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ABSTRACT
Semiconductors are considered as one of the essential technologies in modern electronic devices
and systems. Thus, it is required to predict and propose the semiconductor technology develop-
ment roadmap. This study describes the key semiconductor technology issues, research and de-
velopment trends, and their future roadmap, in the four areas such as the semiconductor device
More-Moore integration technology, system-specific application processor technology, artificial
intelligence/machine learning (Al/ML) processor technology, and outside system connectivity via

optical and wireless communication.
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[ Minlstry of S nd ICT

E— IRDS (International Roadmap for Devices and Systems)

:further broadened to not only semiconductor devices but also the relevant
ITRS2.0 systems
: expanded to System Integration, Outside System Connectivity, Heterogeneous Int
egration, More than Moore, Beyond CMOS, More Moore, Factory Integration

ITRS (International Technology Roadmap for Semiconductors)
:expanded to reflect global nature of semiconductor industry

v

NTRS (National Technology Roadmap for Semiconductors)
: Technology Nodes, Performance Targets, Research Priorities, Collaborative Efforts
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H 1. ¥A3=} 7|= (More Moore) H™ Mt
2022 2025 2028 2031 2034 2037
G48M24 G45M20 G42M16 G40M16/T2 G38M16/T4 G38M16/T6
Node Label 3nm 2nm 1.5nm 1.0nm eq 0.7nm eq 0.5nm eq
3D Integration Stacking Stacking Stacking 3D VLSI 3D VLSI 3D VLSI
. . X LGAA LGAA-3D LGAA-3D LGAA-3D
e SIENTR i finFET LGAA CFET-SRAM CFET-SRAM-3D CFET-SRAM-3D CFET-SRAM-3D
Device Taller fin LGAA CFET-SRAM Low-Temp Device Low-Temp Device Low-Temp Device
Patterning 193i, EUV DP 193i, EUV DP 193i, High-NA EUV 193i, High-NA EUV 193i, High-NA EUV 193i, High-NA EUV
Beyond CMOS - - 2D Device, FeFET 2D Device, FeFET 2D Device, FeFET 2D Device, FeFET
ifitesien Channel SiGe50% SiGe60% SiGe70% SiGe70%, Ge 2D 2D
Point Interconnection Self-Aligned Vias Backside Rail Backside Rail Tier-to-Tier Via Tier-to-Tier Via Tier-to-Tier Via
RIS Channel, RMG Lateral/Atomic Etch | P-over-N, N-over-P 3D VLS| 3D VLSI 3D VLS|
Technology
Stackin 3D-stacking 3D-stacking 3D-stacking, CFET 3D-stacking, CFET 3D-stacking, CFET 3D-stacking, CFET
9 Mem-on-Logic Mem-on-Logic Mem-on-Logic 3D VLSI 3D VLSI 3D VLSI
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Year of production 2021 2022 2025 2028 2031 2034 2037
Number of cores per socket (max) [1] 46 64 128 256 384 640 896
Processor base frequency (for multiple cores together) [2] 3.20 2.5~3.3 3.0~3.6 3.4~3.7 3.4~3.7 3.4~3.7 3.4~3.7
L1 data cache size (in kB) [3] 38 40 42 42 44 44 44
L1 instruction cache size (in kB) [4] 64 96 128 128 160 160 160
DDR bandwidth (TB/s) 0.2 0.31 0.76 1.02 1.2 1.2 1.2
Number of DDR channels 8 12 12 16 16 16 16
DDR4 DDR4 DDR5 DDR5 DDR6 DDR6 DDR6
Socket TDP (Watts) 280 300 450 600 600 700 700
349 4% S5 v E 2w A 5 9§ AL E
A4 3nm FAHS AL Avnw, R EZRANe d 2ERS o3
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# 3. FUSH 7l 2

— o
2023 2026 2029 2032 2035
Bluetooth EDR Data Rate (Mbps) 2/3 2/3 2/3 2/3 2/3
BLE Data Rate (Mbps) 1/2 1/2 1/2 1/2 1/2
WiFi Max Data Rate (Gbps) @ 45m 0.867 0.867 0.867 0.867 0.867
WiGig 60GHz Data Rate (Gbps) 4.6-7 4.6-7 4.6-7 4.6-7 4.6-7
Cellular Data Rate (Gbps) 7 10 20 50 70
3G/4G RF Frequency (GHz) <4 <4 <4 <4 <4
5G/6G mm-Wave Frequency (GHz) 28 28, 39, >72 28, 39, >72 28, 39, >72 28, 39, >72
Data Rate (Gbps) 7 10 20 50 50

At or WHAse S AT F 5w R dAdS FFA Tl
At FHE ZRAAMY Ae dA oF 1 AL, 7] FFA EWAHE
TOPS/W Z&Qld], 2040 ¥ ZAHel= 100 At 53 % AYE (Active Optical
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A vEQaRY ddL g 2
Training (FP16, FP32) AE] Z YA (Wavelength  Division Multi—
100 plexingi WDM) 7] %% X_‘]' -g—t:i_]_- %
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’ o 7Hg ol AR 7R 9] HEek AF (Fiber—
. R of o to—the=X: FTTX)d% F&FA  7]&E0]
A = ': . EI%%D]—
At ‘“; . ‘ std, 7Hg, AFRA T AW 2AE
o A A t o S FHEALe glo]uto] (WiFi), 60GHz ISM
- o 9}o] so] 3l WiGig,
l].0012013 2014 2015 2016 2017 2018 2019 2020 2021 —%$$i (BluetOOth) %‘O] /\]—%E] Uq ’
Year o] 5&Al (Cellular) °]ls&A == 5G/6G
(a) T 710l AFEET
Inference (INT8, INT16, FP8)
E : . v\\v;‘*\ T : . Outsidefinsde of Rack
2 i " il :
B ol . srroa IF 4. S)FAAE AF V)% A
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3. 244 UxH 7)< 7IHF Agwela WiFi @1 WiGig & 7Gbps

A} a9 A xE A AL HelE ol ] o] =%l (Cellular) & A% H0]
ol 9% A Aulu AdRh 19 4 & i S7ke sleddl, @A 7Gbps FEel
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o}, At} o] & gt o5&l A5E
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