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ASIC
ASIC: An application-specific integrated circuit (ASIC) is 

an integrated circuit designed for a particular use, 
rather than intended for general-purpose use. 
Processors, RAM, ROM, etc are examples of ASICs.

Fine-, medium-, and coarse-grained architectures



Full Custom

Its a design methodology in which the layout of each individual 
transistor on the integrated circuit (IC), and the 
interconnections between them, are specified. 

Full-custom design potentially maximizes the performance of the 
chip, and minimizes its area, but is extremely labor-intensive to 
implement. Full-custom design is limited to ICs that are to be 
fabricated in extremely high volumes, notably certain 
microprocessors and a small number of application-specific 
integrated circuits (ASICs). 



Semi Custom

Semi-custom Design The following semi-custom 
standard design styles are the

most commonly used:
––Cell-based: typically using standard cells and macro 

cells, the design has many
predesigned elements such as logic gates that are 

copied from libraries.
Array-based: typically either gate arrays or FPGAs, the 

design has a portion of
prefabricated elements connected by pre-routed wires.



Standard-cell Designs 
A digital standard cell is a predefined block that has fixed size and 

functionality. The functionality implemented by a single standard cell 
is generally quite limited; for instance, an AND cell with two inputs 
would contain a two-input NAND gate followed by an inverter.

Standard cells are distributed in cell libraries, which are often provided 
at no cost by foundries and are pre-qualified for manufacturing.





Macro Cells
 Macro cells are typically larger pieces of logic that perform a reusable functionality. They 

can range from simple (a couple of standard cells) to highly complex (entire 
subcircuits reaching the scale of an embedded processor or memory block), and can 
vary greatly with respect to their shapes and sizes. In most cases, macro cells can be 
placed anywhere in the layout area with the goals of optimizing routing distance or 
electrical properties of the design.



Gate Array
Gate arrays are silicon chips that contain prefabricated transistors, but no connections. 

The prefabricated transistors are typically arranged in rows (or “arrays”) that are 
separated by routing channels. The interconnect (routing) layers are added later after 
the chip-specific requirements are known. Since the gate arrays are not initially 
customized, they can be mass-produced, which reduces their cost. Then, the time-to-
market of gate array-based designs is mostly constrained by the fabrication of 
interconnects. This makes gate array-based designs both cheaper and faster to 
produce than standard cell-based or macro cell-based designs, particularly for low 
production volumes.



10

FPGA
FPGA: A Field-Programmable Gate Array 
(FPGA) is a semiconductor device containing 
programmable logic components called "logic 
blocks", and programmable interconnects. 
Logic blocks can be programmed to perform the 
function of basic logic gates such as AND, and 
XOR, or more complex combinational functions 
such as decoders or mathematical functions. 
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Fine-, Medium-, and Coarse- 
Grained Architectures
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FPGA Internal Diagram
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Basic Logic Slice
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SRAM based LUT
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Xilinx Logic Cell





 VLSI Design Flow
System Specification 

Chip architects, circuit designers, layout and library designers, product marketers, and operations managers 
collectively define the over-all goals and high-level requirements of the system. These goals and 
requirements span functionality, performance, physical dimensions, and production technology.

Architectural Design 

A basic architecture must be determined to meet the system specifications. Example decisions are: 

– Integration of analog, digital, and mixed-signal blocks – Memory management—serial or parallel—and the 
addressing scheme 

– Number and types of computational cores, such as processors and digital signal processing (DSP) core —and 
particular DSP algorithms 

– Internal and external communication, support for standard protocols, etc. 

– Use of hard intellectual property (IP) blocks (provided as layout) and soft IP blocks (provided as synthesizable 
hardware description)

– Pinout, packaging, and die-package interface

– Power requirements

– Choice of process technology and layer stacks



Functional and Logic Design 
Once the architecture is set, the functionality and connectivity of each module (such as a processor core) must be defined. During 

functional design, only the high-level behavior must be determined. That is, each module has a set of inputs, outputs, and timing 
behavior. Logic design is performed at the register-transfer level (RTL) using a hardware description language (HDL) by means 
of programs that define the functional and timing behavior of a chip. Two common HDLs are Verilog and VHDL. HDL modules 
must be thoroughly simulated and verified. Logic synthesis tools automate the process of converting HDL into low-level circuit 
elements. That is, given a Verilog or VHDL description and a technology library, a logic synthesis tool can map the described 
functionality to specific circuit elements such as standard cells, and a list of signal nets, or netlist. 

