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Abstract: 

Hybrid integration of functional multichip layers and electronic devices has received a 

significant research interest from both industry and academia. While moving towards the end 

of Moore's law, the power consumption and device scaling remain as significant challenges, 

necessitating the development of beyond-multichip technologies to achieve high performance 

computing. While conventional techniques like wafer based bonding and pick-and-place can 

only partially address the aforementioned challenges, a variety of new multi-chip transfer and 

wafer scale circuit integration approaches have been developed. This review summarizes such 

wafer scale integration and neural networks based on multichip modules for many applications, 

such as flexible electronics, smart displays, and gaming. The proposed study has showcased a 

wide range of multi-chip modules, and the need for wafer scale integration with expanded 

functionalities. Finally, a detailed analysis on the advantages of the state-of-the-art techniques 

has been provided and the future research directions are discussed. 

Keywords: Multi Chip Modules (MCM), hybrid integration, wafer based integration, high 

performance computing 

1. Introduction: 

Multi-chip materials, circuits, and packages continue to serve as the foundation for the 

majority of modern integration circuits and electronics. Needless to say, electronic components 

can be found almost anywhere, from large TVs, smart cars to modern computers. They have 

made a significant impact on our daily lives [1]. Doped technology advancements have resulted 

in the formation of high-quality silicon layers on specific substrates. In a Multichip Module 

(MCM), multiple circuits and devices are embedded and combined into a single kit. The MCM 
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could be used instead of the traditional Application Specific Integrated Circuit (ASIC) 

technology [2]. When compared to ASIC, it is a viable option with lower cost and time, and 

with an increased reachability. It offers numerous benefits, including a significant increase in 

integrated circuit efficiency by replacing multiple chip board with a single board. 

Especially in semiconductor devices, the growth substrate will usually be preserved 

soon after the completion of chip fabrication [3]. Also there are different situations where the 

layers of the semiconductor should be very thin and also in some particular situation, it should 

be transferred to another substrate by removing the transfer layer. For e.g.: the utilization of 

GaN based LED chips in general lighting applications. But it is well-known that GaN based 

LED has poor heat dissipation properties. The multi-chip interconnection using wafer scale 

integration are accompanied by incorporating metal etching or photolithography process [4]. 

However, none of the existing technologies offer a formidable wafer as combination of 

multichip modules and micro matching of the packed integrated circuitry. Furthermore, the 

existing technologies also suffer from reduced yield, low accuracy in circuit alignment, and 

poor robustness [5]. 

The recent development of wearable electronic devices is the major driving force for 

developing a cost-effective wafer scale integration. Henceforth, heterogeneous interconnection 

of multiple layers and different chip components into a single wafer-level substrate will remain 

as a major driving force for modern electronics.    

2. Multichip Module  

With every new generation of IC, the circuitry becomes denser and functionally complex. 

This makes the existing hybrid multichip based circuit as multichip module. Basically, 

MCMs are referred as hybrid microcircuit extensions with higher degree of density (for 

instance: 30% higher silicon to substrate density) to deliver enhanced electrical characteristics 

and performance [6]. 

Based on the interconnected substrate, totally there are three basic types of Multichip 

Modules: 

1. MCM_D: This type has an interconnected substrate using thin film with deposited 

dielectrics and conductors using the process of photolithography.  

2. MCM_C: This type has an interconnected substrate using thick film with multi layers 

and ceramic tape in a singular monolithic structure. 
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3. MCM_L: This type has an interconnected substrate using organic/plastic laminate with 

an over moulded outer laminated structure. 

The other types and characteristics of Multichip Modules (MCMs) are mentioned in Fig. 1 

& Table 1 respectively.  

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 1. Types of Multichip Modules  

Table 1. Characteristics of Multichip Modules  

Characteristics MCM-D MCM-L MCM-C 

Line Width 10 750 125 

Line Density >400 250-400 200-400 

Turnaround Time 10-20 Days 9-12 Weeks 1 Month 

Availability 

Period 

5-6 Years 45-50 Years 10-11 Years 

 

MCM TYPES 

Non-Programmable MCM Programmable MCM 

MCM-L 
MCM-D MCM-C 

Increased Density 

Increased Performance 

Decreased Cost 

Increased Cost 

Ultra High Density 

Ultra High Performance 
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Some notable advantages of MCMs are [8]: 

1. Enhanced performance with reduced interconnection length 

2. Compactness 

3. Enhanced reliability 

4. Fast market reachability 

5. Flexibility 

6. Reduced crosstalk and capacitance loading 

7. Reduced capacitance and electric supply inductance 

8. Simplified design 

 

3. Wafer Scale Integration 

In the basic process of electronic chip manufacturing, a memory, processor, or other electronic 

circuits of computer chip are printed onto a thin silicon disc known as a wafer. A wafer is 

indeed a sphere with a diameter of about 12 inches today. A chip is a square shaped 

element with a side length of less than an inch. Upon that wafer, many versions of the same 

chip can be printed. This will then be arranged as a grid with scribe lines connecting them as 

shown in Fig. 2. Wafer-scale integration is the concept of creating a single chip from the entire 

wafer [10]. 

