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Abstract— This research analyzes errors in the reflow 

soldering process on Surface Mount Technology (SMT) 

with PFMEA method that often result in defects on 

printed circuit boards (PCB), such as tombstoning and 

bridging which can reduce production quality. The 

defects are caused by several factors, namely unstable 

temperature profile parameters, uneven use of solder 

paste, suboptimal stencil design, use of too much solder 

paste. Preventive solutions were implemented, including 

solder oven reflow calibration, squeegee function with 

good pressure when printing solder paste, optimal 

opening design, stencil mold volume. Monitoring results 

showed that these corrective actions reduced the 

production reject rate from 6.46% to 2.52% indicating 

the effectiveness of the measures taken. 

 

Keyword: PCB Component Defects, Reflow Soldering 

Process, Process Failure Mode and Effects Analysis 

(PFMEA). 

II. METHOD 

I. INTRODUCTION 
 

Today's electronics manufacturing industry relies 

heavily on Surface Mount Technology (SMT) technology to 

fulfill the need for fast, efficient, and high-quality 

production [1]. The demand for Surface Mount Device 

(SMD)-based devices continues to increase, thus driving 

major advancements in the SMT process. In this process, 
solder paste is applied to a Printed Circuit Board (PCB) 

using a stencil to form a solder joint pattern. Next, a pick- 

and-place machine places the SMD components onto the 

locations that have been coated with solder paste. The 

assembled PCB is then heated using a reflow soldering 

machine, which melts the solder paste creating a permanent 

bond between the SMD components and the PCB [2]. 

 

One of the important processes in Printed Circuit Board 

(PCB) production is the use of reflow soldering machines. 

The process of attaching Surface Mount Device (SMD) 
components that have been coated with solder paste to the 

PCB by melting the solder paste by heating it to a 

predetermined temperature to realize the electrical 

interconnection between the ends of the electrical 

components and the solder pads on the PCB using a reflow 

soldering machine [3]. 

 

 

 

Figure 1. Flowchart Activity Analysis. 

 

In completing the project “PCB Defect Analysis in the 

Reflow Soldering Process Using the PFMEA Method”, a 

flow chart is needed to support the workflow to be carried 

out. 

 

III. RESULT AND DISCUSSION 

 

A. Fishbone Diagram 

In figure 2, A cause-and-effect diagram, Ishikawa 

diagram, or Fishbone is a diagrammatic analysis tool used to 

identify the root causes of problems. In a Fishbone diagram, 
causes are divided into 5 to 6 root cause groups, starting with 

M [4]. The underlying problem can be placed in the right 

part of the diagram at the head of the fishbone, while the 

causes are placed in the fins and spines. The causes of the 

problem can be measurement, environment, method, 

material, human, and machine. All causes are kept definite 

to avoid undesirable, and PCB defects caused by reflow 

soldering machine. 

mailto:arifin@polibatam.ac.id


2 
 

 

 
Figure 2. Fishbone Diagram. 

Table 1. Fishbone Table. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the verification results, the author concludes 

that PCBA defects are caused by two potential factors, 

namely material factors and method factors. The following 

is an explanation of the two potential factors (YES) and an 

explanation of the potential factors that did not contribute 

(NO) in Table 1. 

 

1. Measurement (NO) 

Inaccurate temperature measuring instrument: An 

inaccurate temperature measuring device (Thermocouple) 

can cause the reflow process to not run according to the 

desired temperature profile [5]. 

Temperature measurement errors in various solder 

reflow zone: If the temperature profile in each zone in the 

reflow oven (preheat, soak, reflow, cool down) has its own 

temperature control. A measurement error in any of the 

zones may cause the temperature profile to be out of 

specification [6]. 

 

Based on the analysis, the measuring instruments and 

measurement systems used do not show any direct 

contribution to the defects under study. 

 

2. Environment (NO) 

Unstable room conditions (too hot or cold): Reflow 

ovens are generally enclosed and have good internal 

temperature control. Room temperatures that are too high 

or low can affect the performance of the machine. Unstable 

Nitrogen (N2) flow: If N2 is used to maintain an inert 

environment, unstable nitrogen flow can cause oxidation 

of the solder joint process [7], [8]. 

 

Based on the analysis, there is no strong indication that 

environmental factors play a direct role in soldering 

defects that occur in the reflow soldering process. 

 

3. Material (YES) 

Excessive use of paste solder during the soldering 

process: Excessive use of solder paste can cause bridging 

(short circuit between component legs) [8]. The 

temperature profile used does not match the component 

specifications; If the profile is appropriate for most of the 

components or only a few components are not appropriate, 

then the impact is not significant. Or maybe the profile has 

been validated before [9]. 

