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N2 30%*Long time readers will recall that SemiAnalysis covers more than just datacenters and AMD. Today were back to semiconductors with a tech-focused roundup of the best from this years VLSI conference, the premiere design and integration. That includes the latest in chips manufacturing: fab digital twins, the future of advanced logic
transistors and interconnects, DRAM architectures beyond the 1x nm nodes, and more. Well discuss Intels 18A process and compare with TSMC, where backside power will be adopted (and where it wont), and the likely winners in 4F2 versus 3D DRAM. Semiconductor design and fabrication is getting exponentially more complex, increasing
development costs and lengthening design cycles. Digital twins allow for design exploration and optimization to be done in an accelerated virtual environment. With this, engineers can ensure that designs work before any silicon is run through the fab. Digital twins span the entire scale of semiconductor design: Atomic-level: Simulate the quantum and
Newtonian interactions between atoms in materials engineering of transistor contacts and gates Wafer-level: Optimize tool chambers and process recipes in virtual silicon for yield and performance Fab-level: Maximize fab productivity with orchestrated maintenance and management across the fleet Source: Synopsys On atomistic simulations,
Synopsys provided an overview of their QuantumATK suite, used in materials engineering in transistor contacts and gate oxide stack design, which are critical to device performance. Traditional Density Functional Theory (DFT) modelling of quantum effects between atoms is the most accurate but computationally expensive, while conventional force
field simulation of Newtonian atomic interactions is quick but with limited accuracy. GPU accelerated DFT-NEGF (Non-Equilibrium Greens Function) demonstrated a 9.3x speedup using only 4x A100 vs CPU, while Machine-Learned Force Field simulation using Moment Tensor Potentials demonstrated near-DFT accuracy with 17 min compute cost vs
12 days with traditional DFT. Source: Synopsys These atomic models are critical in understanding the electrical interactions occurring at the interface between different material layers. In contact engineering, MLFF is used to generate the contact interface between crystalline silicon and amorphous silicides, simulating the depth of interdiffusion
where the boundary undergoes silicidation. DFT-NEGF is then used to calculate contact resistance and current-voltage curves across the interface. For gate oxide design, the complex multi-layer work function metal stack is built using MLFF and simulated to check its structure and chemical composition. Dipole dopants can then be introduced and
optimized with DFT, which also does electrostatic analysis to calculate key parameters such as effective work function, Schottky barrier height and equivalent oxide thickness. As we move forward into Gate All Around design schemes, these atomic simulations become even more important in choosing the right materials. Lams Law: As complexity
increases, the number of possible recipe combinations grows exponentially. Source: Lam Research Lams Digital Twin offerings scale from process to tool and up to virtual fabs. Source: Lam Research On wafer-level optimization with virtual silicon, Lam Research presented work on their Coventor SEMulator3D software. With transistor geometries
increasing in complexity from planar to FinFET to GAA, the number of possible process recipe combinations only grows exponentially, which theyve marketed as Lams Law. Virtual wafer fabrication is done with process simulation using trained models with optimized parameters, allowing engineers to widen process windows and improve yield while
reducing the number of physical test wafer cycles required to validate changes. Lam also builds their deposition and etch tools as a digital twin, building virtual chambers with plasma flow simulation to help in recipe prediction while also optimizing chamber design for uniformity across the wafer. Source: Lam Research These simulation tools have
been used in process window studies to select backside contact schemes with the widest process window while investigating how each recipe affects the stress and strain across the nanosheet transistors. High Aspect Ratio etch schemes also use virtual environments to predict tool output etch profiles for a given input mask pattern. These etch
profiles are compared to a target output profile and given a distance which is then minimized with further tests in the digital twin. Source: Lam Research Going up to the fab-level, Lam also presented the work needed to achieve a lights-out fab. That is a fab that requires no human intervention and as such one can turn the lights off. Tool fleets need to
be orchestrated in a virtual twin at near real-time speeds to coordinate tool downtime and maximize fab productivity. The tools themselves need to be self-aware with their predictive maintenance, using built-in metrology tools that detect tool alignment and process drift over its lifetime. For a lights-out fab, each tool should target at least 1 year of
uninterrupted operation with no human intervention, with automatic recovery after failure and self-requesting maintenance. Source: Lam Research Maintenance of tools would be carried out automatically with robotic parts delivery and installation of consumables and wear items, with tools being designed around robotic maintenance. While a
conceptual target of 2035-2040 was given by Lam, the main barrier facing lights-out fabs is with data and connectivity across tools from different vendors and the standardization of maintenance processes. Source: TSMC With SRAM bit density no longer increasing with new process nodes, TSMC R&D sought to revive eDRAM to boost chip cache
densites. Embedded DRAM was last seen in IBMs z15 on GlobalFoundries 14nm. The main innovation here is that TSMC can fabricate the entire memory array within the BEOL metal layers, with the DRAM transistor and capacitor formation scheme being within the 400 degree C limit of BEOL flows. This frees up the front-side transistors and lower
metal layers for functional logic blocks. With modern processor designs increasing the ratio of SRAM to logic area, being able to stack a DRAM-based last level cache on top of active logic would represent a breakthrough in scalability and design. However, the demonstration shown is still early in the R&D phase, with the available advanced logic area
below just used to house the DRAM peripheral logic (Wordline drivers and sense amplifiers) to boost memory density. The 4Mbit macro that was fabricated only had a bit density of 63.7 Mb/mm?2, not even 2x that of modern high density 6T SRAM. For reference, Microns latest 1-gamma DRAM would be about 9x denser than this, but without the
performance and accessibility to serve as on-die cache. While TSMC did not give any hints on when this will be ready for productization, it does show huge potential for future generations of this technology, which will fundamentally change how chips are designed. DRAM has two inflection points on its 5-year roadmap: 4F2 and 3D. The current 6F2,
in use for more than a decade, will only scale until the 1d node. With 1c in high volume now, 1d should debut in the next 1-2 years. SK Hynix highlighted a few key challenges in scaling beyond 1d: Source: SK Hynix Cell contact areas, in particular the storage node contact where the storage capacitor connects to the control transistor below, shrink
quadratically with cell critical dimension. The contacts must be large / well aligned enough to provide a good electrical connection between the transistor and capacitor, but not be so large or misaligned that they short out to any neighboring cells. This is the cell contact open margin in the chart above, shrinking with every node. At 1d the process and
tooling reach their limits for a workable, high-yield process. The resistance in the shrinking devices and interconnects also grows as they scale down. This is the cell external resistance referenced above. Its a catch-all sum of all resistive elements between the memory cell and the sense amplifier. The bitline contact and local bitline (metal) wire itself
are two main contributors. Both increase in resistance as they scale. This slows down cell operation and reduces the read margin of the cell, both undesirable. Operation speed is affected by charge transfer between the cell and bitline, which slows as the resistance of that path increases. Resistance also saps the voltage differential that the sense
amplifier sees. Too little and the cell cannot reliably be read the memory doesnt work: The Memory Wall: Past, Present, and Future of DRAM DRAM cell layouts. ACT = active region of the cell control transistor. DC = direct contact, between bitline and transistor drain. BL. = bitline. WL = wordline. Source: Samsung 4F2 solves these issues and more.
