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1. Introduction:
                      The FPGA industry sprouted from programmable read-only memory (PROM) and programmable logic devices (PLDs). PROMs and PLDs both had the option of being programmed in batches in a factory or in the field (field programmable), however programmable logic was hard-wired between logic gates. In the late 1980s the Naval Surface Warfare Department funded an experiment proposed by Steve Casselman to develop a computer that would implement 600,000 reprogrammable gates. Casselman was successful and a patent related to the system was issued in 1992. Some of the industry’s foundational concepts and technologies for programmable logic arrays, gates, and logic blocks are founded in patents awarded to David W. Page and LuVerne R. Peterson in 1985. Xilinx co-founders Ross Freeman and Bernard Vonderschmitt invented the first commercially viable field programmable gate array in 1985 – the XC2064.The XC2064 had programmable gates and programmable interconnects between gates, the beginnings of a new technology and market. More than 20 years later, Freeman was entered into the National Inventors Hall of Fame for his invention. Xilinx continued unchallenged and quickly growing from 1985 to the mid-1990s, when competitors sprouted up, eroding significant market-share. By 1993, Actel was serving about 18 percent of the market. The 1990s were an explosive period of time for FPGAs, both in sophistication and the volume of production. In the early 1990s, FPGAs were primarily used in telecommunications and networking. By the end of the decade, FPGAs found their way into consumer, automotive, and industrial applications.

2.  FPGA market: 

In 1985, World’s first commercial FPGA was available in the market. It was Xilinx XC2064. In 1987, FPGA market size expanded to $14 million. In 1993, it was $385 million. In 2005, it was $1.9 billion. In 2010, It was estimated to be around $2.75 billion.
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3. FPGA producing Companies and their latest developments:
3.1.Xilinx:

Xilinx designs, develops and markets programmable logic products, including integrated circuits (ICs), software design tools, predefined system functions delivered as intellectual property (IP) cores, design services, customer training, field engineering and technical support. Xilinx sells both FPGAs and CPLDs for electronic equipment manufacturers in end markets such as communications, industrial, consumer, automotive and data processing. The ISE Design Suite is the central electronic design automation (EDA) product family sold by Xilinx. The ISE Design Suite features include design entry and synthesis supporting Verilog or VHDL, place-and-route (PAR), completed verification and debug using ChipScope Pro tools, and creation of the bit files that are used to configure the chip. Xilinx's Embedded Developer's Kit (EDK) supports the embedded PowerPC 405 and 440 cores (in Virtex-II Pro and some Virtex-4 and -5 chips) and the Microblaze core. Xilinx is the only (as of 2007) FPGA vendor to distribute a native Linux freeware synthesis tool chain. Xilinx announced the architecture for an Extensible Processing Platform, which licenses the ARM Cortex-A9 MPCore processor for embedded systems designers familiar with the ARM platform. The Extensible Processing Platform architecture abstracts much of the hardware burden away from the embedded software developers' point of view, giving them an unprecedented level of control in the development process. With this platform, software developers can leverage their existing system code based on ARM technology and utilize vast off-the-shelf open-source and commercially available software component libraries. Because the system boots an OS at reset, software development can get under way quickly within familiar development and debug environments using tools such as ARM’s RealView development suite and related third-party tools, Eclipse-based IDEs, GNU, the Xilinx Software Development Kit and others. The platform targets embedded designers working on market applications that require multifunctionality and real-time responsiveness, such as automotive driver assistance, intelligent video surveillance, industrial automation, aerospace and defense, and next-generation wireless.

