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 
ABSTRACT 
 
This paper presents a method of development and 
implementation of a board checker for Fast Loop Circuit 
(FLC) for Microelectronic Packages test. Some 
microelectronic package has fast loop circuitry which has 
instrumentation amplifiers installed. These are connected to 
the device under test (DUT) such as operational amplifiers 
test boards. A fast loop topology (FLT), which is composed of 
three instrumentation amplifiers, are used to function as 
precision close-loop gain blocks for the board checker. These 
amplifiers are used for differential measurements to obtain 
offset voltage and input bias current measurements. A 
program was developed to measure these parameters and to 
compute the gain for evaluation. The checking of such 
amplifiers in fast loop circuits needs more integrity to avoid 
rejects and down time in the production of microelectronic 
packages. A device interface board (DIB) is introduced to 
interface the DUT and the board checker. A case study was 
attempted to be resolved about returned products due of 
failure in meeting the desired specifications due to over 
acceptance of the board checker with large offset voltage and 
out of range bias current. Several samples of Analog Devices 
products were tested using the board checker. The results 
show that the developed checker was able to detect good 
samples with higher accuracy and repeatability and were 
recommended for use in test processes in the production of 
microelectronic packages. 
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1. INTRODUCTION 
 
Microelectronic packages produced by semiconductor 
companies are tested thru a device under test (DUT) boards, 
which are composed of different circuitries. A lot of testing is 
done from test devices such as automated test equipment 
(ATEs), to the DUTs are being done to ensure high quality 
microelectronic products. Other issues that may affect in 
 

 

working in low powered microelectronic devices and its 
packaging, such as electrostatic discharge and material 
processing, are treated using sealing and protections 
[1][2][3]. In testing microelectronic products, isolating and 
debugging hardware is difficult specially when other 
manufacturers have different designs and standards. 
Therefore, testers, or sometimes called board checker should 
be able to adopt physically and electronically to the DUT. A 
device interface board (DIB) has been introduced to the test 
head of a tester which sends signals from the DUT to the tester 
for evaluation. In case studies that have been conducted, there 
are voltage offsets (VOS) found and verified through ATE 
and bench testing. The post-chemical de-capsulation showed 
no die surface anomaly and shows that instrumentation 
amplifiers installed for fast loop circuitry (FLC) in a 
microelectronic package with a program driven calibration 
factor obtains result that is significantly lower than the 
expected failed and thus results to customer returns due to 
voltage offset and over acceptance of lot.  
 

1.1 Circuit or Board Checker 
 
Circuit check or board check evolves and changes the test 
fixtures and systems of microelectronic product developers.  
This checkers has routine programs in automated test 
equipment (ATE) to verify the integrity of the circuit design 
and components. The system ATEs are designed to reduce the 
amount of test time needed to verify the functionality and 
quality control of microelectronic packages [4]. There are 
different metrics for assessment of microelectronic packages 
such as that incorporates assessment on performance, 
manufacturability, and efficiency [5]. Other than ATEs used 
for tests, some resorts on developing multifunctional test 
chips which extracts device properties [6]. There are also 
hardware checker modules developed which uses checker 
program to identify faults and prevent downtime [7].  
 

1.2 Design Challenges 
To reduce manufacturing costs and improve yield, 
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semiconductor devices are being tested before it is being put to 
the circuit boards. Tests are dependent of the test devices and 
test programs. On the other end, quality assurance is 
conducted while these devices are installed in the circuit 
board. Board checkers need such programs that could detect 
faults on the devices or on the specific part of the board, or 
sometimes called the site. Commonly, board checkers use 
servo loop topology which are composed of two operational 
amplifiers loop with one DUT and one Null amplifier. In this 
measurement process, the null or zero voltage is forced at the 
amplifier input, thus allowing the amplifier under test to 
measure the error. This setup is an error-sensing negative 
feedback that is used as a correcting signal. Other developers 
use simulation software to somehow predict the functionality 
of microelectronic packaging such as finite element analysis 
method. There is still exits a quest in predicting failures in 
designs in order to make better quality products [8][9]. 
Non-destructive means are also developed such as presented 
by [10] which uses acoustic microscopy.  Additionally, drop 
tests are also conducted considering the solder quality and the 
reliability of microelectronic packages under worse 
conditions [11]. 
 
