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1. Introduction

ASICs (Application Specific Integrated Circuits) comprise three major types:  full-custom, standard-cell based and gate-array based. Standard-cell based ASICs are also referred to as CBICs (Cell-Based Integrated Circuits) and gate-array based ASICs as MGA (masked gate array).  Among MGAs , structured gate arrays (also known as embedded gate arrays) combine some of the features of CBICs and MGAs: some of the IC is set aside and dedicated to a specific function. This embedded area may contain a different base cell that is more suitable for the specific function.


PLDs (Programmable Logic Devices) developed up to FPGAs (Field-Programmable Gate Arrays) and, as their name shows, start to look as MGAs.  Currently, gate-array based ASICs are not considered to include FPGAs. 


CBICs  and FPGAs , as the most popular types of ASICs, will be used for comparison.


From the cost point of view, FPGAs are preferred for low-volume production. Also they are preferred for prototyping systems as they can be easily reprogrammed until a final version is developed.


The features presented above show that there are specific reasons for using a certain type of ASIC and the advantages of different types can be combined.

 
eASIC is a concept of ASIC developed by Zvi Or-Bach, founder and president of eASIC  Corporation which merges the best of FPGAs with the best of MGAs, that is the use of LUTs(look-up tables similar to FPGAs) for ease of design and fixed routing customized with top metal layers (similar to MGAs) for CBICs  density.


eASIC, eCell, eUnit, eRAM, eCore and eASICore are registered trademarks of eASIC Corporation.

2. The eASIC

2.1 Concept

The structure of the basic logic cell (eCell) which is replicated  in a regular array comprises a combinational  logic and a flip-flop, so this cell has a medium to coarse-grained architecture.


The combinational logic is essentially SRAM LUT (Look-Up Table) based, since this solution offers the maximum flexibility in implementing combinational functions and is this similar to FPGAs architecture.  LUTX and LUTY are three-input LUTs. The outputs of the two LUTs feed a multiplexer. whose output is available as a combinational output or can be the data input for the flip-flop. 

Any up to four variables logic function can be implemented. When three-variables functions are to be obtained, two such functions can be implemented in one eCell. Some of the five up to seven variables functions can also be implemented, this being very useful for data-path modules. Since every eCell contains a flip-flop, one-hot encoding of the state-machines for the control-path is invited. This type of encoding leads to simple combinational feed-back logic, which can be implemented compactly and fast in one level using the LUTs.

The flip-flop is D-type, with the possibility of synchronous reset.

The eCell contains also an independent inverter, a distinctive feature not reported in other ASICs.

256 eCells form an eUnit.  The flip-flops in a eUnit have the same clock input (they form a single clock domain) and are connected in a single scan chain. The eUnit is the basic block for embedding the eASIC technology into structured gate arrays. 16 eUnits form an ASICore.

The eUnit can also be configured as a 256x16 block of RAM memory.


While the eCell has taken the benefits of the LUTs, the programmable FPGA interconnect based on SRAM leads to complex architectures of nested structures of interconnect resources with poor density and associated increased delays. The programmable interconnect has to be on silicon and most of the area is occupied by it. Use of MGA-type of interconnect leads to dense and regular interconnect. So the silicon is much better used since the interconnect is achieved by customizing the top metal layers and most of the die area is used for the eCells.

2.2 Comparison

eASIC is targeted for the 0.18( technology and the eCell size is <400(2, so the density is above 2,500 cells/mm2. One eCell is equivalent to 10-12 ASIC gates, so the density is 30,000 gates/mm2.

For a comparison with the FPGAs, 1eCell is equivalent to 1.5 Xilinx logic cell or 30 FPGA gates.

                                              FPGA                               eASIC                       CBIC(std. cell)

density                          1.5k Gate/mm2                 30k Gate/mm2             60k Gate/mm2
performance                 100MHz                           400MHZ                     500MHZ

power                           1000nW/Gate/Mhz          40nW/Gate/MHz         30nW/Gate/MHz

The eASIC position is an intermediate one, filling the gap between FPGAs and CBICs (std. cell).

The eASIC keeps the same position with respect to other criteria: cost of design and prototype, time and debugging:

Development

                                             FPGA                               eASIC                       CBIC(std. cell)

Design:   Tools                    Low cost                          Low cost                    Very high cost

                Time                     1                                      1                                  2-3

Proto:      NRE                      0                                      $10k-20k                     $150-300k

                TAT                      1 Day                              7 Days                          30-60 Days

Debugging                            Easy                                Easy                            Tough

3 Conclusions

eASIC is filling the gap between FPGA and ASIC from different point of views: density, performance, power, development, design and prototype. 

It appears as a viable alternative in the quickly changing world of digital design
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