 Xilinx announced, in early 2011, a new Zynq product family specifically based on its extensible processing platform. Following the introduction of its 28 nm 7-series FPGAs, Xilinx revealed that that several of the highest-density parts in those FPGA product lines will be constructed using multiple dice in one package, employing technology developed for 3D construction and stacked-die assemblies. In October 2011, Xilinx shipped the first FPGA to use the new technology, the Virtex-7 2000T FPGA, which includes 6.8 billion transistors and 20 million ASIC gates. In January 2011, Xilinx acquired design tool firm AutoESL Design Technologies and added System C high-level design to its 6- and 7-series FPGA families. The addition of AutoESL tools extends the design community for FPGAs to designers more accustomed to designing at a higher level of abstraction using C, C++ and System C. In April 2012, Xilinx introduced a redesign of its toolset for programmable systems, called Vivado Design Suite. This IP and system-centric design software supports newer high capacity devices, and speeds the design of programmable logic and I/O. Vivado provides faster integration and implementation for programmable systems into devices with 3D stacked silicon interconnect technology, ARM processing systems, analog mixed signal (AMS), and many semiconductor intellectual property (IP) cores. In November 2012, Xilinx has given first details of its product plans for the next process node at 20nm.The FPGA and system-on-chip (SoC) supplier will move its next-generation 8 series all-programmable FPGAs, its Zynq ARM-based SoCs and its 3D ICs to 20nm, starting next year. Xilinx says its 20nm programmable devices will address speed and bandwidth demands in 100G - 400G wired networks and LTE base stations employing adaptive antenna and cognitive radio technologies. The technology will also be used in image/ video processing for next-generation displays, professional cameras, factory automation, advanced automotive driver assistance, and surveillance systems. Xilinx announced that the 20nm 8 series All Programmable FPGAs will provide 2x the performance, half the power, and 1.5 to 2x the integration capabilities over the current generation. Prior to 2010, Xilinx offered two main FPGA families: the high-performance Virtex series and the high-volume Spartan series, with a cheaper EasyPath option for ramping to volume production. In June, 2010 Xilinx introduced the Xilinx 7 series: the Virtex-7, Kintex-7, and Artix-7 families, promising improvements in system power, performance, capacity, and price. In March 2011, Xilinx introduced the Zynq-7000 family, which integrates a complete ARM Cortex-A9 MPCore processor-based system on a 28 nm FPGA for system architects and embedded software developers.
3.2. Altera:


Altera Corporation is a Silicon Valley manufacturer of PLDs, reconfigurable complex digital circuits. The company released its first PLD in 1984.Altera's main products are the Stratix, Arria and Cyclone series FPGAs. The Stratix series FPGAs are the company's largest, highest bandwidth devices, with up to 1.1 million logic elements, integrated transceivers at up to 28 Gbit/s, up to 1.6 Tbit/s of serial switching capability, up to 1,840 GMACs of signal-processing performance, and up to 7 x72 DDR3 memory interfaces at 800 MHz. Cyclone series FPGAs and SoC FPGAs are the company's lowest cost, lowest power FPGAs, with variants offering integrated transceivers up to 5 Gbit/s. In between these two device families are Arria series FPGAs and SoC FPGAs, which provide a balance of performance, power, and cost for mid-range applications such as remote radio heads, video conferencing equipment, and wireline access equipment. Arria FPGAs have integrated transceivers up to 10 Gbit/s. In May 2008, Altera introduced the industry's first 40-nm programmable logic devices: the Stratix IV FPGAs and HardCopy IV ASICs. Both devices are available with integrated transceiver options. Since then, the company has also introduced Stratix IV GT FPGAs, which have 11.3-Gbit/s transceivers for 40G/100G applications, and Arria II GX FPGAs, which have 3.75-Gbit/s transceivers for power- and cost-sensitive applications. Semiconductors manufactured on a 40-nm process node address many of the industry's key challenges, including power consumption, device performance, and cost. Altera's devices are manufactured using techniques such as 193-nm and technologies such as extreme low-k dielectrics and . These techniques and technologies bring enhancements to device performance and power efficiency. In April 2010, Altera introduced the FPGA industry's second 28-nm device, the Stratix V FPGA (to Xilinx's Kintex-7 FPGA), available with transceivers at speeds up to 28 Gbit/s. This device family has more than 1 million logic elements, up to 53 Mb of embedded memory, up to 7 x72 DDR3 DIMMs at 800 MHz, 1.6-Gbit/s LVDS performance, and up to 3,680 variable-precision DSP blocks. In August 2011, Altera began shipping 28-nm Stratix V GT devices featuring 28-gigabits-per-second (Gbps) transceivers. Altera has developed a user friendly method for partial reconfiguration, so core functionality can be changed easily and on the fly. And there is a path to HardCopy V ASICs, when designs are ready for volume production. Also, Altera’s 28 nm FPGAs aim to reduce power requirements to 200 mW per channel. In December, 2012, the company announced the shipment of its first 28 nm Cyclone V SoC devices, which have a dual-core ARM Cortex-A9 processor system with FPGA logic on a single chip. With these SoCs devices, users are able to create custom field-programmable SoC variants for power, board space, performance and cost optimization. The process will deliver twice the density of 28nm and a 60% reduction in static and dynamic power. It will deliver 40Gbit/s transceiver and 28Gbit/s backplanes. The 20nm process for which Altera's products are being developed is TSMC’s bulk CMOS process. In parallel, Altera is "actively working" on finfet design. Altera is also looking at FD-SOI as a possible way to go. Altera Corporation recently unveiled several key innovations planned for its next generation of 20-nm products. The architectural, software and process innovations Altera is making at 20 nm enable the development of an enhanced mixed-system fabric that delivers new levels of performance, bandwidth, integration and power efficiency. Altera’s 20-nm mixed-system fabric includes the integration of 40-Gbps transceiver technology, a next-generation variable-precision digital signal processing (DSP) block architecture that delivers over 5 TFLOPs of IEEE 754 floating-point performance, and heterogeneous 3D ICs that integrate FPGAs with a user-customizable HardCopy. ASIC or a variety of other technologies, including memory, third-party ASICs and optical interfaces through an innovative high-speed interface.The 20-nm mixed-system fabric also offers continued innovations in power management, including adaptive voltage scaling, Programmable Power Technology, and optimized process technology, which enable Altera to reduce device power consumption up to 60 percent compared to its previous generation of devices. Altera’s upcoming innovations include:

