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First 3D-IC Test Chips with TSVs Fabricated in Tohoku Univ. 
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M. Koyanagi, Stanford University Workshop (CIS Round Table) (2005)

Proposal of 3D Chiplet Integration by Tohoku University



3D Heterogeneous Integration Technology in Tohoku Univ.
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Requirements for Wafer-Scale 3D Chiplet Integration

➢High wafer yield

       Reconfigured Wafer with KGDs

➢Heterogeneous integration of different kinds of chiplets

  Reconfigured Wafer with different kinds of chiplets

➢Long distance interconnection with high data bandwidth

    and low power consumption

                  Silicon photonics and optical interconnection
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New Reconfigured Wafer-to-Wafer 3D Integration
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* This movie is real-time playing.
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Simultaneous Bonding of Many Dies with Different Size by Self-Assembly

Liquid droplet
on hydrophilic

area Hydrophobic
area



0.01               0.1                  1.0                 10                 100

10,000

   1,000
                    

      100                  

        10                

          1
                     

        0.1

Chip size (mm2)

To
ta

l c
h

ip
 a

ss
em

b
ly

 t
im

e 
(h

rs
)

5 sec/chip (720UPH)

3 sec/chip (1,200UPH)

2 sec/chip (1,800UPH)

1 sec/chip (3,600UPH)

Chip assembly time (Pickup&place)

Throughput Comparison between Pick&Place and Self-Assembly for 12-inch Wafer
(Total Chip Assembly Time vs. Chip Size)

Chip assembly time 
(Hybrid self-assembly)

D = 1
D = 0

D = 0.1

D = 0.2

D = 0.3

D = 0.5

D = 1



Reconfigured Wafer-to-Wafer 3D Chiplet Integration
Using Self-Assembly

Fusion of 3D-IC Technology and Packaging Technology

(a)Multi-chip self-assembly

Self-assembly substrateChiplet(KGD)

Liquid droplet Hydrophilic film (SiO2)
Hydrophobic

 film
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(b)Multi-chip temporary bonding

Support wafer
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(d)De-bonding of self-assembly substrate
(Simultaneous transfer of many chiplets to 

support wafer) 
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Key Technologies for Reconfigured Wafer-to-Wafer
3D Chiplet Integration

➢ Multi-chip self-assembly

➢ Multi-chip temporary bonding

➢ Multi-chip transfer to support wafer 

➢ Simultaneous grinding and polishing of multi-chips 

➢ Hybrid bonding of reconfigured wafers

➢ De-bonding of  support wafer
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Photo of Various-size Self-Assembled Chips on 8-inch Wafer
Prepared by Hybrid Self-Assembly



Process Flow of Multi-chip Self-Assembly and Hybrid Bonding



Combined Technology of Self-Assembly and Hybrid Bonding

500nm
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Multi-chip thinning down to 30um
in thickness
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Visible Light Communication for 3D  Chiplet Integrated System
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CMOS chip

Configuration of Silicon Photonics Chip for Visible Light 
Communication
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Fabrication Process of Silicon Photonics Chip

(a)Bump formation on silicon photonics chip wafer

(b)VCSEL chips or PD chips bonded on silicon 
     photonics chip wafer

Si substrate

Si substrate

Support substrate

Si substrate Adhesive

Support substrate

TSV

(c)Fabrication silicon interposer for silicon
   photonics chip

(d)Formation of silicon cavity

(e)Bonding of silicon interposer wafer with silicon cavities 
to silicon photonics chip wafer

(f)De-bonding of support substrate

Support substrate

Si substrate

Cross-sectional structure 
of silicon photonics chip



VCSEL Chiplet Integration on Glass Interposer
  by Self-Assembly



Self-Assembled Micro-LED chips

(75umx125um)

Photo of μLED Array Prepared by Self-Assembly



Edge

Server

Cloud Server

AI 
Quantum

 Computing

Internet

Intelligent Sensor 

Node

Edge

Server

Edge

Server

Edge

Server

Edge

Server

Global Network in IoT/AI/post-5G Era



Requirements for AI System and Technologies
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Kyomin Sohn, IEEE ISSCC Forum 2.6 (2024)

Memory-Base AI Processor to Achieve High Energy 
Efficiency and Compactness



Synapse cell array

Cyclic Neuro Operation in 3D Stacked AI Chip
(Analog/Multivalued Neuro Operation)

3D Stacked AI Chip
Activation function implemented by analog circuits 
                       ReLU, Sigmoid etc.

