2000 ITRS

System-in-a-package (SiP)

Potential Solutions

BGA CSP
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RF 1/O
93a —

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM %2 Pitch  (nm) 100 0 80 70 65 57 50
Cost per Pin Minimumfor Contract Assembly [1,2] (Cents/Pin)
Low-cost, hand-held and memory 0.30-0.56 |0.29-.53 .27-50 .26—-.48 .25—-.45 .23-.43 22—-41
Cost-performance 75130 |.71-1.24 |.67-1.17 |.64-1.11 |.61-1.05 |.58-1.00 |.55-.96
High-performance 1.98 1.88 1.78 1.69 161 152 1.45
Harsh 0.36-3.20 |0.32-2.88 [0.29-2.60 |0.26-2.33 |0.23-2.11 |0.21-2.00 |0.20-1.90
Chip Size (mm) [3]
Low-cost 100 100 100 100 100 100 100
Cost-performance 140 140 140 140 140 140 140
High-performance 310 310 310 310 310 310 310
Harsh 100 100 100 100 100 100 100

—

93a — ( )

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM % Pitch  (nm) 100 0 80 70 65 57 50
Maxirmum Power (Watts/mirt) [4]
Low-cost (Watts) [1] 25 2.7 2.8 3 3 3 3
Cost-performance 0.57 0.6 0.65 0.7 0.74 0.79 0.83
High-performance 0.48 0.51 0.54 0.58 0.61 0.64 0.64
Harsh 0.14 0.16 0.16 0.18 0.18 0.2 0.2
Core Voltage (Volts)
Low-cost 12 12 1 0.9 0.9 0.8 0.8
Cost-performance 12 12 1 0.9 0.9 0.8 0.8
High-performance 12 12 1 0.9 0.9 0.8 0.8
Harsh 25 25 12 12 12 12 12
Package Pincount Maximum[ 5] [ 6]
Low-cost 112-408 |122-500 |134-550 |144-600 |160-660 |180-720 |180-800
Cost-performance 500-1452 |500-1600 |550-1760 |550-1936 |600-2140 |600-2400 |660—2800
High-performance 2400 3000 3400 3800 4000 4400 4600
Harsh 450 500 550 600 660 720 780
Minimum Overall Package Profile (mm)
Low-cost 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Cost-performance 1 0.8 0.8 0.8 0.8 0.65 0.65
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High-performance N/A N/A N/A N/A N/A N/A N/A
Harsh 1 0.8 0.8 0.8 0.8 0.8 0.8
Performance: On-Chip (MH2)[7]
Low-cost 502/3194 |552/3514 |607/3865 |668/4251 |735/4676 |800/5000 |830/5150
Cost-performance 3090 3990 5170 5630 6740 — —
High-performance 3090 3990 5170 5630 6740 — —
Harsh 72 80 88 96 106 116.6 128.26
Performance: Chip-to-Board for Peripheral Buses (MH2) [7]
Low-cost 100 100 100 100 100 100 100
Cost-performance (for multi-drop nets) 400 533 600 667 733 800 800
ngh—.performance (for differential-pair point- 2000 2500 3125 3906 4883 6103 7629
to-point nets)
Harsh 72 80 88 96 106 106 115
Maximum Junction Temperature
Cost-performance 90 90 85 85 85 85 85
High-performance 90 90 85 85 85 85 85
Harsh-complex ICs 150 150 150 150 150 150 150
Operating Temperature Extreme: Ambient (°C
Low-cost 55 55 55 55 55 55 55
Cost-performance 45 45 45 45 45 45 45
High-performance 45 45 45 45 45 45 45
Harsh-complex ICs -40to 125 |-40to 125 |-40to 125 |-40to 125 |-40to 125 |-40to 125 |-40to 125
A
93a 93b

(1]

(2]

3] 310mm’

310mm’

[4]

[5] PWB

[6] 14 21

[7]

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



93b —
Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22
DRAM Y2 Pitch  (nm) 45 35 32 25 2 18

Cogt (Cents/Pin) [1] [2]

Low-cost

0.22-0.36

0.22-0.35

0.22-0.31

0.22-0.29

0.22-0.27

Cost-performance scale at 5% 0.52-0.94 0.5-.86 0.5-77 0.5-0.69 0.5-0.65 0.5-0.59
High-performance scale at 5% 137 1.23 117 1.05 100 09

