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Abstract: This paper presents methodology for testing mixed signal circuits in the SOC
configured for micro vibration measurement. The SOC for micro vibration measurement
contains a Bi morph sensor and front end electronics containing an amplifier, peak
detector interface with A/D converter and memory. The amplifier is tested by applying
triangular stimuli input generated by Test Pattern Generator (TPG) configured in the FPGA.
The peak detector is tested by applying a test pulses generated by test generator system.
The outputs of the test circuit are analyzed by output response analyzer (ORA) in the FPGA.
The required hardware for testing analog as well as digital circuits of the SOC are
configured by the on chip portion of FPGA and FPAA. The whole SOC can be tested by
applying stimuli generated in TPG and checking the output by comparing patterns stored in
memory with reference pattern using ORA. Simulation results are reported for counter and
test ADC.
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INTRODUCTION

Testing is an important activity at different levels to validate a design. In normal case the complete
testing of a mixed signal integrated circuit occupies a large area and power. A mixed signal circuit needs
analog as well as digital stimuli to test its different portion. There are various approaches for testing
mixed signal circuits.

The faults occurring in analog circuits can be categorized as hard faults and soft faults. The hard faults
(Catastrophic) are those which categorize circuit performance to differ catastrophically different than
normal performance [1,2]. A catastrophic fault is similar to stuck at fault in digital test domain where
every component can either stuck open are stuck short. A stuck fault occurs when component output is
not connected to rest of the circuit. The stuck short fault occurs when component output is shorted. The
soft fault refers to changes in a circuit that do not affect it connectivity but results in circuit function out
of specification.

The important test approaches is based on oscillation built in self test. In this type of test circuit is
converted in to an oscillator and its parameter like oscillation frequency is determined.

These parameters are compared with parameter of simulated test circuit and suitability of a circuit
under test is determined. For this the fault is injected in the circuit under test and testing can be done for
all types of faults. In our work a reconfigurable system on chip (shown in figure 1) has been simulated by
configuring digital portion in FPGA and analog portion in FPAA. Implementation on FPGA and FPAA is
done for rapid proto typing and in future, one can get ASIC fabricated for this system. The amplifier and
peak detector and other analog circuits are tested by applying test stimuli generated by TPG and the
output of Device Under Test (DUT) is analyzed by Output Response Analyzer (ORA). The whole BIST
hardware is configured on existing FPGA and FPAA resources available on SOC. The section II presents
BIST architecture and operation. The detailed descriptions of test pattern generator (TPG) and ORA are
given in section III and IV. Section V reports simulation results for testing different parts of SOC. Section
VI presents conclusion.
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Figure 1: Vibration Monitoring Reconfigurable SOC
BIST ARCHITECTURE AND OPERATION

Following portion discusses the BIST configuration for various part of the SOC.
BIST Configuration for Peak Detector

For detection of fault in capacitor, we are proposing a system consist of a constant current source, a
switch to control the charging of the capacitor, comparator which will compare the results stored in ROM,
and using ADC of the SOC. The sequence of test is as follows:

1. A defined period of the pulse is applied, so that, capacitor will get charged to known voltage,
which will be converted to digital through ADC and the value is analyzed by ORA from the value
stored in ROM as shown in figure 2.
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Figure 2: Test Configurable for Peak Detector
2. The catastrophic faults are also tested from the proposed test structure, if the capacitor is
shorted then ADC output will be zero, and if capacitor is open then, ADC output will show a fixed
value despite of any period of the applied pulse.
BIST Configuration for Amplifier

For analyzing amplifier, a triangular waveform is generated using test pattern generator and applied
to the DUT (configured as amplifier), and the output of DUT is then fed to ADC and output of ADC is
analyzed using ORA with delayed value of test pattern generator. In case of any discrepancies in these
outputs, the ORA will signal the fault condition. BIST configuration of amplifier is shown in figure 3.
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Figure 3: The BIST Configurable for Amplifier
BIST Configuration for Complete System

In order to test the complete SOC, the different stimuli is generated to simulate various vibration
signal using Test Pattern Generator (TPG) containing linear feedback shift register and counter, the
output of Linear Feedback Shift Register (LFSR) is fed to DAC and Low Pass Filter (LPF) to generate
required stimuli. The output of test pattern generator is applied to DUT to monitor the fault condition by
using ORA as shown in figure 4.
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Figure 4: BIST Configuration of Complete System
TEST PATTERN GENERATOR

The test pattern generator consists of up/down counter with its output fed to digital to analog
converter. The analog output of DAC is filtered by using a low pass filter. The low pass filter is configured
using a CAB of FPAA. The up/down counter and its timing and control logic is configured using FPGA as
shown in figure 5.
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Figure 5: Test Pattern Generator

OUTPUT RESPONSE ANALYZER (ORA)

The ORA analyzes the output of the ADC from the value code generated from TPG by subtracting them.
The accumulator in the ORA determines the pass/fail status of the BIST by expecting the final sum to be
within a predetermine range of values [3]. One of the advantages of digital ORA is that, the results can be
directly read from the system digital interfaces during system level testing. The size of the double
precision accumulator should at least 16 bits when ADC and DAC are less then 8 bits. The figure 6 shows
the configuration of ORA.
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Figure 6: ORA Configuration
SIMULATION RESULTS

A 10 bit counter is designed as a part of test pattern generator and is operated in up counting mode.
Figure 7 shows 10 bit outputs of this counter. This counter will be used to generate test stimuli for testing
different part of test system.
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Figure 7: Plot of Outputs 10 Bit Counter
A 7 bit ADC is designed and a simulated test pattern which is shown on the top of figure 8 is applied at
the input of this ADC. The 7 bit outputs of ADC are shown in figure 8 in response to this stimulus.
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Figure 8: Plot of Output of 7 bit ADC in Response to Test Stimuli
CONCLUSION

The BIST architecture for different portion of vibration monitoring system is discussed in the paper.
With the help of this arrangement stuck open and stuck short fault in different part of the system can be
detected. Simulations of different faults in the test circuit are done by injecting faults. The stimuli
required for testing are generated using TPG, which in turn generates different arbitrarily signals using
counter and LFSR. The ORA analyzes the responses from ADC and TPG in the digital domain and
generates the pass/fail status signal about the test circuit.
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