We wont rehash the basics of the architecture see our Memory Wall report linked above but a few specifics are interesting: The cell contact challenge in 6F2 comes from congestion where the bitline and storage node contact are on the same level (storage node contacts are denoted as BC for buried contact in the image below). Source: Samsung From
a side-on view, its easy to see how little margin there is between the bitline and contact: Source: SK Hynix Compare this to vertical channel transistors (VCT) in a 4F2 layout; the buried bitline has its own real estate well out of the way of any other components. The current path is also much shorter, directly down from capacitor, through the vertical
channel, directly to the bitline. In 6F2 the path is down through the bottom of the U shaped channel and back up, longer and consequently with higher resistance. Current path through control transistor and contacts is much shorter in 4F2, resistance is much lower so more of the precious electrons make it in and out of the cell. Source: Samsung,
SemiAnalysis Of course, there are challenges for implementing 4F2 or it wouldve been adopted already. Both the buried bitline and vertical channel transistor are high aspect ratio, difficult for etch and deposition tools. Until just a few years ago deposition tools were not capable of filling a deep trench with the required metals for the bitline, likely Ru
or Co. The cell layout, although it reduces some of the alignment challenges, is still denser and thus requires EUV patterning. Last, there was simply no reason to take the risk of changing architectures when 6F2 was still scalable. There are still a few wildcards in 4F2 development that may determine which fab can achieve lowest cost per bit and
good yields, and which tool vendors might benefit. The gate structure, crucial to the performance of the memory cell, might be dual or even gate all around. SK Hynix and others are still deciding. Source: SK Hynix There is also a choice between peripheral-under-cell and peripheral-on-cell. Conventionally the peripheral circuitry wouldve been
adjacent to the memory cells on the wafer frontside, but for increased overall density it will be moved underneath the cell array. Peri-under-cell is similar to backside power for logic, requiring fusion bonding of a second wafer. The control transistors are built in an array on the frontside before a support wafer is bonded on, the wafer flipped, and the
peri built up. Then everything is flipped once more to add the storage node contacts and capacitors themselves. The tool vendors who would see incremental benefit are similar to the BSPDN supply chain CMP, fusion bonding, TSV etch. Source: SK Hynix Peri-on-cell is simply hybrid bonding of completed storage node array and peripheral wafers.
While this offers some process latitude the peri can be made without worrying about damage to the array and vice versa it requires hybrid bonding at a pitch of well below 50nm. Thats an order of magnitude lower than the current leading edge. Still, Hynix at least is looking at it in R&D, and other applications will drive hybrid bonder development
regardless. Last, 3D DRAM is being developed in parallel. Current progress suggests a few nodes of 4F2 are likely before 3D is ready. Chinese chipmakers are a potential disruptor here, as they have strong incentive to develop 3D because it is not dependent on advanced litho. Microns NVDRAM (NV for non-volatile) resurfaced 18 months after its
first appearance at IEDM 2023. This is their ferroelectric (HZO) DRAM using a 4F2 architecture, Ruthenium wordlines, and CMOS under array. If you were trying to make an expensive memory using all the latest tricks, this is probably how youd do it. Source: Micron The bitcells were scaled by an impressive 27% since the previous paper, to 41nm on
a side, without a degradation in performance. That brings density to nearly 0.6 Gb/mm?2, well above any high volume commercial DRAM available today. Theoretically NVDRAM has a small advantage over traditional DRAM since it does not waste power and time performing refresh cycles. Unfortunately, the electricity savings amount to roughly $1
per year. When a single DIMM is on the order of $300+, the lifetime energy savings are nowhere near enough to justify the higher price of this exotic product. At the very least, the work on Ru wordlines, 4F2, vertical channel transistors, and CMOS under array are all applicable to upcoming DRAM nodes. Replacing silicon is a high bar. Any
replacement must not only yield better performing, denser transistors, it must also be practical to use. Silicon wafers are a commodity and can easily be doped in select areas to form transistor channels. 2D materials are not yet practical to work with on an industrial scale. Weve written many different times that on-wafer growth is they key blocker.
