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Year of Production 2022 2023 2024 2025 2026 2027 2028
On-chip feature size (nm)

Memory (DDR/HBM) 7 5 5

Smart Phone / Laptop 5

High-performance (notel), chiplet/monolithic 5 3

Core Voltage (Minimum Volts)

Memory (DDR/HBM) 1.1 1 1 1 0.9 0.9 0.9
Smart Phone / Laptop 0.8 0.75 0.75 0.75 0.7 0.7 0.7
High-performance 0.8 0.75 0.75 0.75 0.7 0.7 0.7
Package Pin count Maximum

Memory (DDR/HBM) 288/3200 288/3200 288/3200 288/3200 350/4700 350/4700 350/4700
Smart Phone / Laptop 1212/7000 1275/7600 1275/7600 1275/7600 1396/8400 1396/8400 1396/8400
High performance (note3) 7800 7800 9600 9600 9600 11200 11200
Minimum Package Dimension (mm)

Memory (DDR/HBM) 133/10 133/10 133/10 133/10 133/12 133/12 133/12
Smart Phone / Laptop 50 55 55 55 60 60 60
High-performance 87 87 95 95 95 110 110
Performance: On-Chip

Memory (DDR/HBM), MHz 800 1000 1000 1200 1200 1600 1600
Smart Phone / Laptop, GHz 3.2 4 4 4.8 4.8 5.2 5.2
High-performance, GHz 8 8 9.6 9.6 11.2 11.2 11.2
Interconnect: Chip-to-Chip (note4)

Memory (DDR/HBM), Gb/s 4.8/3.6 4.8/5.2 5.6/6.4 6.4/7.2 7.2/8.0 8.0/9.6 9.6/9.6
Smart Phone / Laptop, Gb/s 100 100 100 200 200 200 200
High-performance, Gb/s 32 32 32 64 64 64 112
Interconnect: Pkg-to-Board

Memory (DDR/HBM), Gb/s 8/6.4 8/6.4 9.6 12.8 16 25 25
Smart Phone / Laptop, Gb/s 100 100 100 200 200 200 200
w -performance, Gb/s 64 . S4EEE 112 112 pr22
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UCle to Enable Low-Power & High-Bandwidth Chiplet Integration @

HMETEROGENEOUS
INTEGRATION ROADMAP

Characteristics / KPIs Standard Advanced Comments
Package Package

Characteristics

Data Rate (GT/s) 4,8,12, 16, 24, 32 Lower speeds must be supported -interop (e.g., 4, 8, 12 for 12G device)
Width (each cluster) 16 64 Width degradation in Standard, spare lanes in Advanced

Bump Pitch (um) 100-130 25-55 Interoperate across bump pitches in each package type across nodes
Channel Reach (mm) <= 25 <=

Target for Key Metrics

B/W Shoreline (GB/s/mm) 28—224 165-1317 Conservatively estimated: AP: 45u for AP; Standard: 110u;

B/W Density (GB/s/mm?) 22-125 188-1350 Proportionate to data rate (4G — 32G)

Power Efficiency target 0.5 0.25

(pJ/b)

Low-power entry/exit 0.5ns <=16G, 0.5-1ns >=24G Power savings estimated at >= 85%

Latency (Tx + Rx) <2ns Includes D2D Adapter and PHY (FDI to bump and back)

Reliability (FIT) 0 < FIT (Failure In Time) << 1 FIT: #failures in a billion hours (expecting ~1E-10) w/ CXi Flit Mode
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Direction of increasing Reliability

Direction of increasing energy efficiency
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Optimization Opportunities for heterogeneous integrated packages

HETEROGENEOUS

Constrained by overallfootprintand height of the package module INTEGRATION ROADMAP

Constrained by

available areq, height, Pressure drop T4: Heat sink/ Cold plate Optimal [micro channel design + Fluid] to
<  Parallel flow/impingement —* Minimize totalresistance

(Fin/channel geometry)

i

Emerging research area due
High conductivity TIM fo Hi

Constrained by
with potential to Transifion

3 _ from Lab to market
o v 1S (Li T2 : Embedding cooling solution oh
0.) .
g Constrained by fo the lid
Y minimum required BLT < > Hi N
"g - Available device area High conductivity TM
O
@) Constrained b . .

1 Tl : Embedding cooling solution

on to the device 1
« fluid chaice (strictly dielectric) . . .
- micro channel material (same as - Optimal micro channel design
chip) + Optimal choice of dielectric fluid
- otal avaiable surface area . . « Shorter fluid path
[Surface area = device areq) Constrained by total footprint
volume
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Warpage Engineering, Chip-Package-Interaction (CPI) m

Stepl Silicon attach to substrate at
Solder Reflow Temperature ~230°C

Warpage Engineering
Assembly stress due to warpage is the largest contributor to failures in

packaging. Some of the variables leading to the warpage include substrate m

materials, copper distribution (wiring density), number of layers, underfill
material, die thickness, processing temperatures, humidity...

Reducing warpage and stress will contribute to higher yields and better reliabilit-
As interconnect pitches go down, the warpage window for packages will be "

reduced

Step2: Cool down to room temperature

Step3: Heat back to underfill temperature
(150 ~200°C)

Absolute Warpage Temp = 20 Deg C [um] 50 4
70

40

Step4: Cool down again

Absolute Warpage (um)
8

100 =250
6 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Section Length (mm)

7, IEEE

IEEE
©IEEE +photonics /psemi E"rs Pk

Society e’ SOCIETY TR P 7




WARPAGE REDUCTION ROADMAP
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Table 2: Warpage Allowarice across two market segrmernts
Year of
Production 2018 2019 2020 2023 2026 2029 2030
Pitch {rmm)
1.0 013, +0221 011, +0.18 0.11,+018 011, +0.18 -0.10, +0.16 008 +0.16 008,+017
) 013, +020 011, +0.18 -0.11,+018 -0.11, +0.18 -0.10, +0.15 -0.08 +0.15 -0.08 +0.16
o8 013, 1021 011,+018 011,+018 011, 1018 010, +0.16 0081016 0081017
- 010, +0.10 009, +0.09 009, +0.09 -0.09, +0.09 -0.08, +0.08 007, +007 007, +007
0.65 -0.10, +0.10 -0.09, +0.09 009, +0.09 -0.09, +0.09 -0.08, +0.08 -0.07, +0.07 -0.07, +0.07
B -0.09, +0.09 -0.08, +0.08 -0.08, +0.08 -0.08, +0.08 -0.07, +0.07 -0.065, +0.065 -0.065, +0.065
0.5 009, +009 008, +008 008, +008 008, +008 -0.07, +0.07 -0.065, +0.065 -0.065, +0.065
: -0.08, +008 -0.07, +0.07 -0.07, +0.07 -0.07, +0.07 -0.065, +0.065 -0.06, +0.06 -0.06, +0.06
0.4 008, +008 0.07,+0.07 007,+0.07 -0.07, +0.07 -0.065, +0.065 -0.06, +0.06 -0.06, +0.06
: -0.07, +0.07 -0.065, +0.065 -0.065, +0.065 -0.065, +0.065 -0.06, +0.06 -0.055, +0.055 -0.055, +0.055
0.3 -0.07, +0.07 -0.065, +0.065 -0.065, +0.065 -0.065, +0.065 -0.06, +0.06 -0.055, +0.055 -0.055, +0.055
. -0.06, +0.06 -0.055, +0.055 -0.055, +0.055 -0.055, +0.055 -0.05, +0.05 -0.045,+0.045 -0.045,+0.045
0.25 -0.055, +0.055 -0.055, +0.055 -0.055, +0.055 -0.05, +0.05 -0.045,+0.045 -0.045,+0.045
2 -0.055, +0.055 -0.055, +0.055 -0.05, +0.05 -0.045,+0.045 -0.045,+0.045
0.2 -0.055, +0.055 -0.055, +0.055 -0.05, +0.05 -0.045,+0.045 -0.045,+0.045
i -0.045,+0.045 -0.045,+0.045 -0.045,+0.045 -0.045,+0.045
s -0.045,+0.045 -0.045,+0.045 -0.045,+0.045 -0.045,+0.045
: -0.025,+0.025 -0.025,+0.025 -0.025,+0.025 -0.025,+0.025
o -0.025,+0.025 -0.025,+0.025 -0.025,+0.025 -0.025,+0.025
: -0.020,+0.020 -0.020,+0.020 -0.020,+0.020
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known
Manufacturable solutions are NOT known _
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Bond tool

