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Abstract: The research team designed and implemented a prototype 
testing system using FPGAs, where test methods for analog and digital 
(mixed) electronics using wavelets can be incorporated. The prototype has 
been evaluated and the results are promising. Moreover, the usability and 
verification of the system’s functionality are presented. The current sensing 
unit is described in detail. The new automated fault testing system incorpo-
rates reconfigurability and parallel processing capabilities. 
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1. INTRODUCTION 

Electronic equipment industrial suppliers rely on the quality of the prod-
ucts before their shipment to the customers. Mechanisms that can provide 
good reliable products are a main concern of the engineers. The wavelet 
transformation incorporated in an FPGA-based system is an optimistic ap-
proach to the circuit testing. 

Electronic circuit testing procedures for digital circuits are reliable enough 
even in complex circuits but the testing of mixed signal circuits remains ob-
scure. Circuit testing methods for such systems has been investigated from 
many researchers around the world [1-6]. The last two decades the Main Re-
search Group (MRG) has cited the utilization of measurements, of the power 
supply, as a way to deal with the problem [7-10]. 
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The research group investigated the latest technology and results, con-
clusions and solutions have derived. A novel method creates foundations for 
testing mixed signal circuits using the wavelet transform embedded in an 
FPGA.  

2. DISCRETE WAVELET TRANSFORM 

The wavelet transform [11-16] is a transform that provides both time and 
frequency representation. It passes the time-domain signal from high pass 
and low pass filters, which filter out either high frequency or low frequency 
portions of the signal. This procedure is repeated every time some portion of 
the signal, corresponding to some frequencies, is being removed from the 
signal. The procedure is called decomposition. The decomposition is re-
peated to a predefined decomposition level. Next, a set of signals is produced 
which actually represents the original signal. 

For sampled signals (as in our case) the Discrete Wavelet Transform 
(DWT) is used. The main idea remains the same as with the CWT. The Haar 
transform decomposes a discrete signal into two subsignals of half its length. 
One subsignal is a running average or trend; the other subsignal is a running 
difference or fluctuation d. 

Since the energy of the trend subsignal T accounts for a large percentage 
of the energy of the transformed signal, in the following, the energy is com-
puted by considering only the trend coefficients of the first decomposition 
level.  

3. SYSTEM’S DESCRIPTION 

An FPGA-based hardware implementation of the method is constructed, 
in order for the method to be applied for testing commercial electronic prod-
ucts. An examination method and technique with the use of coefficients which 
derive from the wavelet transformation of the power supply current is devel-
oped. It gives a better approximation of a transient current waveform than the 
Fourier transform for a certain frequency of the signal.  

The test method, which is effectively utilized by the test system, uses as 
a metric the energy value of the wavelet transform of the measured power 
supply or load current waveforms. The test method is a two phase process.  

At the first phase (Initial Phase), the wavelet energy value for the refer-
ence circuit is measured and stored. In the second phase (Main Test Phase) 
the wavelet energy of the circuit under test (CUT) is measured and compared 
to the corresponding value of the reference circuit.  

The detection of a faulty circuit instance will be successful when its wave-
let energy value exceeds certain tolerance limits. These limits are introduced 
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in order to account for circuit parameter variations and measurement inaccu-
racies. Finally, the wavelet energy for the reference circuit and the tolerance 
limits along with the percentage detectability values are calculated. 

A new prototype design incorporating the new examination method tar-
geted to automated fault testing systems which can inspect a range of ana-
logue and mixed electronic circuits is realized. The results have been evalu-
ated from the actual usage of the prototype system based on well known 
mixed signal circuits. 

Moreover, a signature, based on measuring the power supply current 
IPS, gave a new interesting aspect to the ongoing research. The goal 
achieved is the development of an external testing device which takes the 
current signatures of positive, negative and ground power supply lines of the 
CUT and classify the CUT accordingly. The other novelty introduced is the 
Digital Stimulus Pattern Generator incorporated inside the FPGA. 

As far as the author’s knowledge, no FPGA-based test system exists that 
utilizes coefficients from the wavelet transform of the power supply current to 
test a wide range of analog and mixed-signal circuits. 

4. SYSTEM’S IMPLEMENTATION 

The system is embedded into the Virtex-5LXT FPGA from Xilinx. The 
FPGA is populating onto the XUPV5-LX110T Development Board from Xilinx 
[17]. 

The software used is Microsoft Windows 7 Professional 64bit Edition, 
Matlab 2011b incorporating Simulink 6.5 with the DSP 6.5 Toolbox and the 
Xilinx System Generator for DSP 13.2. The Xilinx ISE 13.2 edition is installed. 

Three IP cores are used for the development of the system. The Xilinx 
FIR Compiler 5.0 and the Xilinx FFT 7.1 are part of the Xilinx System Gener-
ator for DSP Toolbox and an IP Core is developed incorporating the wavelet 
transformation for the extraction and calculation of the respective signature 
of the CUT. 

The testing system consists of various subsystems. The block diagram of 
the fault diagnosis system is shown in Fig. 1. The subsystems are: 

• Analogue to Digital Converter Unit 

• Current Sensor Unit 

• Voltage Output Offset and Voltage Output Amplifier 

• Digital to Analogue Converter Unit 

• Power Supply Unit 
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Fig. 1: Block Diagram of the fault diagnosis system 

 
The external testing device measures the current signatures of power 

supply lines (IPS) or load (IL) of the CUT and classify the CUT accordingly. The 
tested current of the CUT is sampled by an external Analog to Digital Con-
verter and is driven into the FPGA. The sampled data are led to the FPGA to 
be processed and provide the necessary information to create a signature 
database for comparing the “good” circuits against the measured CUTs for 
the good/fault classification. The comparison is initialized after the CUT’s sig-
nature is extracted. Both signatures, the good one and the CUT’s, are com-
pared with the help of a distance metric. The comparison leads to a good/fault 
classification. 

