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1.INTRODUCTION TO DESIGN ASIC Dr Y. Narasimha Murthy Ph. D Sri Sai Baba National College (Autonomous) ANANTAPUR-515001-A.P-INDIA yayavaram@yahoo.com 2. Introduction ASIC [Application Specific Integrated Circuit acronym. As its name indicates, ASIC is a non-standard integrated circuit designed for a specific use or application.
Generally, for a product that will have a large production, an ASIC project will be implemented, and ASIC p can contain a large part of the necessary electronics on a single integrated circuit. 3. Contd. Examples for Ic ASIC are: a chip for a talking toy bear; a satellite chip; a chip designed to operate the interface between memory and a microprocessor
for a workstation CPU; and a chip containing a microprocessor as a cell along with other logic. 4. Contd. Two ICs that could or could not be considered ASCIs are, a chip controller for a PC and a chip for a modem. Both of these examples are specific to an application (tonality of an ASIC) but are sold to many different system vendors (tonality of a
standard part). ASIC such as these are sometimes called specific standard application products (ASSP). 5. Types of ASIC is the classification of ASIC is given under 6. Count. As shown in the slide, ASICs are widely classified in three types. I. So personalized II. Semi-personalised ASICs III. Programmable ASICs 7. Full-custom ASIC is a complete
custom AsIC is one that includes some (possibly all) logical cells that are customized and all layers of mask that are customized. A microprocessor is an example of an IC. Customized Designers spend many hours squeezing the maximum from every square micron of microprocessor chip space by hand. Customization of all IC features allows designers
to include circuits Optimized memory cells or mechanical structures on an IC, for example. Custom ICs are the most expensive and to design. 8. Contd.. &¢ Production time (the time it takes just to make an IC not including design time) is typically eight weeks for a full CIC. a¢ These full-fledged specialized ICs are often intended for a specific
application, so we could call them as full-fledged ASICs. 9. Contd... a¢ In a full ASIC an engineer designs some or all of the logic cells, circuits or layouts specific to an ASIC. This means that the designer avoids using pre-defined, pre-configured cells for all or part of that design. a¢ This could be because existing cell libraries aren’t fast enough, or
logic cells aren’t small enough or consuming too much power. 10. Contd... ¢ The full design should be used if the ASIC technology is new or so specialized that there are no existing cell libraries or because the ASIC is so specialized that some circuits need to be custom designed. a¢ Few and fewer full-custom ICs have been designed due to problems
with these special parts of the ASIC. a¢ The growing member of this family, now one day is, the mixed analog/digital ASIC, 11. Semicustom ASICs a¢ ASICs, where all logical cells are pre-designed and some (perhaps all) of the mask layers are customized are called semi-custom ASICs. a¢ Using the default cells from a cell library makes the design
much easier. a¢ There are two types of semicustom ASICs a¢ ¢ (i) Standard cell-based ASICs (ii) Gate-array-based ASICs. 12. Standard-Cell-based ASICs a¢ An ASIC (cell-based IC, or pronounced sea-bick CBIC) uses pre-designated logical cells (and gates, O gates, multiplexers, and flip-flops, for example) known as standard cells. 4¢ The term CBIC
can be applied to any IC that uses cells, but it is generally accepted. that a cell-based ASIC or CBIC means a cell-based ASIC 13. The standard-cell areas (also called flexible blocks) in a CBIC are built of rows of standard cells like a wall built of bricks. The cellular areas can be used in combination with microcontrollers or even microprocessors, known
as megacells. Megacells are also called mega functions, custom complete blocks, system-level macros (SLMs), fixed blocks, cores, or standard functional blocks (FSBs). 14. A cell-based ASIC (CBIC) dies with a single standard area of cells (a flexible block) along with four fixed blocks. 15. Subsequently, the ASIC designer defines only the positioning of
the standard cells and the interconnection in a CBIC. However, standard cells can be placed anywhere on the silicon; this means that all mask layers of a CBIC are customized and unique for a particular customer. The benefit of CBICs is that designers save time, money and reduce risk by using a pre-designed, pre-tested and pre-characterized library
of standard cells. In addition, each standard cell can be optimized individually. . During the design of the cellular library, each individual transistor in each standard cell can be selected to maximize speed or minimize area. 16th. The disadvantages are the time or expense required to design or purchase the standard cell library and the time required to
manufacture all levels of ASIC for each new project. 17. Gate-array-based ASICs In a gate array (sometimes abbreviated GA) or gate-array-based ASIC transistors are default on the silicon wafer. The default pattern of transistors on a gate array is the base array , and the smallest element replicated to create the base array is the base cell (sometimes
