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Research

and Development of 3—D Technology in the World
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Evolution of DRAM Memory Cell

2D (1975-1985)

Dr. R. H. Dennard (IBM)

Planar capacitor
(64K - 1M )

Transfer gate
(Word line)

Storage node

Bit line \ Plate
S

Switching Storage
transistor  capacitor

Transfer gate
(=) g

3D (1985 -

M. Koyanagi (Hitachi)

Storage node  Plate

)

First stack capacitor
(1M - 4M)

Transfergate  Plate

Storage node

First trench capacitor
(M- )

H. Sunami (Hitachi)

Multi-fin type
(4M - 64M)

Cylindrical type
(64M - 1G)

Substrate-plate type
(64M - 1G)




SEM Cross-Sectional View of 3D-DRAM Cells
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Evolution from 3D Stacked DRAM Cells to 3D Stacked LSI
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Cross—Sectional Structure of 3—D LSI
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3D Integration Technology Using Wafer Bonding and Thinning
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Background on 3D Integration

1. High packing density 5. Low power consumption

2. Size & weight reduction 6. Parallel processing
3. Short interconnect length 7. New functionality
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TSV Fabrication Process Sequences for 3-D LSIs
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SEM Cross Section of W/ Poly-Si TSV
(Viafirst or Via before BEOL)
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Scaling Capability of Buried Interconnection (TSV)
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Various Kinds of Wafer Bonding Methods (1)
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Various Kinds of Wafer Bonding Methods (2)
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Wafer Bonding Using Adhesive Injection Method
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T. Matsumoto and M. Koyanagi et al, SSDM, pp.460-461, 1997.

3D LSI Test Chips Fabricated in Tohoku University

- 3-layer stacked image sensor chip (IEDM, 1999)
Wafer bonding (Wafer non-transfer with TSV)

- 3-layer stacked memory chip (IEDM, 2000)
Wafer bonding (Wafer non-transfer with TSV)

- 3-layer stacked artificial retina chip (ISSCC, 2001)
Wafer bonding (Wafer non-transfer with TSV)

- 3-layer stacked microprocessor chip (Cool Chips, 2002)
Wafer bonding (Wafer non-transfer with TSV)

- 10-layer stacked memory chip (IEDM, 2005)
Chip-to-wafer bonding (Self assembly with TSV)

- 38-layer stacked test chip (IEDM, 2007)
Reconfigured wafer-to-wafer bonding (Self assembly with TSV)
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3D LSI Prototype Chips Fabricated in Tohoku Univ.
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SEM Cross-Sectional View of 3-D Microprocessor
Chip Fabricated by Wafer-to-Wafer Bonding
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3-D Memory with TSV
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Comparison of 3D Integration Technologies
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3-D Technology Based on New Chip-to-Wafer Bonding
in Tohoku University : Super-Chip Integration
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Configuration of Super-Chip
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Summary

. We developed a wafer-to-wafer 3D integration technology
using metal microbump bonding and adhesive injection.

. Various 3D LSI test chips were successfully fabricated and
their basic operations were confirmed.

. We developed a super-chip integration technology using
a chip self-assembly method.

. We succeeded in simultaneously self-assemble a number
of known-good-dies (KGD’s) with high alignment
accuracy of 0.5 um.

. We successfully stacked 38 test chips by a self-assembly
method
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