But if chipmakers or labs are solving this problem, theyre keeping it quiet. The papers we saw on other innovations Intel improving contact formation, Samsung building CFETs with 2D channels are impressive, but ultimately fall flat if the material cant be grown in an economic way in the first place. Intel demonstration of an improved source/drain
contact for a 2D transistor using Ru polished with CMP. Unfortunately the process still depends on transfer rather than growth for the 2D material. Source: Intel Gate-all-around is no longer the next big thing in logic, its ramping towards high volume. Forksheet and CFET have taken the mantle of exciting next-gen architectures. An evolution of GAA,
forksheet entails putting the N- and P- halves of a CMOS closer together by adding a dielectric wall between them. Source: TSMC In a traditional architecture, the spacing between NMOS and PMOS devices is limited by parasitic capacitance and the threat of latch-up. Increasing parasitic capacitance means the chip runs slower and uses more power.
Latch-up is an outright failure of the transistors giving the input voltage Vdd an uncontrolled path directly to ground. Some techniques already exist most importantly shallow trench isolation for mitigating these effects. Forksheet is a new, theoretically better technique along these same lines. While the material between NMOS and PMOS has always
been some sort of insulating dielectric, a forksheet requires an exquisite layer of ultra low-k material to enable tighter spacing. This introduces new integration challenges and extra cost into the manufacturing process. Its not trivial to develop a material that can be deposited in nm-thick, high-quality films but also withstand subsequent processing as
the rest of the transistor is formed. Plasma-induced damage from etch or deposition is a particular problem. Most papers arent detailing their material solutions here but its a good bet that AMAT, traditionally the leader in ultra-low-k dielectrics, is playing a part. Forksheet also nominally has worse gate control than gate-all-around. This is because the
gate only wraps around three sides of the transistor channel, the fourth abuts the forksheet wall. Its basically a finFET turned sideways. Increased density but worse electrostatic control vs. GAA isnt necessarily a good tradeoff. There are a few workarounds: 1) slightly etch back the forksheet wall, leaving room for gate material to envelop the fourth
side of the channel, sacrificing some scaling benefit 2) add additional nanosheets to improve electrostatics control, adding cost and integration complexity. TSMC, IBM, and IMEC all talked extensively about forksheets. For IBM and IMEC this has limited commercial relevance. For TSMC, a willingness to discuss in detail might even be a negative
signal for real adoption. No publicly announced node through the 14 angstrom families at present is using forksheet. Even so, the potential successor to forksheet is already being discussed. CFET has been in vogue for a few years and weve covered the basics before: Jan 03, 2024 Intel GenAl For Yield, TSMC CFET & 3D Stacking, AMD 3D Device
Modeling, Applied Materials Material Innovation, SK Hynix HBM4, Micron 3D DRAM & FeRAM, Hybrid Bonding vs TCB IEDM 2023 Dylan Patel, Jeff Koch, Myron Xie, Daniel Nishball, Anand Chamarthy Current work is towards industrialization. Lab demonstrations of a single device work well and look great on slides, but the cost is high and yield
low. Even though they are popular at conferences, we think real adoption of CFETs in high volume is still a decade out. A presenter from Intel, in a talk about beyond RibbonFET, outright said We will probably see gate all around for another decade. As with copper interconnects and finFETSs, the core technologies of logic tend to extend 1-2 nodes
beyond what is expected. Source: SemiAnalysis Despite various sanctions, China is not slowing down in semiconductor research and development. Out of all the academic papers presented, Peking Universitys FlipFET design caught the most attention, showcasing a novel patterning scheme to achieve similar PPA to CFETs without the headaches of
monolithic or sequential integration. Source: Peking University Essentially, the FlipFET concept starts with forming the fins or nanosheets for both top and bottom transistors, but only does the high temperature Source/Drain epitaxy for the top transistor before flipping the wafer and exposing the backside for processing. The contacts and BEOL metal
layers are patterned before the wafer is flipped again to complete the lower temperature processes on both sides. This method produces a self-aligned transistor stack that does not need high-aspect ratio processing that monolithic CFETs have to overcome. Forming the gates from both sides also allows easier threshold voltage tuning differences
between the top and bottom device. However, the main drawback to FlipFET is cost, trading off easier integration of the active transistors at the expense of multiple backside process flows with a greater susceptibility to wafer warpage and overlay errors, lowering yield. So far, the lab has only fabricated frontside and backside transistors on separate
wafers, leaving doubts on whether the fabrication of the other transistor would affect device performance of the first. Alignment of fine-pitch contacts and metals after wafer flipping is also a concern, but should not be any more challenging than other CFET options. While the Chinese labs have already demonstrated FlipFETs in silicon, theyre not
stopping there. Further innovation of FlipFET designs were presented and modelled such as FlipFET with self-aligned gate, FlipFETs using forksheets with an embedded power rail within the isolation wall, and even applying the FlipFET concept to monolithic CFETs with high aspect ratio Vias to achieve a 4-stack transistor design. The star paper was
Intels 18A presentation. This is the first detailed public look at a real high volume backside power process. Source: Intel Intel claims 30% SRAM scaling for 18A against an Intel 3 baseline. A large one-time benefit like this is expected when changing from finFET to GAA. The cell diagrams clearly show the shrink achieved by replacing 2 fins with a
single stack of wide ribbons: Source: Intel Comparing high density (HD) cell areas, 18A is on par with TSMC N5 and N3E at 0.0210 m2. N2 should also see at least some benefit from the finFET -> GAA transition, but most of the claimed 22% SRAM scaling (vs. N3E) likely comes from the periphery not the bitcells themselves. Overall 18A density is
likely to be slightly less than N3P, and close to 30% less than N2. From smartphones and Al systems to autonomous vehicles and high-performance computing, VLSI (Very Large Scale Integration) is the foundation of modern electronics. This technology enables millions to billions of transistors to be integrated into a single semiconductor chip, making
electronic devices faster, smaller and more power-efficient.With the semiconductor industry growing rapidly, the demand for skilled VLSI engineers is at an all-time high. Understanding VLSI design is essential for anyone looking to build a successful career in semiconductor technology and chip design.What is VLSI?VLSI (Very Large Scale
