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Abstract—This paper presents a new approach to testing the linearity 

of analog to digital converters (ADC) by using field-programmable 

gate arrays (FGPA) and low-end automatic test equipment (ATE). The 

higher the ADC resolution, the higher the requirement for ATE. Low-

end ATEs have a noisy ramp compared to high-end which is not very 

useful in linearity testing of ADCs but with the use of FPGA 

programmed to detect and remove noise, this problem can be solved. 

The experimental results showed that the FGPA can be used to detect 

and remove noise. With this, low-end ATEs can be used for ADC 

linearity testing. 

 

Keywords— machine noise detection, automated test equipment, 

FPGA 

I. INTRODUCTION  

The necessity for high-end electronic products has increased 
considerably in recent years due to the ever-competitive 
electronics industry. As the physical sizes of cell phones, video 
players, laptops, and digital cameras get smaller, so must the 
electronic chips that operate them. This will remain a constant 
challenge in the field.  

 
Fig. 1.Moore’s Law. 

 

In recent times, this task has been made possible due to the 

advancement of fabrication methods that enable more 

transistors to be integrated into a single electronic chip. This is 

the trend as described by Moore’s Law as shown in Figure 1; 

“the number of transistors on integrated circuits doubles 

approximately every two years in the same die area” [1][2][3]. 

With the growing demand for high-performance mixed-

signal applications, designers were motivated to produce high 

performance, high resolution, and low noise ADC [4]. These 

devices are used to convert analog signals to digital signals as 

shown in Figure 2 [5][6][7]. Popular usage of ADC is in 

computers, cell phones, microcontrollers, digital signal 

processing, digital storage oscilloscopes, scientific instruments, 

music reproduction, automotive [8]. 
 

 
Fig. 2. Analog to Digital Converter (ADC). 

 

The resolution is a very important factor in determining the 

smallest analog signal that can be converted using ADCs The 

higher the resolution, the higher the number of binary 

representations which increases the accuracy of the signal being 

processed [9][10][11][12]. In the music industry, high-

resolution ADCs are needed to convert from audio signals to 

digital signals accurately which are then uploaded to online 

video platforms such as youtube or converted to a digital file 

MP3 or MP4. 

This audio is then reconstructed using digital to analog 

converters (DAC). Audio enhancements can be done after the 

conversion of data to digital [13][14][15]. Some of these audio 

enhancements are noise removal, tune correction, time or speed 

correction, etc. 

High-resolution ADCs have a very high requirement for 

ATEs which makes them more expensive [16][17]. Big chip 

industries perform several operational tests on the chips before 

they get sold to the market to ensure that it performs well and 

are durable within their specifications to avoid losing 

customers’ trust and improve the company's reputation. 
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Customer trust is a must need for companies to generate more 

income. 

Linearity testing is one of the parameters that needed to be 

tested and is quite important because this will identify the 

ADCs' performance [18][19][20][21]. The higher the resolution 

of the ADCs, the higher ramp specifications it requires. 

Normally, performing a linearity test requires a ramp that 

can handle several hits per code [22][23][24]. The higher the 

number of hits per code, the lesser the angle of inclination. A 

sample ideal ramp test on ADC is shown in Figure 3. A low-

end ATE produces a noisy ramp which affects the testing of 

linearity compared to a high-end ATE. Of course, a high-end 

ATE is much more expensive compared to a low-end ATE. 

 

 
Fig. 3. Ideal RAMP test on ADC. 

  

Before feeding the ADC output to the linearity computing 

module of the FPGA, a spike noise detection and removal can 

be done to remove all those unwanted noises. This paper will 

focus only on noise detection and removal as a solution to used 

low-end ATEs resulting in increasing the company savings 

which is very helpful for start-up companies with limited 

budgets for testing. 

II. FPGA BACKGROUND 

Field programmable gate arrays (FPGA) are semiconductor 

devices that have programmable interconnects around the 

configurable logic blocks (CLBs) that are in matrix form 

[26][27]28][29][30]. These can be programmed to different 

algorithms unlike the application-specific integrated circuits 

(ASIC). The advantage of FPGA is that it can be reprogrammed 

anytime based on the needs of the client. 

