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ABSTRACT 
The increasing growth of sub-micron technology has resulted in the difficulty of VLSI testing. Test and design 

for testability are recognized today as critical to a successful design. Field Programmable Gate Arrays 

(FPGAs) have been used in many areas of digital design. Because FPGAs are reprogrammable, faults can be 

easily tolerated once fault sites are located. In this paper, we discuss about fault detection and fault diagnosis 

techniques for FPGA CLBs. The most of the discussion will be made using Configurable Logic Block (CLB) 

instead of whole FPGA for simplicity. In order to generate testing pattern we aid Linear Feedback Shift 

Register (LFSR). Fault detection and location will be carried out using output response analyzer. Diagnosis will 

be discussed accordingly. For this analysis we have taken XC4000 FPGA. VHDL is used as HDL language. 
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I. INTRODUCTION 

Field programmable gate arrays (FPGAs) are a popular choice among VLSI devices, any logical 

circuit can be implemented into the FPGA at low cost. It consists of an array of configurable logic 

blocks (CLBs), programmable interconnect and programmable Input/output blocks. Many methods 

have been proposed to test FPGAs [1]. In some works, the circuits under consideration are 

programmed FPGAs, in which logic circuits have been implemented. Since an FPGA can be 

programmed in many different ways, this method is not applicable to manufacturing time testing, as 

we do not know the final configuration. Testing faults in general FPGAs has been proposed by many 

researchers. In these methods, the FPGA under test is not mapped to a specific logic function. As a 

result, multiple test sessions are usually required, with each session dealing with one configuration. 

The BIST architecture requires the addition of three hardware blocks to a digital circuit: a pattern 

generator, a response analyzer and a test controller. Examples of pattern generators are a ROM with 

stored patterns, a counter and a linear feedback shift register.  

LFSR is constructed using flip-flops connected as a shift register with feedback paths that are linearly 

related using XOR gates. An LFSR can be used for generation of pseudo-random patterns, polynomial 

division, response compaction etc. [2]. LFSR is more popular for implementation of both TPG and 

ORA due its compact and simple structure. Figure 1 shows the generic FPGA architecture for VLSI 

design. 

 
Figure 1. Generic FPGA architecture 
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 A typical response analyzer is a comparator with stored responses or an LFSR used as a signature 

analyzer. Traditional chip testing deals with fault detection only, while fault diagnosis is often 

conducted at the system level. This is because components in the chip cannot be repaired. However, 

faults in FPGAs can be easily tolerated by not including faulty elements in the final circuit. Therefore, 

FPGA chips with faults can still be used if we can identify the fault sites. In this paper, we propose a 

chip-level diagnosis methodology for faults in CLBs. Our method is also based on the BIST 

technique, which means that the testing process is conducted by the chip itself, and the requirement 

for external ATE support is limited. 

II. PRELIMINARIES AND FAULT DIAGNOSIS 

In order to diagnose faults, there must first be a way to test modules in FPGAs. A candidate for this 

purpose is the built-in self-test (BIST). This structure reconfigures part of the functional circuit to be a 

test pattern generator (TPG), and some other to be an output response analyzer (ORA) [4]. The rest 

circuit consists of the circuit under test (CUT). The TPG is either a linear feedback shift register 

(LFSR) that generates pseudorandom test sequences, or simply a counter that provides an exhaustive 

test set.  

 
Figure 2. Connections between testing module and set of CLBs under test 

The test inputs are fed to the CUT, while the output responses are collected and analyzed by the ORA. 

The ORA can be either a signature analyzer or a comparator-based analyzer [5]. Our test architecture 

works as follows. An FPGA is divided into disjoint sets of CLBs, where each set can be configured 

into a TPG and ORA as shown in figure 2. Such a set acts as a module in the PMC model since it is 

able to test another module and determine whether the CUT passes or fails the given test. All the 

CLBs under test are programmed in the same way; therefore, they perform the same logic function 

and could be given the same test patterns. Thus outputs of the TPG are fed to all CLBs in the set 

under test, and the results are analyzed by the ORA. Since each CLB can be programmed in many 

ways, it is not possible to test any CLB in a single test run. As a result, a complete test of all faults in a 

CLB usually requires several steps, and in each step a CLB is programmed in a particular way. 