Integration) is the process of integrating millions to billions of transistors onto a single chip. This advancement has revolutionized modern electronics by making devices more powerful, efficient and compact.Key Benefits of VLSI TechnologyMiniaturization Reduces the size of electronic circuits while increasing efficiency.High-Speed Processing
Enables advanced computing and real-time data processing.Energy Efficiency Optimizes power consumption for extended battery life in portable devices.Cost Reduction Reduces the number of discrete components, lowering manufacturing costs.Reliability Enhances system performance, reducing failures and malfunctions.The Evolution of VLSI
TechnologyVLSI is part of a continuous evolution in semiconductor technology. Understanding its progression helps in appreciating how the industry has reached its current level of advancement.1. Small Scale Integration (SSI) 1960sOnly a few transistors (10-100) per chip.Used in early calculators and communication devices.2. Medium Scale
Integration (MSI) 1970sHundreds of transistors per chip.Enabled improved performance and more complex circuit designs.3. Large Scale Integration (LSI) 1980sThousands of transistors per chip.Used in early microprocessors and memory devices.4. Very Large Scale Integration (VLSI) 1990s-PresentMillions to billions of transistors per chip.Allowed
miniaturization of consumer electronics and high-performance computing.5. Ultra-Large Scale Integration (ULSI) and Giga Scale Integration (GSI) The FutureBillions+ transistors per chip.Powering Al, quantum computing and next-gen communication technologies.VLSI Design Process: How Chips Are MadeThe VLSI design process is a multi-step
journey that involves advanced engineering and precision.Establishes functional needs, processing power and power consumption targets.Engineers design the chip architecture and component interaction.Electronic Design Automation (EDA) tools help create the transistor-level circuit.Verification & SimulationThe chip design is tested for errors
using simulation software.The final design is sent for semiconductor fabrication and undergoes rigorous testing.The chip is packaged and integrated into electronic devices.Does VLSI Require Coding?Yes, VLSI design requires programming. Unlike traditional software development, VLSI engineers use specialized hardware description languages
(HDLs) to design and verify circuits.Common Programming Languages in VLSIVerilog & VHDL Used for digital circuit design and simulation.SystemVerilog Advanced verification for complex ICs.TCL & Python Used for automating design tasks in VLSI tools.C & C++ Essential for embedded systems and hardware acceleration.VLSI engineers also
work with EDA tools from leading companies like Synopsys, Cadence and Mentor Graphics.Career Opportunities in VLSIThe demand for VLSI engineers is skyrocketing as semiconductor firms seek professionals for Al chips, 5G processors and IoT devices.Top Job Roles in VLSIVLSI Design Engineer Develops digital and analog circuits for ICs.Physical
Design Engineer Optimizes chip layouts for performance and power efficiency.Verification Engineer Tests and verifies chip functionality.ASIC Engineer Works on custom chip designs for high-performance computing.FPGA Design Engineer Develops reconfigurable hardware for Al and communication systems.Average Salaries in VLSIEntry-Level (0-3
years) 6-12 LPAMid-Level (5+ years) 15-40 LPASenior-Level (10+ years) 30-80 LPAGlobal Semiconductor Engineers $120,000+ per yearWith Indias semiconductor industry booming, now is the best time to enter the field.How to Learn VLSI? Best Way to Get Into Semiconductor IndustryTo break into VLSI and chip design, structured training is
essential. A certified VLSI course provides:Hands-on Learning with Industry-Standard EDA ToolsMentorship from Semiconductor ExpertsPlacement Assistance in Top Semiconductor CompaniesWhy Choose an IIT-Certified VLSI Course?An IIT certification in VLSI holds immense value in the job market.MOSart Labs IIT Bhubaneswar-Certified VLSI
CourseMOSart Labs, in collaboration with IIT Bhubaneswar, offers Indias first IIT-certified Professional Diploma in Semiconductor Technology and Chip Design.Why This Course Stands OutIIT Bhubaneswar Certification Industry-recognized qualification.Hands-On Learning Work with industry-standard EDA tools and real-world projects.4-Week IIT
Campus Immersion Experience the IIT ecosystem and interact with top faculty.100% Placement Assistance Secure jobs in semiconductor & chip design companies.No EMI Burden Until You Get a Job Financial assistance available with EMI support until placement.Who Should Join?Final-year ECE/EEE students Secure a job-ready VLSI certification
before graduation.Working professionals Transition into high-paying semiconductor jobs.Aspiring VLSI Engineers Gain expertise needed for Indias booming chip design industry.Conclusion: Why VLSI is the FutureWith the semiconductor industry growing at an unprecedented rate, VLSI design is one of the most promising career paths today.Whether
youre an engineering student exploring career options or a professional looking to enter a core tech job, learning VLSI design will open doors to high-paying, future-proof careers.The IIT Bhubaneswar-certified VLSI program by MOSart Labs provides the perfect launchpad to enter the semiconductor industry with specialized training and real-world
experience. Last Updated on November 11, 2016 by SasmitaVery-large-scale integration (VLSI) is the process of creating an integrated circuit (IC) by combining thousands of transistors into a single chip.VLSI began in the 1970s when complex semiconductor and communication technologies were being developed.The microprocessor is a VLSI
device.Before the introduction of VLSI technology, most ICs had a limited set of functions they could perform.An electronic circuit might consist of a CPU, ROM, RAM and other glue logic. VLSI lets IC designers add all of these into one chip.The electronics industry has achieved a phenomenal growth over the last few decades, mainly due to the rapid
advances in large scale integration technologies and system design applications.With the advent of very large scale integration (VLSI) designs, the number of applications of integrated circuits (ICs) in high-performance computing, controls, telecommunications, image and video processing, and consumer electronics has been rising at a very fast
pace.The current cutting-edge technologies such as high resolution and low bit-rate video and cellular communications provide the end-users a marvelous amount of applications, processing power and portability. This trend is expectedto grow rapidly, with very important implications on VLSI design and systems design.VLSI Design FlowThe VLSI IC
circuits design flow is shown in the figure below. The various levels of design are numbered and the blocks show processes in the design flow.Fig.1 : Simplified VLSI Design FlowSpecifications comes first, they describe abstractly, the functionality, interface, and the architecture of the digital IC circuit to be designed.Behavioral description is then
created to analyze the design in terms of functionality, performance, compliance to given standards, and other specifications.RTL description is done using HDLs. This RTL description is simulated to test functionality. From here onwards we need the help of EDA tools.RTL description is then converted to a gate-level net list using logic synthesis tools.
