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I. Introduction 
The Walsh code is a linear code which maps binary strings of length n to binary code words of length 

2n. Walsh codes are mutually orthogonal error correcting codes. Walsh code have many interesting 

mathematical properties and vital applications in communication systems. WALSH functions are a complete set 

of periodic two valued {+1,-1} orthogonal functions, which is closed in a standard interval (0, 1) and every 

function takes the values {+1,-1} except the final number of discrete points, which is zero. Walsh code have 

vast applications in the field of communications, fast Fourier transforms, audio and video signal processing, 

filtering and multiplexing have been widely reported specially for multi-mode radio SDR (Software Defined 

Radio) and Reconfigurable Radio as in CDMA standard [1]. However, they have aroused great interest in recent 

years in wireless communication as they are used as channelization code in many standards such as CDMA2000 

[1]. 

Walsh code stands for the elimination or the reduction of interference within the users and within the 

channels and furthermore for their identification in literature [2] and [3] where the individual channels are 

distinguished from each other by mutual orthogonality of signals. It is therefore, necessary to create mutually 

orthogonal sequences, through which information is transmitted by various channels spread [4]. 

 

II. DESIGN OF WALSH GENERATOR 
There are two different kinds of Walsh function generators are in use [4]. The first one generates only one 

Walsh function at a time out of a large possible number. And the second method generates a complete set of 

Walsh functions simultaneously. The Walsh generator used in this paper generates only one Walsh function at a 

time. The Walsh Generator provides total of 64 Walsh codes, all of which are orthogonal. It can be obtained by 

the equation shown 2.1, here; “i” represents the index which ranges from 0 to 63. Fig 1 shows the flowchart for 

Walsh generation.  

𝑊𝑎𝑙𝑠ℎ [𝑖]=[(α0XORα1)XOR (α2XORα3)XOR (α4 XOR α5)]……2.1 

 

Abstract:Walsh codes are error correcting orthogonal codes with good cross correlation property. Because of 

this property they are used for error free communication. The Channel Identification in CDMA is one of the 

applications of Walsh sequence. This paper presents ATPG Test Architecture for 64-bit Walsh Sequence 

Generator. 10 scan chains are created using existing flops. For the experiment 100% fault coverage is achieved 

for static faults. 
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Fig 1: Flow Chart for Walsh Generation 

 

Steps:  
1. Initialize the Walsh index i=0;  

2. In each cycle index will be incremented by 1.  

3. Walsh output bit will be calculated and that will be stored for associated index.  

4. Once index reaches the value n, Walsh generator produce the n bit Walsh Sequence.  

5. Once again I value reaches zero and all steps will be repeated.  

 

III. TEST ARCHITECTURE 
There are different Design for Test (DFT) methods such as JTAG, ATPG and BIST [8]. 

 
Fig 2: Test architecture for Walsh sequence generator 

Fig 2 shows the Test architecture for Walsh sequence generator. The ATPG technique is used for the test 

architecture of Walsh sequence generator.  

 

A. ATPG flow  

The below are the steps followed in ATPG.  
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1. Build Model and Test Mode  
The library used for synthesis is TSMC 180 nm and there are no black box created and got the full 

coverage. This build model is used to identify the static faults in test mode. The full scan test mode has been 

generated and this is industry compatible. The elapsed time is 3.46 ns.  

 

2. Build Fault Model  
The tested mode is full scan mode and the elapsed time is 0.08 ns. Build fault model takes input from 

previously created model and applies a fault model to the appropriate nodes by placing faults in the circuit. It 

allows in applying static fault model to the circuit. 

 
3. Verify Test Structure  

Verify test structure method traces scan chain from the scan_out pin by applying inputs to scan_in to 

find-out  

Observable and controllable scan chain in the design. The test mode has been selected as full scan mode for scan 

chain identifications which gives information about broken chain for debugging and to find possible test 

coverage.  

 

B. ATPG tests  

The ATPG engine has been used for generating test patterns to test the structural integrity of the design. 

There are two methods of test coverage have been carried out:  

 

1. Scan Test:  
In order to identify the manufacturing defects, scan test generated patterns are used to verify the design 

by shifting the data from scan_in (SI) to scan_out (SO) pins. The scan chain patterns are useful to find out fault 

coverage and global coverage of test sequences which was created in full scan mode. The fault coverage for one 

sequence is 36%.  

 

2. Logic Tests:  
The logic test model is used to create pattern to cover struck-at model. The ATPG engine is used for 

generating test patterns that will test the structural integrity of the design in terms of resultant fault coverage in 

full scan test mode, global coverage and generated test sequences. The fault coverage is 100%.  

 

IV. EXPERIMENTAL SETUP AND ANALYSIS 
The 64 bit Walsh generator is implemented and verified its simulation results using cadence NC Sim. 

The simulation result is shown in the figure 3. To build the test architecture 10 scan chains are created with each 

of length 14. Cadence RC is used for synthesis. The TSMC 180 nm technological  

Library is used for synthesis. Target faults are 3300 and the test sequence is 143. The time taken for 

verification is 4.5 ns. Cadence ET tool is used for ATPG analysis. The power and area reports are shown in 

figure 4 and 5 respectively. The figure 6 shows fault coverage obtained for the static fault. 

 
Fig 3: Simulation results of Walsh generator 
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Fig 4: Static power of test architecture 

 

From the above Fig 4, the total power obtained is 1084750.396 nw 

 

 
Fig 5: Area of test architecture 

 

From the above Fig 5, the area obtained is 10322 

 

 
Fig 6: Fault coverage of test architecture 

 

From the above Fig 6, the static fault coverage is 100%  

 

V. Conclusion 
The 64-bit Walsh sequence generator is implemented and is verified. Scan chains are created to increase the 

controllability and observability of the test architecture. ATPG technique is adopted to implement architecture. 

For the experiment 100% fault coverage is achieved for static fault. 
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