This research concentrates on board checking of 
instrumentation amplifiers in FLC installed in each 
production site for microelectronic packaging. The board 
checker is programmed and inserted for checking packages 
before starting setups to detect quality issues to make the 
isolation of devices to be efficient and fast in every start of the 
setup. A board checker was developed with DIB to interface 
FLC and the DUT in testing microelectronic packages. See 
Fig. 1 for the major sections of the low cost tester. As an 
advantage, this research lessens the customer return, detects 
lot over acceptance, and additionally helps technicians to 
easily identify board related issues in every initial setup in the 
low cost tester (LCT) by reducing the isolation time and 
predicting failures of boards in the sites. The board checker 
for the FLC is integrated to the low cost tester in Fig. 1, for 
microelectronic packages from Analog Devices Inc. (ADI) 
such as AD8045, AD8031, D8041, and AD8099 with 
completed SECNs. DUT boards with fast loop circuitry can 
check the functionality of instrumentation amplifiers prior to 
isolation. A program written in C++ was developed and 
generated for board checking and implemented by embedding 
it to the existing system in ADI Philippines. 

 
Figure 1: Major sections of a low cost tester 

 
 

2. METHODOLOGY 
 
2.1 FLC for Circuit Checking 
 
The fast loop topology (FLT) is a circuit which is composed of 
three instrumentation amplifier to allow checking of signals 
to the DUT. As an example, an operational amplifier is tested 
using the FLT developed as presented in Fig. 2. The critical 
test measurements that can be performed using the checker 
are the offset voltage (VOS), positive and negative input bias 
current across the DUT, and the instrumentation amplifier 
inputs. In this setup, the faulty component can be diagnosed 
and in result, reduce the probability of failure and lessen 
potential risks in the circuit. This was simulated using the NI 
Multisim. 
 

 
Figure 2: Fast loop topology using three instrumentation amplifiers 

 

 
Figure 3: Simulated Test for VOS 

 

 
Figure 4: Simulated Test for ± Ibias 

 
2.2 FLC Circuit Analysis 
 
In order to check the VOS, a relay should be de-energized 
such that ±1V for two level testing is forced at FRC_VIN 
and/or QVI at the DUT output (FRC_VOUT) to serve as the 
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differential input at the instrumental amplifier. See Fig. 3. 
The measured output voltage is saved in a register for gain 
computation. To check the input bias current, a ±3V for two 
level testing is forced at FRC_VIN and/or QVI at the DUT 
output (FRC_VOUT) to serve as the differential input at the 
instrumentation amplifier. The gain is computed using (1).  
 

        (1) 

 
The Vout1 and Vout2 are the measured instrumentation 
amplifier output at first and second level differential output 
respectively, while the Vin1 and Vin2  is the first and second 
level differential input respectively. The values for the setup 
in Fig. 2 are as follows: R3 = 10k ohms; R4 = 200 ohms; Rb1 
= 200 ohms; Rb2 = 200 ohms; R1 = 10k ohms; R2 =200 
ohms. For a positive level with gain of 100, FRC_VIN at 0V, 
and FRC_VOUT at 1V, Vout1 is 1.951V and Vin1 is 
0.091512V. In the negative level with gain at 100, FRC_VIN 
at 0v, and FRCVOUT at -1V, Vout2 is -1.951V, and Vin2 is 
-0.019512V. These gain values should match the data sheet 
specifications.  
 
2.3 Software Design and Project Development 
 
A pseudo code has been constructed for the FLT that is 
present in the DIB. It can save measurements of the tester 
when compiled and run. The data is then evaluated from the 
tested units. The Software Engineering Change Notice 
(SECN) is accomplished as a proof when the process is 
complete and verified to be ready for production use.  
 
2.4 Project Testing and Evaluation 
 
The DIB is attached to the test head of the tester to validate 
and verify that the new program was generated. Loading the 
new program automatically performs checking fo the FLC 
and performs board checking. Several good and bad sample 
products are tested to calibrate and validate the board checker 
program. All of the test passed and verified. Accuracy and 
reliabity test is conducted to meet the required criteria of the 
customer. Functionality test is also conducted to evaluate the 
capability of the board checker with different desired device 
specifications accordingly to the SECN. 
 