Our fault diagnosis process contains two sessions: 1) horizontal diagnosis, and 2) vertical diagnosis.  

Horizontal diagnosis is illustrated in figure 3 (a). The outputs of the rightmost cells are compared with 

correct results for identifying faulty rows. 

 
Figure 3. (a) Horizontal Diagnosis (b) Vertical diagnosis 



International Journal of Advances in Engineering & Technology, March 2012. 

©IJAET                                                                                                          ISSN: 2231-1963 

242 Vol. 3, Issue 1, pp. 240-246  
 

The interconnection structures for vertical diagnosis are shown in figure 3(b). The outputs of the 

bottommost cells are compared with correct results for identifying faulty columns. By intersecting 

faulty columns with faulty rows, the faulty cells can be identified. The diagnosis resolution of our 

approach is a single CLB due to the structure of a basic cell. 

We arranged the CLBs shown above in an array of 8×8 for the experiment purpose. Since CLBs are 

configurable; we can ‘inject’ faults into CLBs by simulating the effects of logic faults. We consider 

two types of faults: stuck-at faults and open faults. We simulate the effect of a stuck-at fault by 

connecting the faulty line to logic ‘0’ or ‘1’. To simulate the effect of an open fault, all we have to do 

is to disconnect the faulty line from its driving source [6]. Once by using the above diagnosis we can 

find the faulty CLBs easily. Once the location is found we can avoid those CLBs from programming 

and FPGA still be used efficiently. 

III. LFSR FOR TEST PATTERN GENERATION 

Different structures of LFSR will generate different sequence of test pattern. It means that if the BIST 

time is limited, the structure of LFSR will affect the BIST time and Fault Coverage (FC) of Circuit 

under Test (CUT). LFSRs are more popular because of their compact and simple design. Cellular 

Automaton LFSR are more complex to design but provide patterns with higher randomness and 

perform better in detection of faults such as stuck-open or delay faults, which need two-pattern 

testing. A software tool is used which automatically generates built-in self-test blocks into VHDL 

models of digital circuits by giving the suitable values of initial seed and primitive polynomial in TPG 

block [3]. Figure 4 shows the LFSR for test pattern of G and F of XC4000 FPGA. It will generate 8-

bits, 4-bit for G and 4-bit for F. 

 
Figure 4. LFSR test pattern signals generator of G and F inputs of XC4000 FPGA 

IV. TESTING OF FPGA CLB 

A simplified diagram of the CLB in Xilinx XC4000 Family is shown in figure 5. This CLB has 13 

inputs (I= 13), in which one is the clock input (K), nine signals are input to the combinational part (F1 

to F4, G1 to G4, and Hl), and the other three are for the sequential part (DIN, S/R, and EC). There are 

four outputs in a CLB (0 = 4), in which two are combinational outputs and the other two are for 

sequential circuits. The combinational part consists of three look-up tables (LUTs), and three 

multiplexers (MUXs), whose outputs are H1, X, and Y, respectively. The sequential part is made up 

of the remaining components: two D flip-flops (F=2), the S/R control, and the remaining MUXs. 
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Figure 5. Simplified diagram of a CLB in XC4000 

The testing of FPGAs falls into two categories: testing of unprogrammed FPGAs (configuration-

independent testing) and testing of programmed FPGA (configuration-dependent testing) [7].  Here, 

we focus on the testing of unprogrammed FPGAs. The LUTs consist of SRAM. To test the memory 

elements, each bit has to be set to both ‘1’ and ‘0’. Therefore, at least two phases are required to 

exercise all possible faults in the LUTs. There are 4-to-1 MUXs in a CLB. As result, we need at least 

four test phases so that each input-output connection of these MUXs can be exercised. We found that 

four test phases are enough to exercise all possible configurations in the CLB. These configurations 

are given as follows.  

