0 1.0 1.0 1.0
(high-performance ASIC)—minimum
7 -
YEAR OF PRODUCTION 2010 2013 2016
DRAM % Pitch (nm) 45 32 22
MPU/ASIC % Pitch (nm) 45 32 22
MPU Printed Gate Length (nm) 25 18 13
MPU Physical Gate Length (nm) 18 13 9
Affordable Cost per Function ++
DRAM ) COSt/bIF (packaged microcents) at 0.93 0.33 0.12
samples/introduction
DRAM cost/bit (packaged microcents) at production § 0.34 0.12 0.042
Cost-performance MPU (microcents/transistor) (including 78 2 75 0.97
on-chip SRAM) at introduction §8§ ' ' '
Cost-performance MPU (microcents/transistor) (including
on-chip SRAM) at production §8§ 4.71 1.66 0.59
High-performance MPU (microcents/transistor)
(including on-chip SRAM) at production 88§ 4.31 1.52 0.54
Cost-Per-Pin
Test Cost
Volume tester cost per high-frequency signal pin ($K/pin) 4 4 4
(high-performance ASIC)—maximum
Volume tester cost per high-frequency signal pin ($K/pin) 2 3 4
(high-performance ASIC)—minimum




7a 7b

++ Gross Profit Margins GPM
Average Selling Price ASP
DRAM 35 GPM MPU 60 GPM 0.5x/2
0.55x/
DRAM
7 8 MPU 4 6
2 4

§ DRAM /

1999-2002/8x; 2003-2010/6x; 2011-2016/4x.

DRAM 2 x /
4 x /
1. 8G 4x/5 2x/2 3
2. 32G 4x/5 2x/2 3
572mm?2 field
572mm?2 2
32G
572mm?2 2 DRAM
2 x /
0.5x
8§ 8§ MPU MPU MPU
2016
2001 2

0.5x 2001 3 0.5x