Circuit Design 
For the bulk of digital logic on the chip, the logic synthesis tool automatically converts Boolean expressions into what is referred to 

as a gate-level netlist, at the granularity of standard cells or higher. However, a number of critical, low-level elements must be 
designed at the transistor level; this is referred to as circuit design. Example elements that are designed at the circuit level 
include static RAM blocks, I/O cells, analog circuits, high-speed functions (multipliers), and electrostatic discharge (ESD) 
protection circuits. The correctness of circuit-level design is predominantly verified by circuit simulation tools such as SPICE. 

Physical Design
 During physical design, all design components are instantiated with their geometric representations. In other words, all macros, 

cells, gates, transistors, etc., with fixed shapes and sizes per fabrication layer, are assigned spatial locations on the chip 
(placement) and have appropriate routing connections (routing) completed in metal layers on the upper surface of the chip. The 
result of physical design is a set of manufacturing specifications that must subsequently be verified. Physical design is 
performed with respect to design rules that represent the physical limitations of the fabrication process for a particular 
manufacturing tech- nology. For instance, all wires must be a prescribed minimum distance apart and have prescribed minimum 
width. As such, the design layout must be recreated in (migrated to) each new manufacturing technology. Physical design 
directly impacts circuit performance, area, reliability, power, and manufacturing yield. Examples of these impacts include the 
following:

– Performance: long routes have significantly longer signal delays.
– Area: placing connected modules far apart results in larger and slower chips.
– Reliability: large number of vias can significantly reduce the reliability of the circuit.
– Power: transistors with smaller gate lengths achieve greater switching speeds a the cost of higher leakage current and 

manufacturing variability; larger transistors and longer wires result in greater dynamic power dissipation.
– Yield: wires routed too close together may decrease yield due to electrical shorts occurring during manufacturing, but spreading 

gates too far apart may also undermine yield due to longer wires and a higher probability of opens.



Physical Design
– Partitioning breaks up a circuit into smaller subcircuits or modules, which can each 

be designed or analyzed individually.
– Floorplanning determines the shapes and arrangement of subcircuits or modules, as 

well as the locations of external ports and IP or macro blocks.
– Power and ground routing often intrinsic to floorplanning, distributes power (VDD) 

and ground (GND) nets throughout the chip.
– Placement finds the spatial locations of all cells within each block.
– Clock network synthesis determines the buffering, gating (e.g., for power 

management), and routing of the clock signal to meet prescribed skew and delay 
requirements.

– Global routing allocates routing resources that are used for connections; example 
resources include routing tracks in global cells (gcells).

– Detailed routing assigns routes to specific metal layers and routing tracks within the 
global routing resources.

– Timing closure optimizes circuit performance by specialized placement and routing 
techniques.



Physical Verification 
After physical design is completed, the layout must be fully verified to ensure correct electrical and 

logical functionality. Some problems found during physical verification can be tolerated if their 
impact on chip yield will be negligible during manufacturing. In other cases, the layout must be 
changed, but these changes must be minimal, and care must be taken not to introduce new 
problems. Therefore, at this stage, layout changes are usually performed manually by 
experienced design engineers:

–Design rule checking (DRC) verifies that the layout meets all technology-imposed constraints. 
DRC also verifies layer density for uniform chemical-mechanical polishing (CMP).

– Layout vs. schematic (LVS) checking verifies the functionality of the design. To do this, the layout 
is used to derive (i.e., reverse engineer) a netlist, which is compared with the original netlist 
produced from logic synthesis or circuit design.

– Parasitic extraction derives electrical parameters of the layout elements from their geometric 
representations; the resulting accurate analog netlist is used to verify the electrical characteristics 
of the circuit.

– Antenna rule checking seeks to prevent antenna effects, which may damage transistor gates 
during manufacturing plasma-etch steps through the accumulation of excess charge on metal 
wires that are not connected to PN junction nodes.

– Electrical rule checking (ERC) verifies the correctness of power and ground connections, and 
that signal transition times (slew), capacitive loads, and fanouts are appropriately bounded.



Fabrication

 The final DRC-/LVS-/ERC-clean layout, usually 
represented in the GDSII or OASIS Stream 
format, is sent for manufacturing at a dedicated 
silicon foundry ( fab). The handoff of the design to 
the manufacturing process is called tapeout, even 
though data transmission from the design team to 
the silicon fab no longer relies on magnetic tape 
[5]. Generation of the data for manufacturing is 
sometimes referred to as streaming out, reflecting 
the use of the GDSII or OASIS Stream format.



