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DRAM Chip Size Shrink Curve
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First Production Year| 99 [ 00 | 01| 02|03 | 04|[05| 06| 07| 08|09 [10| 11| 12| 13|14

Technology Node | 180 130 100 70 50 35

DRAM 1/2 Pitch(nm) | 180|165 |150| 130|120|110|100| 90 | 80| 70| 60 | 55| 50 | 45| 40 | 35

DRAM 1G (2G) 4G (8G) 16G (32G) 64G (128G)

Introduction 400 450 480 530 580 640 700 760

After 2 years 250 270 300 330 360 400 440 470

(x 0.62mm?)
After 4 years 160/ |170, [190| [210] |230] |250| |270| |300
(x0.39mm?)
Afterbyears 19091 |105| |115| |130| |140| |150| |165| |180
(x0.24mm?) |
1.2 |/
MPU 2.8 /3
1.2 /4 DRAM
MPU 1999 2001
0.7 [/

Year 1999 2000 2001 2002 2003 2004 2005 2008 2011 2014
Technology Node (4 m) 0.18 0.13 0.1 0.07 0.05] 0.035
DRAM 1/2 Pitch (nm) 180 165 150 130 120 110 100 70 50 35
MPU Gate Length (nm) 140 120 100 90 80 70 65 45 30 20
MPU 1/2 Pitch (nm) 230 210 180 160 145 130 115 80 55 40
ASIC Gate Length (nm) 180 165 150 130 120 110 100 70 50 35
Chip Size at introduction (mm?2)

DRAM 400 438 480 526 603 691 792

Cost-per. Logic 340 340 372 408 468 536 615

High-perf. Logic 450 450 567 622 713 817 937
Functions per chip (Million Trs)

DRAM 1070 2150 4290 8590] 24300] 68700} 194000

Cost-per. Logic 23.8 47.6 95.2 190 539 1523 4308

High-perf. Logic 110 220 441 882 2494 7053] 19949

MPU



DRAM =0.84/3yrs
=0.7x0.7x0.84=0.41/3yrs=0.30/4yrs=0.55/2yrs
=4x0.30=1.2/4yrs
=2x0.55=1.1/2yrs
2001 Tr =2.8/3yrs=2.0/2yrs
=0.84/3yrs
=2.8x0.7x0.7x0.84=1.15/3yrs=1.2/4yrs
1999-2000 =0.7/2yrs
=2.0x0.7x0.7=0.98/2yrs
DRAM 4 1.2
DRAM
Year 1999 2000| 2001} 2002 2003 2004| 2005 2008] 2011 2014
Technology Node (pu m) 0.18 0.13 0.1 0.07 0.05] 0.035
MPU Gate Length (nm) 140 120 100 85 80 70 65 45 32 22
MPU Half Pitch (nm) 230 210 180 160 145 130 115 80 55 40
Min. Logic Vdd (V) 15-1.8] 1.5-1.8| 1.2-1.5( 1.2-1.5] 1.2-1.5| 0.9-1.2| 0.9-1.2| 0.6-0.9] 0.5-0.6] 0.3-0.6
Tox Equivalent (nm) 1.9-2.5] 1.9-2.5| 1.5-1.9f 1.5-1.9] 1.5-1.9| 1.2-1.5| 1.0-1.5| 0.8-1.2] 0.6-0.8] 0.4-0.6
Nominal lon @ 25 (M A/ m) NMOS/PMOS
High Performance 750/} 750/ 750/ 750/ 750/ 750/ 750/ 750/] 750/] 750/
350 350 350 350 350 350 350 350 350 350
Low Power 490/] 490/ 490/ 490/] 490/| 490/ 490/| 490/] 490/ 490/
230 230 230 230 230 230 230 230 230 230
Max loff @ 25 (pA/py m) NMOS/PMOS
High Performance 5000] 7000/ 8000] 10000] 13000[ 16000/, 20000| 40000] 80000] 160000
Low Power 5 7 8 10 13 16 20 40 80 160
Gate Delay Metric: CV/I (ps)
High Performance 11 9.4 8.6 7.3 6.9 6.1 5.7 3.7 2.6 2.4
Low Power 18 16 13 11.3 10.6 8.9 8.2 5.6 4.5 3.7
DRAM Half Pitch (u m) 180 165 150 130 120 110 100 70 50 35
DRAM Cell Size (u m2) 0.26 0.19 0.14/ 0.105 0.08 0.058| 0.044] 0.018] 0.0072] 0.003
Cell Size Factor 8.0 7.0 6.4 6.15 5.6 4.8 4.4 37 2.9 2.45
Cell Area Ratio (%) 69 69.5 70 70.5 71 72 73
Cell Capacitor 3.0 2.2 1.6 1.2 0.9 0.67 0.5 0.2] 0.084] 0.034