3.  RESULTS 
 
3.1 Software and Hardware Design Results 
 
Using the DIB, the board checker developed will be integrated 
to the existing low-cost tester.  The DIB is mounted to the test 
head to load the program and start the analysis. The actual 
DIB is presented in Fig. 5. The actual application of LCT 
based testers used to copy production program to the saved 

commands are used to edit or insert the new program. See Fig. 
7.  
 
A reflection of the file transfer protocol client application was 
used to replace the existing production program with the new 
board checker program. The pseudo code for the new program 
is presented in Fig. 6. The parameters are initialized first, 
given the resistor values mentioned in Section II.B. The 
current site is first identified so that it can locate the particular 
instrumentation amplifier. Both positive and negative 
parameters examined and the gain for each condition is 
computed for evaluation. The gain lower and upper limit is at 
95 to 105. This process is done after the codes are transferred 
and run. The newly generated program is loaded into the 
board checker codes as presented in Fig. 8. This tester tool 
application presents only the LCT/CTS testers.  
 

 
Figure 5: Actual Device Interface Board 

 

 
Figure 6: Pseudo code for board checking 

 

 
Figure 7: Terminal application used as input interface for inputting 

commands 
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Figure 8: Tester tool of LCT system 

 
Figure 9: Board checker output 

 

 
Figure 10: Detection of faulty VOS of instrumentation amplifier on 

site 4. a) circuitry, b) notification of error/fault 
 
3.2 Functionality Results 
 
Using the DIB, the board checker developed will be integrated 
to the existing low-cost tester.  The DIB is mounted to the test 
head to load the program and start the analysis. The actual 
DIB is presented in Fig. 5. The actual application of LCT 
based testers used to copy production program to the saved 
commands are used to edit or insert the new program. See Fig. 
7.  
 
Board checker initiates checking when the developed 
program is loaded and run. Fig. 9 presents the board checker 
passed, satisfying the required parameters. Fault simulation 
was done by replacing reject instrumentation amplifier unit 

on the DIB. This verifies that the new program is able to 
detect faulty circuitry and to identify the reject or damaged 
instrumentation amplifier, and detached components. The 
actual fault simulation was conducted by replacing one 
instrumentation amplifier unit from the DIB with defective or 
reject unit at site 4. See Fig. 10. Series of tests are conducted 
showing the specific error or fault on instrumentation 
amplifiers with bias on specific sites identified. See Fig. 11 
and Fig. 12.  

 
 

Figure 11: Detection of faulty instrumentation amplifier with Ibias 
on site 2. a) circuitry, b) notification of error/fault 

 

 
Figure 12: Detection of faulty instrumentation amplifier with Ibias 

on site 4. a) circuitry, b) notification of error/fault 
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Data correlation was also conducted for comparative analysis 
of the old and the new program generated. Testing is 
repeatedly done a hundred times with good sample units to 
check the repeatability and to compare the old and the new 
program functionality. The results show that the old and the 
new program significantly match as presented in the data 
distribution. See Table 1. This signifies that the developed 
program functions well in terms of the parameters listed in 
Table 1. Therefore, the functions are kept using the new 
program yet having advantage of detecting faults in the in the 
offset voltage and the particular site where the device is 
located.  
 
Table 1: Correlation Data comparing the parameter data between 

the old and new board checker program 

 
 

Table 2: Device Status with the board checker program 

 
 
3.3 Evaluation Results 
 
An improvement on the performance of checker in each of the 
DUT available. About 700 devices were returned by the 
customer that were marked failed by the board checker. In 
these samples, the researchers took five different devices 
checked with the new board checker. These samples are ready 
for production and sent for SECN release. See Table 2. The 
generated board checker program is good for use in the 
production line.  

4. CONCLUSION AND RECOMMENDATIONS 
 
In this research, a board checker has been developed and 
implemented for FLC instrumentation amplifier as a solution 
to detect offset voltages. Two different boards with 10 devices 
on it were tested. The source QVI for every connected 
amplifier in each board was checked and determined to 
generate a command written in C++. The data shows that 
when an instrumentation amplifier is detached, error is 
detected and displayed using the program generated. Ten 
good samples were fed and checked. 10/10 was checked to be 
in good condition. Before the performing the device test, the 
functionality of the device or board can be verified using the 
tester developed.  
 
Additional features can be added for the improvement of test 
process. One of the sought adjustments for improvement is 
fanning out the board check across all DIB to make larger 
scale test of devices.   
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