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Abstract  We evaluated grounding structures and surface finishes for short-circuited stub wideband bandpass filters (BPFs) 

designed for Large Millimeter Telescope Far Infrared Nebular Emission Receiver (LMT-FINER). Three grounding structures 

were tested: circular via holes (Type 1), rectangular stubs with vias (Type 2), and combining top-layer ground planes, wide low-

impedance stub terminations, and stitching vias at impedance boundaries (Type 3). Each structure was tested with three surface 

finishes (untreated, OSP-treated, and ENIG-treated). The results showed that Type 3 achieved the closest match to the designed 

passband specifications while demonstrating superior tolerance to surface finish variations compared to conventional approaches. 

These findings provide crucial design points for short-circuited stub wideband BPF manufacturing. 
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1. INTRODUCTION

The LMT-FINER project aims to install a 120-350

GHz heterodyne receiver on the Large Millimeter 

Telescope in Mexico, requiring an anti-aliasing 

bandpass filter (BPF) operating at 10.24-20.48 GHz 

with 66.7% fractional bandwidth [1]. This wideband 

BPF demands precise cutoff frequency control, which 

presents significant design challenges.  

While short-circuited stub BPFs offer 

straightforward wideband implementations [2,3], 

achieving accurate cutoff frequencies above 10 GHz 

is challenging due to parasitic effects from via 

structures [4] and manufacturing variations [5,6]. 

Recent studies have proposed alternative grounding 

structures including radial stubs [7] and modified via 

geometries [8,9], but systematic comparisons at X-, 

Ku-, and K-band frequencies remain lacking. 

Additionally, PCB surface finishes required for 

environmental durability (Organic Solderability 

Preservative (OSP), Electroless Nickel Immersion 

Gold (ENIG), and so on) affect both insertion loss and 

cutoff frequency [10-13]. In the case of a grounded 

coplanar waveguide with surface finishes,  detailed 

experimental verification results were provided [14]. 

Also, it showed the difference in frequency 

characteristics by arranging vias. These results 

significantly showed the effect of surface finishes. In 

the present work, we showed the combined effects, 

which are via arrangements and surface finishes with 

grounding structures, against wideband filters using a 

microstrip line (MSL) structure with co-ground 

planes. It remains unexplored to the MSL structure 

with co-ground planes [3-6]. Specifically, this paper 

examines how the joint effects of grounding structures 

and surface finishes impact BPF frequency 

characteristics. We introduce a stitching via structure 

(Type 3) and compare it with conventional circular 

(Type 1) and rectangular (Type 2) stub designs under 

three surface finishes: untreated, OSP, and ENIG. Our 

experimental results provide practical design points 

for achieving cutoff frequency requirements in the 

10.24-20.48 GHz range.  

2. SUBSTRATE MATERIALS,  SURFACE FINISH AND

STUB GROUNDING STRUCTURES

2.1. SUBSTRATE MATERIAL CHARACTERISTICS 

Table 1 shows the prototype printed circuit board 

(PCB) material properties. We used xCH-3008 

substrate (Chukoh Chemical Industries, t = 0.254 mm), 

a PTFE/glass cloth composite with low dielectric 

constant and loss tangent that minimizes transmission 

line losses [6] 

Table 1 Substrate material characteristics [15] 

Substrate material  xCH-3008 (t=0.254mm) 

Dielectric constant 

𝜀𝑟

3.05 @13GHz (Measured 

data) 

Dielectric tangent 

tanδ 

0.0012 @13GHz (Measured 

data) 

2.2. SURFACE FINISH LAYER STRUCTURE 

As shown in Figure 1, we fabricated prototype 

PCBs with the same surface finish on both sides: (a) 

with OSP-treated copper foil surface finish, and (b) 

with ENIG surface finish. 
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Unit: μm  

(a)                  (b) 

Fig.1. Layer structure of (a) OSP-treated substrates, 

(b) ENIG finish.

2.3. DESIGN OF GROUNDING STRUCTURES

In this study, we investigated the following three 

grounding structures: 

Type 1 (Circular stub): This is the conventional via 

hole grounding structure shown in Figure 2. It 

connects to the ground plane through a through-hole 

via using a circular stub pattern. A via pad 

corresponds to a via hole.  

Type 2 (Rectangular stub): This is also one of the 

conventional grounding structures. It aims to improve 

the grounding effect by using a rectangular stub 

pattern, which is shown in Figure 3. Because of the 

two parallel vias shown in Fig.3, the equivalent series 

resistances (ESRs) and equivalent series inductances 

(ESLs) are reduced to approximately half of those of 

Type 1[4]. 

Type 3 (Stitching via structure): This proposed 

structure combines three elements: (1) top-layer 

ground planes in the microstrip filter, (2) wide low-

impedance sections at stub ends creating clear 

impedance boundaries, and (3) multiple stitching vias 

at these boundaries. This combination minimizes 

parasitic inductance and improves grounding 

effectiveness above 10 GHz [4]. 