Chip size, accuracy Process
K EY Chip thermal
budget

CHALLENGES

Surface L, ow L | Y Particle
conditioning e Sl W o control

Adapted from

S. W. Liang, Gene C.
Y. Wy, K. C. Yee, C.
T. Wang, Ji James
Cui, and Douglas C.
H. Yu

. .. “High Performance
When pushing the limit, Metal and Energy Efficient
y ) Computing with
there’s no room for error density Advanced SolCTM
Scaling” 2022 ECTC,
. Taiwan
Annetteteng@promex-ind.com Warpage Semiconductor

Manufacturing
control Company

Source: Leti
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Increased Interconnect Density @
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The finest inline pitch of wire bonding has remained around 35um.
However, wire bonding interconnect density continuously increases

through higher level of system integration such as SiP, stack die and
Multi-tier packages.

Signal A = SE2

SiP with Die to Die Wire Bond Interconnect High Density Multi-tier Package

Stacked Memory Device
IEEE . ~~ IEEE ’
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Flip Chip Interconnect Pitch Roadmap —HIR 2023

Table HI-4 Chip-to-package Substrate Technology Requirements (Updated Nov 2023)

Year of Production 2018 | 2019 2020 2021 2022 2023 2025 2028 2031 2034
Flip Chip Pitch
Flip Chip- Large Body Solder >12mm Sq Die 135 | 130 130 130 130 130 130 130 130 130
Flip Chip- Small Body Solder <12mm Sq Die 135 | 130 il 130 130 130 130| 130 130 130 130
Flip Chip - Cu Pillar Small Body <12mm Sq Die
(Periphery Staggered, Inline Same as large Body Cu 40/80 | 30/60 | 30/60 | 30/60 | 30/60 20/40 15/30 | 15/30 | 15/30 15/30
Flip Chip- Cu Pillar Large Body >12mm Sq Die 120 | 110 110 110 110 105/ 100 90 90 80
Flip Chip Solder - COW 50 50 50 50 50 50, 50 50 50 50
Flip Chip Cu Pillar -COW (Chiplets on Si) 40 40 40 35 30 30, 22 16 13 10
Flip Chip Cu Pillar -COW (Chiplets on RDL) 50 50 45 45 45 45| 40 40 30 30
Wafer to Wafer Cu to Cu Interconnect 5 5 5 2 2 2| 2 1 1 1
Die to Wafer Cu to Cu Interconnect (Hybrid) 30 20 20 9 9 9 6 6 3 3
Embedded Die In Substrate Interconnect Pitch 120 | 120 120 120 90 1 70, 60 50 50 50
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known | ®
Manufacturable solutions are NOT known
EEE . 7\ IEEE ,
< IEEE photonics /psemi E7S BRI w
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				Table : Single & Multichip Integration Technology Requirements (updated: Nov 2018)

				Year of Production		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033

				Chip size (mm2)

				IoT Low-cost Consumer 		40		40		40		40		40		40		40		40		40		40		40		40		40

				Wearable - Mewdical & Health		100		100		100		100		100		100		100		100		100		100		100		100		100

				Memory 		24		24		24		24		24		24		24		24		24		24		24		24		24

				Smart Phone, Laptop & Tablet		140		140		140		140		140		140		140		140		140		140		140		140		140

				 High Performance + Data Center		750		750		750		750		750		750		750		750		750		750		750		750		750

				Harsh - Automotive & Aerospace 		100		100		100		100		100		100		100		100		100		100		100		100		100

				Maximum Average Power Density (W/mm2)

				IoT Low-cost Consumer 		0.5/40		0.5/40		0.5/40		0.5/40		0.5/40		0.5/40		0.5/40		0.5/40		0.5/40		0.5/40		0.5/40		0.5/40		0.5/40

				Wearable - Medical & Health Package 		1/100		1/100		1/100		1/100		1/100		1/100		1/100		1/100		1/100		1/100		1/100		1/100		1/100

				Memory 		1.5/24		1.5/24		1.5/24		1.5/24		1.5/24		1.5/24		1.5/24		1.5/24		1.5/24		1.5/24		1.5/24		1.5/24		1.5/24

				Smart Phone, Laptop & Tablet		1.1		1.15		1.2		1.25		1.3		1.35		1.4		1.45		1.5		1.55		1.6		1.65		1.7

				High-performance + Data Center		0.85		0.9		0.95		1		1.05		1.1		1.15		1.2		1.25		1.3		1.35		1.4		1.45

				Harsh - Automotive & Aerospace 		0.29		0.29		0.29		0.29		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3

				Core Voltage (Minimum Volts) 

				IoT Low-cost Consumer 		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

				Wearable - Medical & Health		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6

				Hand-held and memory		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

				Memory		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

				Smart Phone, Laptop & Tablet		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

				High-performance + Data Center		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

				Harsh - automotive & Aerospace 		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8

				Package Pin count Maximum

				IoT Low-cost Consumer 		100		100		100		100		100		100		100		100		100		100		100		101		102

				Mobile Device Package 		252–1150		265–1150		278–1150		292–1150		306–1150		321–1150		336–1150		354–1150		365–1150		375-1150		375-1150		375-1151		375-1152

				Memory 		84–240		84–240		84–240		84–240		84–240		84–240		84–240		84–240		84–240		84–240		84–240		84–241		84–242

				Memory Wide I/O		2400		2400		2400		2400		2400		2400		2400		2400		2400		2400		2400		2401		2402

				Cost performance 		960–5966		1050–6562		1050–7218		1155–7940		1155–8337		1212–8754		1212–8755		1273–9192		1273–9192		1275-9200		1275-9201		1275-9202		1275-9203

				High performance (note3)		7167		7525		7902		8297		8712		9148		9148		9605		9605		10086		10086		10590		10590

				Harsh 		660		693		728		764		803		843		843		885		885		920		920		920		920

				Minimum Overall Package Profile (mm)

				IoT Low-cost Consumer 		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

				Mobile Device Package		0.19–0.35		0.19–0.35		0.19–0.35		0.19–0.35		0.19–0.35		0.19–0.35		0.19–0.35		0.19–0.35		0.19–0.35		0.19–0.35		0.19–0.35		0.19–0.35		0.19–0.35

				Memory (note 4)		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3

				Cost-performance		0.4		0.4		0.4		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3

				High-performance		1		1		1		1		1		1		1		1		1		1		1		1		1

				Harsh 		0.6		0.6		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

				Performance: On-Chip 

				IoT Low Cost Consumer (MHz)		50		50		50		50		50		50		50		50		50		50		50		50		50

				Mobile Device Package (GHz)		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3

				Memory(MHz)

