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Assembly and Packaging 1

ASSEMBLY AND PACKAGING

2004 UPDATE HIGHLIGHTS

The 2004 Assembly and Packaging Roadmap updates focused on three primary areas; expansion on the difficult
challenges, new materials challenges, and changes in the near term package cost roadmap. In the difficult challenges
tables focus has been increased on to need to close the gap between on chip interconnect and chip to chip interconnect in
packages. This problem is seen as becoming more severe as chip interconnect continues to shrink at a faster rate than
package based interconnect limiting the benefits of chip scaling. Longer term the packaging challenge of new MEMS,
nanostructure, and emerging device technologies will also become very critical and have been identified as a critical
research area for the industry. The materials challenges where expanded to include new lead free requirements,
dielectrics for imbedded passives, organics which are compatible with higher temperature lead free solder assembly
operations. The projections on future cost reductions in the low end were also modified to reflect the slow down in cost
reduction. This is due to increasing material cost and the maturity of many package types. To put packaging industry
back on an aggressive cost reduction curve completely new approaches are required which have not yet been identified.

Link to the 2003 ITRS Assembly and Packaging chapter
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2 Assembly and Packaging

WORKING GROUP TABLES

Table 92a Assembly and Packaging Difficult Challenges—Near-term UPDATED

Difficult Challenges > 45 nm/Through 2010

Summary of Issues

WAS

Improved Organic Substrates

Tg compatible with Pb free solder processing

Increased wireability at low costimproved impedance control and lower dielectric loss to support
higher frequency applications

Improved planarity and low warpage at higher process temperatures
Low-moisture absorption

Low-cost embedded passives

Substrate cost is barrier to flip chip wide spread adoption today
Increased via density in substrate core

Alternative plating finish to improve reliability

Close gap between Chip and substrate -
Improved Organic Substrates

Tg compatible with Pb free solder processing

Increased wireability at low costlmproved impedance control and lower dielectric loss to support
higher frequency applications

Improved planarity and low warpage at higher process temperatures
Low-moisture absorption

Low-cost embedded passives, R. L, C

Embedded active devices

Substrate cost is barrier to flip chip wide spread adoption today

Increased via density in substrate core
Alternative plating finish to improve reliability
Solutions for operation temp up to 200C

Interconnect density scaled to silicon (silicon 1/0O density increasing faster than
the package substrate technology

Production techniques will require silicon-like production and process
technologies after 2005.

WAS

Improved Underfills for Flip Chip on Organic
Substrates

Coordinated Design Tools and Simulators to
address Chip, Package, and Substrate Co-
design

Thermal performance and thermal coupling between parts
Materials which enable integration of SMT, varying semiconductors, and substrate types reliably

Thin die, stack die, very large and very small die, passives component integration, SAW,
shielding interconnect process

Narrowing gaps

Higher bump densities

Mix signal co-design and simulation environment
Integrated analysis tools for transient thermal analysis and integrated thermal mechanical analysis|

Electrical (power disturbs, EMI, signal integrity associated with higher frequency/current and
lower voltage switching)

Commercial EDA supplier support

System level co-design is needed now. EDA support for “native” area array is required to meet
the Roadmap projections.

Educational programs required to train engineers in these technologies/requirements.
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Table 92a Assembly and Packaging Difficult Challenges—Near-term UPDATED (continued)

Difficult Challenges > 45 nm/Through 2010

Summary of Issues

WAS

Impact of Cu/low k on Packaging

Direct wirebond and bump to Cu

Bump and underfill technology to assure low-«k dielectric integrity
Improved mechanical strength of dielectrics

Interfacial adhesion

Reliability of first level interconnect with low

Mechanisms to measure the critical properties need to be developed.

Probing over copper/low «k due to damage and bonding over probe mark

Impact of BEOL incl Cu/low k on Packaging

Direct wirebond and bump to Cu or improved barrier systems bondable pads

Bump and underfill technology to assure low-k dielectric integrity including lead free solder
bump system

Improved mechanical strength of dielectrics and other interfaces

Interfacial adhesion

Reliability of first level interconnect with low
Mechanisms to measure the critical properties need to be developed.

Probing over copper/low «k due to damage and bonding over probe mark

High Current Density Packages

Electromigration will become a more limiting factor. It must be addressed through materials
changes together with thermal/mechanical reliability modeling.

