near-term
long-term
3
MEMS
(SIP) (WLP) 3
o Difficult Challenges
o Technology Requirements
° Infrastructure
. Potential Solutions
° Cross-Cut Issues
ITRS iNEMI JISSO IPC

DIFFICULT CHALLENGES

Table 93a 93b
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Low-k
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low-x
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TECHNOLOGY REQUIREMENTS

WLP

RF MEMS

IC

Cu Low-k

SINGLE CHIP PACKAGES
IC

Table 94a 94b
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Table 94a

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) ¥ Pitch
(nm)(contacted) MD) 90 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 2 20 18 16 14 13
Cost per Pin Minimum for Contract Assembly [1,2] (Cents/Pin)
Low-cost, hand held and memory 271-50 .26-49 25-48 24-47 .23-46 22-45 21=-43 20=42 20-41
Cost-performance 68-1.17 66-1.11 64-1.05 63-1.00 62-96 061-94 60-92 0.58-90 0.57-89
High-performance 178 174 171 1.68 164 161 158 155 151
Harsh 0.29-2.61 0.26-2.34 0.25-2.11 0.23-2.00 0.22-1.90 0.22-154 21-146 0.20-138 020-131
Chip Size (mm?) [3] JJTR  ITRS
Low-cost 100 100 100 100 100 100 100 100 100
Cost-performance 140 140 140 140 140 140 140 140 140
High-performance 600 630 662 695 729 766 804 750 750
Harsh 100 100 100 100 100 100 100 100 100
Maximum Power (Watts/mm?) [4]
Low-cost (Watts) [1] 280 300 3.00 300 300 300 3.00 300 300
Cost-performance 0.65 0.70 0.74 0.79 083 0.85 0.85 0.89 098
High-performance 054 0.58 0.61 064 064 064 0.64 064 064
Harsh 0.16 0.18 0.18 0.20 0.20 0.22 0.22 024 0.25
Core Voltage (Volts)
Low-cost 1 09 09 038 038 06 06 06 05
Hand-held 09 038 0.7 06 06 05 05 05 04
Cost-performance 1 09 09 08 08 06 06 06 06
High-performance 1 09 09 08 08 06 06 06 06
Harsh 12 12 12 12 12 12 1 1 09
Package Pincount Maximum [5][6] JITR
Low-cost 134-550 140-578 148-606 150-636 160-668 170-700 180-738 183-774 198-812
Cost-performance 550-900 550-990 600-1088 600-1198 660-1318 660-1450 720-15% 720-1754 800-1930
High performance 3000 3180 3371 3573 3787 4015 4256 4511 4736
Harsh 350 368 386 405 425 447 469 492 517
Minimum Overall Package Profile (mm)
Low-cost 04 04 04 03 03 03 03 03 03
Cost-performance 0.80 0.80 0.80 0.65 0.65 0.65 0.65 050 050
High-performance 14 14 14 14 14 12 12 1 1
Harsh 080 080 0.80 080 080 0.80 0.80 0.70 0.70
Performance: Chip-to-Board for Peripheral Buses (MHz) [7]
Logic/memory 100/400 100/533 100/667 100/800 100/800 125/800 125/800 125/1000 125/1000
Cost-performance (for multi-drop nets) 533 667 733 800 800 800 800 1000 1000
gﬂ:ﬁﬁﬂ‘;(f“ differentiabpair | )5 3006 4883 6103 7629 9536 11920 14900 18625
Harsh 88 9% 106 106 115 125 125 125 125
Maximum Junction Temperature
Low-cost 125 125 125 125 125 125 125 125 125
Cost-performance 100 100 95 95 90 90 920 20 90
High-performance 100 100 95 95 ] 0 90 90 ]
Harsh 175 175 175 175 200 220 220 220 220
Operating Temperature Extreme: Ambient (°C)
Lsp‘;‘c”lg‘c’:;gr‘f)e case/purchase 55/85 55/85 55/85 55/85 55/85 55/85 55/85 55/85 55/85
Cost-performance
Mgfc()memi " 45070 45/70 45070 45070 45/70 45/70 45070 45070 45/70
High-performance 55 55 55 55 55 55 55 55 55
Harsh -40t0150 40t 150 -40t0150 -40t0150 40t 150 -40t0200 -40t0200 -40t0200 400200
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Table 94b

