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Abstract  
Failures of nano-metric technologies owing to defects and shrinking process tolerances give rise to 

significant challenges for IC testing. In recent years the application space of reconfigurable devices has 

grown to include many platforms with a strong need for fault tolerance. While these systems frequently 

contain hardware redundancy to allow for continued operation in the presence of operational faults, the 

need to recover faulty hardware and return it to full functionality quickly and efficiently is great. In 

addition to providing functional density, FPGAs provide a level of fault tolerance generally not found in 

mask-programmable devices by including the capability to reconfigure around operational faults in the 

field.  Reliability and process variability are serious issues for FPGAs in the future. With advancement in 

process technology, the feature size is decreasing which leads to higher defect densities, more 

sophisticated techniques at increased costs are required to avoid defects. If nano-technology fabrication 

are applied the yield may go down to zero as avoiding defect during fabrication will not be a feasible 

option Hence, feature architecture have to be defect tolerant. In regular structure like FPGA, redundancy 

is commonly used for fault tolerance. In this work we present a solution in which configuration bit-stream 

of FPGA is modified by a hardware controller that is present on the chip itself. The technique uses 

redundant device for replacing faulty device and increases the yield.  

 

Index Terms - Fault tolerance, FPGA, hardware controller, redundancy. 

1. INTRODUCTION 

The traditional objective during the design of integrated circuit includes timing, area, 

power and reliability. Designers take this observation into consideration and will redo 

portion of their design if certain value of this quality measure are not achieved. Most 

existing systems include measures and assist the designer in meeting the product goals. 

The situation is different with respect to yield. Yield is still, in most cases, considered 

an issue which is of concern only to fabrication engineers, and not to chip designers. 

Most designers are not even aware that some of the design decision which they make, 

and some of the techniques/tools which they use, have an impact on product yield. In 

order to make the case for establishing yield as another design objective we must first 

prove that a chip yield can not only be affected, but consistently improved, by decision 

made during the decision process. 
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Like all discrete semiconductor devices, a field programmable gate array can be 

adversely affected by faults at various stages of component lifetime. While most defects 

appear immediately following fabrication, occasionally, after extended periods of device 

use, operational faults can affect in-service programmable components. Common 

operational faults include open/short metal (4-17% of faults) and transistor stuck-at 

faults (25-75% of faults) [5] with manifestation rates that vary based on system 

environmental conditions such as exposure to gamma radiation and extreme 

temperature. In general, recent trends in FPGA architecture increase the vulnerability of 

devices to faults.  

 

VLSI technology progress for finer dimension and larger chip area has lead to more 

complex process and introduction of new and more complex material system [1]. Due to 

higher defect density and complicated fabrication technique the cost of manufacturing 

has increased. The increase in defect/fault complexity factor has lead to more devices 

being effective and hence reduced the yield. Researches for improving yield using 

various techniques are being carried out since many years [3]. Without using 

redundancy, the reliability of system is limited by the reliabity of its components. 

Moreover the system is unprotected from transient errors. Adding fault tolerance to 

design to improve the dependability of system requires the use of redundancy i.e.  One 

of the ways to achieve higher yield is use of fault tolerance [4]. Incorporating fault 

tolerance in architecture allows us to use the chip even if a chip is faulty. In this paper 

we propose a new FPGA like architecture which incorporate fault tolerance in the 

fabric. Various defects may be produced in a VLSI chip during manufacturing [2]. The 

existence of defects affects yield and ultimately cost. Field programmable gate arrays 

(FPGAs) are especially expensive because of the large area penalty taken in favors of 

reconfigurability. With advancement in process technology, the feature size is 

decreasing which leads to higher defect densities more sophisticated techniques at 

increased costs are required to avoid defects [8].  

 

 If nano-technology fabrication are applied the yield may go down to zero as avoiding 

defect during fabrication will not be a feasible option Hence, feature architecture have 

to be defect tolerant. In regular structure like FPGA, redundancy is commonly used for 

fault tolerance. In this work we present a solution in which configuration bit-stream of 

FPGA is modified by a hardware controller that is present on the chip itself. The 

technique uses redundant device for replacing faulty device and increases the yield. The 

design is implemented using FPGA Altera Quartus II EP2S158484C3.   

 

2. RELATED WORK  

Our research extends previously-reported CAD techniques for overcoming operational 

FPGA faults. The large majority of previous CAD approaches in this area has focused 

on recovery from logic cluster (block) faults rather than interconnect faults. In general, 

these approaches require the functionality of an entire cluster be reimplemented in an 

unused cluster if a fault is detected.In a fault recovery approach for logic block defects  
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was described that reserved spare rows and columns of logic blocks to overcome 

individual block failures [10].  

 

While this approach allowed for recovery with no required on-line device re-route, track 

width penalties as high as 35% were reported.FPGA arrays were divided into a 

collection of tiles, each of which could be implemented in one of many pre-compiled 

layouts [11]. If a logic block fault within a tile occurred, a new tile configuration which 

left the affected block unused could be substituted.  

 

Recently, an incremental placement approach was described that uses on-line min-max 

positioning to quickly move faulty logic blocks to unused device blocks [12]. Not only 

did this technique and most other block movement approaches require incremental re-

route following placement, its applicability to coarse-grained cluster-based architectures 

is limited. Effectively an entire cluster would have to be removed from use even if a 

fault affected only an isolated LUT of a cluster.  
 