Harsh scale at 5% 0.27-1.54 0.24-1.38 0.22-1.31 22-1.17 0.22-1.12 0.22-1.00
Chip Size (mm))[3]

Low-cost 100 100 100 100 100 100
Cost-performance 140 140 140 140 140 140
High-performance 310 310 310 310 310 310

Harsh 100 100 100 100 100 100

Power Density (Wattsmm?) [4]

Low-cost (Watts)

Cost-performance

High-performance

Harsh 0.22 0.24 0.25 0.27 0.28 0.29
Core Voltage (Volts)
Low-cost 0.6 0.6 0.5 04 04 04
Hand-held 0.5 0.5 04 04 04 04
Cost-performance 0.6 0.6 0.6 0.5 0.5 0.5
High-performance 0.6 0.6 0.6 0.5 0.5 0.5
Harsh 12 1 0.9 0.9 0.9 0.6
Package Pin Count [5] [6]
Low-cost scale 208-777 249-932 270-1011 325-1213 351-1314 421-1576
Cost-performance 780-2782 936-3338 1014-3616 |1216-4339 |1318-4702 1581-5642
High-performance 4009 4810 5335 6402 7042 8450
Harsh 642 706.2 812.13 933.9495 1074.041925 |1235.148214
Overall Package Profile (mm)
Low-cost 0.3 0.3 0.3 0.3 0.3 0.3
High-performance N/A N/A N/A N/A N/A N/A
Harsh 0.8 0.5 0.5 0.8 0.5 0.5
Performance: On-Chip (MH2) [7]
Low-cost 956-6079 — 1243-7903 |— 1616-10274 |—
Cost-performance 12000 — 19000 — 29000 —
High-performance 12000 — 19000 — 29000 —
Harsh 138 — 179 — 234 —

L4
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93b — ()
Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22
DRAM %2 Pitch  (nm) 45 35 32 25 22 18
Performance: Chip-to-Board for Peripheral Buses (MH2)[ 7]
Low-cost 125 — 125 — 150 —
Cost-performance (multi-drop nets) — 800 — 800 — 800
High-performance (differential-pair point-to- | 14901 o 29103 - 56843
point nets)
Harsh 125 125 125 150 150 150
Junction Temperature Maximum (°C) for Codt- performance
Low-cost 125 125 125 125 125 125
Cost-performance 85 85 85 85 85 85
High-performance 85 85 85 85 85 85
Harsh 150 150 150 150 150 150
Harsh-complex ICs 150 150 150 150 150 150
Operating Temperature Extreme: Ambient (°C
Low-cost 55 55 55 55 55 55
Cost-performance 45 45 45 45 45 45
High-performance 45 45 45 45 45 45
Harsh -40 to 125 -40to 125 -40to 125 -40to 125 -40to 125 -40to 125
Harsh-complex ICs -40 to 150 -40 to 150 -40to 150 -40 to 150 -40to 150 -40 to 150

hd
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Technology Nodes

150 um 2009 100 um 70 um
UBM
-UBM
1 UBM
-UBM -
Cu/low-k
1C 1
/
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A
20pum
100pum
UBM
100pum
10 GHz
low-
low-k
X X
ITRS
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ESD
MEMS
MEMS
MEMS
MEMS
10
MEMS
MEMS
3D
MEMS
MEMS CAD
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Focusing L ens

\

Focusing L ens
Fibre

/ Coallimating Lens

Optical Component
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\
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Optical Bench
Package
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Si AlGaAs InP SiGe

ITU

10Gbps 40 Gbps 160 Gbps

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



15

2000 SiP(System-in-a-
Package)
SiP OEM
OEM

OEM IC SiP

IC

SiP ITRS AP-TWG SiP
SiP
SiP
SMD SiP

SiP

SiP
TAB

SiP
/O

/0
SMT
SoC SiP
SiP SoC
IC

SiP

SiP
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SiP

SiP

SiP 4

e GaAs GeSi Si RF

e 0.10um-0.13pm

e MEMS SiP
. TAB
[ ]
e OEM
SoC
SiP SoC
SiP SiP
SiP
3 4 SoC
SiP
SiP
SiP 2 SiP
SiP
SiP
WLP
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3
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SiP
[ ]
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o OEM
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BIST
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SiP
SiP 2018
SiP
SiP
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Cu/low-k

1) 2)
3)

IC

15
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/O
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PLL LC-
PLL
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SiP  RF
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5GHz