 

Figure 2. Wafer Level Chip processing [9] 
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All benefits of high-end MCMs should be possible with wafer scale integration. 

Extremely compressed packaging should be possible by maintaining the chips implanted in the 

wafer and assembling all inter-chip routing as a part of the chip's multilayer metalizing 

architecture. This does not require any additional assembly. However, the significant 

challenges with this approach are cost and yield. 

Figure 3 depicts the factors that influence the optimal size of a wafer die. Lower cost 

per gate attained by the mask level integration of transistors is highly efficient than assembling 

the electronic components sliced from a wafer.  However, the increasing number of gates, 

decreases the yield and as a result the cost per function increases unprecedently. The optimal 

wafer die size for balancing integration and also the yield gets increasing constantly [7]. 

 

Figure 3. Wafer Scale Integration Trend 

When compared with memory wafers, random inference wafers present significant 

challenges for wafer design, particularly when self-testing, redundancy, and self-rerouting are 

involved. On-chip packet switching of large gate arrays currently necessitates 4-6 layers. A 

high-density WSI wafer may require 9 to 10 layers in total. Since the value of a good wafer at 

the 8th or 9th layer is very high, the final interconnect will result in extremely high yield. 

To confront the prospective density of wafer scale integration, a cost-efficient strategy is 

implemented to always utilize the optimal size die and reconstruct wafer. This approach is 

referred as wafer scale reconstruction that enables multichip modules. 
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4. State-of-the-art Technologies 

Recently, Schemmel et al., [11] have incorporated Artificial Intelligence (AI) technology 

in the process of wafer scale integration. Here, Artificial Neural Network (ANN) model has 

been incorporated to develop a programmable topology. This technique has resulted in reduced 

power consumption with enhanced fault tolerant model and advanced transferability. Further, 

Khosla et al., [12] have simulated the LASER based interaction by processing advanced 

materials. This has highly assisted in providing an advanced coating for next-generation 

electronic devices along with denser films and adherent coatings. Giambra et al., [13] have 

designed the novel three-stage protocol for Graphene driven photonic devices in order to enable 

wafer-scale based complete process flow. Liu et al., [14, 15] developed an AU assisted 

exfoliation process to realize monolayer wafer-scale MoS2 with appropriate thickness, high 

uniformity & grain size, and reduced defects. Further, they have extended the work by 

developing a wafer level yield using the damascene process to leverage ultra-low dispersion 

and eliminate the trade-off between the surfaces etch and roughness.  

Yuan et al., [16] have designed a wafer-level glass and multichip scale package for 

enhancing three most significant reliable designing parameters such as PI thickness, die and 

glass. The developed chip level package also assisted in enabling intrinsic and extrinsic 

prediction capability by minimally utilizing the training dataset. This package can also be 

applied in sequential artificial neural networks that require finite element modeling. Guo et al., 

[17] have additionally incorporated a chemical reaction and evaporation mechanism to support 

the implementation of vapor cells fabrication in MEMS application. The major advantage of 

this mechanism is that it highly satisfies the CSACs requirements by avoiding the risk of 

contamination.  

Bloaicher et al., [18] have proposed a hybrid mechanism for photonic integration in 

order to implement 3D based nano printing mechanism in the domain of optical waveguides. 

With its simplified assembly, it plays a potential role in the design and development of 

advanced multi-chip systems. The real-time application of this technology includes designing 

the transmitter modules for the high-speed telecommunication systems. Quellmalz et al., [19] 

have designed a large-scale wafer based integration in 2D material with wafer adhesive 

bonding. This method helped to establish a successful transfer of 2D materials from the initial 

growth substrate to the final target wafer. Kampasi et al., [20] have dedicated a significant 

research contribution towards the process of advanced wafer-scale micro fabrication and micro 
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packaging. This technique helped to implement advanced high resolution micro fabricated 

wafer-scale based material. This material can be used in the developing minimally invasive 

imaging and optical waveguide applications. 

Table 2: Comparison of various existing techniques 

S.no Reference Technique Applications Outcome Advantages 

1 Schemmel 

et al. [11] 

Artificial neural 

network for 

wafer-scale 

integration 

VLSI 

implementations 

Wafer-scale 

ANN with 

programmable 

topology 

1. Power 

consumption. 