A gate level net list is a description of the circuit in terms of gates and connections between them, which are made in such a way that they meet the timing, power and area specifications.Finally, a physical layout is made, which will be verified and then sent to fabrication.Y ChartThe Gajski-Kuhn Y-chart is a model, which captures the considerations in
designing semiconductor devices.The three domains of the Gajski-Kuhn Y-chart are on radial axes.Each of the domains can be divided into levels of abstraction, using concentric rings.At the top level (outer ring), we consider the architecture of the chip; at the lower levels (inner rings), we successively refine the design into finer detailed
implementation.Creating a structural description from a behavioral one is achieved through the processes of high-level synthesis or logical synthesis.Creating a physical description from a structural one is achieved through layout synthesis.Fig.2 : Gajski-Kuhn Y-chartDesign Hierarchy-StructuralThe design hierarchy involves the principle of Divide and
Conquer.lt is nothing but dividing the task into smaller tasks until it reaches to its simplest level.This process is most suitable because the last evolution of design has become so simple that its manufacturing becomes easier.We can design the given task into the design flow processs domain (Behavioral, Structural, and Geometrical).To understand
this, lets take an example of designing a 16-bit adder, as shown in the figure below.Fig.3 : Structural hierarchy of 16 bit adder circuitHere, the whole chip of 16 bit adder is divided into four modules of 4-bit adders. Further, dividing the 4-bit adder into 1-bit adder or half adder.1 bit addition is the simplest designing process and its internal circuit is
also easy to fabricate on the chip.Now, connecting all the last four adders, we can design a 4-bit adder and moving on, we can design a 16-bit adder.Fig.4:Decomposition of a 4 bit adder Pranjal Joshis story is not the typical CSE-to-software-success arc. After completing her Computer Science Engineering degree, she joined a reputed software
companysomething most of her peers celebrated. But for Pranjal, the spark just wasnt there.Day after day of routine coding left her feeling disconnected. It wasnt the kind of impact she had envisioned making. Is this really what I want to do for the rest of my life? she often asked herself.A New Direction: The VLSI TriggerDuring this phase of
uncertainty, a college senior who had transitioned into the semiconductor industry introduced her to VLSI EXPERT. Curious and hopeful, Pranjal reached out and eventually connected with Puneet Mittal, the founder of VLSI EXPERT.Their conversation changed everything.Pranjal recalls, That one interaction gave me more clarity and confidence than
I had felt in months. Puneet sir didnt just talk about the industryhe showed me a path I never knew existed.Encouraged and inspired, she enrolled in the Placement-Oriented Program offered by VLSI EXPERT, under the direct mentorship of Puneet Mittal and Niti Gupta.Training That Changed Her TrajectoryThe program was intense. It covered
everythingfrom Digital Design and Verilog to RTL to GDSII flow, timing constraints, and tool-based hands-on training. For someone from a CSE background, these were new and challenging territories. But Pranjal approached every concept with unwavering dedication.What stood out was not just the technical depth, but the ecosystem of
support:Assignments that tested her understandingMock interviews that prepared her for the real-worldContinual feedback that refined her learning journeyShe says, The way Puneet sir and Niti maam explained each topicit wasnt just teaching, it was mentoring. I never felt like I was doing this alone.Her BreakthroughWithin a few months, Pranjal
built a strong portfolio of projects. She became comfortable talking about setup/hold violations, floorplanning, clock tree synthesis, and even scripting for automation in the flowsomething her software roots helped with.Her confidence showed in interviews. When asked about her transition, she proudly shared, Its not easy, but its not impossible
eitherespecially when you have the right mentors.She cracked her placement in a semiconductor companys Physical Design team, leaving the interviewers impressed with her clarity, practical knowledge, and composure.Where She Is NowToday, Pranjal is a Physical Design Engineer, working on real-world chips that power smart devices. From CSE
classrooms to chip tape-outsher journey is a reminder that its never too late to pivot with purpose.Key Takeaways for Students:Dont ignore dissatisfactionsometimes its the push you need toward something greater.Right guidance can make a world of difference. Mentors matter.With dedication and structured learning (like the Placement Oriented
Program by VLSI EXPERT), even non-ECE students can thrive in VLSI.The mock interviews, hands-on assignments, and constant supportprepare you for not just a job but a career.In her words - let's hear her voice. July 22, 2025, 5:07PM UTC The Intel headquarters in Santa Clara, California, US, on Wednesday, April 23, 2025. Photographer: David
Paul Morris/Bloomberg Intel Corp. and VLSI Technology LLC are making competing final pushes for a Texas federal judge to decide whether a 2012 patent license agreement relieves the chipmaker from infringement liability exceeding $3 billion.Fortress Investment Groups acquisition of Finjan Inc. triggered Intels rights to use VLSIs patents due to
the prior licensing agreement the chipmaker had with Finjan, Intel argued in a June 27 motion made public Monday in the US District Court for the Western District of Texas. Intel said the contract covered patents owned by Finjans affiliates, which includes VLSI. Intel pointed to an Austin jurys May ... Al-powered legal analytics, workflow tools and