Whisker growth

Thermal dissipation

Add

Flexible System Packaging

Conformal low cost organic substrates

Small and thin die assembly

Handling in low cost operation

Different carrier materials (organics, silicon, ceramics, glass, laminat core)
impact

Establish infrastructure for new value chain

Establish new process flows

Reliability

Testability

Different active devices

Electrical and optical interface integration

Wafer Level CSP

1/O pitch between 250um 400um less than 100 I/O

solder joint reliability and cleaning processes for low stand-off
Wafer thinning and handling technologies

Compact ESD structures
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4 Assembly and Packaging

Table 92b  Assembly and Packaging Difficult Challenges—Long-term UPDATED

Difficult Challenges <45 nm/Beyond 2010

Summary of Issues

Package Cost does not follow the Die Cost . Lo . .
Reduction Curve -Margin in packaging inadequate to support investment required to reduce cost
WAS Small Die with High Pad Count, High Power -Current density, operating temperature, etc for these devices exceed the
Density, and/or High Frequency capabilities of current assembly and packaging technology
Small Die with High Pad Count, High Power -New soIder/UBM with improved cu rrent density capabl_l!tles ,
IS . . operating temperature, etc for these devices exceed the capabilities of current
Density, and/or High Frequency ;
assembly and packaging technology
-Substrate wiring density to support >20 lines/mm
"-Lower loss dielectrics—skin effect above 10 GHz"
High Frequency Die -Hot spot” thermal management needs to be addressed before 2007. There is a
“brick wall” at five-micron lines and spaces. Design TWG would like to have
an upper bound on thermal management capability of future packages.
-Interconnect density scaled to silicon (silicon I/O density increasing faster than the
WAS Close Gaps between Substrate Technology and package substrate technology
the Chip '-Production techniques will require silicon-like production and process
technologies after 2005.
f———
| 1
1 1
IDelete |
| |

System-level Design Capability to Integrated
Chips, Passives, and Substrates

-Partitioning of system designs and manufacturing across numerous companies will
make required optimization for performance, reliability, and cost of complex
systems very difficult. Complex standards for information types and
management of information quality along with a structure for moving this
information will be required. Hardware only
'-This is also an issue before 2007.Embedded passives may be integrated into
the “bumps” as well as the substrates.

New Device Types (Organic, Nanostructures,
Biological) that require New Packaging
Technologies

-Organic device packaging requirements not yet define (will chips grow their own
packages)
"-Biological interfaces will require new interface types

Bumpless area array technologies will be needed
during this period. Face to face packages and other
3D packages are examples. High frequency, low

power and low profile are driving forces
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Assembly and Packaging 5

Table 93a Single-chip Packaging Technology Requirements—Near-term UPDATED

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM % Pitch (nm) 100 90 80 70 65 57 50
Cost per Pin Minimum for Contract Assembly [1,2] (Cents/Pin)
WAS | Low-cost, hand-held and memory 0.30-0.56 0.29-.53 .27-.50 .26-.48 .25-.45 .23-.43 22-41
IS | Low-cost, hand-held and memory -- 0.30—.53 .27-.50 .26—-.48 .25-.45 .23-.43 22-.41
WAS | Cost-performance .75-1.30 71-1.24 .67-1.17 .64-1.11 .61-1.05 .58-1.00 .55-.96
IS | Cost-performance - 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 1.61 1.52 1.45
WAS | 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
IS | Harsh - 0.32-2.88 | 0.29-2.60 | 0.26-2.33 | 0.25-2.11 | 0.23-2.00 | 0.22—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
Maximum Power (Watts/mmz) [4]
Low-cost (Watts) [1] 2.5 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 1.2 1.2 1 0.9 0.9 0.8 0.8
Cost-performance 1.2 1.2 1 0.9 0.9 0.8 0.8
High-performance 1.2 1.2 1 0.9 0.9 0.8 0.8
Harsh 2.5 2.5 1.2 1.2 1.2 1.2 1.2
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)
WAS | Low-cost 0.5 0.5 0.5 0.5 0.5 0.5 0.5
IS | Low-cost 0.5 0.5 0.4 0.4 0.4 0.4 0.4
Cost-performance 1 0.8 0.8 0.8 0.8 0.65 0.65
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 (MHz)[7]
WAS | Low-cost 502/3194 552/3514 607/3865 668/4251 735/4676 800/5000 830/5150
IS | Low-cost 502/3194 55@00 607/3865 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

Note: Maximum power is average for die area

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Manufacturable solutions are NOT known
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6 Assembly and Packaging