2. Fault tolerance 

and the 

transferability.  

2 Khosla et 

al. [12] 

SLIM 

(Simulation of 

Laser 

Interactions with 

Materials) based 

computer 

modeling 

Ultra hard 

coatings to next-

generation 

photonic, 

quantum, and 

electronic 

devices 

Carbon 

polymorphs 

fabrication  

1. Nucleation sites 

for diamond 

growth. 

2. Adherent, and 

denser films. 

3. Wide range of 

coating 

applications. 

3 Giambra 

et al. [13] 

Growth, transfer 

and fabrication 

protocols for 

graphene-based 

photonic devices 

Optical and data 

communication, 

Photonics and 

optoelectronics,  

Photodetectors  

Full process 

flow for SLG-

based 

photonics on 

wafer-scale 

1. Approach is 

easier and more 

reproducible. 

2. Higher mobility 

than 

polycrystalline 

films. 

4 Liu et al. 

[14] 

AU-assisted 

exfoliation, 

CVD, thin film 

sulfurization, 

MOCVD. 

 

2D transition 

metal 

dichalcogenides  

Wafer-scale 

monolayer 

MoS2 

realization 

1. Desired 

thickness. 

2. Good uniformity. 

3. Large grain size. 

4. Less defects. 
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5 Liu et al. 

[15] 

Wafer-scale-

yield photonic 

damascene 

process 

Fabrication 

technology on 

wafer level yield 

Ultralow-loss, 

dispersion-

engineered 

Si3N4 

waveguides 

exceeding one 

meter 

No trade-off between 

etch verticality and 

surface roughness .  

6 Yuan et 

al. [16] 

Glass wafer-level 

chip-scale 

package  

Sequential 

artificial neural 

network with 

finite element 

modelling  

Three key 

reliability 

design 

parameters : 

Die, glass, PI 

thickness 

Intrinsic and extrinsic 

prediction capability by 

utilizing minimal training 

dataset. 

 

7 Guo et al. 

[17] 

Chemical 

reaction and 

evaporation 

MEMS vapor 

cells fabrication 

 

Satisfies sensor 

requirements 

such as CSACs 

1. Concise and 

convenient. 

2. Avoids 

contamination 

risk. 

  8 Blaicher 

et al. [18] 

Hybrid photonic 

integration 

3D nano-

printing of 

freeform optical 

waveguides 

Simplified 

assembly of 

advanced 

multi-chip 

photonic 

systems 

1. Transmitter 

modules for high-

speed optical 

telecommunicatio

ns. 

2. Unlock wide 

variety of novel 

applications. 

9 Quellmalz 

et al. [19] 

Large-area 

integration in 2D 

materials with 

Integration of  

2D materials in 

semiconductor 

Successful 

transfer of 2D 

materials from 

growth 

1. Advancements in 

fundamental 2D 

material science. 
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adhesive wafer 

bonding 

substrate to 

target wafer 

10 Kampasi  

et al. [20] 

Micro-

fabrication and 

packaging 

Optical implants 

Cochlear and 

retinal implants 

Advanced 

wafer-scale 

micro 

fabricated 

material 

1. High resolution. 

2. Minimally 

invasive optical 

waveguide and 

imaging. 

 

5. Summary, Outlook, and Future Work 

The proposed study has summarized different heterogeneous wafer scale integration 

technologies for multichip systems by implementing multi-chip transfer and wafer layer 

transfer. Among the discussed technologies, some wafer scale technologies like AU assisted 

exfoliation and hybrid photic integration techniques, assist in implementing a wafer-scale 

transfer of multi-chip systems in a cost efficient and intelligent manner without compromising 

the initial growth substrate of the multichip systems. The wafer-scale integration provides 

practical ways to design and develop complex functional multi-chip systems, regardless of its 

original fabrication and growth process. In different cases, such multi-chip systems have faced 

difficulties in achieving enhanced device performance with extended functionalities by using 

the conventional circuit assembly technologies. For instance, some of the techniques presented 

in the proposed review study have overcome the challenges faced by traditional technologies 

with the advanced techniques such as Artificial Neural Network driven wafer sale integration, 

simulated LASER based interactions, wafer-scale yield based damascene process, finite 

element modeling, and micro fabrication technologies.  

Despite the significant research progress in wafer scale transfer techniques, there are 

numerous challenges to overcome, such as the challenges encountered in the field of heat 

dissipation, quality of the circuit signal, transfer speed, generating large-scale continuous 

circuits, controlled wafer layer thickness, and handling individual circuits during multi-scale 

wafer integration. Moreover, the optimization of existing techniques and implementation of 

new wafer-level technologies would motivate in extending continuous research efforts in the 

near future.  
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