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ABSTRACT


System-on-a-chip or System on Chip (SoC or SOC) is an idea of integrating all components of a computer or other electronic system into a single integrated circuit (chip). It may contain digital, analog, mixed-signal, and often radio-frequency functions – all on one chip. A typical application is in the area of embedded systems.

If it is not feasible to construct an SoC for a particular application, an alternative is a system in package (SiP) comprising a number of chips in a single package. However, SoC is believed to be more cost effective since it increases the yield of the fabrication and also its packaging is less complicated compared to a SiP.

1.0  SOC structure
Microcontroller-based System-on-a-Chip
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A typical SoC consists of:

· One or more microcontroller, microprocessor or DSP core(s). 

· memory blocks including a selection of ROM, RAM, EEPROM and Flash. 

· Timing sources including oscillators and phase-locked loops. 

· Peripherals including counter-timers, real-time timers , power-on reset generators. 

· External interfaces including industry standards such as USB, FireWire, Ethernet, USART, SPI.  Analog interfaces including ADCs and DACs. 

· Voltage regulators and power management circuits. 

· These blocks are connected by either a proprietary or industry-standard bus such as the AMBA bus from ARM. DMA controllers route data directly between external interfaces and memory, by-passing the processor core and thereby increasing the data throughput of the SoC.
2.0 Design flow
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System-on-a-Chip Design Flow

An SoC consists of the hardware described above, but also of the software that controls the microcontroller, microprocessor or DSP cores, peripherals and interfaces. The design flow for an SoC aims to develop this hardware and software in parallel.

Most SoCs are developed from pre-qualified blocks for the hardware elements described above, together with the software drivers that control their operation. Of particular importance are the protocol stacks that drive industry-standard interfaces like USB. The hardware blocks are put together using CAD tools; the software modules are integrated using a software development environment.

A key step in the SoC design flow is emulation: the hardware is mapped onto an emulation platform based on a FPGA that then mimics the behavior of the SoC, and the software modules are loaded into the memory of the emulation platform. Once programmed, the emulation platform enables both the hardware and the software of the SoC to be tested and debugged at close to its full operational speed.

After emulation the hardware of the SoC follows the place and route phase of the design of an integrated circuit before it is fabricated.

ASIC Verification: Chips are verified for their logical correctness before sending them to foundry. The process is called ASIC verification. Verilog and VHDL are the Hardware Descriptive languages used for verification. With growing complexity of Chips HVLs like SystemVerilog, SystemC, e, Vera are used. The bugs found in the verification stage are reported to the designer. Traditionally 70% of time and energy in Chip design life cycle are spent on Verification.

3.0 Fabrication
SoCs can be fabricated by several technologies, including:

3.1 Full custom
Full custom design is a methodology for designing integrated circuits by specifying the layout of each individual transistor and the interconnections between them. The alternative to full custom design is the use of standard cell libraries.(Note standard cell libraries are themselves designed using full custom design techniques.) Full custom design 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 ASICs. The main factor effecting the design and production of ASICs is the high cost of mask sets and the requisite EDA design tools. The mask sets are required in order to transfer the ASIC designs onto the wafer.

3.2 Standard Cell
In semiconductor design, standard cell methodology is a method of designing Application Specific Integrated Circuits (ASICs) with mostly digital-logic features. Standard cell methodology is an example of design abstraction, whereby a low-level VLSI-layout is encapsulated into an abstract logic representation (such as a NAND gate). Cell-based methodology (the general class that standard-cell belongs to) makes it possible for one designer to focus on the high-level (logical function) aspect of digital-design, while another designer focused on the implementation (physical) aspect. Along with semiconductor manufacturing advances, standard cell methodology was responsible for allowing designers to scale ASICs from comparatively simple single-function ICs (of several thousand gates), to complex multi-million gate devices (SoC).

3.2.1 Construction of a standard cell
A standard cell is group of transistor and interconnect structures, which provides a boolean logic function (e.g., AND, OR, XOR, XNOR, inverters) or a storage function (flipflop or latch). The simplest cells are direct representations of the elemental NAND, NOR, and XOR boolean function, although cells of much greater complexity are commonly used (such as a 2-bit full-adder, or muxed D-input flipflop.) The cell's boolean logic function is called its logical view: functional behavior is captured in the form of a truth table or boolean algebra equation (for combinational logic), or a state transition table (for sequential logic).

Usually, the initial design of a standard cell is developed at the transistor level, in the form a transistor netlist. The netlist is a nodal description of transistors, of their connections to each other, and their terminals (ports) to the external environment. Designers use Computer Aided Design (CAD) programs such as SPICE to simulate the electronic behavior of the netlist, by declaring input stimulus (voltage or current waveforms) and then calculating the circuit's time domain (analogue) response. The simulations verify whether the netlist implements the requested function, and predict other pertinent parameters such as power consumption or signal propagation delay.

Since the logical and netlist views are only useful to abstract (algebraic) simulation, and not device fabrication, the physical representation of the standard cell must be designed too. Also called the layout view, this is the lowest level of design abstraction in common design practice. From a manufacturing perspective, the standard cell's VLSI layout is the most important view, as it is closest to an actual "manufacturing blueprint" of the standard cell. The layout is organized into base layers, which correspond to the different structures of the transistor devices, and interconnect lines, which join together the terminals of the transistor formations.

For a typical boolean function, many different transistor netlists exist that are functionally equivalent. Likewise, for a typical netlist, there exist many different layouts that fit the netlist's performance parameters. The designer's challenge is to minimize the manufacturing cost of the standard-cell's layout (generally by minimizing the circuit's die area), while still meeting the cell's speed and power performance requirements. Consequently, integrated circuit layout is a highly labor intensive job, despite the existence of design tools to aid this process.