				Cost-performance (GHz)(note 5)		7.92		4		4		4		4		4		4		4		4		4		4		4		4

				High-performance  (GHz)		8.82		5.5		5.6		6.5		6.6		7.5		7.6		8.5		8.6		9.5		9.6		10.5		10.6

				Harsh (MHz) 		403		443		487		487		511		511		537		537		564		538		537		564		538

				Performance: chip-to-chip   

				IoT Low-cost Cosumer (MHz)		100		100		100		100		100		100		100		100		100		100		100		100		100

				Wearable - Medical & Health (MHz)		1000		1000		1000		1000		1000		1000		1000		1000		1000		1000		1000		1000		1000

				Memory(MHz)		3200		3200		3200		3200		3200		3200		3200		3200		3200		3200		3200		3200		3200

				Smart Phone, Laptop & Tablet (Gb/s)		45		50		55		60		65		70		75		80		85		90		95		100		105

				High-performance + Data Center(Gb/s)		45		50		55		60		65		70		75		80		85		90		95		100		105

				Harsh Automotive & Aerospace (Note 7)		150		150		150		150		150		150		150		150		150		150		150		150		150

				Performance: Pkg-to-Board   

				IoT Low Cost Consumer (MHz)		100		100		100		100		100		100		100		100		100		100		100		100		100

				Wearable - Medical & Health (MHz)		1000		1000		1000		1000		1000		1000		1000		1000		1000		1000		1000		1000		1000

				Memory(MHz)		3200		3200		3200		3200		3200		3200		3200		3200		3200		3200		3200		3200		3200

				Smart Phone, Laptop & Tablet  (Gb/s)		45		50		55		60		65		70		75		80		85		85		85		85		85

				High-performance + Data Center (Gb/s)		45		50		55		60		65		70		75		80		85		85		85		85		85

				Harsh- Automotive & Aerospace		150		150		150		150		150		150		150		150		150		150		150		150		150

				Maximum Junction Temperature (note 5)

				IoT  Low-cost consumer		125		125		125		125		125		125		125		125		125		125		125		125		125

				Wearable - Medical & Healt		105		105		105		105		105		105		105		105		105		105		105		105		105

				Memory		85		85		85		85		85		85		85		85		85		85		85		85		85

				Smart Phone, Laptops & Tablet 		90		90		90		90		90		90		90		90		90		90		90		90		90

				High performance + Data Center (Note 6)		75		70		70		70		70		70		70		70		70		70		70		70		70

				Harsh Automotive & Aerospace (Note 7)		220		220		220		220		220		220		220		220		220		220		220		220		220

				Harsh-complex ICs 		175		175		175		175		175		175		175		175		175		175		175		175		175

				Operating Temperature Extreme: Ambient (°C) 

				IoT Low-cost Consumer 		85		85		85		85		85		85		85		85		85		85		85		85		85

				Wearables - Medical & health		45		45		45		45		45		45		45		45		45		45		45		45		45

				Memory		45		45		45		45		45		45		45		45		45		45		45		45		45

				Smart Phopne & Laptops		45		45		45		45		45		45		45		45		45		45		45		45		45

				High-performance + Data Centers (Note 8)		45		45		45		45		45		45		45		45		45		45		45		45		45

				Harsh Automotive & Aerospac 		-40 to 200		-40 to 200		-40 to 200		-40 to 200		-40 to 200		-40 to 200		-40 to 200		-40 to 200		-40 to 200		-40 to 200		-40 to 200		-40 to 200		-40 to 200

				Harsh-complex ICs		 -40 to 150		 -40 to 150		 -40 to 150		 -40 to 150		 -40 to 150		 -40 to 150		 -40 to 150		 -40 to 150		 -40 to 150		 -40 to 150		 -40 to 150		 -40 to 150		 -40 to 150



						Manufacturable solutions exist, and are being optimized

						Manufacturable solutions are known

						Interim solutions are known		¿

						Manufacturable solutions are NOT known



				Notes for Table 

				1. Optical interconnect will occur on package but it is not forecast for on-chip applications due to size and power advantages of electrical interconnect for short distances.

				2. Multiple entries in a cell represents the range encountered for the parameter in the category

				3. Assumes multichip module package.

				4. This number is for single chip DDR memory, not stack.

				5. Reflects frequency drop to reduce power

				6. The junction temperature limit is taken as the most difficult to achieve for high volume devices

				7. Need for leakage current reduction is forcing junction temperature down for processors. This does not apply to Asics and some other product types.

				8. Junction temperature for large feature size devices

				9. Assumes processor with optimized airflow 

				10. The maximum number for all table entries will not all occur in a single device

				11. The incorporation of multicore architecture and stacked TSV packaging may enable to maximum power density to reduce substantially while maintaining the projected performance.

				High performance is FCBGA

				Cost performance is PBGA

				High performance is FCBGA

				Mobil Device is FCCSP

				Memory is TSSOP
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HI-3



				Table HI-3   Package Warpage at Peak Processing Temperature (Updated Nov 2018)

				Year of Production				2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033

				Pitch (mm)		Ball Dia. (mm)

				1.0		0.60		-0.13, +0.21		-0.11, +0.18		-0.11, +0.18		-0.11, +0.18		-0.11, +0.18		-0.11, +0.18		-0.10, +0.16		-0.10, +0.16		-0.10, +0.16		-0.08,+0.14		-0.08,+0.15		-0.08,+0.16		-0.08,+0.17

						0.40		-0.13, +0.20		-0.11, +0.18		-0.11, +0.18		-0.11, +0.18		-0.11, +0.18		-0.11, +0.18		-0.10, +0.15		-0.10, +0.15		-0.10, +0.15		-0.08,+0.13		-0.08,+0.14		-0.08,+0.15		-0.08,+0.16

				0.8		0.50		-0.13, +0.21		-0.11, +0.18		-0.11, +0.18		-0.11, +0.18		-0.11, +0.18		-0.11, +0.18		-0.10, +0.16		-0.10, +0.16		-0.10, +0.16		-0.08,+0.14		-0.08,+0.15		-0.08,+0.16		-0.08,+0.17

						0.30		-0.10, +0.10		-0.09, +0.09		-0.09, +0.09		-0.09, +0.09		-0.09, +0.09		-0.09, +0.09		-0.08, +0.08		-0.08, +0.08		-0.08, +0.08		-0.07, +0.07		-0.07, +0.07		-0.07, +0.07		-0.07, +0.07

				0.65		0.40		-0.10, +0.10		-0.09, +0.09		-0.09, +0.09		-0.09, +0.09		-0.09, +0.09		-0.09, +0.09		-0.08, +0.08		-0.08, +0.08		-0.08, +0.08		-0.07, +0.07		-0.07, +0.07		-0.07, +0.07		-0.07, +0.07

						0.30		-0.09, +0.09		-0.08, +0.08		-0.08, +0.08		-0.08, +0.08		-0.08, +0.08		-0.08, +0.08		-0.07, +0.07		-0.07, +0.07		-0.07, +0.07		-0.065, +0.065		-0.065, +0.065		-0.065, +0.065		-0.065, +0.065

				0.5		0.30		-0.09, +0.09		-0.08, +0.08		-0.08, +0.08		-0.08, +0.08		-0.08, +0.08		-0.08, +0.08		-0.07, +0.07		-0.07, +0.07		-0.07, +0.07		-0.065, +0.065		-0.065, +0.065		-0.065, +0.065		-0.065, +0.065

