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ABSTRACT

Article history:

There are recorded downtime in the current testing processes of
microelectronic packages. The available test equipment, the isolation of the
power supply modules, and the processes of testing must be changed in order
to minimize the downtime. This study presents the design and development
of a voltage monitoring device made of a 14-bit analog to digital converter
(ADC) interfaced through inter-integrated circuit (I2C) for power supply
module 6 (PS6). It is built to address the downtime in isolation and testing
process of PS6. This setup is able to monitor and display three output
voltages operating in 4-12 V signals through a thin film transistor (TFT)
monitor. Tests were conducted for the nominal voltage and current settings
called the three-point tests. In result, the fault detection and calibration
process of PS6 are able to minimize downtimes. The developed voltage
monitoring device has an acceptable percentage of 0.04572% which also can
be a replacement for digital multimeters (DMMs) for specific applications to
PS6.
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1.

INTRODUCTION
Device testers in the manufacturing of microelectronic packages require higher integrity for better
product quality. These testers used for devices and equipment in the production line from basic voltmeters to
signals analysis devices, such as oscilloscopes and signal generators, should conform to the standards. Some
modern studies to improve the capability of testing devices have been conducted, such as in automated
testing equipment (ATE) [1], signal generators [2], and board checkers for fast loop circuitry [3]. The use of
microcontroller-based voltmeter has been utilized by some researchers for devices which need to have visuals
such as liquid crystal display (LCD) displays with field programmable gate array (FPGA) processors [4].
Isolation of the testers’ digital subsystem is one of the major sources of long downtime in the
production of microelectronic packages. It undergoes the process of fault finding, troubleshooting, and
eventually, if the problem is identified, isolation or pulling out of the digital subsystem costs a lot of wasted
time [5]. Previous developments are the use of on-chip monitoring or integrated circuits in order for the system
operation conditions to be tracked easily without pulling out some components when testing [6], [7]. Other
considerations such as the environmental electromagnetic presence can also affect the measurement of the
testers [8]. Small signal analysis plays a vital role in the characterization and test of microelectronic products.
Thus, close monitoring of voltage is needed considering all parameters, even transmission lines [9]-[11].
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Power supplies are usually tested and evaluated based on their integrity, quality, and capability to
adapt to certain changes in loads in small and in large scale distribution [12]-[15]. Remote power supplies
should not be taken for granted beginning in the rise of remote power supplies [16]. Power supplies modules
come as embedded devices on several systems of applications [17]-[19]. Different parameters such as noise,
current, voltages, and even temperature are being monitored to achieve good performance with added
switching capabilities [20]-[24]. Current developments even realize the need for intelligent and scientific
management and monitoring that can be accessible online [25]-[27]. In all these realizations, still there are
needs that have to be addressed especially in multiple power supply voltage monitoring using handheld or
field devices such as used in microelectronic packaging processes.
Power sources such as power supply module 6 (PS6), which supplies the digital subsystem, appear
to have no display monitor of the output voltage as in a case study conducted in one of the Philippine
semiconductor companies. PS6 has a triple output switching type of power supply. There are 8 formatters
that can be connected to PS6 with nominal voltage and current ratings of +5.10 V ±2% at 90 amps,
-5.20 V ±2% at 90 amps, and -1.75 V ±2% at 72 amps. It is the source of direct current (DC) power to the
formatters of the digital subsystem testers. In the study conducted, the repair takes an average of 7 to 8 hours
to regain production. See Figure 1, the former process used is manual cross checking with trimmers which
results in the delay of setup time and is also prone to human error.

Figure 1. Case study for PS6 repair time log for 2018
This study attempts to address the bottle neck in the testing of PS6 by developing a 14-bit ADC
voltage monitoring device in I2C interface [28]-[30]. The I2C is used because of its resilience in digital
interfacing. The quad I2C of Analog Devices, Inc. (ADI) is used with the following configuration in
Figure 2. A TFT shield is needed to connect a TFT as a monitor, see Figure 3, the voltages in the digital
subsystem are monitored to easily identify the faulty PS6s. This process is critical since small fluctuations in
the voltages often lead to malfunctions in the process. A linear technology corporation (LTC) 2990, a 14-bit
ADC interface, is used for digital compensation. Positive and negative swings of voltages can both be
detected in this project. The formatter serves as the load of the supply.

Figure 2. QUAD I2C, LTC 2990 by ADI

Figure 3. ADI TFT shield
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2. METHODOLOGY
2.1. Monitoring voltages process flow
The process flow in monitoring the voltages can be summarized into three different sections;
i) signal transformation and conditioning, ii) signal transmission, and iii) signal reception and conversion for
display monitor. This is illustrated in Figure 4. The analog signal from the PS6 will be the analog input signal
to the microcontroller shield. This undergoes signal conditioning and conversion through op-amps and ADC
respectively, and sent to the microcontroller unit (MCU) through I2C to finally evaluate and be displayed in
the TFT monitor. Since the MCU can only interpret positive signals, an inverter can preferably be used with a
flag signal for negative values.