3.2.2 Application of standard cell
Strictly speaking, a 2-input NAND or NOR function is sufficient to form any arbitrary boolean function set. But in modern ASIC design, standard cell methodology is practiced with a sizeable library (or libraries) of cells. The library usually contains multiple implementations of the same logic function, differing in area and speed. This variety enhances the efficiency of automated synthesis, place and route (SPR) tools. Indirectly, it also gives the designer greater freedom to perform implementation tradeoffs (area vs speed vs power consumption.) A complete group of standard cell descriptions is commonly called a technology library.
Commercially available Electronic Design Automation (EDA) tools use the technology libraries to automate synthesis, placement, and routing of a digital ASIC. The technology library is developed and distributed by the foundry operator. The library (along with a design netlist format) is the basis for exchanging design information between different phases of the SPR process.

3.2.3 Synthesis
Using the technology library's cell logical view, the synthesis tool performs the process of mathematically transforming the ASIC's register-transfer level (RTL) description into a technology-dependent netlist. (This process is analogous to a software compiler converting a high-level C-program listing into a processor-dependent, assembly language listing.)

The netlist is the standard cell representation of the ASIC design, at the logical view level. It consists of instances of the standard-cell library gates, and port-connectivity between gates. Proper synthesis techniques ensure mathematical equivalency between the synthesized netlist and original RTL description. The netlist contains no unmapped (RTL) statements and declarations.

3.2.4  Placement
The placer tool starts the physical implementation of the ASIC. With a 2-D floorplan provided by the ASIC-designer, the placer tool assigns locations for each gate in the netlist. The resulting placed gates netlist contains the physical location of each of the netlist's standard-cells, but retains an abstract description of how the gates' terminals are wired to each other.

Typically the standard cells have a constant size in at least one dimension that allows them to be lined up in rows on the integrated circuit. The chip will consist of a huge number of rows (with power and ground running next to each row) with each row filled with the various cells making up the actual design. Placers obey certain rules: Each gate is assigned a unique (exclusive) location on the diemap. A given gate is placed once, and may not occupy or overlap the location of any other gate.

 3.2.5 Routing
Using the placed gates netlist and the layout view of the library, the router adds both signal connect lines and power supply lines. The fully routed (physical) netlist contains the listing of gates (from synthesis), the placement of each gate (from placement), and the drawn interconnects (from routing.)

 3.2.6 DRC/LVS
Design Rule Check (DRC) and Layout Vs Schematic (LVS) are verification processes. Reliable device fabrication at modern deep submicron (0.13u and below) requires strict observance of transistor spacing, metal layer thickness, and power density rules. DRC exhaustively compares the physical netlist against a set of "foundry design rules" (from the foundry operator), then flags any observed violations.

LVS is a process that confirms that the layout has the same structure as the associated schematic; this is typically the final step in the layout process. The LVS tool takes as an input a schematic diagram and the extracted view from a layout. It then generates a netlist from each one and compares them. Nodes, ports, and device sizing are all compared. If they are the same, LVS passes and the designer can continue. Note: LVS tends to consider transistor fingers to be the same as an extra-wide transistor. For example, 4 transistors in parallel (each 1 um wide), a 4-finger 1 um transistor, and a 4 um transistor are all seen as the same by the LVS tool.

4.0 FPGA
A field programmable gate array (FPGA) is a semiconductor device containing programmable logic components and programmable interconnects. The programmable logic components can be programmed to duplicate the functionality of basic logic gates such as AND, OR, XOR, NOT or more complex combinational functions such as decoders or simple math functions. In most FPGAs, these programmable logic components (or logic blocks, in FPGA parlance) also include memory elements, which may be simple flip-flops or more complete blocks of memories.

A hierarchy of programmable interconnects allows the logic blocks of an FPGA to be interconnected as needed by the system designer, somewhat like a one-chip programmable breadboard. These logic blocks and interconnects can be programmed after the manufacturing process by the customer/designer (hence the term "field programmable", i.e. programmable in the field) so that the FPGA can perform whatever logical function is needed.

[image: image3.jpg]



An Altera FPGA with 20,000 cells

FPGAs are generally slower than their application-specific integrated circuit (ASIC) counterparts, can't handle as complex a design, and draw more power. However, they have several advantages such as a shorter time to market, ability to re-program in the field to fix bugs, and lower non-recurring engineering costs. Vendors can sell cheaper, less flexible versions of their FPGAs which cannot be modified after the design is committed. The development of these designs is made on regular FPGAs and then migrated into a fixed version that more resembles an ASIC. Complex programmable logic devices, or CPLDs, are another alternative.
5.0 ADVANTAGES
SoC designs usually consume less power

· Have a lower cost and higher reliability than the multi-chip systems that they replace. 
· And with fewer packages in the system, assembly costs are reduced as well.

· However, like most VLSI designs, the total cost is higher for one large chip than for the same functionality distributed over several smaller chips, because of lower yields and higher NRE (Non-recurring engineering) costs.

6.0 Suppliers
· Actions Semiconductor 

· Altera 

· Analog Devices 

· ARC International 

· ARM Holdings 

· ASIX Electronics 

· Atmel 

And many more.
7.0 Conclusion
The System on Chip is an extension of Computer on chip which are famously known as IC’s or Integrated Circuits. The are now extensively used because of their extended life, low power consumption and varied applications in fields of communication and Embedded systems.
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