						0.25		-0.08, +0.08		-0.07, +0.07		-0.07, +0.07		-0.07, +0.07		-0.07, +0.07		-0.07, +0.07		-0.065, +0.065		-0.065, +0.065		-0.065, +0.065		-0.06, +0.06		-0.06, +0.06		-0.06, +0.06		-0.06, +0.06

				0.4		0.25		-0.08, +0.08		-0.07, +0.07		-0.07, +0.07		-0.07, +0.07		-0.07, +0.07		-0.07, +0.07		-0.065, +0.065		-0.065, +0.065		-0.065, +0.065		-0.06, +0.06		-0.06, +0.06		-0.06, +0.06		-0.06, +0.06

						0.20		-0.07, +0.07		-0.065, +0.065		-0.065, +0.065		-0.065, +0.065		-0.065, +0.065		-0.065, +0.065		-0.06, +0.06		-0.06, +0.06		-0.06, +0.06		-0.055, +0.055		-0.055, +0.055		-0.055, +0.055		-0.055, +0.055

				0.3		0.20		-0.07, +0.07		-0.065, +0.065		-0.065, +0.065		-0.065, +0.065		-0.065, +0.065		-0.065, +0.065		-0.06, +0.06		-0.06, +0.06		-0.06, +0.06		-0.055, +0.055		-0.055, +0.055		-0.055, +0.055		-0.055, +0.055

						0.15		-0.06, +0.06		-0.055, +0.055		-0.055, +0.055		-0.055, +0.055		-0.055, +0.055		-0.055, +0.055		-0.05, +0.05		-0.05, +0.05		-0.05, +0.05		-0.045,+0.045		-0.045,+0.045		-0.045,+0.045		-0.045,+0.045

								Manufacturable solutions exist, and are being optimized

								Manufacturable solutions are known

								Interim solutions are known		¿

								Manufacturable solutions are NOT known

																		Convex (+)								Concave (-)

				Notes for Table HI-3

				1. The values above do not reflect package-on-package (PoP) topside warpage reqts, which may be lower.

				2. Table HI-2 projects increased pin count vs. time for all applications, increasing maximum package size at any given pitch. Table HI-2 also projects decreased package thickness vs. time for all applications.

				- Increased package size and decreased package thickness increase the difficulty of the component supplier to meet the package warpage limits, but do not change the limits, themselves.

				- Since PWB warpage increases with increased package size, however, the package warpage limits do need to reduce vs. time to insure acceptable SMT quality.

				- Package warpage limits must also reduce vs. time to widen the SMT process window and insure acceptable SMT quality.

				- Reduced package warpage will be achieved through optimization of materials, construction and component assembly processing.

				- PCB warpage improvement is also needed to share the burden imposed by SMT process demands for larger body sizes, at any given BGA pitch. 

				3. Coplanarity acceptance limits for package terminals (solder balls, pads, leads) are specified for any industry-standard device in the applicable JEDEC, JEITA, IEC, etc., outline drawing.

				- These coplanarity values, however, are based upon room temperature measurements. At SMT reflow temperatures (215-245C, typ.), the substrates of CSP/BGA style packages may exhibit significantly lower or higher warpage than at room temperature.

				Consequently, the following situations may occur:

				- The component does not meet The corresponding, registration, standard, or Design Guide coplanarity requirements, but passes SMT yield and quality acceptance requirements.

				- The component meets the corresponding Design Guide coplanarity requirements, but SMT yield fails customer expectations, attributable to package warpage (solder ball bridging, or non-wet opens).

				In these cases, characterization of the component warpage at an elevated temperature may provide a more accurate measure of SMT reflow compatibility. JEITA and JEDEC have established acceptance criteria for CSP/BGA style package substrate warpage at SMT reflow conditions. The ITRS packaging roadmap trends for both larger and thinner SMT components will likely place an increasing demand on characterization of CSP/BGA package substrate flatness during simulated reflow as an alternative to room temperature coplanarity.

				4. Solder ball coplanarity results measured at room temperature may have little relation to  package warpage at SMT reflow temperatures.
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Notes for HI-3

				Notes for Table HI-3

				1. The values above do not reflect package-on-package (PoP) topside warpage reqts, which may be lower.

				2. Table HI-2 projects increased pin count vs. time for all applications, increasing maximum package size at any given pitch. TableHI- also projects decreased package thickness vs. time for all applications.

				– Increased package size and decreased package thickness increase the difficulty of the component supplier to meet the package warpage limits, but do not change the limits, themselves.

				– Since PWB warpage increases with increased package size, however, the package warpage limits do need to reduce vs. time to insure acceptable SMT quality.

				– Package warpage limits must also reduce vs. time to widen the SMT process window and insure acceptable SMT quality.

				– Reduced package warpage will be achieved through optimization of materials, construction and component assembly processing.

				– PCB warpage improvement is also needed to share the burden imposed by SMT process demands for larger body sizes, at any given BGA pitch. 

				3. Coplanarity acceptance limits for package terminals (solder balls, pads, leads) are specified for any industry-standard device in the applicable JEDEC, JEITA, IEC, etc., outline drawing.

				– These coplanarity values, however, are based upon room temperature measurements. At SMT reflow temperatures (215–245C, typ.), the substrates of CSP/BGA style packages may exhibit significantly lower or higher warpage than at room temperature.

				Consequently, the following situations may occur:

				– The component does not meet The corresponding, registration, standard, or Design Guide coplanarity requirements, but passes SMT yield and quality acceptance requirements.

				– The component meets the corresponding Design Guide coplanarity requirements, but SMT yield fails customer expectations, attributable to package warpage (solder ball bridging, or non-wet opens).

				In these cases, characterization of the component warpage at an elevated temperature may provide a more accurate measure of SMT reflow compatibility. JEITA and JEDEC have established acceptance criteria for CSP/BGA style package substrate warpage at SMT reflow conditions. The ITRS packaging roadmap trends for both larger and thinner SMT components will likely place an increasing demand on characterization of CSP/BGA package substrate flatness during simulated reflow as an alternative to room temperature coplanarity.

				4. Solder ball coplanarity results measured at room temperature may have little relation to  package warpage at SMT reflow temperatures.
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				Table HI-4   Chip-to-package Substrate Technology Requirements (Updated Nov 2023)

				Year of Production		2018		2019		2020		2021		2022		2023		2025		2028		2031		2034

				Flip Chip Pitch

				Flip Chip- Large Body Solder >12mm Sq Die		135		130		130		130		130		130		130		130		130		130

				Flip Chip- Small Body Solder <12mm Sq Die		135		130		130		130		130		130		130		130		130		130

				Flip Chip - Cu Pillar Small Body <12mm Sq Die (Periphery Staggered, Inline Same as large Body Cu Pillar)		40/80		30/60

mGerber: mGerber:
Reduced Pitch Enabled By Coreless Embedded Trace		30/60		30/60		30/60		20/40		15/30		15/30		15/30		15/30

				Flip Chip- Cu Pillar Large Body >12mm Sq Die		120		110		110		110		110		105		100

mGerber: mGerber:
Pitch Reduction With Coreless Embedded Trace Technology
		90		90		80

				Flip Chip Solder - COW		50		50		50		50		50		50		50		50		50		50

				Flip Chip Cu Pillar -COW (Chiplets on Si)		40		40		40		35		30		30		22		16		13		10

				Flip Chip Cu Pillar -COW (Chiplets on RDL)		50		50		45		45		45		45		40		40		30		30

				Wafer to Wafer Cu to Cu Interconnect		5		5		5		2		2		2		2		1		1		1

				Die to Wafer Cu to Cu Interconnect (Hybrid)		30		20		20		9		9		9		6		6		3		3

				Embedded Die In Substrate Interconnect Pitch		120		120		120		120		90

mGerber: mGerber:
Enabled By LDI and Adaptive Patterning
		

mGerber: mGerber:
Reduced Pitch Enabled By Coreless Embedded Trace										

mGerber: mGerber:
Pitch Reduction With Coreless Embedded Trace Technology
		70		60		50		50		50



						Manufacturable solutions exist, and are being optimized

						Manufacturable solutions are known

						Interim solutions are known		¿

						Manufacturable solutions are NOT known



				Notes for Table HI-4:

				1. For very fine pitch chip to package bonding, alternative technologies such as TSV and bumpless interconnect will be used as alternatives to technologies in this table.