Figure 4. Voltage monitoring process flow
The conventional process flow for repairing the PS6 in Figure 5 can be simplified following the
block diagram of Figure 6 using the developed monitoring device (see Figure 7). The manual trimmer
adjustments and measurements of the voltage output are minimized in just a single adjustment using the
developed prototype. Conventionally, the process of checking and repairing PS6 uses a quick 3-point
adjustment done by the technician in the beginning of the test for tolerance checking. These 3 points, as
mentioned in section 1, are the +5 V, -5.2 V, and -2 V, for each trimmer respectively. The trimmers are
adjusted several times until they satisfy the desired levels. After such adjustments, a more profound check is
conducted to verify the congruence of signals within 11 or more points.

Figure 5. Conventional repair process flow of PS6

Figure 6. PS6 monitoring block diagram
14-bit ADC as voltage monitoring device for power supply module 6 using I2C interface (Edison R. Castillo)
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Figure 7. New process flow for repair and calibration of PS6
The new process flow is a reduced process of the conventional process. It only has a single
adjustment of the trimmers since all the three voltages can be seen live in the TFT monitor. This is illustrated
in a simple block diagram in Figure 5. The devices integration is illustrated in Figure 8. Since the
microcontroller used only has 10 bits, which is equivalent to 10 pins, the 14-bit ADC microcontroller shield
can still be connected through an I2C interface.

Figure 8. Monitoring device integration

2.2. Development of voltage monitoring device
The MCU shield, the MCU and the TFT display are integrated to form the voltage monitoring device.
See Figure 8. Each pin should be compatible to fit its particular pair. This is enclosed in a fabricated fiber casing
with the terminals exposed, as presented in Figure 9. The critical ranging in signal conversion is done by
programming the microcontroller. This determines the accuracy of measurement despite some losses in the
transmission. Several trials have been conducted and data has been collected to have the most accurate settings.
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(b)

Figure 9. These figures are; (a) integrated components and (b) with enclosure
2.3. Tests and evaluation
A digital multi-tester with an accuracy tolerance of 0.1% at +5 mV and 0.05% at +10 mV to 20 mV
is used as a reference tester. Each channel of the developed tester is tested and evaluated to further program
and adjust parameters in the microcontroller unit based on the data collected. The data collected using the
DMM and the experimental setup output are evaluated and compared. This will enable us to see the
acceptability of the prototype. To test for the accuracy of the prototype in reference to a known calibrated
DMM, a three-point test is conducted. This three-point test is based on the working voltage ranges of the
three channels of PS6. Multiple tests are conducted and averaged according to the three points of reference.
3. RESULTS AND DISCUSSION
3.1. Accuracy test
The comparative analysis was conducted using the three-point test. The reference voltage comes
from the PS6. Simultaneously, the voltages are read and compared for both the experimental and the DMM
readings. See Figure 10, comparing the DMM readings to that of the experimental readings yield offsets
presented in Table 1. The full test is conducted with the following test points. The accuracy is presented
based on the percent error (%error). The results significantly present acceptable experimental outputs with an
accuracy in terms of percent error of from 0.015% to 0.019% where ±2% is the ideal acceptable range of
error based on the user requirements.

(a)

(b)

(c)

(d)

Figure 10. These figures are; (a) basic test and calibration setup of PS6, (b)-(d) measurement of voltages for 3
channels using the prototype and comparing it with DMM readings
Table 1. Accuracy test results
Channel

Reference (V)

1
2
3

5
-5.2
-2

Readings (V)
DMM Experimental
5.008
5.0004
-5.195
5.119
-2.004
-2.0001

Offset (mV) DMM-Prototype

%Error

7.6
4
3.9

0.015
0.0769
0.1946

3.2. Comparative analysis of error
The comparative analysis in the error measurement determines the acceptability of the developed
voltage monitoring device. The voltage monitoring device is adjusted to the best possible output that it can
14-bit ADC as voltage monitoring device for power supply module 6 using I2C interface (Edison R. Castillo)
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have. The experimental data is the data referring to the output of the developed voltage monitoring device.
There were 11 points of voltage levels tested ranging specifically from 4.7, 4.75, 4.85, 4.9, 4.95, 5.0, 5.05,
5.1, 5.15, 5.25, 5.3 volts. These values serve as the reference voltages coming from the PS6. Figure 11 shows
the comparison of voltages between the experimental data and the DMM.
Absolute error is measured by comparing the output data of both DMM and the developed voltage
monitoring device. Figure 12 shows the comparison between the DMM and Experimental data errors. The
percent error of the experimental data can be computed by comparing it to the reference voltages and is
displayed in Figure 13. The average percent error is equivalent to 0.04572%, which is an acceptable margin
of error for calibrating and repairing PS6 which is at ±2%.

Figure 11. DMM vs. experimental output voltages

Figure 12. Error comparison between DMM and
experimental data

Figure 13. Experimental data percent error
4.

CONCLUSION
The use of PS6 is very critical in the production of microelectronic packages. In the calibration and
repair of PS6, the testers should have high reliability and have high data measurement integrity. Another
parameter to be considered is the speed of measurement and calibration. In this research, a voltage monitoring
device was developed to speed up the process of testing, calibration, and repair of PS6 using a 14-bit ADC
interfaced via I2C with multiple displays from TFT. The experimental data shows an acceptable percent error of
0.04572%, which has a maximum limit of ±2%. Therefore, it can act as a DMM that can simultaneously display
3 voltages for this specific range of voltage application only. The new test process has been proven to be faster
since transferring of DMM from one terminal to another is eliminated with the use of the prototype developed.
The fault detection process is made easier because of the multiple display of the TFT.
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