4.1. Current sensor unit 

In order to measure current, the IC LMP8603 from Texas Instruments is 
used. Fig. 2 presents the schematic for increasing and reducing the gain of 
LMP8603. This is a Bidirectional Current Shunt Monitor.  
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(a)              (b) 

Fig. 2: Increasing (a) and reducing (b) the gain of LMP8603. 

 
The LMP8603 IC is capable of detecting and filtering low amplitude sig-

nals, when a high voltage signal of the main signal is present. The amplitude 
of the main signal is limited between -22V and +60V towards a voltage power 
supply of +5V and between -4V and +27V towards a voltage power supply of 
+3,3V. These specifications are ideal for the testing of a wide range of ICs. 
Finally, its amplification level is at x100 which can drive an ADC to a full scale 
operational environment.  

This unit incorporates two channels for measuring current. Each unit has 
4 scales of sensitivity: 10mA, 20mA, 50mA and 100mA. The gain is calculated 
by the maximum output fluctuation of the sensor to the maximum output.   

The offset input of the current sensor offers the capability to measure 
positive and negative current flows at the shunt resistance. By connecting the 
input at +5V, as a result, the output of the circuit provides 2.5V for a zero 
current flow and 0V or 5V for the maximum value of the scale which has been 
defined by the external resistors.  

The value of the shunt resistor is 1Ω/0.25W which sufficiently provides 
the input to the differential input of the sensor for any of the scales of meas-
urements. The scale can be defined through the Η2 jumpers by connecting 
the resistors to the respective scales. The output of the current sensor is be-
tween 0V, for a -100mA current, and 5V, for a +100mA current. Fig. 3 illus-
trates the schematic of the current sensor circuit. 
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Fig. 3: LMP8603 current sensor circuit. 

 
. 

 
Fig. 4: Level shifting the signal of the current sensor. 

 
The output of the current sensor is driven to the subsection circuitry of 

operational amplifiers presented in Fig. 4. The first part of the schematic is 
changing the amplitude of the current sensor output from 0-5V to 1.5-3.5V 
which represents the input signal of the ADC THS1206.  

 From the respective values of the scales the derived results are: 
 Rf=40kΩ, R1=100kΩ and Vref=2.5V. Due to the phase change, an additional 
section has been used to invert the signal. The inverting operation amplifier 
circuit has a gain equal to Rf/R1=1. 
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Fig. 5: Simulation at a scale of 0-±20mA 

 
Fig. 5 depicts the voltage stimulus of the differential input ±10V (green 

curve). The signal input, through a resistant load of 499Ω and the shunt re-
sistance of 1Ω, provide the maximum current stimulus of the scale 0-±20mA. 
The frequency of the stimulation voltage is 10KHz, which provides all the re-
quired harmonics for the digital signal processing in the FPGA, without phase 
fluctuations between the differential input and output of the sensor.   

The output curve of the sensor LMP8603 (purple curve) is limited be-
tween 0 and +5V and the output curve of the adjusting circuit (blue curve) is 
limited between +1.5 and +3.5V, which is the input of the ADC. 

5. RESULTS 

The test method is utilized by the implemented FPGA-based system for 
testing different circuits (Operational Amplifier Circuit, Two-stage MOS Am-
plifier Circuit). The representative operational amplifier circuit in an inverter 
configuration was used at first. Discrete components were used for the sys-
tems implementation (opens are implemented by a resistor of 10MOhm and 
shorts by a resistor of 10Ohm). As a second circuit under test, the two-stage 
MOS amplifier circuit in inverting configuration is selected. The circuit is built 
with dual power supply (-5V, +5V), eight MOS transistors, one capacitor and 
three resistors. 

The fault list consists of all hard faults (shorts and opens) on passive 
components and bipolar transistors. Catastrophic faults include base-emitter, 
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collector-emitter and base-collector short-circuits, resistor and capacitor 
short-circuits and open-circuits and transistor base open-circuit faults. Three 
catastrophic faults (gate-drain and gate-source short circuit and gate open 
circuit) on each transistor have been implemented and measured. Also, 
shorts and opens on passive components were included. 

With the presented FPGA-based testing system, the input stimulus sig-
nals are dynamically selected and applied as Vin, from a range of three differ-
ent input stimulus(sinusoidal, pulse, triangular), using appropriate the dy-
namic stimulus unit. From fifty fault-free circuits, the positive IPS+, the negative 
IPS- and the load current IL waveforms are measured. The wavelet energy 
values are computed and the percentage fault detectability percentages are 
calculated. Additional measurements used were the positive (IVDD), the nega-
tive (IVSS) power supply current waveform and the load current (IL) waveforms. 

The data prove that the results are similar in both cases and contribute 
to the effectiveness of the proposed system: the triangular input stimulus con-
sistently outperforms the pulse input, while sinusoidal input signal follows with 
the lowest fault percentage detectability. The result is that the non-linear 
(pulse or triangular) input stimulus always gives larger fault detectability val-
ues than the linear sinusoidal signals. Moreover, the load current IL waveform 
always offers greater fault detection ability than the positive and negative cur-
rent measurement waveforms [21]. 

6. CONCLUSIONS 

The use of a prototype testing system using FPGAs based on a method 
with wavelet transformation of the supply current or load current waveforms 
is presented. Results have been presented and published around the world 
in conferences and journals [18-21]. 

Work is under way to exploit other testing methods using the imple-
mented FPGA-based testing system in order to improve detectability, as well 
as to apply the presented method for testing other complex mixed-signal cir-
cuits. 
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