 

Based on the analysis, Excessive use of solder paste 

can potentially cause defects that occur at the joints 

between two or more pads or pins on SMD PCBs. 

 

4. Method (YES) 

Inconsistency in heating and cooling parameters in the 

reflow process: Inconsistency in heating and cooling can 

cause the solder to not stick perfectly or cause tombstoning 

[10], [11], [8]. Setting the reflow time too short or long: As 

long as the total time is within tolerance and does not cause 

the soldering to overheat or cool down, then the reflow 

duration itself may not be the main cause [9]. 

 

Based on the analysis, there is a problem in the 

parameter profile of the reflow process that is not well 

controlled. Inconsistencies in heating and cooling 

parameters can lead to incomplete solder melting or 

unbalanced tensile forces. 

 

5. Machine (NO) 

The re-flow oven is not calibrated properly: If the oven 

is not calibrated and the process temperature results show 

that it does not match the specified standard. The 

temperature sensor on the oven is inaccurate or damaged: 

If there is a faulty sensor, it will usually be immediately 

apparent from the oven performance or system alarm, so it 

can be dealt with quickly [6]. 

Based on the analysis, the Reflow oven has been 

calibrated regularly and the sensor is still functioning 

properly, so the machine is not the main contributing 

factor. 

No Factor Potential 
Contributor 

(Yes/No) 

1 Measurement -Inaccurate temperature 

measuring instrument 

No 

  -Temperature measurement 

errors in various solder 

reflow zones 

No 

2 Environment -Unstable room conditions 

(too hot or cold) 

No 

  - Unstable flow of Nitrogen 

(N2) 

No 

3 Material -Excessive use of paste 

solder during the soldering 

process 

Yes 

  -The temperature profile 

used does not match the 

component specifications 

No 

4 Method 
-Inconsistency in heating and 

cooling parameters in the 

reflow process 

Yes 

  -Setting the reflow time too 

short or long 

No 

5 Machine -Reflow oven is not 
calibrated properly 

No 

  -The temperature sensor on 

the oven is inaccurate or 

damaged 

No 

6 
Man Power 

-Operators are not properly 
trained 

No 

  - Work procedures are not 

followed 

No 
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6. Man Power (NO) 

Operators are not properly trained: Untrained operators 

can make mistakes in the process setup [12]. Work 

procedures are not followed: Work procedures that are not 

followed can lead to inconsistencies. 

 

Based on the analysis, there is no indication that 

operator error is a contributing factor in the production 

process failure. 

B. Process Failure Mode and Effect Analysis (PFMEA) 

PFMEA is one of the systematic methods used to 

identify, analysis, and mitigate potential risk failure 

problems in systems, processes, products, and services 

before they occur [13]. PFMEA is a structured procedure to 

identify and prevent as many causes of failure as possible. 

PFMEA is used to identify the source and root cause of 

quality problems [14]. PFMEA is done by recognizing and 

evaluating the potential failure risks and impacts of a 

product [15],[16]. 

 

C. Data analysis in PFMEA Table 

1. Solder Bridging 

Table 7 shown is part of the PFMEA analysis used to 

identify and evaluate potential failures in the Reflow 

Soldering process, specifically the Solder Bridging failure 

type. 

 

In the Reflow Soldering process, there is a potential 

failure in the form of Solder Bridging defects. Errors at this 

stage can cause serious defects in the final product. The 

solder paste condition not only sticks to one pin of the 

component, but also bridges to the surrounding pins, thus 

causing a short circuit [8]. This condition is caused by 

excessive solder paste distribution. This indicates that the 

impact of the failure is quite severe. 

 

During the production process, based on observations on 

the machine engineering line, it was found that the high 

number of defect events on PCBA affected the quality of the 

final product and required rework. The high incidence of 

defects has an impact on reducing the quality of the daily 

output that has been determined can cause major disruptions 

to services, especially involving client interactions 
questioning production consistency. In the PFMEA 1-10 

rating scale for severity, this failure mode is rated 8. 

The potential causes of this failure identified two main 

potential causes excessive solder paste printing when the 

amount of solder paste printed exceeds the predetermined 

limit, and sub-optimal stencil design inappropriate aperture 

size can lead to uneven distribution of solder paste. In the 

PFMEA scale for occurrence assessment, In the PFMEA 

assessment scale 1-10 for occurrence rate is rated 7, which 

indicates a high probability of failure as it relates to machine 

process control and design. 