Table 93a Single-chip Packaging Technology Requirements—Near-term UPDATED (continued)

Year of Production 2003 2004 2005 2006 2007 2008 2009

Technology Node hp90 hp65

DRAM % Pitch (nm) 100 90 80 70 65 57 50

Performance: Chip-to-Board for Peripheral Buses (MHz) [7]

Low-cost 100 100 100 100 100 100 100

Cost-performance (for multi-drop nets) 400 533 600 667 733 800 800

Eéigrﬁfg.r;zriiﬁ?;:)(f“ differential-pair 2000 2500 3125 3906 4883 6103 7629

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
WAS | Harsh-complex ICs -40to 125 | -40to 125 | -40to 125 | -40to 125 | -40to 125 | -40to 125 | -40to 125

IS | Harsh-complex ICs -40to 125 | -40to 125 | -40 to ]& -40 to 150 | -40 to 150 | -40 to 150 | -40 to 150

Note: Maximum power is average for die area

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known | @

Notes for Tables 93a and 93b:
[1] Cost reduction will slow down as technology matures and economy of scale benefits are reduced.

[2] Cost refers to the average contract assembly cost per pin for each category.

Manufacturable solutions are NOT known [N

[3] Die sizes for high performance will not increase beyond 310 mm and cost performance die sizes will flatten out as die size approaches 310 mm).
[4] Power will be limited more by system level cooling and test constraints than packaging.
[5] Pin counts will be limited for some applications by system level PWB cost impact.

[6] The pin counts assume the signal to reference pin ratios will vary from 1:4 to 2:1 across different markets segments.
[7] Maximum off-chip frequency will be limited to a small number of pins in many cases combined with a large number of lower frequency pins
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Table 93b  Single-chip Packages Technology Requirements—Long-term UPDATED

Assembly and Packaging 7

Cost-performance

Year of Production 2010 2011 2012 2013 2014 2015 2016 2017 2018
Technology Node hp45 hp32 hp22

DRAM % Pitch (nm) 45 40 35 32 28 25 22 20 18
Cost (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
Costperformance scale at] o 57 0,94 05-86 | 05-77 0.5-0.69 | 0.5-0.65 0.5-0.59
gh-performance scaleatl g7 1.23 1.17 1.05 100 0.9
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 (Watts/mmz) [4]

Low-cost (Watts) 3 3 3 3 3 3

WAS [High-performance
IS |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 0.4 0.4 0.4
Hand-held 0.5 0.5 0.4 0.4 0.4 0.4
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 1.2 1 0.9 0.9 0.9 0.6
Package Pincount [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 642 706 812 933 1074 1235
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 (MHz) [7]
Low-cost 956-6079 — 1243-7903 — 1616-10274 —
Cost-performance 12000 — 19000 — 29000 —
High-performance 12000 — 19000 — 29000 —
Harsh 138 — 179 — 234 —
Performance: Chip-to-Board for Peripheral Buses (MHz)[7]
Low-cost 125 — 125 — 150 —
g;s;—r;l):trsf)onnance (multi- . 800 . 800 . 800
High-performance
(differential-pair point-to- — 14901 — 29103 — 56843
point nets)
Harsh 125 125 125 150 150 150
Note: Maximum power is average for die area
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known | @
Manufacturable solutions are NOT known ||
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8 Assembly and Packaging

Table 93b  Single-chip Packages Technology Requirements—Long-term UPDATED (continued)

Year of Production 2010 2011 2012 2013 2014 2015 2016 2017 2018
Technology Node hp45 hp32 hp22
DRAM % Pitch (nm) 45 40 35 32 28 25 22 20 18
Junction Temperature Maximum (°C) for Cost- 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 -40 to 125
WAS [Harsh-complex ICs -40 to 150 -40to 150 | -40to 150 -40 to 150 | -40to 150 -40 to 150
IS [Harsh-complex ICs -40 to @ -40 to 200| -40 to 200| -40 to 200| -40 to 200| -40 to 200| -40 to 200| -40 to 200| -40 to 200
Note: Maximum power is average for die area
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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Table 94 Materials Challenges UPDATED