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM ¥ Pitch (nm) (contacted) 28 % 2 20 18 16 14
MPU/ASIC Metal 1 (M1) %2 Pitch (nmj(contacted) 28 25 2 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Cost per Pin Minimum for Contract Assembly [1,2] (Cents/Pin)
Low-cost, hand held and memory .20-39 19-38 19-37 .18-36 18-35 18-34 17-34
Cost-performance 0.56-87 0.55-85 054-83 053-81 0.52-80 051-79 050-79
High-performance 148 145 143 140 137 135 132
Harsh 20-1.24 19117 19112 18-1.06 0.18-1.00 18-94 17-89
Chip Size (mm?) [3] JISSO and ITRS not aligned
Low-cost 100 100 100 100 100 100 100
Cost-performance 140 140 140 140 140 140 140
High-performance 750 750 750 750 750 750 750
Harsh 100 100 100 100 100 100 100
Maximum Power (Watts/mm?) [4]
Low-cost (Watts) [1] 3.00 3.00 3.00 3.00 3.00 3.00 300
Cost-performance 098 098 108 108 108 112 112
High-performance 0.64 0.64 0.64 0.64 0.64 0.64 0.64
Harsh 0.25 027 0.28 0.28 0.29 0.29 03
Core Voltage (Volts)
Low-cost 05 04 04 04 04 040 04
Hand-held 04 04 04 04 04 04 04
Cost-performance 05 05 05 05 05 05 05
High-performance 06 05 05 05 05 05 05
Harsh 08 07 07 07 07 07 0.7
Package Pincount Maximum [5] [6] Not aligned with JISSO
Low-cost 208-850 218-896 230-940 240-988 250-1036 266-1088 278-1142
Cost-performance 800-2124 880-2336 880-2568 960-2824 960-3108 1050-3418 1050-3760
High performance 4973 5222 5483 5757 6045 6347 6665
Harsh 543 570 599 629 660 693 728
Minimum Overall Package Profile (mm)
Low-cost 02 02 02 02 02 02 02
Cost-performance 050 050 050 050 050 050 050
High-performance 1 1 1 1 1 1 1
Harsh 0.60 0.60 050 050 050 040 04
Performance: Chip-to-Board for Peripheral Buses (MHz) [7]
Logic/memory 125/1000 125/1000 150/1200 150/1200 150/1200 150/1200 150/1200
Cost-performance (for multi-drop nets) 1000 1000 1200 1200 1200 1200 1200
High-performance (for differential-pair point-to-point nets) 23282 29102 36378 45472 56840 71051 88813
Harsh 125 150 150 150 150 150 150
Maximum Junction Temperature
Low-cost 125 125 125 125 125 125 125
Cost-performance 20 20 20 20 90 90 90
High-performance 90 90 90 90 90 90 0
Harsh 220 220 220 220 220 220 220
Operating Temperature Extreme: Ambient (°C)
Low-cost (use case/purchase specification) 55/85 55/85 55/85 55/85 55/85 55/85 55/85
Cost-performance (MPU/Commercial) 4570 4570 4570 4570 4570 4570 45/70
High-performance 55 55 55 55 55 55 55
Harsh -40t0 200 -40t0 200 -40t0 200 -40t0 200 -40t0 200 -40t0 200 -40t0 200
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Table 942,94 b :
JISSO JEITA
hot spots
FPGA  ASIC
—
65 nm 45 nm Low-k Cu /Low-k
26 mm x 23 mm 32nm
1/0
/0
HiIGH PIN-COUNT PACKAGES
1990 BGA
1/0 /O
1/0
1/0 1/0
SerDes
Fully Buffered DIMM SerDes
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WLP IC
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3
SoC 90
3
SiP SiP
MEMS
MEM
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Figure 90 SoC SiP
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SiP
SiP
IC

MEMS

Micro-Electro-Mechanical Systems (MEMS)

CMOS Bipolar

MEMS
RFMEMS (2)

RFID
RF
SiP
RF
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SiP
RFIC S-
2 3
SiP
BICMOS
MEMS
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MEMS 3
4  MEMS
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MEMS Packaging —
v

RF MEMS

MEMS

MEMS

MEMS

3D

MEMS

37°C (98.6 °F)
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100ppm
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SiP
90 nm

AN IS A
>
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ESD

RoHS EU

Low-k

SiP

Table 95

Low-k Low-k

Low-k Low-k
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Table 95
20 um
100 um

low-Kk
40 um

—  10GHz
low-k

UBM
1000
MEMS
LTCC
200 WLP
25pm - 20Mm
100pm UBM
UBM
MEMS
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SiP