called the primitive cell). 18. In addition, only the few top layers of metal, which define the interconnection between transistors, are defined by the designer using custom masks. To distinguish this type of gate arrays from other types of gate arrays, it is often called gate array (MGA). The designer chooses from a gate-array library of pre-designed and
pre-characterised logic cells 19. Logic cells in a gate-array library are often macro.macro The reason is that the layout of the base cells is the same for each logica 1 cell, and only the interconnection (inside the cells and between the cells) is customized, which is similar to a macro software. The 20th. Types of ASIC based on MGA or Gate-array There
are three types of ASIC based on Gate Array. Array channeled gates. Array gate without channel. Array structured gates. The 21st. The canalized canal was the first to be developed. In a channelled array gate space is left between the transistor lines for cabling. A channeled array gate is similar to a CBIC. Both use cell files separated from channels
used for interconnection. One difference is that the interconnection space between cell lines is fixed in height in a channelled gate array, while the space between cell lines can be regulated in a CBIC. The 22nd. A channeled gate array dies 23. Characteristics of MAGA: Only the interconnection is personalised. The interconnection uses predefined
spaces between the baseline cells. Production time is included between two days and two weeks. The 24th. Channel less Gate Array This channel less gate-array architecture is now widely used. Routing on a gateless array uses unused transistor files. The fundamental difference between a less gate channel array and a channel gate array is that there
are no default areas reserved for routing between cells on a less gate channel array. Instead, we're targeting the gate array devices. We can do this because © We customize the contact layer that defines the connections between metal 1, the first metal layer, and transistors. The 25th. Characteristics of Channel Less Gate Array Only interconnection
is customized. The interconnection uses predefined spaces between the baseline cells. The time for It is about two days to two weeks. When we use a transistor area to route a channel minus arrays, we do not make any contact with the devices that are located Let’s just leave the transistors unused. 26th. A channel minus array gate-array or sea-of-
gates (SOG) dies. 27th. The fundamental difference between a channel minus gate array and a channeled gate array is that there are no predefined areas reserved for routing between cells on a channel minus gate array. On the contrary, we head over the gate-array devices. This is done because we customize the contact level that defines the
connections between metall, the first metal layer, and the transistors. When we use a transistor area to route a channel minus arrays, we don’t make any contact with the underlying devices; we just leave the transistors unused. 28th. ContdA¢ArA!A¢ The logical density, the amount of logic that can be implemented in a given area of silicon is higher
for channels with fewer arrays than for channeled channels. This is generally attributed to the difference in structure between the two types of arrays. In fact, the difference occurs because the contact mask is customized in a channel minus array gate, but it is not usually customized in a channeled array gate. This leads to denser cells in the channel
less architectures. Customizing the contact level in a channel minus gate array allows us to increase the density of gate-array cells because we can route over unused contact sites. 29th. Structured Gate Array This design combines some of the features of CBIC and MGA. It is also known as embedded gate array or structured gate array (also called
master slice or master image). One of the limitations of the MGA is the fixed gate-array base cell. This makes memory implementation difficult and inefficient. In an integrated gate array part of the IC area is set aside and dedicated to a specific function. This built-in area can contain a different base cell, more suitable for building memory cells, It can
contain a complete circuit, like a microcontroller. 30. a structured or o Gate-array die showing a built-in block in the upper left corner 31. Structured array gate features A ¢ & € ¢ Only the interconnection is customized. a £ $4 € & ¢ The custom blocks (the same for each design) can be incorporated. A ¢ 4 € ¢ The manufacturing time is between two
days and two weeks. A ¢ 4 € ¢ A built-in gate array gives the best efficiency of the area and the increase in the performance of a CBIC, but with the lowest costs and rides a faster of an MGA. A ¢ 4 € ¢ The disadvantage of a built-in gate array is that the built-in function is fixed. 32. CONTD226; 4 € ¢ A ¢ 4 € ¢ For example, if a built-in gate array
contains a set area for a 32-k-bit memory, but we only need a 16-k memory Bit, then we could have to waste half of the built-in memory function. However, this can be even more efficient and cheaper than implementing a K-Bit 32 memory using macros on a SOG 33 array. Programmable logic devices A ¢ & € ¢ Programmable logic devices (PLD) are
standard ICs available in configurations standard. A ¢ & € ¢ However, PLDs can be configured or programmed to create a personalized part to a specific specific specification, and therefore also belong to the ASIC family. a £ $4 € ¢ PLDs use different technologies to allow device programming. 34. A programmable logical device (PLD) dies. 35. PLD