premium legal & business news. Log in to keep reading or access research tools. 2025 Bloomberg Industry Group, Inc. Registration for the On Demand Service is available until July 31st. On Demand Service is available until August 31st. VLSI Symposium is an international conference on semiconductor technology and circuits that offers an
opportunity to interact and synergize on topics spanning the range from process technology to system-on-chip.2025 VLSI Symposium Theme Cultivating the VLSI Garden: From Seeds of Innovation to Thriving Growths June 16, 2025 Registration for the On Demand Service reopened. June 6, 2025 Attendee's Info is now available. June 6, 2025 Program
at a Glance and Floor Map are now available. April 18, 2025 Advance Program is now available. April 18, 2025 Online Registration and Hotel Reservation are now available. April 18, 2025 Workshop, Evening Panel Discussion, Short Course 1 and Short Course 2 pages are now available. March 31, 2025 Late News Paper Submission has been closed.
March 28, 2025 List of Accepted Papers is now available. March 5, 2025 Plenary Sessions page is now available. February 28, 2025 Late News Paper Submission is now available. January 18, 2025 There is a change in the paper format, please check Authors Guide for details. January 6, 2025 Workshop Proposal Deadline has been extended to January
20, 2025 December 25, 2024 Online Paper Submission is now available. December 20, 2024 Final Call for Papers is now available. November 13, 2024 2nd Call for Papers is now available. November 5, 2024 Call for Workshop is now available. September 3, 2024 The new template for authors is released and downloadable inAuthors Guidepage.
September 3, 2024 1st Call for Papers is now available. September 3, 2024 2025 VLSI Symposium website has opened. March 31, 2025Late News Paper Submission Deadlinel11:59 P.M. JST (2:59 P.M. GMT, 7:59 AM. PDT)January 20, 2025January 6, 2025Workshop Submission Deadline11:59 P.M. JST(2:59 P.M. GMT / 6:59 A.M.PST)January 27,
2025Paper Submission Deadlinel11:59 P.M. JST(2:59 P.M. GMT / 6:59 A.M.PST) VLSI (Very large scale integration) is a process of integrating hundreds or thousands of transistors onto a single silicon semiconductor microchip. In present years, contemporary VLSI technology Complex digital systems can now be realized on a single silicon chip.
Designers of Custom systems find this technology, particularly attractive since it allows for significant cost reductions by compressing a large amount of digital logic complexity into a single chip. The number of uses for integrated circuits (ICs) in high performance computing, telecommunications, image and video processing, and consumer electronics
has been growing quickly since the introduction of very large scale integration (VLSI) designs. Silicon CMOS technology has emerged as the fabrication process within the last few years. The quick increase in transistors integrated into a single chip's circuit illustrates the revolutionary significance of these developments. VLSIVLSI stands for Very
Large Scale Integration. It signifies the process of producing integrated circuits (ICs) by integrating thousands, millions, or even billions of transistors on a single chip. In VLSI, the technology has allowed progressive growth with composite and secure devices, beginning from microprocessors and chips of memory to processors of digital signal and
application specific integrated circuits (ASICs). The integrated circuits ICs are used in VLSI as a broad range of devices, from fundamental devices to advanced supercomputers. In VLSI design, Designers test and design the electronic integrated circuits at a very limited scale, so generally, it is in the range of 0.1 to 0.01 micrometres. Design
Specification, Architectural Design, RTL Design, Functional Verification, Logic Synthesis and verification, Physical Design and verification, sign-off and Fabrication of ICs are methods that are used in the VLSI design process. The layout of transistors and interconnections needs to be constructed and optimized on the chip, designers use authorized
software tools to follow the layout of IC design to conserve the performance, power consumption, efficiency, and manufacturability into account. VLSI chipDoes VLSI need coding? Let's understand the need of VLSI coding with different tools and techniques involved in VLSI: Yes, VLSI needs coding because it is used to make different complicated
designs that are used in the IC's which are enhanced in today's life. Some circuits that are needed to make digital designs like simulation tools and verification are involved in the broad range of digital IC design tools.To ensure the digital design works properly, designers make use of IC design to test the circuits when devices of IC are
fabricated.Designers make use of VLSI coding by using programming languages and tools involved in VLSI designing.HDLs (Hardware Description languages) such as Verilog and VHDL are involved for use in digital circuits by checking the behavior and functionality of digital devices.Some EDA tools like Cadence, Synopsys and Mentor Graphics are
involved for the purpose to use in VLSI circuits for simulation the digital design.Some verification tools like emulation and simulation are involved for the purpose to make use of testing the functionality of VLSI circuits to make sure that they functions properly when the digital ICs are fabricated.In conclusion, VLSI technology involves the high
number of transistors and other devices components on a single chip that is used for the design and fabrication.Y ChartY chart is developed by Gajski Kuhn that he developed a model named as Y chart that is used to checking the digital semiconductor devices.Gajski Kuhn Y chart has three domains that has to be put on radial axes.Various domains are