FBGA/CSP
SiP
(MEMS)
IC
MEMS
/
WLP IC
WLP IC
WLP WLP
WLP /o
WLP /0 DRAM Flash Analog
EEPROM RF 100 e IC
WLP FBGA 2000
WLP
1/0 0.5mm
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WLP SMT
WLP WLP
EEPROM
96
/o
IC
150 ym 80nm /O
130 ym
96  Chip-to-next-leve
Year of Production 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2012 | 2013 | 2015 | 2016 | 2018
Technology Node hp90 hp65 hp45 hp32 hp22
DRAM %2 Pitch _ (nm) 100 0 80 70 65 57 50 45 35 32 25 22 18
MPU/ASC %2 Pitch  (nm) 107 0 80 70 65 57 50 45 35 32 25 22 18
MPU Printed Gate Length  (nm) 65 53 45 40 35 32 28 25 20 18 14 13 10
MPU Physical GateLength  (nm) 45 37 &) 28 25 2 20 18 14 13 10 9 7
Chip Interconnect Pitch (um)
Wire bond—ball 40 35 30 25 25 20 20 20 20 20 20 20 20
Wire bond—wedge 30 25 20 20 20 20 20 20 20 20 20 20 20
TAB* 35 35 30 30 25 25 25 20 20 20 15 15 15
Flip chip area array* 150 150 130 130 120 110 100 90 80 70
Peripheral flip chip 60 60 40 40 30 30 20 20 20 20 15 15 15
D* UBM
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200 BGA
BGA IC BGA
1/0 (PBGA)
IC CTE
PBGA
IC
PTH
PBGA BGA
PTH PTH
BGA BGA
IC BGA
97 BGA
97 BGA
Year of Production 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2012 | 2013 | 2015 | 2016 | 2018

DRAM %2 Pitch  (nm) 100 0 80 70 65 57 50 45 35 32 25 22 18
DRAM %2 Pitch  (nm) 0 80 70 65 57 50 45 40 32 28 22 20 16
MPU/ASC % Pitch  (nm) 107 0 80 70 65 57 50 45 35 32 25 22 18
MPU Printed GateLength  (nm) 65 53 45 40 35 32 28 25 20 18 14 13 10
MPU Physical Gate Length  (hm) 45 37 32 28 25 22 20 18 14 13 10 9 7

BGA Solder Ball Pitch (mm)

Low-cost and hand-held 0.8 08 | 065 | 065 | 0.65 | 0.65 | 0.65 | 05 05 0.5 0.5 05 0.5
Cost-performance 0.8 08 | 065 | 065 | 065 | 0.65 | 0.65 | 05 0.5 0.5 0.5 0.5 0.5

High-performance 1 1 1 0.8 0.8 0.8 0.8 0.65 | 0.65 0.5 0.5 05 0.5
Harsh 1 0.8 0.8 0.8 0.65 | 0.65 | 0.65 | 0.65 0.5 0.5 0.5 05 0.5
BGA (mm) and

Low cost 20|361 | 21400 | 18]484 | 18]484 | 16576 | 16|576 | 17|625 | 15|841 | 17]1089| 19| 1369
Hand-Held 23|484 | 23484 | 19529 | 20|576 | 17|625 | 18|729 | 19|784 | 17|1089| 19| 1369 21| 1681

Cost-performance

375|1396375| 1369 33|1600| 33| 1600 | 29| 1936 | 29|1936| 31| 2209 | 27|2809 | 31|3721| 35| 4761