				2. Finer pitch is technically possible for most categories but does not meet cost constraints.

				3. Pitch for emerging connection technologies is not included in this table. See chapter text.

				4. Flip chip array, low end & consumer and mobile products are too small to meet the requirements of low cost FCBGA substrate. 

				5. Area array pitch should be ca. 200um to use low cost FCBGA substrate. 

				6. Chip on film is a new package type that is used as a replacement for TAB in some cases. 

				7. For large body FC, Cu Pillar, pitch is with min of 1 trace route
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Notes for HI-4

				Notes for Table HI-4:

				1. For very fine pitch chip to package bonding, alternative technologies such as TSV and bumpless interconnect will be used as alternatives to technologies in this table.

				2. Finer pitch is technically possible for most categories but does not meet cost constraints.

				3. Pitch for emerging connection technologies is not included in this table. See chapter text.

				4. Flip chip array, low end & consumer and mobile products are too small to meet the requirements of low cost FCBGA substrate. 

				5. Area array pitch should be ca. 200um to use low cost FCBGA substrate. 

				6. Chip on film is a new package type that is used as a replacement for TAB in some cases. 
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				Table HI-5   Substrate to Board Pitch (Updated Nov 2018)

				Year of Production		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033

				BGA/LGA Solder Ball Pitch (mm) Conventional system Board

				Low-end, Low-cost package		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

				Memory		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65

				Cost-performance		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

				High-performance		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65

				Harsh		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

				Mobile/small portable products

				WLCSP area array pitch (mm)		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1

				QFP lead pitch (mm)		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

				SON land pitch (mm)		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3

				QFN land pitch single row(mm)		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3

				QFN multi-row		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

				P-BGA ball pitch (mm)		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65

				FBGA ball pitch (mm)		0.15		0.15		0.15		0.15		0.15		0.15		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		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3



								Manufacturable solutions exist, and are being optimized

								Manufacturable solutions are known

								Interim solutions are known		¿

								Manufacturable solutions are NOT known





				Notes for Table HI-5

				1. Pitch limitations are due to the cost and potential yield problems with printed circuit boards. The substrates and bonding technology is capable of finer pitch in several of the entries. In many cases the limitation is due to warpage rather than alignment or feature size limitations. See new table AP4.

				2. There are many new package names used for CSP packages. FBGA is one type CSP. 
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				Table HI-6   Package Substrates:Low Cost (PBGA) (Updated Nov 2018)

				Year of Production				2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033

				Parameter		unit

				Package Type		-		P-BGA		P-BGA		P-BGA		P-BGA		P-BGA		P-BGA		P-BGA		P-BGA		P-BGA		P-BGA		P-BGA		P-BGA		P-BGA		P-BGA		P-BGA		P-BGA

				Interconnect Method		-		Wire Bonding		Wire Bonding		Wire Bonding		Wire Bonding		Wire Bonding		Wire Bonding		Wire Bonding		Wire Bonding		Wire Bonding		Wire Bonding		Wire Bonding		Wire Bonding		Wire Bonding		Wire Bonding		Wire Bonding		Wire Bonding

				Chip to Substrate Interconnect Land Pitch 		µm		80		80		80		80		60		60		60		60		60		60		60		60		60

				Min. External I/O Pitch		mm		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65

				Typical External I/O Pitch		mm		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65		0.65

				Min. Total Thickness (2L)		mm		0.16		0.16		0.12		0.12		0.12		0.12		0.12		0.12		0.12		0.12		0.12		0.12		0.12

				Min. Total Thickness (4L)		mm		0.22		0.22		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2

				Core Material Tg		°C		180		180		180		180		180		180		180		180		180		180		180		180		180

				Core Material CTE (X-Y)		ppm/°C		11		11		11		11		11		11		11		11		11		11		11		11		11

				Core Material CTE (Z)		ppm/°C		30		30		30		30		30		30		30		30		30		30		30		30		30

				Core Material Dk@1GHz		-		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0

				Core Material Df@1GHz		-		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010

				Core Materials Young's Modulus		GPa		24		24		24		24		24		24		24		24		24		24		24		24		24

				Core Material Water Absorption		%		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07

				Min. Line width/Space		µm		30/30		30/30		30/30		30/30		25/25		25/25		25/25		25/25		25/25		25/25		25/25		25/25		25/25

				Min. Conductor Thickness		µm		12		12		12		10		10		10		10		10		10		10		10		10		10

				Min. Through Via Diameter		µm		80		60		60		60		60		60		60		60		60		60		60		60		60

				Min. Through Via Land Diameter		µm		180		140		140		140		140		140		140		140		140		140		140		140		140

				Min. Through Via Pitch		µm		250		220		220		220		220		220		220		220		220		220		220		220		220







								¿





				Notes for Table HI-6

				1. The package type for this table is P-BGA

				2. The interconnect method for this package is wire bonding

				3. There are several parameters that do not change over the period covered by the Roadmap. They are:

				Maximum body size (mmxmm)		35x35

				Typical body size (mmxmm)		27x27
31x31
35x35

				Maximum pin counts		1000

				Typical pin counts		676, 900, 1000

				Typical board materials		High Tg FR-4

				Maximum layer count		4

				Typical layer count		2



				4. State of the art materials may not be compatible with cost requirements for volume production

				5. Water absorption test is: JIS C6481
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Notes for HI-6

				Notes for Table HI-6

				1. The package type for this table is P-BGA

				2. The interconnect method for this package is wire bonding

				3. There are several parameters that do not change over the period covered by the Roadmap. They are:

				Maximum body size (mmxmm)		35×35

				Typical body size (mmxmm)		27×27
31×31
35×35

				Maximum pin counts		1000

				Typical pin counts		676, 900, 1000

				Typical board materials		High Tg FR-4

				Maximum layer count		4

				Typical layer count		2



				4. State of the art materials may not be compatible with cost requirements for volume production

				5. Water absorption test is: JIS C6481
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HI-7



				Table HI-7   Package Substrates: Mobile Products (SiP, PoP) (Updated Nov 2018)

				Year of Production				2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033

				Parameter		unit

				Chip to Substrate Interconnect Land Pitch 		µm		50		50		50		50		50		50		50		50		50		50		50		50		50

				Min. Finished Substrate Thickness		mm		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2

				Core Material Tg		°C		210		210		210		210		210		210		210		210		210		210		210		210		210

				Core Material CTE (X-Y)		ppm/°C		11		11		11		11		11		11		11		11		11		11		11		11		11

				Core Material CTE (Z)		ppm/°C		30		30		30		30		30		30		30		30		30		30		30		30		30

				Core Material Dk@1GHz		-		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0		4.0

				Core Material Df@1GHz		-		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010

				Core Materials Young's Modulus		Gpa		24		24		24		24		24		24		24		24		24		24		24		24		24

				Core Material Water Absorption		%		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07

				Buildup Material Tg		°C		177		177		200		200		200		200		200		200		200		200		200		200		200