divided into different areas like levels of abstraction using centered rings.The top level named as a outer ring, that explains the chip architecture, and the low levels named as a inner rings, to make the design and implementation in a better way by following techniques:The process of high-level synthesis or logical synthesis is involved for making a
structural description from a behavioral description.The layout synthesis is involved for making a physical description from a structural description. Gajski Kuhn Y Chart VLSI Design ProcessA VLSI chip goes through several stages of VLSI design, from the chip's specification to the final product's fabrication. The following steps are involved in the
design process: VLSI design process Design SpecificationSome specifications involved in VLSI design are power consumption, performance, and functionality and area of chip that are make used in the design specifications.Digital devices has some specifications in VLSI design like abstract description of the architecture that must to be
designed.Architectural DesignAfter design specification, the architecture of chip is designed. So, to make the architecture of the design by some requirements of the functionality, performance, or general system requirements.In this design, all the connections and functions are specified by the component of the chip.RTL DesignUsing integrated
circuits (ICs), designing of electronic circuits is the Register Transfer Level (RTL) design at a high level description.The RTL description of the digital circuit is written in hardware description language (HDL) such as VHDL or Verilog, works as the input. The RTL description expresses the functionality and behavior of the circuit at a high level
description.Functional VerificationUsing simulation tools, It simulates the behavior and functionality of the integrated circuit in unique input cases and to meet the specified requirements by design verification to test the ASIC design.Our goal is to make sure that chip functions correctly by ensuring to test the ASIC design by verification so it's
behavior is managed by checking specifications and requirements of functionality of design.Logic SynthesisLogic Synthesis defines the RTL code that transforms into a gate-level netlist by using synthesis tool, which represents the logical architecture of the circuit in terms of standard cells.Using HDL (Verilog/VHDL), it produces a gate-level netlist
that is a description of logic cells and their interconnections. These tools map the functionality described in the HDL to a set of standard cells or library elements. Performance, size, and power consumption of the design are all optimized during the synthesis process.Logical VerificationA verification is required to be performed to verify whether the
synthesis tool produced the gate-level netlist accurately.The output of Logic synthesis are gate-level netlist that is given as input to the Physical design after verification and testing.Physical Designln this step, gate-level netlist is converted into a physical layout. Layout is a representation of an IC in terms of planar geometric shapes which correspond
to the patterns of metal-oxide or semiconductor layers that make up the components of the IC. A design tool like Cadence Virtuoso is used to create layouts.In physical design step, it is divided into sub-steps such as Partitioning, floorplanning, placement, clock-tree synthesis, routing, timing closure are formed.Given below are the Steps for Physical
Design: Partitioning: It is the process of dividing a system on chip (SoC) into small blocks. As a result, you can effectively manage semiconductor designs as a group of connected functional blocks. The best way to handle semiconductor designs is as related groups of functional blocks. Floorplanning: Floorplanning is a process of placing the various
blocks and I/O ports across the chip area based on the design constraints. Floorplanning involves determining the physical layout of the IC on the semiconductor wafer or die.Placement: Placement involves assigning physical locations to the standard cells and other components on the chip according to the floorplan.Clock Tree Synthesis: It is the
process of connecting the clocks to all clock pin of sequential circuits by using inverters/buffers in order to balance the skew and to minimize the insertion delay. A single clock source powers each and every clock pin. Clock Tree Synthesis is used to minimize delay and skew. Routing: Once every element is positioned, a detailed and global routing is
started to establish connections between all the elements. It involves physically connecting metal traces to macros, standard cells, I/O ports, power, and the clock.Timing Closure: It is the process that determines a chip's speed by satisfying thetiming constraints. For a smoother chip operation, it makes sure that all of the signals arrive at the
appropriate time. Timing closure involves ensuring that the circuit meets timing requirements, such as setup and hold times, clock frequency, and maximum propagation delays.Physical Verification and Sign offThis stage undergoes 3 steps of physical verification known as sign off checks.It helps to check whether the layout is working correctly the
way it was designed to.Given below are the Steps for Physical Verification: Layout v/s Schematic (LVS):It is the process of verifying the layout is compared with the schematic whether their functionality matches or not.Design Rule check (DRC):It is the process of verifying whether the given layout follows the design rules given by the fabrication team.
