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Abstract:    In this paper, we propose a new test method for 
detecting an open lead which occurs when an IC is mounted 
on a printed circuit board. In the method, an open lead is 
detected by observing output logical change of an open lead 
detector. Since the test method is a vectorless test one, test 
generation and test input application are not needed. 
Testability of the test method is examined by some 
experiments. The results show that  open leads of SSIs and 
LSIs will be detected by the method.  

1.  Introduction 
Recently, the size of electronic equipments has become 
smaller. In order to realize the size reduction, fine–pitched 
LSIs are mounted on a printed circuit boards (PCB). 
Consequently, opens and shorts have occurred frequently. 

 Shorts occur by solder bridging between two IC leads. 
On the other hand, opens occur between a pad on a PCB 
and an IC lead. The opens are called “open leads” in this 
paper.

Shorts are detected by conventional test methods [1]. On 
the other hand, open leads may not be always detected by 
conventional test methods, because behaviors generated by 
open leads can not be estimated precisely and controlled. 
Thus, various kinds of test methods for detecting an open 
lead have been proposed [2]-[9]. They are classified into 
two types: the one is based on image processing techniques 
and the other is electrical testing. 

In order to detect open leads, we have proposed two 
kinds of electrical test methods [8],[9]. The test method 
proposed in [8] is based on supply current of a logic circuit 
fabricated on a PCB with CMOS LSIs, which flows when 
AC electric field is applied from the outside of the circuit.  

The test method proposed in [9] is based on supply 
current of an inverter gate in our test circuit which flows 
when an AC voltage signal is provided to a targeted lead 
with a probe. We showed by some experiments that an open 
lead could be detected by the method.  

However, the test methods proposed in [8] and [9] need a 
current probe for measuring supply current. A current probe 
is generally expensive. Thus, we propose a new test method 
for detecting an open lead which does not need a current 
probe in this paper.  

In the new test method, an AC voltage signal whose 
amplitude is VDD is provided to a targeted lead through a 
test probe as a test stimulus. It is examined with a logic gate 
that is used as an open detector whether voltage of the 
targeted lead is continued to be either H or L level during 
the test. In the test method, an open lead is detected by 
means of logical change of the open detector.

Testability of our test method is examined by some 
experiments. In this paper, we show the experimental 
results.

2.  Open Lead Detection Method 
Input/Output voltage characteristics of a CMOS inverter 
gate is shown in Figure 1. As shown in Figure 1(b), when 
Vi is either VDD or 0V, supply current of almost zero will 
flow into the gate. However, if Vi is in the range specified 
by Eq.(1), large supply current will flow, since both pMOS 
and nMOS transistors in the gate turn on. The test method 
proposed in [9] uses this characteristic to detect open leads. 

Vi1<Vi<Vi2   (1) 
A test circuit proposed in [9] is shown in Figure 2. In 

Figure 2, an inverter gate INV is used as an open detector 
that is called TGATE in this paper. The test circuit consists 
of an AC voltage source, INV and a resister. vT of a sine 
waveform specified by Eq.(2) is supplied from the AC 

(a) Measurement Circuit 

(b) DC Characteristics

Figure 1. DC Characteristics of CMOS Inverter Gate 
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voltage source to a targeted lead with a test probe as shown 
in Figure 2. 

 vT=VDDsin(2· ·fT·t)   (2) 

When an open lead does not occur at the targeted lead, 
supply current of TGATE will not flow, since Vi is either H 
or L. On the other hand, when an open lead occurs, Vi is 
within the range specified by Eq.(1) and large supply 
current flows. By means of the supply current change, the 
open lead is attempted to be detected in [9]. 

In our new test method, we use the same test circuit as 
the one shown in Figure 2 and measure vOUT instead of iDDT
in order to detect the open lead.  

When no open lead occurs at a targeted lead, input 
voltage of INV is either H or L level regardless of vT. Thus,  
vOUT will be either H or L level even if vT is provided. 

On the other hand, when an open lead occurs at the 
targeted lead, vINV will change in time according to vT. Thus, 
vOUT will not be continued to be a constant value. By means 
of this logical change, the open lead is attempted to be 
detected. That is, if logic value of vOUT changes in time, it is 

determined by our test method that an open lead occurs at 
the targeted lead. 

Examples of the waveforms of vT, vINV, iDDT and vOUT
which appear when an open lead occurs are shown in Figure 
3. As shown in Figure 3,  when Vi is in the range specified 
by Eq.(1), elevated iDDT flows. Furthermore, logical changes 
appear when the open lead occurs. 

On the other hand, when an open lead does not occur at 
the targeted lead, no logical change will appear at the output 
of TGATE, since vINV is either H or L level that is provided 
from the targeted lead during the test. 

The test method is a vectorless test one, since logical 
changes will appear regardless of logic values from the 
output lead when an open lead occurs. Thus, test generation 
and test input application are not needed. Also, an 
expensive measurement tool such as a current probe is not 
needed. Thus, it is expected that a tester of low price will be 
developed. 

3.  Evaluation by Experiments 
In order to examine feasibility of our new test method by 
some experiments, open leads of an SSI and LSIs are 
targeted. Our experimental circuit is shown in Figures 4 and 
5.
 In the test circuit, TC74HC04AP and TC74HC00AP are 
used as TGATE and IC#i-1 in Figure 2, respectively. An 
SSI of TC74HC00AF and CPLD LSI’s of 
EPM7128SQC100-15 and EPM7064AETC100-10 are used 
as targeted IC, IC#i, having an open lead. As shown in 
Figure 5, an adder circuit is programmed in the CPLD LSIs. 

 In our experiments, fT is 1 kHz and RT is 1k . iDDT is 
measured with a current probe. A test probe is attached to 
the top of a targeted lead directly with a probe holder shown 
in Figure 6. The contact pressure is about 56gw.  
 Measured waveforms are shown in Figures 7, 8 and 9. 
As shown in Figures 7(b), 8(b) and 9(b), when no open lead 
occurs at the targeted lead, no logical change will appear in 
vOUT. On the other hand, as shown in Figures 7(a), 8(a) and 
9(a), when an open lead occurs at the targeted lead, logical 
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change appears in vOUT during the test. Thus, the open leads 
are detected by using our new test method.  

4.  Conclusion 
In this paper, we have proposed a new test method for 

detecting an open lead. In the test method, an open lead is 
detected by monitoring output logical change of a logic gate 
that is used as an open lead detector. We have shown by 
some experiments that an open lead of SSIs and CPLD LSIs 
are detected by the test method.  
    Test speed of this test method has not been evaluated. It 
remains as one of future works to evaluate test speed.  
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(a) Equipment for Test Probe Attachment 

(b) Test Probe Attachment 

Figure 6. Attachment of Test Probe  
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Figure 8. Open Lead Detection in 5V CPLD 
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