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DRAM Technology Roadmap (Expected)
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DRAM Cell Size Trend

Micron D1α
8Gb DDR4 Micron D1α

16Gb DDR4

Micron D1α
16Gb

LPDDR4X

OMEM-201-2: DRAM, Part 2



4 | ©2022 Flash Memory Summit. All Rights Reserved. 

DRAM Cell D/R Shrink Ratio Trend
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DRAM Scaling
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Cell & Periphery Scaling: Examples
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DRAM Capacitor MESH Patterning
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Manufacturer CXMT

Tech Node D2y D1x D1y D1z D2y D1x D1y D1z D1α D2z D1x D1y D1z D2x (22nm)

Gate Image

(x-section TEM)

Gate Layer 1 Poly-Si Poly-Si Poly-Si Poly-Si Poly-Si 1 Poly-Si 1 Poly-Si 1 Poly-Si 1 Poly-Si 1 Poly-Si Poly-Si Poly-Si Poly-Si Poly-Si

Gate Layer 2 TiN TiN TiN TiN Poly-Si 2 Poly-Si 2 Poly-Si 2 Poly-Si 2 Poly-Si 2 TiN TiN TiN TiN TiN

Gate Layer 3 WN W W W TiN TiN TiN TiN TiN W W W W W

Gate Layer 4 W W WN WN W W SiON WSiN WSiN WSiN

Gate Layer 5 W WSiN WSiN WSiN W W W W

Gate Layer 6 W W W

Gate Height 62 nm 57 nm 58 nm 55 nm 73 nm 80.5 nm 63 nm 56 nm 50 nm 98 nm 71 nm 71 nm 71 nm 78 nm

Gox Structure SiO/SiON/SiO SiON/SiO SiON/SiO SiON/SiO SiON/SiO SiON/SiO SiON/SiO SiON/SiO SiON/SiO SiON/SiO SiON/SiO SiON/SiO SiON/SiO SiON/SiO

LV Gox Thickness 2.3 nm 3.0 nm 2.5 nm 1.9 nm 2.7 nm 2.3 nm 2.0 nm 2.0 nm 2.0 nm 2.2 nm 1.8 nm 1.8 nm 1.8 nm 2.8 nm

HV Gox Thickness 6.0 nm 5.8 nm 5.0 nm 4.6 nm 6.4 nm 5.6 nm 5.0 nm 5.2 nm 5.3 nm 5.2 nm 5.4 nm 4.2 nm 4.2 nm 5.2 nm

Gate Spacer SiN liner / SiO SW SiN liner / SiO SW SiN liner / SiO SW SiN liner / SiO SW SiN liner / SiO SW SiN liner / SiO SW SiN liner / SiO Buffer / SiN SiN liner / SiO Buffer / SiN SiN liner / SiO Buffer / SiN SiN liner / SiO SW SiN double liners / SiO SW SiN double liners / SiO SW SiN/SiO/SiN SiN liner / SiO SW

CONT Materials CoSi W/TiN/CoSi W/TiN/CoSi W/TiN/CoSi W/TiN/CoSi W/TiN/CoSi W/TiN/CoSi W/TiN/CoSi W/TiN/CoSi W/TiN/CoSi W/TiN/CoSi W/TiN/CoSi W/TiN/CoSi W/TiN/CoSi

Report ID 0315-39040-O-5DM-100 AME-1701-805 AME-1902-802 AME-2102-801 0716-43012-O-5DM-100 AME-1804-803 AME-1905-801 AME-2007-801 AME-2106-801 AME-1703-801 AME-1811-801 AME-1911-801 AME-2104-801 AME-2006-802
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HKMG on DRAM

■ Conventional TR (DDR4, D1y) ■ HKMG TR (DDR5, D1y, Gate-First)

LV NMOS LV PMOS

W/TiN/Poly-Si/SiON/SiO

• La-doped HfSiON
• Thinner TiN WF
• W/TiN/poly-Si

• Al-doped HfSiON
• La-doped TiN1/TiN2 Interface
• Thicker TiN WF
• SiGe Epi-Channel
• W/TiN/poly-Si

Ref.
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Industry Needs: More DRAM

❑Higher Density (Chip/PKG), Higher Bandwidth, Higher Speed, Low Power (Energy) 

▪ Higher Density (Chip) ▪ Higher Density & Bandwidth (PKG) ▪ Higher Speed, Low Power

✓ 2D Device Scaling

✓ 4F2 Cell Design

✓ 3D DRAM, GAA

✓ 3-MESH, 4-MESH

✓ EUV, high NA EUV

✓ Hardmask Engineering

✓ ALD, ALE, Defect Control

✓ Capacitorless (2T, 1T)

✓ IGZO-based Cell, CuA

✓ HBM-TSV (HBM3, HBM4, …)

✓ DRAM-TSV

✓ MCP

✓ Chiplet (Intel, TSMC, AMD, …)

✓ SoIC

✓ H-Bonding, FO-SiP

✓ Thermal Engineering, Cryo-DRAM

✓ PIM, FIM-DRAM*

✓ HBM-PIM*

✓ GDDR6-AiM*

✓ LPDDR6, 7

✓ DDR6, 7

• FIM: Function - in - Memory
• PIM: Processing - in - Memory
• AiM: Accelerator in Memory
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