PCB PCB
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CMOS
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SiP

SiP

IMHz 50MHz
400MHz
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3D
10 m
SiP
MEMS
CSP WLCSP
WLCSP /o
a 10
c)
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)
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3

WLP
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BAW(Bulk Acoustic
MEMS
MEMS
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Figure 91
Table 96
o
Low-k
Table 96a
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) ¥2 Pitch (nm)(contacted) 90 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 22 20 18 16 14 13
Wire bond pitch—single in-line (micron) 35 35 30 30 25 25 25 25 20
2-row staggered pitch (micron) 45 40 35 35 35 35 35 35 35
Three tier pitch pitch (micron) 45 40 35 35 35 35 35 35 35
Wire bond—wedge pitch (micron) 30 25 25 25 20 20 20 20 20
Flying lead pitch (micron) 35 35 35 35 35 35 35 35 35
Flip chip area array pitch (micron) 150 130 120 110 100 90 90 90 90
Flip chip on tape or film pitch (micron) 35 30 30 25 25 20 20 20 20
L2
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Table 96b
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)(contacted) 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Wire bond pitch—single in-line (micron) 20 20 20 20 20 20 20
2-row staggered pitch (micron) 35 35 35 35 35 35 35
Three tier pitch pitch (micron) 35 35 35 35 35 35 35
Wire bond—wedge pitch (micron) 20 20 20 20 20 20 20
Flying lead pitch (micron) 35 35 35 35 35 35 35
Flip chip area array pitch (micron) 80 80 80 80 70 70 70
Flip chip on tape or film pitch (micron) 20 20 20 20 20 20 20
*
Table 96a b
100jm
UBM
/O
1/0
BGA
BGA
BGA

Table 97
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Table 97a
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
MPUJ/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) % 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 2 2 20 18 16 14 13
BGA Solder Ball Pitch (mm) Conventional system Board
Low-cost and hand-held 08 0.65 0.65 0.65 0.65 0.65 05 05 05
Cost-performance 038 0.65 0.65 0.65 0.65 0.65 05 05 05
High-performance 1 1 08 08 08 08 0.65 0.65 05
Harsh 038 038 08 0.65 0.65 0.65 0.65 05 05
Small portable products using flex or other specialized substrate
Low-cost and hand-held 0.65 0.65 0.65 0.65 0.65 05 05 05 05
Harsh 038 038 0.65 0.65 0.65 0.65 0.65 05 05
CSP area array pitch (mm) 03 0.2 02 02 02 02 0.15 0.15 0.15
QFP lead pitch (mm) 04 04 04 03 03 03 03 03 03
SON land pitch (mm) 05 04 04 04 04 03 03 03 0.3
QFN land pitch (mm) 04 04 04 03 03 03 03 03 03
P-BGA ball pitch (mm) 10 038 08 08 08 0.65 0.65 0.65 0.65
T-BGA ball pitch (mm) 08 0.65 0.65 0.65 0.65 05 05 05 05
FBGA ball pitch (mm) 04 03 03 02 02 015 015 015 015
FLGA land pitch (mm) 04 0.3 03 03 03 03 03 03 03
T-BGA TAB BGA
Table 97b -
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) ¥ Pitch (nm)(contacted) 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
BGA Solder Ball Pitch (mm) Conventional system Board
Low-cost and hand-held 05 05 05 05 05 05 05
Cost-performance 05 05 05 05 05 05 05
High-performance 05 05 05 05 05 05 05
Harsh 05 05 05 05 05 05 05
Small portable products using flex or other specialized substrates
Low-cost and hand-held 05 05 05 05 05 05 05
Harsh 05 05 05 05 05 05 05
CSP area array pitch (mm) 0.1 0.1 0.1 0.1 0.1 0.1 0.1
QFP lead pitch (mm) 03 02 02 02 02 02 02
SON land pitch (mm) 03 03 03 03 03 03 03
QFN land pitch (mm) 03 03 03 03 03 03 03
P-BGA ball pitch (mm) 0.65 0.65 0.65 0.65 0.65 0.65 0.65
T-BGA ball pitch (mm) 05 05 05 05 05 05 05
FBGA ball pitch (mm) 0.15 0.15 0.15 0.15 0.15 0.15 0.15
FLGA land pitch (mm) 0.3 0.3 0.3 0.3 0.3 03 0.3
T-BGA TAB BGA
—
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IC

Range: 10Q2 to 100KQ

Dielectric Constant > 1000

TCR: 1000 ppm hot/cold

Thickness: ~10 Microns

CV:5%

Breakdown Voltage > 100V

85RH/85C < 2% Drift

Ins. Resistance > 10"'Q

Therm. Cycle <2% Drift

Dissipation Factor: <3%

Solder Dips <2% Drift

Therm. Coeff. Cap: X7R Spec.