Phase I: The LUTs are configured as exclusive-OR (XOR) of the nine inputs. F’ is connected to both 

flip flops, G’ is connected to Y and H’ is connected to X. 

Phase 2: The LUTs are configured as exclusive-NOR (XNOR) of the nine inputs. G’ is connected to 

both flip flops, F’ is connected to X, and H’s is connected to Y. 

Phase 3: The LUTs implement XOR, and DIN is connected to both flip-flops.  

Phase 4: The LUTs implement XNOR and H‘is connected to both flip-flops.  

 

 
Figure 6. Comparator based ORA 

 

The combinational part is tested in the first two phases. Flip-flops are tested in all four phases. In 

order to fully test the upper MUXs, in phase 1 the four connections are (C 1, C2, C3, C4)=>(Hl, DIN, 

S/R, EC) (i.e., H1 is connected to C1, DIN is connected to C2, etc.). In phase 2, the connection is (C2, 

C3, C4, Cl) => (Hl, DIN, S/R, EC), and in phase 3 we have (C3, C4, C1, C2) => (Hl, DIN, S/R, EC). 

Finally, in phase 4 the connection is (C4, C1, C2, C3) => (Hl, DIN, S/R, EC). As a result, all 

connections are exercised in four phases. The testing pattern is generated using 8-bit LFSR whose 

polynomial is x
8
 +x

6
 +x

5
 +x +1. The output response analyzer we used here is a comparator based 
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ORA. There are B CLBs in a node, and each CLB has four output lines. Since all C-mode CLBs are 

configured in the same way, they should give the same output response if all CLBs are fault-free [8]. 

Thus the same output signals in all CLBs are fed to one ORA for comparison as shown in figure 

6(e.g., output YQs in all C-mode CLBs are sent to the same ORA). We need four ORAs as each CLB 

has four output lines. In each ORA, all B inputs are fed to a XOR gate. If all CLBs under test are 

fault-free, the output of the XOR gate should always be zero. Unless the number of faulty CLBs is 

even and those faults are identical, the XOR gate will generate a 1 output at least once, and that will 

set the FF to be 1 and the detected fault is recorded.   

V. SIMULATION RESULTS 

The following results are obtained using XILINX tool. The Xilinx XC4000 model is used for fault 

modeling. Initially we designed front end model. The function generators are programmed with 

simple functions .For testing purpose we generated TPG using 8-bit LFSR. The test pattern results 

S/R control is shown in below figure 7.  The LFSR G and F test patterns are shown in below figure 8. 

The outputs of LFSR are fed to the CLB function generators. LFSR used here is of external type. The 

LFSR generates 8-bits using this 8-bits we have taken two 4-bits for G and F to test the FPGA CLBs. 

Initially it was implemented in DSCH and later in Xilinx for better view of results. Faults are 

incorporated into the CLBs for testing purpose. Faults that are incorporated here are stuck-at fault and 

open fault. By using this test pattern we have tested only stuck at faults and open faults.    

 

 
 

Figure 7. S/L control signals for XC4000 FPGA CLBs 

 
Figure 8. G and F input test pattern signals of XC4000 FPGA generated by 8-bit LFSR 
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VI. CONCLUSION 

In this paper we present a methodology for the diagnosis of faulty CLBs in FPGAs. The reference 

CLB we have used is XC4000 series. For generation of test pattern 8-bit LFSR is used. Analysis 

purpose we have injected some of the common faults like stuck at fault and open fault. In this method 

all the testing is done within the FPGA which prevents the use of external hardware. The main 

advantage of this method is testing time of the CLBs mainly depends on number of faults rather than 

the chip size. Hence it yields more advantages while diagnosing the larger chips. For testing of delay 

faults and stuck-open faults, test patterns which are more random in nature provide better fault 

coverage, so in many cases they are being looked upon as the alternatives to conventional LFSRs for 

test pattern generation and output response analysis in BIST. Also the resolution of the fault diagnosis 

algorithm in interconnect testing is greatly dependent on the structure of the original application 

configuration. The complexity of the CLB test configuration will increase in some worst case.  All 

these problems need to be studied in the future research work in this area.    
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