3. DESIGN OF WIDEBAND BPF

3.1. DESIGN OF NINTH-ORDER WIDEBAND BPF 

The ninth-order BPF design methodology was 

based on [3]. To verify that the specified bandwidth 

could be achieved in practice, we selected a ninth-

order design. We used 2.92 mm coaxial end-launch 

connectors to avoid performance degradation from 

center pin soldering. Therefore, 50 Ω grounded 

coplanar waveguide (GCPW) structures were 

employed as input/output feed lines. The ninth-order 

Chebyshev BPFs were configured using a microstrip 

line structure. The design specifications are shown in 

Table 2. 

Table 2 Design specifications for wideband BPF. 

Center Frequency (𝑓0) 15.36 GHz 

Fractional bandwidth (FBW)  66.7% 

Passband ripple < 3 dB 

In the design, the characteristic impedance of each 

stub was optimized using circuit simulation, and then 

the physical structure was determined using the 3D 

electromagnetic simulator HFSS.  

Figures 2, 3, and 4 show the circuit patterns of 

wideband BPFs using different grounding structures. 

The simulation results based on untreated copper foil 

surfaces are shown in Figure 5.  

In this design, the use of a thin substrate thickness 

of 0.254 mm resulted in the optimization of via 

characteristics. According to [4], the substrate 

thickness is the parameter that has the most 

significant influence on via inductance. However, 

even for a substrate thickness of t=0.254 mm, it is 

shown in [4] that the via inductance is significantly 

reduced compared to thicker substrates. This low 

inductance characteristic enabled the realization of 

sufficient short-circuit characteristics even in end 

stubs using a single via.  

Table 3 compares the EM simulated responses for 

untreated copper. The simulation results show that the 

Type 1 pattern best matches the design specifications 

for the passband. In Table 3, 𝑓𝑙, 𝑓𝑢, BW, and IL-max

show the lowest and the highest cutoff frequencies, 

Bandwidth (𝑓𝑙-𝑓𝑢), and maximum insertion loss in the

in-band of BPF, respectively.  

Fig.2.Type 1 circuit pattern 

Fig.3.Type 2 circuit pattern 



Joint Workshop of Thailand-Japan MicroWave Workshop and Asian Wireless Power Transfer Workshop 2025 (TJMW&AWPT 2025) 

Fig.4.Type 3 circuit pattern  

Fig.5. Simulated responses of the Type 1, Type 2, 

and Type 3. 

Table 3 Each characteristic for BPFs(sim). 

Type 1 Type 2 Type 3 

𝑓0(GHz) 15.23 15.52 15.80 

𝑓𝑙(GHz) 10.04 10.28 10.45 

𝑓𝑈(GHz) 20.42 20.76 21.15 

BW(GHz) 10.38 10.48 10.70 

FBW (%) 68.2 67.5 67.7 

IL-max(dB) 2.85 1.65 1.71 

4. EXPERIMENTAL RESULTS AND ANALYSIS

Based on the simulation results, we fabricated a

total of nine prototype PCBs with combinations of 

three grounding structures and three surface finishes. 

Measurements were performed using a vector 

network analyzer, which is an Agilent Technologies 

E8363C. A frequency range of 1-30 GHz was set. This 

section presents the measurement results and analyzes 

the effects of both grounding structures and surface 

finishes on filter performance.  

4.1. MEASUREMENT RESULT 

Figures 6 and 7 show the fabricated BPFs and 

measured frequency characteristics for different 

grounding structures and surface finishes.  

(a) (b) 

(c) 

Fig.6. Fabricated BPFs of (a) untreated (b) OSP-

treated (c) ENIG-treated 

(a) 

(b)
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Fig.7. The frequency characteristics of each 

grounding structure for (a)untreated copper foil, (b) 

OSP-treated copper foil, (c) ENIG-treated copper foil. 

4.2. CENTER FREQUENCY RESPONSE ANALYSIS 

The center frequency 𝑓𝑜  is a critical parameter

determining the filter's operating band. Table 4 shows 

the measured center frequencies for all nine 

configurations. 

Table 4. 𝑓𝑜 measurements and deviations

Untreated 

(GHz) 

OSP 

(GHz) 

ENIG 

(GHz) 

Target¹ 

Deviation 

(GHz) 

Type1 14.88 14.83 14.75 
-0.61 to -

0.48

Type2 15.07 14.95 15.02 
-0.41 to -

0.29

Type3 15.41 15.34 15.39 
+0.05 to -

0.02

¹Design target: 15.36 GHz  

The Type 3 structure exhibited the least variation 

across all surface finishes, showing a deviation of 

only -0.02 to +0.05 GHz from the target. This superior 

stability can be attributed to the distributed grounding 

mechanism, which effectively minimizes parasitic 

inductance variations [4]. 

4.3. CUTOFF FREQUENCY CHARACTERISTICS 

The cutoff frequency of the BPF changes depending 

on the surface finish [6]. As shown in Tables 5 and 6, 

Type 3 demonstrated exceptional stability across all 

surface finishes.  