				Buildup Material CTE (X-Y)		ppm/°C		12		12		12		12		12		12		12		12		12		12		12		12		12

				Buildup Material CTE (Z)		ppm/°C		30		30		30		30		30		30		30		30		30		30		30		30		30

				Buildup Material Dk@1GHz		-		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0

				Buildup Material Df@1GHz		-		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010		0.010

				Buildup Materials Young's Modulus		Gpa		5		5		5		5		5		5		5		5		5		5		5		5		5

				Buildup Material Water Absorption		%		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2

				Min. Line width/Space		µm		8/8		8/8		5/5		5/5		3/3		3/3		3/3		2/2		2/2		2/2		2/2		2/2		2/2

				Min. Conductor Thickness		µm		10		10		8		8		5		5		5		4		4		4		4		4		4

				Min. Through Via Diameter		µm		70		70		70		70		60		60		60		60		60		50		50		50		50

				Min. Through Via Land Diameter		µm		150		150		150		150		150		150		140		140		140		140		140		140		140

				Min. Micro Via Diameter		µm		50		50		50		45		45		45		45		45		45		45		45		45		45

				Min. Micron Via Land Diameter		µm		100		100		100		100		100		100		90		90		90		90		90		90		90

				Min. Through Via Pitch		µm		250		250		250		250		250		250		250		220		220		220		220		220		220

				Min. Solder Mask Openning		µm		50		50		40		40		30		30		30		25		25		25		25		25		25

				Min. Solder Mask Openning Tolerance		µm		15		15		10		10		10		10		10		8		8		8		8		8		8



								Manufacturable solutions exist, and are being optimized

								Manufacturable solutions are known

								Interim solutions are known		¿

								Manufacturable solutions are NOT known



				Notes for Table HI-7

				1. The package type for this table is P-FBGA

				2. The interconnect method for this package is flip chip or wirebond

				3. There are several parameters that do not change over the period covered by the Roadmap. They are:

				Max. Body Size		mm×mm

				Typical Body Size		mm×mm

				Max. Pin Counts		#

				Typical Pin Counts		#

				Min. External I/O Pitch		mm

				Typical External I/O Pitch		mm

				Typical Materials		-

				Typical Buildup/Prepreg Materials		-

				Max. Layer Counts		#

				Typeical Layer Count		#

				4. State of the art materials may not be compatible with cost requirements for volume production

				5. Water absorption test is: JIS C6481
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Notes for HI-7

				Notes for Table HI-7

				1. The package type for this table is P-FBGA

				2. The interconnect method for this package is flip chip or wirebond

				3. There are several parameters that do not change over the period covered by the Roadmap. They are:

				Max. Body Size		mm×mm

				Typical Body Size		mm×mm

				Max. Pin Counts		#

				Typical Pin Counts		#

				Min. External I/O Pitch		mm

				Typical External I/O Pitch		mm

				Typical Materials		-

				Typical Buildup/Prepreg Materials		-

				Max. Layer Counts		#

				Typeical Layer Count		#

				4. State of the art materials may not be compatible with cost requirements for volume production

				5. Water absorption test is: JIS C6481



Notes for Table AP8	
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HI-8



				Table HI-8   Package Substrates: Cost performance (CPU, GPU, Game Processor) (Updated Nov 2018)

				Year of Production				2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033

				Parameter		unit

				Chip to Substrate Interconnect Land Pitch 		µm		95		95		95		95		95		95		90		90		90		90		90		85		85

				Min. Finished Substrate Thickness		mm		0.8		0.8		0.8		0.6		0.6		0.6		0.6		0.5		0.5		0.5		0.5		0.5		0.5

				Core Material Tg		°C		210		210		210		210		210		210		210		210		210		210		210		210		210

				Core Material CTE (X-Y)		ppm/°C		8		8		8		8		8		8		8		8		8		8		8		8		8

				Core Material CTE (Z)		ppm/°C		10		10		10		10		10		10		10		10		10		10		10		10		10

				Core Material Dk@1GHz		-		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8		2.8

				Core Material Df@1GHz		-		0.007		0.007		0.007		0.007		0.007		0.007		0.007		0.007		0.007		0.007		0.007		0.007		0.007

				Core Materials Young's Modulus		GPa		24		24		24		24		24		24		24		24		24		24		24		24		24

				Core Material Water Absorption		%		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07		0.07

				Buildup Material Tg		°C		210		210		210		210		210		210		210		210		210		210		210		210		210

				Buildup Material CTE (X-Y)		ppm/°C		12		12		12		12		12		12		12		12		12		12		12		12		12

				Buildup Material CTE (Z)		ppm/°C		40		40		40		40		40		40		40		40		40		40		40		40		40

				Buildup Material Dk@1GHz		-		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0

				Buildup Material Df@1GHz		-		0.013		0.013		0.013		0.013		0.013		0.013		0.013		0.013		0.013		0.013		0.013		0.013		0.013

				Buildup Materials Young's Modulus		GPa		5		5		5		5		5		5		5		5		5		5		5		5		5

				Buildup Material Water Absorption		%		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2

				Min. Line width/Space		µm		5/5		5/5		3/3		3/3		2/2		2/2		1/1		1/1		1/1		1/1		1/1		1/1		1/1

				Min. Conductor Thickness		µm		10		10		5		5		4		4		3		3		3		3		3		2.5		2.5

				Min. Through Via Diameter		µm		70		70		70		70		60		60		60		55		55		50		50		50		50

				Min. Through Via Land Diameter		µm		150		150		150		150		120		120		120		110		110		100		100		100		100

				Min. Micro Via Diameter		µm		30		30		30		20		20		20		20		20		20		15		15		15		15

				Min. Micron Via Land Diameter		µm		70		70		70		50		50		50		50		50		50		40		40		40		40

				Min. Through Via Pitch		µm		250		250		250		250		250		250		250		250		250		220		220		220		220

				Min. Solder Mask Openning		µm		50		50		40		40		30		30		30		25		25		20		20		20		20

				Min. Solder Mask Openning Tolerance		µm		15		15		10		10		8		8		8		8		8		6		6		6		6



								Manufacturable solutions exist, and are being optimized

								Manufacturable solutions are known

								Interim solutions are known		¿

								Manufacturable solutions are NOT known

				Notes

				1. The package type for this table is P-BGA

				2. The interconnect method for this package is flip chip 

				3. There are several parameters that do not change over the period covered by the Roadmap. They are:

				Max. Body Size		mm×mm

				Typical Body Size		mm×mm

				Max. Pin Counts		#

				Typical Pin Counts		#

				Min. External I/O Pitch		mm

				Typical External I/O Pitch		mm

				Typical Core Materials		-

				Typical Buildup Materials		-

				Max. Layer Counts		#

				Typeical Layer Count		#

				4. State of the art materials may not be compatible with cost requirements for volume production

				5. Water absorption test is: JIS C6481
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Notes for  HI-8

				Notes for Table HI-8

				1. The package type for this table is P-BGA

				2. The interconnect method for this package is flip chip 

				3. There are several parameters that do not change over the period covered by the Roadmap. They are:

				Max. Body Size		mm×mm

				Typical Body Size		mm×mm

				Max. Pin Counts		#

				Typical Pin Counts		#

				Min. External I/O Pitch		mm

				Typical External I/O Pitch		mm

				Typical Core Materials		-

				Typical Buildup Materials		-

				Max. Layer Counts		#

				Typeical Layer Count		#

				4. State of the art materials may not be compatible with cost requirements for volume production

				5. Water absorption test is: JIS C6481



Notes for Table AP9	
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HI-9



				Table HI-9   Package Substrates: High Performance (High End) (Updated Nov 2018)