2GHz

Table 98
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Table 98a

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

DRAM %4 Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32

MPU/ASIC Metal 1 (M1) ¥ Pitch

(nm)(contacted) 920 78 68 59 52 45 40 36 32

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

Dielectric Constant (at 1 GHz)

Rigid Structure 31 31 3 3 2.7 2.7 2.7 2.7 27

Buildup Structure 28 28 28 28 25 25 25 25 25
iimme Tape Structure 25 25 22 22 22 22 22 22 22

Cetamics Structure/Low Dielectric Material 4 4 4 4 3 3 3 3 3

Ceramics Structure'High Dielectric Material 20 100 100 100 100 100 100 100 100

Dielectric Loss (at 1 GHz)

Rigid Structure 0011 0.01 0.01 001 0.006 0.006 0.006 0.006 0.006
Stateofthe | Buildup- 0.003 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
At Tape Structure 0.0005 0.0005 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

Ceramics Structure 0.005 0.005 0.0005 0.005 0.005 0.005 0.005 0.005 0.005

Water Absorption at 23°C/24hrs Dipped (Unit: %)

Rigid Structure 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Steofthe | Buildup with Reinforcement Material 0.05 0.04 0.04 0.04 004 0.04 0.04 0.04 0.04
At Buildup without Reinforcement Material 0.1 01 01 0.1 0.1 0.1 0.1 0.1 0.1

Tape Structure 0.2 02 02 0.2 0.2 0.2 0.2 0.2 0.2

Young’s Modulus (Unit: Gpa)

Rigid Structure 45 45 45 45 45 45 45 45 45

Buildup with Reinforcement Material 30 30 35 35 35 35 35 35 35
/S:c(m Buildupwihout Reinforcement Material 6 6 6 6 6 6 6 6 6

Tape Structure 3 3 3 3 3 3 3 3 3

Ceramics Structure 100-300 50-400 50-400 50-400 50-400 50-400 50-400 50-400 50-400

Peel Strength (Unit: kN/m)

Rigid Structure 16 16 16 16 16 16 16 16 16
ii’“me Buildup Structure Buildup Layer 16 16 16 16 16 16 16 16 16

Tape Structure 14 14 14 14 14 14 14 14 14

L 2
]
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Table 98b

Year of Production 2014 2015 2016 2017 2018 2019 2020

DRAM ¥z Pitch (nm) (contacted) 28 25 2 20 18 16 14

MPU/ASIC Metal 1 (ML) %2 Pitch (nmj(contacted) 28 pi 2 20 18 16 14

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

Dielectric Constant (at 1 GHz)

Rigid Structure 2.7 2.7 2.7 2.7 2.7 2.7 2.7

Buildup Structure 25 25 25 25 25 25 25
/S:eome Tape Structure 22 22 22 22 22 22 22

Ceramics Structure/Low Dielectric Material 3 3 3 3 3 3 3

Ceramics Structure/High Dielectric Material 100 100 100 100 100 100 100

Dielectric Loss (at 1 GHz)

Rigid Structure 0.006 0.006 0.006 0.006 0.006 0.006 0.006
Sateofthe | Buildup-
At Tape Structure

Ceramics Structure 0.005 0.005 0.005 0.005 0.005 0.005 0.005

Water Absorption at 23°C/24hrs Dipped (Unit: %)

Rigid Structure 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Saeofthe | Buildup with Reinforcement Material 0.04 0.04 0.04 0.04 0.04 0.04 0.04
At Buildup without Reinforcement Material 0.1 0.1 01 01 01 01 01

Tape Structure 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Young’s Modulus (Unit: Gpa)

Rigid Structure 45 45 45 45 45 45 45

Buildup with Reinforcement Material 35 35 35 35 35 35 35
i?“me Buildup without Reinforcement Material 6 6 6 6 6 6 6