MAC operation using CIM

NEDO AI Project (2018-2020)



Cross-sectional View of 3D Stacked AL chip with Four Stacked Layers

Neurochip (4th layer)



By Courtesy of Prof. T. Okatani, Tohoku University

Paradigm Shift from CNN to ViT (Vision Transformer)

Network 
Number of 
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Accuracy

CNN（Optimized）

Tiny ViT-V1

Tiny ViT-V2
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1,169

150
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71.3%
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CNN

Vision Transformer (ViT)

➢We can significantly reduce 
the number of matrix product 
operation (MPO) in ViT.

➢ViT is suitable for Edge 
application.

CIFAR-10

Image Recognition Using 3D Stacked AI chip



30

Average Error＝Yaw angle: 8.0 deg., Pitch angle: 8.7 deg., Roll angle: 7.6 deg.

Face Recognition Using 3D Stacked AI chip

By Courtesy of Prof. T. Okatani, Tohoku University



Implementation of Reservoir Neural Network in 3D Stacked AI Chip
with Cyclic Neuro Operation

Configuration of  Reservoir Neural Network 

with Simple Learning

Mapping of Reservoir Neural 

Network to 3D Stacked AI Chip 

with Cyclic Neuro Operation

K. Fukuda, Yoshihiko Horio et al. , NOLTA, IEICE (2021)



”0” ”1”

Reservoir Input

Speech waveform

Networ
k 

Output

Example of network response after learning

Recognize
 as “0”

Reservoir Input

100 % recognition for ten different voices

Network Output

Number of 
Reservoir Neuron

Connectivity within 
Reservoir

64 22 %

Input Connectivity
Output 

Connectivity

6.25 % 100 %

Learning (ten times) of “zero” and “one” by Linear Regression

Voice Recognition Using 3D Stacked AI chip

Speech waveform

Recognize as “1”



CIM Basic Synapse Circuit Array

CIM (Memory-in-Computing)
by SRAM Memory Cell

CIM Based AI Chip Using SRAM and Transformer Algorithm 
(Mixed Analog-Digital Multivalued Neuro Operation)

Transformer Algorithm



Direct Data Transfer between Adjacent 3D Stacked Neuro Chips

Configuration of 3D AI Chip



CIM Neurochip

Digital Neurochip

Memory
Chip

Wafer-Scale 3D Chiplet Integration
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Wafer-Scale AI System by 3D Photonic Chiplet Integration



Conclusions

➢ Key technologies of reconfigured wafer-to-wafer 3D chiplet integration.

➢ Silicon photonics for visible light communication.

➢ Fabrication and evaluation of 3D stacked AI chip with cyclic neuro operation.

➢  Wafer-scale AI system by 3D photonic chiplet integration.



Wafer edge trimming

Ionized sputter
Insulator CVD

Deep Si etch

plating

Bonder / Debonder
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<1/2>12-inch 3D Production Line in Tohoku Univ. GINTI （Global INTegration Initiative）

Thank you for your kind attentions !


	スライド 0
	スライド 1: Outline
	スライド 2: First 3D-IC Test Chips with TSVs Fabricated in Tohoku Univ. 
	スライド 3
	スライド 4
	スライド 5
	スライド 6: Requirements for Wafer-Scale 3D Chiplet Integration
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17
	スライド 18
	スライド 19
	スライド 20
	スライド 21
	スライド 22
	スライド 23
	スライド 24
	スライド 25
	スライド 26
	スライド 27
	スライド 28
	スライド 29
	スライド 30
	スライド 31
	スライド 32
	スライド 33
	スライド 34
	スライド 35
	スライド 36
	スライド 37: Conclusions
	スライド 38