				Year of Production				2018		2019		2020		2021		2022		2023		2024		2025		2027		2028		2029		2030		2031		2032		2033

				Parameter		unit

				Package Type		-		S-BGA		S-BGA		S-BGA		S-BGA		S-BGA		S-BGA		S-BGA		S-BGA		S-BGA		S-BGA		S-BGA		S-BGA		S-BGA		S-BGA		S-BGA

				Interconnect Method		-		FC+TSV		TSV		TSV		TSV		TSV		TSV		TSV		TSV		TSV		TSV		TSV		TSV		TSV		TSV		TSV

				Chip to Substrate Interconnect Land Pitch 		µm		110		110		100		100		100		100		90		90		90		90		90		90

				Max. Pin Counts		#		5300		6500		6500		6500		6500		6500		7000		7000		7000		7000		7000		7000

				Typical Pin Counts		#		5300		6500		6500		6500		6500		6500		7000		7000		7000		7000		7000		7000

				Min. External I/O Pitch		mm		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50

				Typical External I/O Pitch		mm		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50		0.50

				Typical Materials		-		Silicon		Silicon		Silicon		Silicon		Silicon		Silicon		Silicon		Silicon		Silicon		Silicon		Silicon		Silicon

				Typical Buildup Materials		-		SiO2		SiO2		SiO2		SiO2		SiO2		SiO2		SiO2		SiO2		SiO3		SiO4		SiO5		SiO6

				Max. Layer Counts		#		4+2		4+2		6+2		6+2		6+2		6+2		6+2		6+2		6+2		6+2		6+2		6+2

				Typical Layer Count		#		4+2		4+2		6+2		6+2		6+2		6+2		6+2		6+2		6+2		6+2		6+2		6+2

				Min. Finished Substrate Thickness		mm		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

				Typical Finished Substrate Thickness		mm		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

				Core Material Tg		°C		1410		1410		1410		1410		1410		1410		1410		1410		1410		1410		1410		1410

				Core Material CTE (X-Y)		ppm/°C		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0

				Core Material CTE (Z)		ppm/°C		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0		3.0

				Core Material Dk@1GHz		-		12		12		12		12		12		12		12		12		12		12		12		12

				Core Material Df@1GHz		-		0.0005		0.0005		0.0005		0.0005		0.0005		0.0005		0.0005		0.0005		0.0005		0.0005		0.0005		0.0005

				Core Materials Young's Modulus		Gpa		185		185		185		185		185		185		185		185		185		185		185		185

				Core Material Water Absorption		%		0		0		0		0		0		0		0		0		0		0		0		0

				Buildup/RDL Material Tg		°C		700		700		700		700		700		700		700		700		700		700		700		700

				Buildup/RDL Material CTE (X-Y)		ppm/°C		3		3		3		3		3		3		3		3		3		3		3		3

				Buildup/RDL Material CTE (Z)		ppm/°C		16		16		16		16		16		16		16		16		16		16		16		16

				Buildup/RDL Material Dk@1GHz		-		2.0		1.8		1.8		1.8		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6

				Buildup/RDL Material Df@1GHz		-		0.003		0.001		0.001		0.001		0.001		0.001		0.001		0.001		0.001		0.001		0.001		0.001

				Buildup/RDL Materials Young's Modulus		GPa		10		10		10		10		10		10		10		10		10		10		10		10

				Buildup/RDL Material Water Absorption		%		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2

				Min. Line width/Space		µm		1/1		1/1		1/1		1/1		1/1		1/1		1/1		1/1		1/1		1/1		1/1		1/1

				Min. Conductor Thickness		µm		3		3		3		3		3		3		3		3		3		3		3		3

				Min. Through Via Diameter		µm		70		70		70		60		60		60		55		55		55		55		55		55

				Min. Through Via Land Diameter		µm		150		150		150		120		120		120		110		110		110		110		110		110

				Min. Micro Via Diameter		µm		30		30		30		30		30		30		30		30		30		30		30		30

				Min. Micron Via Land Diameter		µm		60		60		60		60		60		60		60		55		55		55		55		55

				Min. Through Via Pitch		µm		250		250		250		250		250		250		250		220		220		220		220		220



								Manufacturable solutions exist, and are being optimized

								Manufacturable solutions are known

								Interim solutions are known		¿

								Manufacturable solutions are NOT known

				Notes 

				1. After 2015, Core Materials will be changed to MEMS based cooling device which will use micro fluidic.

				2. After 2017 silicon wve guides will be used for optical signal interconnect

				2. There are several parameters that do not change over the period covered by the Roadmap. They are:

				Max. Body Size		mm×mm

				Typical Body Size		mm×mm

				4. State of the art materials may not be compatible with cost requirements for volume production

				5. Water absorption test is: JIS C6481
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Notes for HI-9

				Notes for Table HI-9

				1. After 2015, Core Materials will be changed to MEMS based cooling device which will use micro fluidic.

				2. After 2017 silicon wve guides will be used for optical signal interconnect

				2. There are several parameters that do not change over the period covered by the Roadmap. They are:

				Max. Body Size		mm×mm

				Typical Body Size		mm×mm

				4. State of the art materials may not be compatible with cost requirements for volume production

				5. Water absorption test is: JIS C6481
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HI-10



				Table HI-10   Package Substrates: High Performance (LTCC) (Updated Nov 2018)

				Year of Production				2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033

				Parameter		unit

				Chip to Substratate Interconnect Land Pitch 		µm		100		100		100		100		100		100		100		100		100		100		100		100		100		100		100		100

				Max. Pin Counts		#		6500		6500		6500		6500		6500		6500		6500		7000		7000		7500		7500		7500		7500		7500		7500		7500

				Typical Pin Counts		#		3500		3500		4000		4000		4500		4500		5000		5000		5500		5500		6000		6500		7000		6000		6500		7000

				Typeical Layer Count		#		18		18		18		18		18		18		18		20		20		20		20		20		20		20		20		20

				Min. Finished Substrate Thickness		mm		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5

				Typical Finished Substrate Thickness		mm		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5

				Core Material CTE (X-Y)		ppm/°C		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3

				Core Material CTE (Z)		ppm/°C		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3		12.3

				Core Material Dk@1GHz		-		5.3		5.3		5.3		5.3		5.3		5.3		5.3		5.3		5.3		5.3		5.3		5.3		5.3		5.3		5.3		5.3

				Core Material Df@1GHz		-		8.0		8.0		8.0		8.0		8.0		8.0		8.0		8.0		8.0		8.0		8.0		8.0		8.0		8.0		8.0		8.0

				Core Materials Young's Modulus		Gpa		74		74		74		74		74		74		74		74		74		74		74		74		74		74		74		74

				Min. Line width/Space		µm		20/20		20/20		20/20		20/20		10/10		10/10		10/10		10/10		10/10		10/10		10/10		10/10		10/10		10/10		10/10		10/10

				Min. Conductor Thickness		µm		7		7		7		5		5		5		5		4		4		4		4		4		4		4		4		4

				Min. Micro Via Diameter		µm		20		20		20		15		15		15		15		10		10		8		8		8		8		8		8		8

				Min. Micron Via Land Diameter		µm		20		20		20		15		15		15		15		10		10		8		8		8		8		8		8		8

				Min. Through Via Pitch		µm		90		90		70		70		70		70		70		65		65		60		60		60		60		60		60		60