To detect these failures, an Automated Optical 

Inspection (AOI) machine with a minimum measurement 

size of 25M CXP Camera: 7.7 µm, and a microscope with 

optical resolution ≥ 2 µm/pixel and optical magnification of 

40x-80x. In the PFMEA scale for detection, the given value 

is 4, which means that the detection system is sufficiently 

capable of detecting the failure mode. Therefore, the 

preliminary risk value (RPN) is calculated as Severity (8) × 

Occurrence (7) × Detection (4) = 224. 

 
Recommended actions to reduce the possible causes of 

this issue include solder paste printing calibration and stencil 
design optimization. The party responsible for ensuring that 
these actions are properly implemented is the technician. 

 

Corrective actions that have been taken include more 

even distribution of solder paste and optimizing the distance 

between the trace and the pad. After the actions were taken, 

severity was assigned a value of 5 (minor annoyance 

involving no direct interaction with the client), occurrence 

was assigned a value of 6 (medium probability of failure), 

and detection was assigned a value of 7 (low detectability). 

Thus, the final risk value (RPN) is calculated as Severity (5) 

× Occurrence (6) × Detection (7) = 210. 

 

2. Tombstoning 

Table 7 shows part of the PFMEA analysis in the Reflow 

Soldering process, specifically the Tombstoning failure 
type. In the Reflow Soldering process, one of the potential 

failure modes is Tombstoning, which is a condition where 

the solder paste is uneven and one of the legs of the end of 

the chip component is lifted from the PCB surface so that it 

resembles the position of a tombstone [11], [8]. 

 

During the production process, based on observations in 

the mechanical engineering line, it was found that the high 

incidence of defects in PCBA affected the quality of the final 
product and required rework. The high incidence of defects 

results in a decrease in the quality of the daily output that has 

been set, which can cause major disruptions to the service, 

especially involving client interactions that question the 

consistency of production to the production and engineering 

teams. In PFMEA's 1-10 rating scale for severity, this failure 

mode scores an 8. 

The potential causes of this failure identified two main 
potential causes which are unstable temperature profile and 

uneven solder paste. In the PFMEA 1-10 rating scale for 

occurrence rate it is rated 6, which indicates a moderate 

probability of failure due to the machine's process control 

and design. 

 

To detect this failure, an Automated Optical Inspection 

(AOI) machine with a minimum measurement size of 25M 
CXP Camera: 7.7 µm, and a microscope with optical 

resolution ≥ 2 µm/pixel and optical magnification of 40x- 

80x shown in Figure 12. In the PFMEA scale for detection, 

the given value is 4, which means the detection system is 

sufficiently capable of detecting the failure mode. Therefore, 

the preliminary risk value (RPN) is calculated as Severity 

(8) × Occurrence (6) × Detection (4) = 192 

Recommended actions to mitigate the possible causes of 

this issue include stabilizing the reflow temperature profile 

with predefined solder paste standards and optimizing the 

stencil design. The party responsible for ensuring that these 
actions are properly implemented is the technician. 
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The corrective actions that have been taken are an 

optimized temperature profile with predefined standards and 
optimization of the distance between the trace and the pad. 

After these actions, severity scored 5 (minor disruption that 

does not involve direct interaction with the client), 

occurrence scored 6 (medium probability of failure), and 

detection scored 6 (low detectability). Thus, the final risk 

value (RPN) is calculated as Severity (5) × Occurrence (6) × 

Detection (6) = 180. 

1) Data collection 

Data collection was carried out by recording the number 

of defective products (rejects) in the PCBA production 

process for five weeks, starting from the 3rd week of 

December 2024 to the 3rd week of January 2025. 

Table 2. Number of failed PCBA Products Before Action. 

Production Time 
Good 

(pcs) 

Reject 

(pcs) 

Total 

(pcs) 

% 

Reject 

     

3rd Week of December 2024 4970 280 5250 5,33% 

4th Week of December 2024 6510 490 7000 7,00% 

1st Week of January 2025 3360 140 3500 4,00% 

2nd Week of January 2025 8060 690 8750 7,89% 

3rd Week of January 2025 1420 80 1500 5,33% 

Total 24320 1680 26000 6,46% 

 

Based on the data in Table 2 above collected before 

corrective actions were taken, the number of defective 

PCBA products was recorded for five weeks, starting from 

the 3rd week of December 2024 to the 3rd week of January 

2025. The data shows that the rejection rate varied each 

week, with the highest percentage occurring in the 2nd week 

of January 2025 at 7.89% and the lowest in the 1st week of 

January 2025 at 4.00%. Overall, the average reject rate 

before corrective action was 6.46%. This high percentage of 

rejects indicates instability in the production process that 

needs to be immediately identified and corrected to meet the 

expected quality standards [17]. 