Packaging and Testing 

After dicing, functional chips are typically packaged. 
Packaging is configured early in the design process, 
and reflects the application along with cost and form 
factor requirements. Package types include dual in-
line packages (DIPs), thin small-outline packages 
(TSOPs), and ball grid arrays (BGAs).

After a die is positioned in the package cavity, its pins 
are connected to the package’s pins, e.g., with wire 
bonding or solder bumps ( flip-chip). The package is 
then sealed.



Layout Layers 
Layout Layers Integrated circuits are made up of several different 

materials, the primary ones being:
 Single-crystal silicon substrate: which is doped to enable the 

construction of n-and p-channel transistors 
 Silicon dioxide: Serves as an insulator
 Polycrystalline silicon or polysilicon: Forms transistor gates and 

can serve as an interconnect material
 Either aluminum or copper: Serves as a metal interconnect
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Design Flow



Synthesis

Synthesis is a process by which an abstract 
form of desired circuit behavior, typically at 
register transfer level (RTL), is turned into a 

design implementation in terms of logic 
gates.



Floorplan

Floorplan of an integrated circuit is a 
schematic representation of tentative 

placement of its major functional blocks.



Place and Route

Placement involves deciding where to place 
all electronic components, circuitry, and 
logic elements in a generally limited 
amount of space. 

Routing decides the exact design of all the 
wires needed to connect the placed 
components.
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ASIC Vs FPGA
Speed

ASIC rules out FPGA in terms of speed. As ASIC are designed for a specific 
application they can be optimized to maximum, hence we can have high 
speed in ASIC designs. ASIC can have hight speed clocks.

Cost
FPGAs are cost effective for small applications. But when it comes to 
complex and large volume designs (like 32-bit processors) ASIC products 
are cheaper.

Size/Area
FPGA are contains lots of LUTs, and routing channels which are connected 
via bit streams(program). As they are made for general purpose and because 
of re-usability. They are in-general larger designs than corresponding ASIC 
design. For example, LUT gives you both registered and non-register output, 
but if we require only non-registered output, then its a waste of having a 
extra circuitry. In this way ASIC will be smaller in size.
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ASIC Vs FPGA
Power

FPGA designs consume more power than ASIC designs. As explained above the 
unwanted circuitry results wastage of power. FPGA wont allow us to have better 
power optimization. When it comes to ASIC designs we can optimize them to the 
fullest.

Time to Market
FPGA designs will till less time, as the design cycle is small when compared to that of 
ASIC designs. No need of layouts, masks or other back-end processes. Its very 
simple: Specifications -- HDL + simulations -- Synthesis -- Place and Route (along 
with static-analysis) -- Dump code onto FPGA and Verify. When it comes to ASIC we 
have to do floor planning and also advanced verification. The FPGA design flow 
eliminates the complex and time-consuming floor planning, place and route, timing 
analysis, and mask / re-spin stages of the project since the design logic is already 
synthesized to be placed onto an already verified, characterized FPGA device.

Type of Design
ASIC can have mixed-signal designs, or only analog designs. But it is not possible to 
design them using FPGA chips.
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ASIC Vs FPGA
Customization

ASIC has the upper hand when comes to the customization. The device 
can be fully customized as ASICs will be designed according to a given 
specification. Just imagine implementing a 32-bit processor on a FPGA!

Prototyping
Because of re-usability of FPGAs, they are used as ASIC prototypes. 
ASIC design HDL code is first dumped onto a FPGA and tested for 
accurate results. Once the design is error free then it is taken for further 
steps. Its clear that FPGA may be needed for designing an ASIC.

Non Recurring Engineering/Expenses
NRE refers to the one-time cost of researching, designing, and testing a 
new product, which is generally associated with ASICs. No such thing is 
associated with FPGA. Hence FPGA designs are cost effective.
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ASIC Vs FPGA
Simpler Design Cycle 

Due to software that handles much of the routing, placement, and timing, 
FPGA designs have smaller designed cycle than ASICs.

More Predictable Project Cycle
Due to elimination of potential re-spins, wafer capacities, etc. FPGA designs 
have better project cycle.

Tools
Tools which are used for FPGA designs are relatively cheaper than ASIC 
designs.

Re-Usability
A single FPGA can be used for various applications, by simply 
reprogramming it (dumping new HDL code). By definition ASIC are 
application specific cannot be reused.



Assignment Task
Select/Download a 16/32 bit Processor Core

Task 1 (Dead Line 15 of May)
Understand its internal architecture: 

– Draw processor architecture
– Write specifications and working

Task 2 (Dead Line 15 of June)
Perform analysis using ASIC Design Compiler:

• Power
• Area
• Speed
• Any other (Bonus)
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