								Manufacturable solutions exist, and are being optimized

								Manufacturable solutions are known

								Interim solutions are known		¿

								Manufacturable solutions are NOT known



				Notes for Table HI-10

				1. The package type for this table is C-BGA

				2. The interconnect type of flip chip

				3. There are several parameters that do not change over the period covered by the Roadmap. They are:

				Max. Body Size		mm×mm

				Typical Body Size		mm×mm

				Min. External I/O Pitch		mm

				Typical External I/O Pitch		mm

				Typical Materials		-

				Typical Conductor Materials		-

				Max. Layer Counts		#

				4. State of the art materials may not be compatible with cost requirements for volume production

				5. Water absorption test is: JIS C6481
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Notes for HI-10

				Notes for Table HI-10

				1. The package type for this table is C-BGA

				2. The interconnect type of flip chip

				3. There are several parameters that do not change over the period covered by the Roadmap. They are:

				Max. Body Size		mm×mm

				Typical Body Size		mm×mm

				Min. External I/O Pitch		mm

				Typical External I/O Pitch		mm

				Typical Materials		-

				Typical Conductor Materials		-

				Max. Layer Counts		#

				4. State of the art materials may not be compatible with cost requirements for volume production

				5. Water absorption test is: JIS C6481
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HI-11



				Table HI-11   Package Failure Modes

				Basic Failure Mechanisms		#		Failure Origins and Driving Forces 		Sip-Relevant  Failure Examples 		Fault Isolation and Failure Analysis Methods



				A: Crack formation		1		Thermomechanical mismatch 		Chip solder and IMC fatigue(1st level)		Stress analysis  by Shadow-Moiré-Interferometry, speckle-interferometry (ESPI), deformation analysis by image correlation, x-ray diffraction, Micro-Raman, 3D-deformation analysis by insitu-X-ray computer tomography. Strain analysis by electron diffraction

										BGA solder ball fatigue (2nd level)

										Fracture of an embedded passive component 

										Die-to-die spacer crack

										Underfill crack 

										IC metal line open		Fault isolation by magnetic microscopy, time domain reflectance, lock in thermography, TIVA, OBIRCH. Crack detection by Scanning Acoustic Microscopy

										TSV local defects

										TSV Induced global die cracking

						2		Mechanical loading (application- or  process-induced)		IC dielectric crack 		Crack detection  by scanning acoustic microscopy, cross section analysis with light microscopy, SEM or FIB/SEM, X-ray computertomography. Flourescenct die penetration inspection

										Organic substrate crack

										Solder ball crack (drop)

										Ultra-thin die fracture

						3		Hygroscopic swelling		Mold compound cracking, die cracking

						4		Reaction-induced volume shrink or expansion (e.g. curing)		Mold compound cracking, die cracking

						5		Internal pressure (e.g. moisture vaporization at increased temperature)		Mold compound cracking, die cracking



				B: Interfacial delamination		1-5		Same as A: 1–5 above		IC dielectric delamination 		Stress analysis  by Shadow-Moiré-Interferometry, speckle-interferometry (ESPI), deformation analysis by image correlation, x-ray diffraction, electron diffraction

										Underfill delamination 

										Delamination between stacked dies 

										Organic substrate delamination



										Mold compound delamination		Crack detection  by scanning acoustic microscopy, cross section analysis with light microscopy or SEM, FIB/SEM, FIB/TEM, X-ray computertomography

										TSV to die delamination

										TSV pop up

						6		Interface reactions causing loss of  adhesion (e.g. moisture-, oxidation-, contamination- related)		Underfill delamination 		Crack detection  by scanning acoustic microscopy, cross section analysis with light microscopy or SEM, FIB-Laser/SEM, FIB/TEM, X-ray computertomography

										Mold compound delamination

										Organic substrate or top laminate delamination		Surface analysis  by TOF-SIMS, TOF-SIMS elemental trace analysis, chemical mapping and depth profiling, XPS, AES, FIB/ TEM+EDX, TEM+EELS

										Delamination of wafer bond interfaces

										TSV to die delamination



				C: Void and pore formation		7		Mechanical creep		IC Solder ball fatigue		Fault isolation by magnetic microscopy, time domain reflectance, lock in thermography, TIVA, OBIRCH

										BGA solder ball fatigue

						8		Diffusion (Kirkendall void formation) and Intermetallic formation		IC UBM lift 		Void detection by x-ray microscopy or x-ray tomography Cross section analysis with light microscopy, SEM or FIB/SEM (with EDX,WDX, EBSD  and x-ray diffraction for analysis of intermetallics) 

										Void in IC interconnect or in via 

										Wire bond lift

										BGA solder ball lift

						9		Electromigration		Void in IC metal line or solder,

										Void in solder, metal line or via in the BGA substrate

						10		Thermomigration		Void in IC metal line or solder,

										Void in solder, metal line or via in the BGA substrate



				D: Material decomposition and bulk reactions		11		Chemical corrosion		Bond wire lift		Fault isolation by magnetic microscopy, time domain reflectance, lock in thermography, TIVA, OBIRCH

						12		Galvanic corrosion		Bond wire lift

						13		Ageing (UV, …)		Organic substrate cracking or delamination		Failure analysis by Cross section analysis with light microscopy or based on FIB/SEM with EDX or WDX, µXRF, TEM, TOF-SIMS, XPS, FTIR spectroscopy, , mechanical testing, TGA, DMA, DSC (ageing), EBSD (grain analysis)

										Underfill cracking or delamination

						14		Grain coarsening, phase separation		Wire bond rupture

										IC solder ball fatigue 

										BGA solder ball fatigue
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HI-27



				 Table HI-27   Thinned Silicon Wafer Thickness (Updated Nov 2018)

				Year of Production		2012		2013		2014		2018		2019		2020		2021		2022		2023		2024		2026		2027		2028		2029		2030		2031		2032		2033

				Wirebond (µm, minimum thickness) 		30		30		20		20		20		15		15		15		15		15		15		15		15		15		15

				Bumped (µm, minimum thickness)		50		50		50		50		50		35		35		35		35		35		35		35		35		35		35

				TSV interposer (µm, minimum thickness)		30		20		20		60		60		60		30		30		30		30		<10		<10		<10		<10		<10

				For active wafer (minimum thickness)		10		10		10		5		5		5		5		5		5		5		5		5		5		5		5

				For extremely active wafer (minimum thickness) - Check by Bill		10		10		10		5		5		5		5		5		5		5		5		5		5		5		5





														Manufacturable solutions exist, and are being optimized

														Manufacturable solutions are known

														Interim solutions are known		¿

														Manufacturable solutions are NOT known

				Note: 300mm production wafer
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HI-28



				Table HI-28   Challenges and Potential Solutions in Thinning Si Wafers

				Category		Challenges		Potential Solutions

				Related to Wafer Thinning		Wafer thinning technology		Fine grinding wheel

						Stress relief		Wet polishing, plasma, dry polish, CMP

						Wafer handling technology		Inline back grind system,  attachement to sacrificial carrier & bebonding after thinning  

						Singulation		Mechanical saw, laser saw,  combination laser gooving and mechnical saw, plasma etch

						Bumped wafer		Mechanical handling innovation during and after thinning

				Downstream Intregration Challenges		Die attach handling		Needle-less pick-up system, carrierless wafer handling, 

						Wire bonding on overhang thin die		Optimize O/H length and wire bonding parameters, Less dynamic impact bonding

						Low loop wire bonding		Folded wire loop, 

								Reverse wire bond

						Molding thin gap		Liquid molding, compression mold, high flow molding compound, vacuum assist



				Notes for Table HI-28:

				1. Bumped wafer includes both solder bumps and microbumps
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