 
Table 3. Number of Defective units in production Before Action. 

 
 

Based on the data in Table 3 before corrective action is 

taken, it shows component defects detected in the AOI 

(Automated Optical Inspection) machine process per week 

for PCB Model X, with an observation period from week 3rd 

of December 2024 to week 3rd of January 2025. The total 

PCBA defects detected were 1680 pcs from a total output of 

26000 pcs, so the total component defects detected by the 

AOI machine from week to week were 1931 pcs of 

component defects for five weeks before repairs were made 
which is the overall data from the detected defects. It can be 

concluded that the number of component defects detected is 

more than the number of PCBs detected on the AOI machine 

in 1 PCB panel. In 1 defective pad there are more than 1 
component defect detected by the AOI machine. Week 2nd 

of January 2025 shows the worst performance with a high 

production quantity (8750 pcs) but the highest number of 

defects (732 pcs). Bridging and Tombstoning are the two 

main defect types that need to be analyzed further. 

The following is a Pareto Chart of PCBA production data 

collection and component mode defect data collection for 5 
weeks, starting from the 3rd week of December 2024 to the 
3rd week of January 2025. 

 

Figure 3. Production yield and rejection percentage per week Before 
Action. 

 

Based on the Pareto Diagram in Figure 3 before 

corrective action is taken, it shows the number of rejected 

product pcs and the percentage of rejects in the production 

process with a span of five weeks from Week 3rd December 

2024 to Week 3rd January 2025. The highest number of 

rejects occurred in the 2nd week of January 2025 as many as 

690 pcs with a percentage of (8.0%), while the lowest 

occurred in the 3rd week of January 2025 which was 80 pcs 

with a percentage of (5.6%). The fluctuation in the number 

and percentage of rejects each week indicates instability in 

the production process. This needs to be analyzed further to 
find the root cause and prevent recurring defects. 

 

Figure 4. Defective Mode Component Before Action. 

 

 

Based on the Pareto Diagram in Figure 4 shows the 
number of defects based on the type or mode of defects in 
the PCB production process before corrective action is 
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taken. There are five types of defects, From the diagram it 

can be seen that Bridging is the most dominant type of defect 

with a total of 565 pcs, followed by Tombstoning with a total 
of 469 pcs. The cumulative curve (orange color) shows that 

the first two defect types (Bridging and Tombstoning) 

account for more than 80% of the total defects. This 

indicates that the focus of improvement should be prioritized 

on these two main defect types, in accordance with the 80/20 

Pareto principle which states that most problems (80%) are 

usually caused by a small percentage of causes (20%). 

2) Identify causes 

PCBA defects are caused by two main factors: excessive 

paste solder usage and unstable temperature profile 

parameters. Sub-optimal stencil design occurs when the size 

or design of the stencil opening is inappropriate or too large 

at the PCB pad size position, which can cause excessive 

solder paste discharge and result in defects such as bridging. 

 

The second factor relates to unstable temperature profile 

parameters on the reflow soldering machine with heating 
that is too fast or non-uniform can cause one side of the 

solder to melt first, making the component results rise at one 

end and uneven soldering. Temperature differences between 

areas within the reflow soldering oven can also cause 

variations in solder paste melting. 

3) Process Improvement 

After the indication of the cause of the PCBA defect is 

found. To prevent the occurrence of such PCBA defects, the 

recommended action is to perform stencil calibration on 

solder paste printing by ensuring accurate solder paste 

printing and optimizing the stencil design. Prevention by 

stabilizing the temperature profile of the reflow oven and 

performing regular calibration of the oven. 

4) Monitoring After Improvement 

Data after corrective action was collected by recording 
the number of defects in PCBA production for five weeks, 

starting from the 4th week of January 2025 to the 4th week 

of February 2025. 

 
Table 5. Number of failed PCBA products After Action. 