Materials Challenges

Issues

Materials that enable 20 micron pitch without wire sweep and provide

WAS | Wirebond and Capillary 200d signal integrity
IS Wirebond Materials that enable 20 micron pitch without wire sweep,
frebont barrier metals for Cu wirebond pads to reduce intermetalig
WAS Solder Materials Solder and UBM the supports 100 micron pitch and high current density

e e e e e o e e e e e e e e e o e Em Em Em e Em Em Em Em e Em mm Em mm e e s = mm )
WAS Underfills Ability to support 100 pitch on large die
IS Underfills Ability to support 100 pitch on large die, reduce stress on low-
K and compatibility with lead free reflow
WAS Thermal Interfaces Increased power density

Increased thermal conduction, improved adhesion, higher

IS Thermal Interfaces modulas for thin applications
. . Methodology and characterization database for frequencies above 10
Materials Properties GHz
WAS Molding Compound Low modulas materials that reduce stress on low-k wafer structures
Low modulas materials that reduce stress on low-k wafer
IS Molding Compound structures with low miosture absorption for high
temperature lead free applications
ADD Leadfree  Solder  Flip  Chip| Solder and UBM the supports high current density and avoid
Materials electromigration
ADD Die attach solder for Tj >200C No feasible solution seen
ADD Rigid Organic substrates Lower loss dielectric, lower TCE, and higher Tg at low cost
ADD Flexible Organic Substrates Lower TCE and improved metal adhesion
Improved high frequency performance of dielectrics with K above
ADD Embedded passives 1000 High reliability, better stability resistor materials.
Ferromagnetics for sensor and MEMSs applications
Low shrink dielectric and lower dielectric constant for high frequency
ADD LTcC application
ADD ROHS Compliancy
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10 Assembly and Packaging

Table 95 System-in-a-Package Requirements UPDATED
Year of Production 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2012 | 2013 | 2015 | 2016 | 2018
Technology Node hp90 hp65 hp45 hp32 hp22
DRAM % Pitch (nm) 100 | 90 | 80 70 65 57 50 45 35 32 25 22 18
MPU/ASIC % Pitch (nm) 107 | 90 | 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
m‘; Physical Gate Length 45 | 37| 32 | 28 | 25 | 2 | 20 | 18| 14 | 13| 10| 9 7
Number of terminals— 800 | 1000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000
maximum digital
Number of terminals— 100 | 150 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200
maximum RF
WAS ml)m“m body size (L x W) 40 | 50 | 52 52 52 52 52 52 52 52 52 52 52
I Delete | Maximumbody-size {L-xW) 40 | 50 | B2 52 52 52 52 s2 | 52 | s2 | 52 | 52 | 52 !
- Ltmm SRR U R (U N A Y S Y I A
t WAS | Minimum terminal pitthBGA [127| 1 | 08 | 08 | 08 | 08 | 065 | 05 | 05 | 05 | 05 | 05 | 05
I Delete | Minimum terminalpitehBGA |1.27| 1 | 08 | 08 | 08 | 08 | 065 : 05 | 05 | 05 | 05 | o5 |
WAS fé‘;‘;}i‘s‘m terminal pitch 065| 05| 05 | 05 | 05 | 05 | 05 | 05 | 04 | 04 | 04 | 04 | 04
I - - T _ ._ - - ._ _ - - - - - - - - - ™ - - = - = - - - - - - - - =1 - - - - ™ - = - - I
DIt | peatiens _ _ _ _ _ _ sl Pl Ml o Il A Mol At Bl Honl Rl Bl
WAS | Number of stack die maximum 4 5 5 5 5 5 5 5 5 5 5 5 5
IS Number of stack die maximum 4 4 5 5 5 5 5 5 5 5 5 5 5
Number of die in SiP maximum 8 10 10 10 10 8 8 8 6 6 6 6 6
WAS | Minimum component size (in.) | 201 | 0201 | 0105 | 0105 | 0105 | 0105 | 0105 | 0105 | 0105 | 0105 | 0105 | 0105 | 0105
IS Minimum component size (in.) | 201 [0201{01005|01005|01005{01005(01005|01005{01005|/01005(01005({01005|01005
WAS | Embedded passives Few | YES| YES | YES | YES | YES | YES | YES | YES | YES | YES | YES | YES
IS Embedded components Few | YES| YES | YES | YES | YES | YES | YES | YES | YES | YES | YES | YES
WAS MSL level 3 | 2a | 2a 2a 2 2 2 2 2 2 2 2 2
IS MSL level 3 3 2a 2a 2 2 2 1 1 1 1 1 1
Maximum reflow 250 | 260 | 260 | 260 | 260 | 260 | 260 | 260 | 260 | 260 | 260 | 260 | 260
temperature (°C)
ADD | Embedded actives Few | Few | YES | YES | YES | YES | YES | YES | YES | YES | YES | YES
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Table 96 Chip-to-next-level Potential Solutions UPDATED