DRC checks implies to physical checks of spacing rules between metals, minimum width rules, etc. Logic equivalence checking (LEC):It is a formal verification technique used in VLSI design to verify that two different representations of a digital circuit, often an RTL description and a gate-level netlist, exhibit functional equivalence.FabricationOutput
of Layout is GDS-II (Graphical Data Stream Information Interchange) file produced and used by the semiconductor foundries to fabricate the silicon.After physical verification step, the design is ready for fabrication. Tape out is the final result of the design process for ICs before they are sent for manufacturing. The Tape out is specifically the point at
which the graphic for photo-mask of the circuit is sent to foundry.Fabrication process consists of several steps involving wafer growth, epitaxial growth, etching, doping, deposition, and diffusion of various materials on the wafer. One mask is used during every step.Packaging and TestingEach of the wafers contains hundreds of chips. The technique of
"scribing and cleaving" is used to divide and package these chips. Chips that don't pass an electrical test are discarded.Every chip is tested and packed to make sure it satisfies all design requirements and operates as intended.Design and Implementation of VLSILet's discuss the Design and Implementation of VLSI by learning the different aspects of
IC design in various fields of digital circuit that comes under the VLSI domain: Digital VLSI DesignTransistors, logic gates and other electronic components are made by designing of digital circuits known as Digital VLSI design.Microprocessors, memory devices, controllers are the digital devices that comes in digital VLSI domain.Analog VLSI Design
Analog devices are involved in the process of processing continuous signals by designing and implementation of the analog circuits. Analog VLSI domain includes some devices like digital-to-analog converters (DACs), filters, oscillators, amplifiers, etc.Mixed-Signal VLSI DesignIn mixed-signal VLSI, both analog and digital VLSI techniques are
combined on a single chip.Both analog and digital VLSI techniques are combined oftenly in SoCs (System on Chip) so to ensure that both analog and digital devices are needed by complex system that is created for the mixed-signal VLSI.RF (Radio Frequency) VLSI Design RF VLSI design involves the main aim of making the integrated circuits for
wireless communication devices such as radios, transceivers, etc.For the aspect of applications, it involves the designing of circuits that has increased the efficiency for devices like Bluetooth, RFID, Wi-Fi, etc. that works at radio frequencies.Low-Power VLSI DesignLow power VLSI design is used to reduce the power consumption of integrated circuits
that used in various applications like Internet of Things, battery operated devices and devices which are energy efficient.Some methods that are used to make use of low power VLSI operation are voltage scaling, power gating, clock gating, some devices which are energy efficient.ASIC (Application-Specific Integrated Circuit) DesignThe process of
designing specialized integrated circuits for specific tasks or objectives is known as ASIC design. ASICs are suitable for specific applications including image processing, sensor interfaces, cryptographic algorithms, and automotive electronics as they improve performance, power economy, and area usage.FPGA (Field-Programmable Gate Array)
DesignFPGA involves some digital logic devices which needs to be configured and programming the FPGA design so to make the digital circuits by make use of configured digital logic devices. In FPGA design, some specific applications like prototyping, etc. are used for fast growth of FPGA design.Applications of VLSI TechnologyThere are several
applications for VLSI technology across numerous sectors and firms. These are some important fields in which VLSI is extremely significant. Applications of VLSI technology Consumer ElectronicsThe creation of smartphones, tablets, gaming consoles, and smartwatches has been made possible by VLSI technology, which has completely changed the
industry of consumer electronics. These products improve user experiences and productivity with their cutting-edge features, quick processing, and energy-saving technologies.Automotive IndustryVLSI technology has transformed vehicle functionality and safety in the automobile industry. VLSI chips are used by electronics systems, Engine Control
Units (ECUs), and Advanced Driver Assistance Systems (ADAS) to provide functions including real-time vehicle diagnostics, autonomous driving, and object, lane, and sign detection.TelecommunicationsThe telecommunications sector has profited tremendously from VLSI technology. It has made it easier to construct 5G wireless communication, high-
speed network infrastructure, and cutting-edge mobile devices. To provide dependable and quick data transfer, VLSI-based chips are utilized in network switches, routers, modems, and base stations.HealthcareThe development of medical imaging equipment, wearable health monitors, and implanted medical devices has been made possible by VLSI
technology, which has had a substantial impact on the healthcare industry. Accurate diagnosis, real-time monitoring, and enhanced patient care are all provided by these electronic devices.The Advantages of VLSI technologyCompactSize: Traditional circuits are significantly greater than VLSI circuits because of electronic circuits are created to
ensure the computation of digital logic circuits.Consumes lessPower:VLSI circuits are better than Traditional circuits because VLSI circuits are eco-friendly. This is necessary for the battery life saving.Highperformance:By adding the high number of transistors on a chip so to accomplish VLSI circuits are high speeds with they perform complex
tasks.Cost-Effectiveness:By using VLSI technology, electronic circuits which are complicated that they are executed in large quantity. All the features and various components are implemented on a single chip. Electronic circuits are used and implemented because of their easy accessibility.Increased Reliability: Comparing to discrete devices, some
short link and better manufacturing capabilities used by VLSI circuits because of their better reliability in terms of errors and failures.The Disadvantages of VLSI technologyInflexible: Once fabricated, it is not easy to be modified and is not flexible. High Cost of Development: Design tools, development platforms, and testing equipment must be
obtained in large quantities throughout the time-consuming and expensive process of developing VLSI devices. It can be challenging and expensive to alter the design since the circuits are specially designed and cannot be readily modified.Manufacturing Challenges: The quality and functionality of the finished product may be impacted by a number of
manufacturing difficulties that VLSI devices are susceptible to, including yield loss, variability, and reliability problems.Time to Market: Longer time to market for new goods might result from the longer design, verification, and manufacturing cycles associated with VLSI devices.Short Product Life Cycle: VLSI design perceives rapid technological
innovation, which may result in short product life cycles as new technology and products age quickly.ConclusionA crucial component of VLSI design is design flow, which offers an efficient and structured process for creating intricate integrated circuits. Designers can successfully navigate through the many stages of the VLSI design process and
ensure the successful production of dependable and high-performing electronic systems by adhering to a clearly defined design flow. The design process needs to change as technology develops to be able to address the opportunities and difficulties of the future and produce creative and effective VLSI designs. Electronics are revolutionized by the
development of VLSI, which combines several transistors into a single chip. It makes gadgets faster, smaller, and more efficient viable. Commonly employed technologies comprise B]JT, FET, and CMOS. Applications for VLSI can be found in consumer electronics, automotive, industrial automation, telecommunications, and healthcare. Power
consumption and chip complexity are constraints. The research and development of new materials like graphene, embedded memory, and 3D integration are among the upcoming trends. As VLSI technology develops, new opportunities arise across a range of industries.
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