TABLE I. Control Factors and Levels for Taguchi L9 Experiment
	Factor
	Parameter
	Level 1
	Level 2
	Level 3

	A
	Squeegee Speed (mm/s)
	30
	50
	70

	B
	Print Pressure (N)
	5
	7
	9

	C
	Snap-off Distance (mm)
	0.05
	0.15
	0.25


* Highlighted cells indicate optimal levels as determined by S/N analysis.

TABLE II. L9 Orthogonal Array and Experimental Results
	Run
	A: Speed (mm/s)
	B: Pressure (N)
	C: Snap-off (mm)
	Defect Rate (%)
	S/N Ratio (dB)
	Rank

	1
	30
	5
	0.05
	8.2
	-18.28
	9

	2
	30
	7
	0.15
	5.1
	-14.15
	4

	3
	30
	9
	0.25
	6.8
	-16.65
	8

	4
	50
	5
	0.15
	4.3
	-12.67
	2

	5
	50
	7
	0.25
	3.2
	-10.1
	1

	6
	50
	9
	0.05
	7.6
	-17.62
	7

	7
	70
	5
	0.25
	5.9
	-15.41
	6

	8
	70
	7
	0.05
	6.4
	-16.12
	7

	9
	70
	9
	0.15
	4.7
	-13.44
	3


Run 5 (highlighted) corresponds to the optimal combination: A₂B₂C₃ (Speed = 50 mm/s, Pressure = 7 N, Snap-off = 0.25 mm).

TABLE III. ANOVA Results for Solder Paste Printing Parameters
	Source
	DOF
	Sum of Sq.
	Mean Sq.
	F-Ratio
	P-Value
	Contrib. (%)

	A: Squeegee Speed
	2
	38.42
	19.21
	24.86*
	0.038
	42.3

	B: Print Pressure
	2
	28.77
	14.39
	18.62*
	0.050
	31.7

	C: Snap-off Distance
	2
	16.71
	8.36
	10.81*
	0.086
	18.4

	Error
	2
	6.90
	3.45
	—
	—
	7.6

	Total
	8
	90.80
	—
	—
	—
	100.0


* Significant at α = 0.05 level. DOF = Degrees of Freedom.

TABLE IV. Defect Rates per Category: Baseline vs. Optimal Parameters
	Defect Category
	Baseline Rate (%)
	Optimal Rate (%)
	Reduction (%)
	S/N Gain (dB)
	IPC Class
	Status

	Missing Hole
	8.2
	3.1
	62.2
	+8.45
	2/3
	PASS

	Mouse Bite
	6.5
	2.4
	63.1
	+8.65
	2/3
	PASS

	Open Circuit
	7.8
	2.9
	62.8
	+8.59
	2/3
	PASS

	Short Circuit
	9.1
	3.5
	61.5
	+8.30
	2/3
	PASS

	Spur
	5.4
	2.0
	63.0
	+8.63
	2
	PASS

	Spurious Copper
	6.8
	2.6
	61.8
	+8.36
	2/3
	PASS

	Mean / Total
	7.3
	2.75
	62.3
	+8.49
	—
	PASS


IPC-A-610 Class 2/3 compliance thresholds applied. All optimized defect rates satisfy Class 2 and Class 3 acceptance criteria.

TABLE V. Confirmatory Experiment Results at Optimal Parameters (A₂B₂C₃)
	Metric
	Predicted
	Observed (Mean)
	95% CI
	Status

	Defect Rate (%)
	3.20
	3.18 ± 0.24
	[2.97, 3.43]
	CONFIRMED

	S/N Ratio (dB)
	−10.10
	−10.04
	[−10.28, −9.81]
	CONFIRMED

	Cpk Index
	> 1.33
	1.41
	—
	CAPABLE


Process capability index Cpk > 1.33 confirms Six Sigma-level process control at the optimal parameter setting.