3.2.1.  Highest Serial Bandwidth: 40-Gbps Chip-to-Chip and 28-Gbps Backplane Transceivers:

Innovations made to Altera’s transceiver technology at 20 nm deliver the industry’s highest serial bandwidth, enabling the migration to 100G backplane and 400G systems. The 20‑nm devices will include both 28-Gbps transceivers to drive CEI-25G-LR, Ethernet 4x25G backplanes and 40-Gbps transceivers designed to interface with chip-to-chip or chip-to-optical modules. The transceiver technology innovations Altera is making at 20 nm provide the foundation for developing CEI-56G-compliant transceivers that offer the connectivity to drive the next generation of 400G optical networks, 400G line cards and beyond.

3.2.2. Heterogeneous 3D ICs Featuring a High-Speed Chip-to-Chip Interface:

At 20-nm, Altera will introduce an innovative high-speed chip-to-chip interface that integrates multiple dies together in a 3D package. This innovative interface enables Altera to deliver customer-specific heterogeneous 3D systems that mix FPGAs with a user-customizable HardCopy ASIC, or a variety of other technologies, including memory, third-party ASICs and optical interfaces. Integrating FPGAs with HardCopy ASICs or third-party ASICs makes it possible for Altera to deliver single-device solutions that offer 10X higher system integration versus any 28-nm product. The devices will enable developers to dramatically increase system integration, system performance and product differentiation while reducing system power, board space and costs.

3.2.3. Industry’s Highest DSP Performance with Highest TFLOPs/Watt:

Altera is resetting industry benchmarks in TFLOPs/watt with 20-nm devices. Enhancements made to its next-generation variable-precision DSP block deliver over 5 TFLOPs of IEEE 754 floating-point performance. At these levels, Altera’s 20-nm devices deliver over 5X higher TFLOPs per watt versus competitive FPGAs.
3.3. Actel(Micro Semi):

Actel Corporation is a manufacturer of nonvolatile, low-power field-programmable gate arrays (FPGAs), mixed-signal FPGAs, and programmable logic solutions. It is headquartered in Mountain View, California, with offices worldwide. Actel's portfolio of FPGAs is based on two types of technologies: antifuse-based FPGAs (Axcelerator, SX-A, eX, and MX families) and flash-based FPGAs (Fusion, IGLOO, and ProASIC3 families). Actel's antifuse FPGAs have been known for their nonvolatility, live at power-up operation, single-chip form factor and security. Actel's flash-based FPGA families include these same characteristics and are also reprogrammable and low power. Actel also develops system-critical FPGAs  including extended temperature automotive, military, and aerospace FPGAs, plus a wide variety of space-class radiation-tolerant devices. These flash and antifuse FPGAs have high levels of reliability and firm-error immunity. In 2000, Actel acquired GateField which expanded Actel's antifuse FPGA offering to include flash-based FPGAs. In 2005, Actel introduced a new technology known as Fusion to bring FPGA programmability to mixed-signal solutions. Fusion was the first technology to integrate mixed-signal analog capabilities with flash memory and FPGA fabric in a monolithic device.  In 2006, to address the tight power budgets of the portable market, Actel introduced the IGLOO FPGA. The IGLOO family of FPGAs was based on Actel's nonvolatile flash technology and the ProASIC 3 FPGA architecture. Two new IGLOO derivatives were added in 2008: IGLOO PLUS FPGAs with enhanced I/O capabilities, and IGLOO nano FPGAs, the industry's lowest power solution at 2 µW. A nano version of ProASIC3 also became available in 2008. In 2010, Actel introduced the SmartFusion line of FPGAs. SmartFusion includes both analog components and a programmable flash-based logic fabric within the same chip. SmartFusion was the first FPGA product to additionally include a hard ARM processor core.  In October 2010, MicroSemi acquired actel.