With their reprogrammable nature, FPGAs are very popular 

in a very wide market such as aerospace & defense, ASIC 

prototyping, automotive, broadcast and pro AV, consumer 

electronics, data center, high-performance computing and data 

storage, etc. 

In the production area, if a process can be automated, then 

it can lessen the production cost. Before FPGAs were available, 

engineers took time on automating processes. This is because 

when designing an automation process, the designer needs to 

convert the program into a custom circuit implementation. 

Issues involved in creating a custom circuit implementation are 

the fabrication cost and the time to translate the algorithm into 

hardware. Implementation of an algorithm with 1000+ lines of 

the custom circuit would consume a lot of time. With an FPGA, 

the cost of the chip is a lot less costly since these are mass-

produced and translating an algorithm to a custom circuit is a 

lot faster. 

III. DESIGN OF MACHINE NOISE DETECTION AND FILTERING 

 
Fig. 4. Design Flow Chart 

 

As shown in Figure 4, the design entry was the start of the 

process. Design entry consists of creating the specifications, 

designing the algorithm, and converting the algorithm to RTL 

coding. In this project, the register-transfer level (RTL) 

language is used as Verilog.  

Verilog is a hardware description language (HDL) that is 

popular in designing and verification of digital circuits. Design 

Entry was synthesized and has undergone behavioral simulation 

to verify the design specifications.  

Design Synthesis is the process of converting the RTL code 

into a netlist (list of nets) connecting gates or flip flops. After 

design synthesis, the design was implemented after meeting the 

desired design specifications.  

In the design implementation, the researcher verified the 

Functional Simulation and checked the Static Timing Analysis 

and Timing Simulation. Design Implementation was the 

process where the netlist was physically placed and mapped to 

FPGA physical resources. Lastly, a file that can be uploaded on 

the FPGA was produced during this process. 

IV. RESULTS 

 
(a) 
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(b) 

Fig. 5. Figure 8. Machine noise detection and filtering: (a) Behavioral, 

(b)Post-Route Simulation 
 

Sparkle Codes or machine noises were unwanted spikes 

produced by the ATE and are normally found on the low-end 

type. These errors are produced by the ATE and not from the 

ADCs that are under test and these will affect the linearity 

performance. 

For this test, a sparkle code “20” was inputted into the 

system as shown in Figure 5 where the input sequence was 1, 0, 

0, 1, 1, 20, 2, and 1. Simulation results showed that sparkle was 

detected and after detection, it will be filtered.  

 
TABLE I. Sample Input Sequence for Sparkle Code Detection and Filtering 

Sequence Sparkle Code Detected Filtered 

2,2,3,2,25,2,2,3,2 TRUE TRUE 

5,5,6,4,5,35,5,4,6 TRUE TRUE 

25, 25, 26, 44, 24, 25, 

25, 24, 26 
TRUE TRUE 

53, 55, 55, 54, 70, 55, 

55, 54, 53 
TRUE TRUE 

253, 255, 255, 555, 

254, 255, 255, 254, 
253 

TRUE TRUE 

-307, -309, -308, -306, 

-307, -308, -309, -400, 
-308 

TRUE TRUE 

-632, -633, -635, -633, 

-634, -635, -633, -855,  

-633 

TRUE TRUE 

-855, -855, -855, -940,  

-855, -856, -855, -855 
TRUE TRUE 

-944, -945, -944, -945, 

-944, -944, -1056, -
945, -945 

TRUE TRUE 

-1022, -1023, -1022, 

-1023, -1159, -1022, -
1022, 

-1022, -1022 

TRUE TRUE 

 

Several sequences were also inputted for sparkle code 

detection and filtering to ensure that the FPGA runs smoothly 

for both behavioral and post route simulation with no timing 

errors as shown in Table I. Experimental results showed that 

there were no errors found during the simulation. 

V. CONCLUSIONS 

A design implementation of the machine noise detection and 

filtering using FPGA was successfully implemented using 

Verilog code. The behavioral and post-route simulation was 

applied to verify the full functionality of the system. The system 

was able to detect and filter random machine noise or sparkle 

codes. Also, there were no timing issues found during the 

verification. 
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