features A ¢ & € ¢ Non-layer of custom mask or logical cells A ¢ ~ ZA ¢ Right Design Turnaround A ¢ & € ¢; A single large block of programmable interconnections A ¢ 6 ¢ A matrix of logical logical logical logical logical macrams that generally consist of a logic to programmable followed by a flip-flop or a lock 36. CONTD226; A€ A€ ¢A€Aa€a€ac€a
€ 4 € ¢ A ¢ The simplest type of programmable IC is a read-only memory (ROM). The most common types of ROMs use a metallic fuse that can be blown permanently (a programmable rom or An electrically programmable ROM, or EPROM, uses programmable MOS transistors whose characteristics are altered by applying a high voltage. 37. You can
cancel an EPROM by using another high voltage (an electrically erasable PROM, or EEPROM) or by exposing the device to a light (UV-erasable prom, or uvprom.) a¢ There is another type of rom that can be placed on any asic a mask-programble rom (mask-programmed rom or masked rom.) a masked rom is a regular array of permanently
programmed transistor using custom mask models. a¢ therefore, an embedded masked rom is a large specialized logical cell. 38. Field-Programmable gate arrays (fpga) a¢ fpga are the new member of the asic family and are rapidly growing, replacing ttl in microelectronic systems. Although a fpga is a type of gate array, we do not consider that the
gate-array-based asic term includes fpga. a¢ There is very little difference between a fpga and a PLD. A fpga is usually only larger and more complex than a pld. In fact, some programmable asic manufacturers call their fpga products and some call them complex plds. 39. features of a fpga: «No mask levels are customized. “There is a method to
program basic logical cells and interconnection. "The nucleus is a regular set of programmable basic logical cells that can implement both the combination and sequential logic (flip-flop). ‘a programmable surround matrix of interconnection’s basic logical cells. * programmable I/O cells surround the nucleus. a¢ the design change takes a few hours.
40. programmable gate array matrix in field (fpga.) 41. The architecture consists of configurable logical blocks, configurable I/O blocks and programmable interconnection. Moreover, there will be clock circuits to direct clock signals to each logical block, and additional logical resources such as alu, memory and decoder may be available. the two basic
types of programmable elements for a phpga are static and anti-fusible ram. 42. examples of sram-based fpga families are: «Family alters FLEX» atmel at6000 and AT40K» bright familyORCA A «Xilinx XC4000 and VIRTEX families Examples of FPGA-based FPGA families are: A« Atel SX and MX MX «Family PASIC fast logic 43. CPLDs vs FPGA CPLD
FPGA a¢ Architecture: PAL-like Gate Array a¢ Density: from low to medium media to high 12 22V10s or more up to 1 million gates a¢ Speed: Fast, predictable Depending on the application a¢ Interconnection: Routing crossbar a4¢ Power consumption: medium 4 4. Design Flow The sequence of steps to design an ASIC is known as Design Flow . The
various steps involved in the ASIC design flow are indicated below. 1. Design entry: Design entry is a phase in which micro architecture is implemented in a Hardware Description language such as VHDL, Verilog , System Verilog etc. In the first days, a schematic editor was used for the entrance of design where designers installed gates. The greater
complexity of current designs requires the use of HDL to increase productivity. Another advantage is that HDLs are independent of process technology and therefore can be reused over time. 45. Followed 2. Logic synthesis: Use an HDL (VHDL or Verilog) and a logical synthesis tool to produce a clear list a description of logical cells and their
3.System partitioning connections: Divide a large system into ASIC size pieces. 4. Pre-layout simulation: Check if the project works properly. 5. Floor planning: Set the netlist blocks on the chip. 6. Positioning: Decide the location of the cells in a block. The 7th Routing: Make connections between cells and blocks. The 46. 8.Extraction: Determine the
resistance and capacity of the interconnector. 9. Post-layout simulation. It is used to check whether the project still works with additional loads of the interconnection or not. The flow diagram is shown in the next slide. 47. ASIC 48 project flow diagram. In the flow diagram steps 1 to 4 are part of the logical project, and steps fromto 9 are part of the
physical design. “When performing system partitioning we have to consider both logical and physical factors. 49. CMOS Design Rules The design rules are are between process designer and engineer and guidelines for building process masks. Figures in the next slides define the design rules for a CMOS process using images. Arrows between objects
denote a minimum spacing, and arrows that show the size of an object denote a minimum width. Rule 3.1, for example, is the minimum width of poles (2.1). 50. Diagram 1 51. Diagram 2-52. Count. "Dimensions are in 1. The rule numbers are in brackets (the firing rules from 11 to 13 are extensions to this basic process) Each rule number may have
different values for different manufacturers there are no standards for the design rules 53. Application-Specific Integrated Circuits- Michael John Sebastian Smith, Addison Wesley Longman, Inc. Copy and paste this code into your website. Your Link ...
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