Tape Structure 3 3 3 3 3 3 3

Ceramics Structure 50-400 50-400 50-400 50-400 50-400 50-400 50-400

Peel Strength (Unit: kN/m)

Rigid Structure 16 16 16 16 16 16 16
i:‘”me Buildup Structure Buildup Layer 16 16 16 16 16 16 16

Tape Structure 14 14 14 14 14 14 14
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Table98c  Package Substrate Design Parameters—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
MPUJ/ASIC Metal 1 (M1) %2 Pitch
(T contacte) ) 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 22 20 18 16 14 13
Substrate cross-section core thickness (um)
Handhelds 50 40 40 35 35 30 30 30 25
High density interconnect substrates 100 60 50 40 40 35 35 30 30
Build-up substrates 400 200 200 150 130 100 90 80 80
Coreless 50 50 40 40 35 35 30 30 30
Blind via diameter (um)
Handhelds 60 50 50 40 40 35 35 30 30
High density interconnect substrates 60 50 50 40 40 35 35 30 30
Build-up substrates 50 40 40 35 35 30 30 25 25
Coreless 70 60 60 50 50 40 40 35 35
Blind via stacks
High density interconnect substrates 2 2 3 3 3 3 4 4 4
Build-up substrates 4 5 5 6 6 6 6 6 6
Coreless 7 9 10 11 11 11 12 12 13
PTH diameter (um)

100 80 75 70 60 50 50 45 45
PTH land (um)

230 180 180 160 140 120 110 105 105
Bump pitch (um)
High density interconnect substrates 230 200 190 180 170 160 150 140 140
Build-up substrates 180 150 130 120 110 100 100 90 90
Coreless 180 150 130 120 110 100 100 90 90
Lines/space width (um)
Rigid Structure 45 40 35 30 30 25 25 22 22
Build-up substrates (core layer) 45 40 35 30 30 25 25 22 22
Build-up substrate (build-up layer) 18 15 15 10 10 10 9 8 8
Coreless 25 20 20 15 15 10 9 8 8
Lines/space width tolerance (%)

10 7 7 7 7 7 7 7 6
Solder mask registration #(um)
Handhelds 25 25 20 15 15 15 12 12 11
High density interconnect substrates 40 25 20 15 15 15 12 12 11
Build-up substrates 40 25 25 20 20 15 12 12 11

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known
Interim solutions are known |4
Manufacturable solutions are NOT known -
THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2005



30

Table 98d Package Substrate Design Parameters—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) ¥ Pitch
(mcontaced) 28 2% 2 20 18 16 14
MPU Physical Gate Length (nm) 1 10 9 8 7 6 6
Substrate cross-section core thickness (m)
Handhelds 25 25 25 25 25 25 25
High density interconnect substrates 30 30 30 30 30 30 30
Build-up substrates 70 70 70 70 70 70 70
Coreless 30 30 30 30 30 30 30
Blind via diameter (pm)
Handhelds 25 25 25 25 25 25 25
High density interconnect substrates 25 25 25 25 25 25 25
Build-up substrates 20 20 20 20 20 20 20
Coreless 30 30 30 30 30 30 30
Blind via stacks
High density interconnect substrates 4 4 4 4 4 4 4
Build-up substrates 6 6 6 6 6 6 6
Coreless 14 14 14 14 14 14 14
PTH diameter (um)
PTH land (um)

100 ‘ 100 ‘ 100 ‘ 100 ‘ 100 100 100
Bump pitch (um)
High density interconnect substrates 130 130 130 130 130 130 130
Build-up substrates 80 80 80 80 70 70 70
Coreless 80 80 80 80 70 70 70
Lines/space width (um)
Rigid Structure 20 20 20 20 20 20 20
Build-up substrates (core layer) 20 20 20 20 20 20 20
Build-up substrate (build-up layer) 8 8 8 8 8 8 8
Coreless 8 8 8 8 8 8 8
Lines/space width tolerance (%)

5 5 5 5 5 5 5
Solder mask registration #(jum)
Handhelds 10 10 10 10 10 10 10
High density interconnect substrates 10 10 10 10 10 10 10
Build-up substrates 10 10 10 10 10 10 10
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known |4