Tox Equivalent (nm)

DRAM




Year 1999 2000 2001f 2002 2003 2004 2005 2008 2011 2014
Technology Node (4 m) 0.18 0.13 0.1 0.07 0.05| 0.035
Maximum Frequency (Hz)

Leading Edge 1.2G 1.3G 1.4G 1.5G 1.6G 1.7G| 2.0- 2.2- 2.4-

3.6G 3.6G 4.8G

Mass Production 600M] 650M|700-1G 1G] 1.1- 1.1- 1.2- 1.5- 2.0-

1.2G 1.3G 1.6G 2.6G 3.5G
Supply Voltage (V)

Leading Edge 1.8 1.8 1.5 1.3 1.3 1.3 1.0

Mass Production 1.8 1.8 1.5 1.3 1.3 1.3 1.0
Current (A)

High Performance 30 30 67 150

Low Power 2.0 2.0 3.0 4.0
Terminal Number

Leading Edge 2-3K|] 2-3K| 2.2-4K| 3-5K| 3-5K|[ 3-5K| 3.5-6K| 5-6K|[ 6.5-7K

Mass Production 1-3K] 1-3K 2-4K| 2-5K 2-5K| 2-5K 2-6K]| 2.8-6K[ 3.2-7K
Pad Pitch (p m)

Leading Edge 50 50 50| 40-45| 40-45( 40-45| 40-45] 30-40[ 30-40

Mass Production 60 60 60 50 50 50 50| 40-45[ 40-45

DRAM

Year 1999 2000 2001 2002 2003| 2004 2005 2008] 2011 2014
Technology Node (u m) 0.18 0.13 0.1 0.07 0.05] 0.035
Capacity

Leading Edge 1G 1G 2G 2G 4G 4G 8G 16G 64G| 128G

Mass Production 256G| 256G| 512G| 512G 1G 1G 2G 4G 16G 32G
Data Rate (bit/sec)

Leading Edge 1.0G 1.2G 1.3G 1.6G 1.8G 1.8G 2.0G 2.4G 3.0G 4.0G6

Mass Production 250M| 500M 1.0G 1.3G 1.5G 1.8G 2.0G 2.2G 2.6G 3.0G
Access Time (Ns)

Leading Edge 2.5 2.3 2 1.5 1 0.8 0.5 0.3 0.2 0.1

Mass Production 8 6 4 3.5 3 25 2 1 1 0.5
Bandwidth

Mass Production 8 8 16 16 16 16 16 32 32 64

DRAM




Year 1999 2000 2001f 2002 2003 2004 2005 2008] 2011 2014
Technology Node (p m) 0.18 0.13 0.1 0.07 0.05] 0.035
Transistor Number (/mm?2)