High-Performance 351849 375| 21163755 2116 40| 2401 | 33| 2500 | 35| 2809 (3755|3249 33|4225 375|547 45| 7921
Harsh 171169 | 17|169 | 14|169 | 15|19 | 15|196 | 13|225 | 11|256 | 14729 | 15|841 | 17]1089
JEDEC
BGA/
BGA/ (FBGA/CSP)
98 4mm 21mm 21mm
FBGA/CSP FBGA/CSP
(PWB) PTH
FBGA/CSP PWB PTH PWB
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2003 0.4mm 3 2
48 ym 2 342pum
4 FBGA/CSP
98
Year of Production 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2012 | 2013 | 2015 | 2016 | 2018
Technology Node hp90 hp65 hp45 hp32 hp22
DRAM %2 Pitch  (nm) 100 0 80 70 65 57 50 45 35 32 25 22 18
MPU/ASC%2Pitch (nm) 107 0 80 70 65 57 50 45 35 32 25 22 18
MPU Printed Gate Length  (nm) 65 53 45 40 35 32 28 25 20 18 14 13 10
MPU Physical Gate Length  (nm) 45 | 3r | 32| 28| x| 2| 20| 18] 14| 13| 10] 9 7
FBGA/CSP area array pitch (mm) 0.4 0.4 0.3 0.3 0.2 0.2 0.2 0.15 |0.15 |0.15 |0.15 |0.1 0.1
FBGA/CSP size (mnv/side) 4-21 |4-21 |4-21 |4-21 |4-21 |4-21 |4-21 |4-21 |4-21 |4-21 |4-21 |4-21 |4-21
/ 3/252 | 3/252 | 3/252 | 3/252 | 3/348 | 3/348 | 3/348 | 3/348 | 3/348 | 3/348
/ 2 4/320 | 4/320 | 4/320 | 4/320 | 5/540 | 5/540 | 5/540 | 5/540 | 5/540 | 5/540
FBGA/CSP (mm/side) 21.00 | 21.00 | 21.00 | 21.00 | 21.00 | 21.00 | 21.00 | 21.00 | 21.00 | 21.00
/ 3/576 | 3/576 | 3/576 | 3576 | 3792 | 3792 | 3/792 | 3/792 | 3/792 | 3/792
/ 2 4/572 | 4/572 | 4/572 | 4/572 | 5/1280 | 5/1280 | 5/1280 | 5/1280 | 5/1280 | 5/1280
PWB
2003 FBGA/CSP 3
99 0.4mm 2
2 48 uym 4
99 BGA FBGA/CSP
2003 | 2004 [ 2005 | 2006 | 2007 | 2008 | 2009 | 2012 | 2015 | 2018
hp90 hp65
DRAM 1/2 nm 100 | 90 80 70 65 57 50 35 25 18
MPU/ASIC 1/2 nm 107 | 90 80 70 65 57 50 35 25 18
MPU nm 65 53 45 40 35 32 28 20 14 10
MPU nm 45 37 32 28 25 22 20 14 10 7
FBGA/CSP 04 | 04 | 03 0.3 02 [ 02 [ 02 [015] 015 ] 01
mm
gm 160 | 160 | 120 | 120 | 80 80 80 60 60 40
pm 48 48 36 36 24 24 24 18 18 12
gm 48 48 36 36 24 24 24 18 18 12
3 3 3 3 3 3 3 3 3 3
BGA 96
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UBM: Under Bump Metallurgy

100 96
50 2 3 2003
3 32.1ym 300 ym 2
4
2 4 5 20.5p m
100 3
/o 100
PTH
PTH
System-in-a-Package
BGA IC IC
IC
IC

/O
IC

The National Technology Roadmap for Electronic Interconnections IPC
The National Electronics Manufacturing Technology Roadmap NEMI

93a 93b
30% 50%
Tg

99 100 BGA BGA/CSP
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100
2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2012 | 2015 | 2018
hp90 hp65
DRAM 1/2 nm 100 90 80 70 65 57 50 35 25 18
MPU/ASIC 1/2 nm 107 90 80 70 65 57 50 35 25 18
MPU nm 65 53 45 40 35 32 28 20 14 10
MPU nm 45 37 32 28 25 22 20 14 10 7
Mm 0.4 0.4 0.3 0.3 0.2 0.2 0.2 0.15 | 0.15 0.1
M m 160 160 120 120 80 80 80 60 60 40
mm/
12 12 12 12 12 12 12 12 12 12
17 17 17 17 17 17 17 17 17 17
79 79 91 91 99 108 119 132 149 170
112 112 129 129 140 153 169 187 211 241
pUm 321 | 321 | 278 | 278 | 25.7 | 235 | 214 | 192 | 171 15
Um 321 | 321 | 278 | 278 | 257 | 235 | 214 | 192 | 171 15
Mm 204 | 204 | 177 | 177 | 163 | 150 | 13.6 | 122 | 109 9.5
Mm 204 | 204 | 17.7 | 177 | 163 | 150 | 13.6 | 122 | 109 9.5
pUm 10.7 | 10.7 9.2 9.2 8.5 7.8 7.1 6.4 5.7 5.0
Um 10.7 | 10.7 9.2 9.2 8.5 7.8 7.1 6.4 5.7 5.0
* 50 30 60
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ITWG

Co-Design

90nm

TWG

2002

CPU
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BGA
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DFT

0.5mm BGA
70 ym
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