Manufacturable solutions are NOT known
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120jam
o
40[m
(SiP) -
(SiP)
SiP (SoC)
ITRS-TWG SiP
SiP
SiP RF RF,
SiP
Known gooddie  Known good package SiP
SiP
Figure 92 SiP SiP
SiP
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Chip / Component Configuration| Technology

Side by Side Substrate: ,__Um

organic laminate, ceramic, glas, silicon, leadframe
Placement

Chip Interconnection:
wire bond and/or flip chip

+ passive components —E integrated into the substrate
discrete (CSP, SMD)

StaCked POP PIP =il HHr 11— 1 1
Structure = &=
stacked die wire bond, WB +FC :
flip chip, face to face
i (—— 1
chip to chip / wafer Ll el ee
WL 3D stack

wafer to wafer (W2W)

Chip in PCB / polymer single layer
Embedded multi-layer 3D stack
Structure
WL thin chip integration single layer ==t
stacked functional layers
Figure 92 SiP
SiP
Figure 92
Si / SMD “ ” SiP
3 (PoP, PiP) to
to
(PoP) (PiP)
SiP
“Known good die” Figure 93
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POP (FC Type + Interposer) POP (only for Memory)

PIP - Molded
Figure 93
USB CF SD XD
o Al Wre = EreC v B By {IACET)

Reverse
Bonding

Thin
Substrate

Figure 94

to to
I/O

inter-chip via —-ICV
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PIP - Spacer
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Adhesion

Film

[ Thin Die

/O
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[ DieOver
Hang

B-Stage

face to face
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Figure 95 3

Si glass polymer
Q

SiP
SiP

“ 73

Table 99 SiP
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Table 99
2005 | 2006 | 2008 | 2010 | 2012 | 2014
High Performance/Low Cost, Handheld

Capacitor olo o/o olo olo o/o oo
Passive devices Resistor o for YES o/- 0/o o/o o/o o/o o/o
Inductor -/o o/o olo olo olo olo
Optical olo o/o olo o/o o/o oo

Active
. CCD/CMOS Sensor o for YES -Jo -lo -Jo /o /o /o

devices
MEMS /- /- -lo -lo -lo -lo
Wire o o o o o o

ICto IC Connection o for Flip Chi y y y y y Y

; Applicable ip Chip -/o o/o oo o/o olo olo
e Via Hole /- -lo -lo -lo -lo -lo

Inner
St Wire o/o o/o o/o 0/o 0/o o/o

1C to Substrate o for Flin Chi y 7 p 7 p 7
Interconnection Applicable PP o0 o0 o0 o0 o0 o0
Via Hole /- -lo -lo -lo -lo -lo
IC 1C oo /- /o /o o/o o/o
Embedded o for Capacitor -/- 0/o o/o 0/o o/o 0/o
Components Passives Applicable Resistor /- olo olo 0/o 0/o 0/o
Inductor - o o/o 0/o 0/o o/o
. Rigid oo o/o olo o/o oo o/o
Organic
. o for Flexible -lo -lo -lo -lo -lo -lo
Substrate Material .
i Applicable Ceramic 0/o 0/o o/o 0/o 0/o o/o
Inorganic
Silicon -/- 0/o o/o 0/o o/o 0/o
SiP Table
100 SiP
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Table 100 SiP

Technologies and Processes for SiP Substrate Level Wafer Level
Pre-processing of wafers

Thinning, dicing ca.50 um <20 um

Wafer bumping Low cost, pitch> 100 pm Fine pitch and bumpless
Die attach

Epoxy

Tape n

Soldering u

Polymer u
Interconnects

Wire bonding Low loop bonding /

Flip chip bump bonding Mixed WB /FC Size/pitch (>50 pm)

Face to face / Fine pitch (<10 pm)

Thin interconnects

Bumpless/Seamless Electroless Thin film interconnects, fusion
Underfilling
Via formation Photo/drilling, laser Through silicon etching, photo
Via metallization Plating, electroless Electroplating, CVD
Wiring Substrate wiring (see chapter substrates) Thin film redistribution
Encapsulation Molding Molding

Wafer/wafer (glas) bonding
Legend: & most preferred used
SiP
SiP
Cu/Low-k
<100jm
SiP 3
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3 Fa  unhofer IZM
Figure 96

Level 3 chip

TiW seed layer & barrier
Cu electroplated

Sn electroplated

Cu electroplated

TiW seed layer & barrier
s Metallization
/ W or Cu CVD, TiN CVD barrier
_/ 0,-TEOS oxide (isolation)
gie\jll.gl-SZOCS:T?, Backside isolation
Cu-Sn alloy, soldered