Production Time 
Good 

(pcs) 

Reject 

(pcs) 

Total 

(pcs) 

% 

Reject 

     

4th week of January 2025 8070 280 8350 3,35% 

1st week of February 2025 5300 150 5450 2,75% 

2nd week of February 2025 3630 70 3700 1,89% 

3rd week of February 2025 4410 90 4500 2% 

4th week of February 2025 5200 100 5300 1,8% 

Total 26610 690 27300 2,52% 

 

From the data after the corrective action was taken, it was 

found that the total production failures carried out for five 

weeks, the highest percentage was seen in the 4th week of 

January 2025 which amounted to 3.35% and the lowest 

percentage in the 4th week of February 2025 which 

amounted to 1,8%. It can be seen that the average percentage 

of production failures per week before improvement is 

2.52%. This indicates a potential decrease in problems in the 

production process with a decreasing percentage number. 

Table 6. Number of Defective units in production After Action. 

 

 

 

Based on the data in Table 6 after corrective action is 

taken, it shows component defects detected in the AOI 

(Automated Optical Inspection) machine process per week 

for PCB Model X, with an observation period from week 4th 

of January 2025 to week 4th of February 2025. The total 

PCBA defects detected were 690 pcs from a total output of 

27300 pcs, so the total component defects detected by the 

AOI machine decreased from week to week with a total 

component defect of 1,009 pcs for five weeks after repair. 

The most dominant defect type is still dominated by bridging 

with 330 pcs, followed by tombstoning with 254 pcs. This 

decrease in the number of defects shows that the corrective 

actions that have been taken have a positive impact on 

improving the quality of PCBA production. 

 

Figure 5. Production yield and rejection percentage per week After Action. 

 

Based on the Pareto Diagram in Figure 5 after corrective 

action is taken, it shows the number of rejected product pcs 

and the percentage of rejects in the production process with 

a span of five weeks from Week 4th January 2025 to Week 

4th February 2025. There was a significant decrease in the 

number of defects from 280 pcs in the 4th week of January 

2025 to 70 pcs in the 2nd week of February 2025. The reject 

percentage also decreased from about 3.6% to 1.7%. 

Although there were slight fluctuations in the 3rd and 4th 
weeks of February 2025, the number of defects remained 

lower than before the improvement. This shows that the 

corrective actions taken were successful in reducing the 

defect rate in the production process. 
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Figure 6. Defective Mode Component After Action. 

 

Based on the Pareto Diagram in Figure 6 shows the 

number of defects based on the type or mode of defects in 

the PCB production process after corrective action. Based 

on the data, the number of defects has decreased 

significantly compared to the conditions before 

improvement. The bridging defect is still the highest with 

330 pcs, followed by tombstoning with 254 pcs. The 
cumulative curve shows that the two main types of defects, 

namely bridging and tombstoning, contribute around 80% of 

the total defects. This indicates that despite improvements, 

these two defects remain the main focus for further quality 

control to reduce the overall number of rejects. 

IV. Conclusion 

 

Research on PCB Defect Analysis in Reflow Soldering 

Process using PFMEA method resulted in three main 

conclusions. First, identifying the causes of the main defects 

using PFMEA method, the main defects that occur in the 

reflow soldering process include bridging, and tombstoning. 

The main cause of these defects is related to the non-optimal 

reflow temperature profile parameter factor. Second, risk 

prioritization based on RPN value from PFMEA analysis 

results, bridging soldering defect has the highest Risk 
Priority Number (RPN) value and tombstoning defect has 

the lowest Risk Priority Number (RPN) value which 

indicates that the factor requires special attention in process 

improvement efforts. Third, by applying the PFMEA 

method, this study successfully achieved the objectives of 

identifying, analyzing, and providing recommendations for 

improvements to the causes of defects in the reflow 

soldering process. Implementation of the proposed 

improvements can significantly reduce the defect rate and 

improve the quality of PCB products. 
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Table 7. Process Failure Mode and Effect Analysis (PFMEA). 
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Attachment 

A. Attachment – Reflow Oven Soldering Machine 
 

Figure 7. Reflow Oven Soldering Machine 

 

Figure 8. Display Reflow Temperature 
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Figure 9. Display Reflow Temperature Profile 

 

Figure 10. Reflow Profile Graph 

 

 

B. Attachment – AOI Machine 
 

Figure 11. Machine AOI (MV-6DL-MIRTEC) 
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Figure 12. Specifications Machine AOI MIRTEC 

 

C. Attachment – AOI Machine 
 

Figure 13. Defective display of SPI machine components 
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Figure 14. Defective display of SPI machine components 

 

Figure 15. Defective display of SPI machine components 
 

Figure 16. Defective display of SPI machine components 
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D. Attachment – Description PFMEA 

 

 

Figure 17. Description of PFMEA Table Assessment 
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