3. PROPOSED TECHNIQUE 

In this paper, we are proposing a technique in which a hardware controller on the FPGA 

takes defect map and configuration file as input & get the modified configuration file as 

output. We are also using spare device for defect tolerance. If we find any defect in 

FPGA than the spare device is used and discard the faulty device. The proposed 

technique is unique because the configuration bit-stream is modified by Hardware not 

by Software.  

 

The defect map is generated by BIST (built-in-self-test) which is off line Structural type 

of BIST, present on the chip. Each chip will have different defect map. In some cases 

fault can also occur after the chip has been manufactured and tested. In our approach the 

fact that we modify the configuration bit stream in Hardware inside the chip rather than 

software allow us to handle such faults [2].  

 

4. FAULT AND DEFECT MODEL 

Fault is that defect which affects the circuit operation[9]. There are two types of defects 

present in the wafer, global defect & spot defect. Global defect affect larger area of the 

chip, on other hand spot defect are completely random in nature and can occur 

anywhere on the chip and can cause short or open in the wire. In this paper we consider 

only faults which occur due to spot defect in the FPGA [3].  

4.1    HARDWARE CONTROLLER 

Figure 1 shows the flow of configuration of a faulty FPGA with the fault tolerant 

technique.  
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Figure 1 Configuration Flow 

Two new hardware blocks are present on the chip, one is the testing circuit which check 

faulty device in the FPGA and generate fault map. Another is the fault controller that 

argument configuration bitstream to generate a new bit-stream with the help of fault-

map [7]. 

        

If a device found faulty, fault controller generate another configuration in which the 

faulty device in not used and it is shifted to the spare device.  

 

Cl, C2, C3, C4- Control Lines 

Fig. 2 Block Diagram of Hardware Controller 
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Figure 2 show the architectural view of fault tolerance in FPGA architecture, in this we 

design a device, which is put in Device under Test (DUT) & also kept one spare device, 

assuming that the spare device is fault free. 

4.2  PROPOSED ALGORITHM 

Step 1: Send/make control signal so that the DUT of BIST route created and along with 

disconnect the DUT from practical use and send Busy signal to the external world.  

 

Step 2: Place one defined set of pattern on the DUT to test. 

 

Step 3: Get the output pattern. 

 

Step 4: Compare the output pattern with the expected result. 

 

Figure 3 Flowchart 

Step 5: If output is OK discarding the remaining step and connect DUT for normal use.  

 

Step 6: If result is faulty, than it state that DUT is faulty. 

 

Step7: Discard DUT and replaced by Spare Unit and get desire output pattern.  
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5. SIMULATION RESULT 

We can design different functional unit present on the chip and simulate the functional 

unit to get the desire result as follow. 

5.1 DECODER 

We designed DECODER with input A, B and SEL. If DUT is faulty free then faulty 

signal became low and give desire output. Following waveform shows the fault free 

working of decoder with the help of device under test. 

 

 

Figure 4 Simulation result of decoder with no Fault 

If there is fault in DUT then faulty signal will be high and DUT is replaced by spare unit 

which is assume to be fault free and give desire output. Following waveform shows the 

fault free working of decoder with the help of spare device as device under test is faulty.  

 

Figure 5 Simulation result with Fault 
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Table 1: Chip without Hardware Controller 

 

Device Under Test Logic Element Power Dissipation Time delay 

Decoder 16 25 mW 0 

Mux 14 20 mW 0 

Adder 27 29 mW 0 

 

Table 1: Chip with Hardware Controller 

Device Under Test Logic Element Power Dissipation Time delay 

Decoder 24 30 mW 0.12ns 

Mux 24 25 mW 0.21ns 

Adder 37 34 mW 0.14ns 

 

5.2 DISCUSSIONS ON THE PROPOSED TECHNIQUE        

The cost of incomplete or inadequate testing can be longer time to market, lower client 

satisfaction, higher design cost, and a potentially shorter product life cycle. The 

difficulty and cost of adding test headers and connectors can result in incomplete testing 

of new boards, which can have a tremendously negative impact when a bug or problem 

is identified. 

 

With advance in process technology, the feature size is decreasing which leads to higher 

defect densities.  We present novel and efficient methods for built-in-self-test (BIST) of 

FPGAs for detection and diagnosis of permanent faults in current as well as emerging 

technologies that are expected to have high fault densities. We establish the correctness 

of the deterministic phases of our BIST technique. 

 

Simulation results show that our BIST technique has very high fault coverage and low 

fault latency, and supports the theoretical analysis. The proposed method affects three 

aspect yield, area of chip & delay. By this approach we get the maximum (100%) yield 

whereas area is concern, as we are using spare device area will increase and due to 

increase in area the affect time delay of various nets.  
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6.   CONCLUSION  

We develop a novel on-line built-in self-test (BIST) technique for testing FPGAs that 

has a very high effectively even in presence of faults. This approach presents a hardware 

controller based mechanism with the help of which we can use the device even it is 

found faulty.  The method can be used by FPGA vendor to increase yield & thus 

decrease the cost. In this propose work we have given detailed designed algorithm for 

the fault controller for assumed architectures. This work enables us to look in a different 

paradigm of circuit design where faults in a chip are handled by the circuit inside the 

chip itself using redundancy. 
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