3.4. Lattice Semiconductor:

In addition to CPLDs & SPLDs, Lattice also manufactures field-programmable gate arrays (FPGAs), programmable mixed-signal and interconnect products, related software and intellectual property (IP). Lattice's main products are the ECP and XP series of FPGAs (field-programmable gate arrays) and Lattice Diamond design software. At the 90nm node, Lattice offers a variety of FPGA devices. Products are used in a variety of end uses, such as flat-panel televisions and laptops. Lattice FPGA are classified as
3.4.1. High-Value FPGA:

The LatticeECP3 FPGA Family offers low cost and low power with advanced features including multi-protocol 3.2G SERDES with XAUI jitter compliance, pre-engineered source synchronous support (including DDR1/2/3), cascadable DSP blocks, high density on-chip memory and up to 149K LUTS. LatticeECP2M FPGA devices provide the same feature set as the LatticeECP2 family but have embedded 3.125Gbps SERDES and increase memory capacity to 5.3Mbits and DSP capability to 63GMACs.

3.4.2. High Performance FPGA:

LatticeSC (System Chip) FPGA couples the industry's fastest FPGA fabric with system level features like 2Gbps PURESPEED I/O, 32 channels of SERDES and pre-engineered embedded IP using on-chip structured ASIC blocks for best-in-class programmable connectivity solutions.

3.4.3. Non-Volatile FPGA:

Lattice's iCE40 Los Angeles mobileFPGA™ family is designed for sensor management, video and imaging, custom connectivity, and memory/storage expansion for Custom Mobile Device™ solutions. Fabricated on a 40-nm low-power, standard CMOS process, the Los Angeles family has been optimized for consumer applications. LatticeXP2 FPGA devices utilize an underlying LatticeECP2 fabric combined with a low-cost 90nm Flash FPGA technology in an Architecture referred to as flexiFLASH. LatticeXP2 devices also support Live Updates with TransFR, 128-bit AES Encryption and Dual-Boot technologies.

3.5. QuickLogic:


QuickLogic Corporation (Nasdaq: QUIK) introduced the Embedded Standard Product (ESP) architecture in 1998, creating a new class of semiconductor devices that combines the guaranteed performance and lower cost of standard products with the flexibility and time-to-market benefits of programmable logic. Since then, QuickLogic has developed more than 100 ESP solutions for OEMs in such markets as telecommunications and data communications; video/audio, graphics and imaging; instrumentation and test; high-performance computing; and military systems. Until 2007 they were a supplier of Field-Programmable Gate Arrays based on antifuse technology, making the devices one-time programmable. In 2007, QuickLogic exited active development in this business to focus on an ASSP-like product that they refer to as Customer Specific Standard Product or CSSP. This is currently the company's primary focus.

QuickLogic CSSP products can contain a number of different technologies, including VEE (Visual Enhancement Engine), DPO (Display Power Optimizer), USB (Universal Serial Bus), MIPI (Mobile Industry Processor Interface), SPIDA, WAV, and others.

4.Conclusion: 

With the current boom in electronics industry, the future of FPGA seems to be bright. The FPGA’s will use all the transistors that they can get. The FPGA’s can be divided as Large LUT-count FPGAs, Low cost FPGAs (low LUT-count, low performance) and Medium LUT-count but high-performance FPGAs. With the market available 28-nm devices and both Xilinx and Altera announced that their 20-nm devices will be in market by 2015. It is in the near future where we will see sub 2-nm devices with massive processing speed in the market.
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