Year of Production 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2012 | 2013 | 2015 | 2016 | 2018
Technology Node hp90 hp65 hp45 hp32 hp22
Chip Interconnect Pitch (um)
DRAM ¥ Pitch (nm) 200 | 90 | 80 | 70 | 65 | 57 | 50 | 45 | 35 | 32 | 25 | 22 | 18
WAS |Wire bond—ball 40 35 | 30 | 25 | 25 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20
IS |Wwire bond—ball 40 | 40 | 35 | 35 | 30 | 30 | 25 | 25 | 25 | 25 | 25 | 25 | 25
WAS |Wire bond—wedge 30 25 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20
IS |Wire bond—wedge 30 30 30 | 25 | 25 25 20 20 20 20 20 20 20
TAB* 35 | 35 | 30 | 30 | 25 | 25 | 25 | 20 | 20 | 20 | 15 | 15 | 15
WAS [Flip chip area array* 150 | 150 | 130 | 130 | 120 | 110 | 100 | 90 | 90 80 70
IS |Silicon substrate application 100 um 150 150 | 130 | 130 | 120 | 110 | 100 90 90 80 70
WAS |peripheral flip chip Stud Bump 60 | 60 | 40 | 40 | 30 | 30 | 20 | 20 | 20 | 20 | 15 | 15 | 15
IS |LCD is the key driver 60 | 60 | 40 | 40 | 30 | 30 | 20 | 20 | 20 | 20 | 15 | 15 | 15

Note: Validation for 100 um pitch required

Note: *This is for solder bump flip chip. For extremely high current applications, solder bump pad pitch may be larger to allow bigger via opening to
UBM. Conductive adhesive flip chip is not addressed separately but may have smaller pitches for small die applications, provided high density substrate
with competitive cost is available.

Table 97 BGA Potential Solutions

Year of Production 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2012 | 2013 | 2015 | 2016 | 2018
DRAM % Pitch (nm) 100 90 80 70 65 57 50 45 35 32 25 22 18
DRAM % Pitch (nm) 90 80 70 65 57 50 45 40 32 28 22 20 16
MPU/ASIC % Pitch (nm) 107 90 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 37 32 28 25 22 20 18 14 13 10 9 7
BGA Solder Ball Pitch (mm)

Low-cost and hand-held 08 | 08 |065|065|065|065|065| 05| 05| 05| 05| 05| 05
Cost-performance 08 | 0.8 |0.65| 065|065 |065|065| 05 |05 | 05| 05| 05|05
High-performance 1 1 1 08| 08 | 08 | 08 |065|065| 05| 05| 05| 05
Harsh 1 08 | 08 | 0.8 |065|065|065|065| 05 | 05| 05 | 05 | 05

Note: Body sizes rounded to nearest JEDEC size
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Table 98 Single Chip Packages 1/0 Density UPDATED

Year of Production 2003 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2012 | 2013 | 2015 | 2016 | 2018

Technology Node hp90 hp65 hp45 hp32 hp22

DRAM % Pitch (nm) 100 90 80 70 65 57 50 45 35 32 25 22 18

MPU/ASIC ¥ Pitch (nm) 107 90 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
WAS | MPU Physical Gate Length (nm) 45 37 32 28 25 22 20 18 14 13 10 9 7
ADD | CSP area array pitch (mm 04103|02]02]|02]02]02]015|0.15|0.15| 0.1 | 0.1

WAS | FBGA/CSP area array pitch (mm) 0.4 04 | 03 | 0.3 0.15 | 0.15 | 0.15 | 0.15
I IS FBGA area array pitch (mm) 0.4 05104 |04 03|03 ]| 02] 0.2

_W;AS_ EB(iA/ESP_siZE (rrlm/s_idel _ _4—_21_ _4—31 __4—_21_ 4:21_ 4_— 1 i—2_1 _4—2_1 _4—_1 _4—_21_ 4:21_ 4_—21 i—Z_l _4—2_1
!_Delete el e d—21 4—2—1 4:2—1 A—21 A—21 4—2—1 4:2—1 421 | 421 | 421

Table 99
Table 100

BGA and FBGA/CSP Package Potential PWB Solutions DELETED
Flip Chip Substrate Top-side Fan-out Potential Solutions DELETED
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