Leading Edge 300K| 400K[ 520K M 1.1M 1.3M| 1.4-2M| 1.8-3M 2.4-4.8M
Mass Production 260K| 350K| 400K| 760K| 850K|[ 950K| 1-2M]| 1.4-3M 1.8-4.8M
SRAM Capacity (bits)
Leading Edge 8M 8M 16M 16M 16M 32M 32M 32M 64M
Mass Production 2M 4M 4M 8M 8M| 8-16M 16M 32M 32M
ROM Capacity (bits)
Leading Edge 16M|16-32M 32M 64M 64M| 128M| 128M| 256M| 512M
Mass Production 8M| 8-16M 16M 32M 32M 64M 64M| 128M| 256M
Chip Size (mm2)
Leading Edge 220 220 260-| 310- 350- 380- 400- 420- 500-1230
300 480 480 630 630 900
Mass Production 100- 120- 130- 160- 200- 250- 300- 350- 400-1230
220 220 300 480 480 630 630 900
Gate Number (Tr Number/4) |
Leading Edge 16.5M 22M|34-39M 78- 96- 123- 140- 189-] 225-1476M
120M] 132M| 205M| 315M| 675M
Mass Production 6.5-]110-19M|13-30M|30-91M 42- 59- 75-] 123M-| 225-1476M
14M 102M[ 150M| 315M| 675M

Year 1999] 2000 2001 2002 2003| 2004 2005 2008] 2011 2014
Technology Node (p m) 0.18 0.13 0.1 0.07 0.05] 0.035
DRAM 1/2 Pitch (nm) 180 165 150 130 120 110 100 70 50 35
MPU Gate Length (nm) 140 120 100 90 80 70 65 45 30 20
MPU 1/2 Pitch (nm) 230 210 180 160 145 130 115 80 55 40
Overlay (nm, meant o) 65 58 52 45 42 38 35 25 20 15
Contacts (nm in resist)

DRAM 200 185 170 150 145 140 130 100 70 50

MPU 230 210 180 160 145 130 115 80 55 40

ASIC 230 210 180 160 145 130 115 80 55 40
CD control (nm, 30 , post-etch)

DRAM 18 17 15 13 12 11 10 7 5 4

MPU gate 14 12 10 9 8 7 6 4 3 2

ASIC gate 23 21 19 16 15 13 12 7 5 4
Maximum  field size 800 800 800 800 800 800 800 800 800 800
(mm2)




Year 1999 2000 2001 2002 2003 2004 2005 2008 2011 2014
Technology Node (4 m) 0.18 0.13 0.1 0.07 0.05] 0.035
MPU gate length 140 120 100 85 80 70 65 45 32 22
Number of metal levels 6 7 6 7 7 7 8 8 8 8 9 9 9 10 10
Conductor effective 2.2 2.2 2.2 2.2 2.2 2.2 2.2 1.8 1.8 1.8

resistivity (p Q cm)
Barrier/Cladding 17 16 14 13 12 11 10 0 0 0
thickness (nm)
Inter-metal insulator 3.5-4.0] 3.5-4.0| 2.7-3.5 2.7-3.5]) 2.2-2.7] 2.2-2.7| 1.6-2.2 1.5 1.5 1.5
effective dielectric

Year 1999 2000 2001 2002 2003 2004 2005 2008 2011 2014
Technology Node (p m) 0.18 0.13 0.1 0.07 0.05] 0.035
Width measurement reproducibility (nm, 3c , P/T =0.2)

Dense line 3.6 2.6 2.0 1.4 1.0 0.7
Isolated line 2.8 2.0 1.4 1.1 0.8 0.6
Hole 4.0 3.0 2.6 1.6 1.1 0.8
Logic gate insulator Si02/] SiON/ SiON/ SiN/7.5|Ta0/25|Ta0/25|Ta0/25
3.9 3.9 3.9
Physical thickness 1.9-25 1.5-1.9 1.9-2.9]5.1-7.7| 3.8-5.1] 3.2-3.8
for gate insulator (nm)
Measurement precision | 0.0076 0.006 0.0077| 0.021} 0.015] 0.013
(nm, 30 ,P/T=0.1)

Year 1999 2000 2001 2002 2003 2004 2005 2008 2011 2014
Technology Node (p m) 0.18 0.13 0.1 0.07 0.05] 0.035
Cost reduction & reduction effect

TCAD [ 204 25% 35%]  40m| 504  50%

ITRS'99 Table 39 39b