Pad

Bonl K

Bottom Si, level 1

Figure 96 ICV-SLID

ASIC

Figure97
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via to bondpad

integrated resistor via to substrate

substrate

Figure 97 (CiP-Fraunhofer)
SIP
PDA
SiP
KGD
3 SiP
. RF
[ ]
[ )
SiP
MEMS
ESD 13 7
/O
KGD BIST
ITAG
MCM
SIP
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Figurexx  SiP Figure xx
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Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM % Pitch (nm) (contacted) 80 70 65 57 50 45 40 35 32
?gri%\oﬂgc{\e"g)ta' 1(M1) 2 Pitch 85 | 76 | 67 | 60 | 54 | 48 | 4 | 3 | 34
MPU Physical Gate Length (nm) 32 28 25 22 20 18 16 14 13
Low cost/handheld 600 600 700 800 800 800 800 800 800
High performance 1000 1200 1350 1500 1750 2000 2000 2000 2000
Number of terminals—maximum RF 200 200 200 200 200 200 200 200 200
Low cost/handheld (# die / stack) 6 6 7 8 9 10 11 12 =
High performance (# die / stack) 2 2 3 3 3 4 4 4 5
Low cost/handheld (# die / SiP) 6 8 8 8 9 11 12 13 14
High performance (# die / SiP) 4 5 6 6 6 = £ = 8
Minimum component size (microns) 600x300 | 600x300 | 400x200 | 400x200 | 400x200 | 200x100 | 200x100 | 200x100 | 200x100
Maximum reflow temperature (°C) 260 260 260 260 260 260 260 260 260
Table 101b

Year of Production 2014 | 2015 | 2016 2017 | 2018 2019 | 2020

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

?ﬁg%@ﬁgcgg)ta' 1(M1) 2 Pitch 0 | 27 | 2 | a | 19 | 17| 15

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

Low cost/handheld 800 800 800 800 800 800 800

High performance 2000 2000 2000 2000 2000 2000 2000

Number of terminals—maximum RF 200 200 200 200 200 200 200

Low cost/handheld (# die / stack)

High performance (# die / stack)

Low cost/handheld (# die / SiP)

High performance (# die / SiP)

Minimum component size (microns) 200x100| 200x100 | 200x100 | 200x100 | 200x100 | 200x100 | 200x100

Maximum reflow temperature (°C) 260 260 260 260 260 260 260

—
200mm 300mm
4 (@) (b)
CMP (o) ()
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2
200mm/300mm 50pm
(TTV) /2 m
300mm
/
/
(3D
)
2007 10jm
RFID
Table 102a  200mm/300mm
Year of Production 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
DRAM % Pitch (nm) (contacted) 80 70 65 57 50 45 40 35 32
MPU/ASIC Metal 1 (M1) %2 Pitch
(nm)(contacted) 85 76 67 60 54 48 42 38 34
MPU Physical Gate Length (nm) 32 28 25 22 20 18 16 14 13
Min. thickness of thinned wafer 75 70 65 60 55 50 45 40 40
(general product)
Min. thickness of thinned wafer (For
extreme thin package ex. Smart 50 25 20 20 15 15 10 10 10
card)*
—
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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) %2 Pitch
(nm)(contacted) 30 27 24 21 19 17 15
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Min. thickness of thinned wafer (general 40 40 40 40 40 40 40
product)
Min. thickness of thinned wafer (For
extreme thin package ex. Smart card)* 10 e e e . . .
—
System in Package (SiP) : SiP MEMS

WAFER LEVEL PACKAGING (WLP)
(WLP)

INTEGRATED PASSIVE :

EMBEDDED PASSIVE :

3DPACKAGING 3

3

QFP

QFN

IC
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P-BGA
T-BGA
BGA P-BGA
FC-BGA
BGA P-BGA
FC-LGA
LGA FC-BGA
ITWG
WG
1.
2.
3.
a.
b.
4.
5. MEMS
WG
IC IC
300mm
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IC
ID IC
200mm 2GB 300mm 5GB
1 60
100TB (Tera Byte)
IC IC
IC
3
3
3
3
=+
+2
+3
1 ( 200mm
2GB 300mm GB)

IC

o 0w »
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4.
5.
RF/AMS
1.
2.

WG
1. SiP
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