Table 5. 𝑓𝑙 measurements and achievement

Untreated 

(GHz) 

OSP 

(GHz) 

ENIG 

(GHz) 

Target 

Achievement² 

(%) 

Type1 9.88 9.84 9.78 95.5~96.5 

Type2 10.1 10.08 10.06 98.2~98.6 

Type3 10.24 10.22 10.24 99.8~100.0 

²Target:10.24 GHz 

Table 6. 𝑓𝑢 measurements and achievement

Untreated 

(GHz) 

OSP 

(GHz) 

ENIG 

(GHz) 

Target 

Achievement³ 

(%) 

Type1 19.87 19.82 19.72 96.3~97.0 

Type2 20.03 19.82 19.98 96.8~97.8 

Type3 20.57 20.46 20.54 99.9~100.4 

³Target:20.48 GHz 

Remarkably, Type 3 maintained 𝑓𝑙 at exactly 10.24

GHz for both untreated and ENIG configurations,  

achieving 100% target compliance. This stability 

indicates that the stitching via structure provides a  

robust ground reference that is virtually immune to 

surface finish variations at lower frequencies.  

4.4. BANDWIDTH AND FRACTIONAL BANDWIDTH

ANALYSIS 

Tables 7 and 8 show the measured bandwidths and 

fractional bandwidth, demonstrating Type 3's superior 

achievement of the design specification.  

Table 7. BW measurements and deviations 

Untreated 

(GHz) 

OSP 

(GHz) 

ENIG 

(GHz) 

Target⁴ 

Deviation 

(GHz) 

Type1 9.99 9.98 9.94 
-0.30 to -

0.25

Type2 9.93 9.74 9.92 
-0.50 to -

0.31

Type3 10.33 10.24 10.3 
0.00 to 

+0.09

⁴Target: 10.24 GHz 

Table 8. FBW measurements and deviations 

Untreated 

(%) 

OSP 

(%) 

ENIG 

(%) 

Target⁵ 

Deviation 

(%) 

Type1 67.2 67.3 67.4 
+0.50 to

+0.70

Type2 65.9 65.2 66 
-1.50 to -

0.70

Type3 67.1 66.8 66.9 
+0.10 to

+0.40

⁵Target: 66.7% 

Type 3 with OSP achieved perfect bandwidth 

matching (10.24 GHz) while maintaining excellent 

performance across other treatments. Additionally,  

Type 3 achieved the optimal balance between absolute 

and relative specifications.  

Comparing simulation results with measurements 

reveals that while Type 1 showed the best agreement 

in simulation, Type 3 demonstrated superior 

performance in practice. This discrepancy stems from 

the incomplete modeling of via parasitic effects in the 

(c)
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simulation. The single via in Type 1 introduces 

concentrated parasitic inductance that varies with 

manufacturing tolerances, whereas Type 3's 

distributed vias create multiple parallel paths that 

effectively average out these variations [4]. 

Among the three grounding structures, Type 3 

consistently achieved the closest match to design 

specifications across all surface finishes. The 

distributed grounding mechanism effectively 

minimizes parasitic inductance variations, making it 

the optimal choice for wideband BPF implementation 

in the 10.24-20.48 GHz range.  

4.5. INSERTION LOSS PERFORMANCE 

Insertion loss directly impacts system efficiency  

Table 9 demonstrates Type 3's exceptional loss 

stability across surface finishes. 

Table 9. Maximum Insertion Loss in Passband  

Untreated 

(dB) 

OSP 

(dB) 

ENIG 

(dB) 

Maximum 

Degradation⁶ 

(dB) 

Type1 2.74 2.93 2.96 0.22 

Type2 1.97 2.61 2.95 0.98 

Type3 2.43 2.44 2.48 0.05 

⁶Degradation: Compared to untreated  

Type 3 exhibited only 0.05 dB degradation (2.1% 

relative change) across all surface finishes, compared 

to 0.22 dB (8.0%) for Type 1 and 0.98 dB (49.7%) 

for Type 2. The distributed grounding through 

multiple vias creates parallel current paths that 

effectively average out local variations in surface 

conductivity, resulting in more stable overall 

performance. 

5. CONCLUSION

In this study, we systematically evaluated three

grounding structures and three surface finishes for 

ninth-order wideband BPFs designed for the LMT-

FINER project. Our novel stitching via structure 

(Type 3) demonstrated superior performance 

compared to conventional approaches. Based on 

comprehensive experimental results, we provide the 

following design points:  

1. Grounding structure selection: The novel

stitching via structure (Type 3) should be selected for 

wideband BPFs in X-, Ku-, and K-bands, achieving 

99.8-100% target compliance for cutoff frequencies—

significantly outperforming conventional circular 

(Type 1) and rectangular (Type 2) structures.  

2. Surface finish selection: For optimal frequency

performance, untreated copper is recommended when 

protection is not critical. Among the surface finishes 

evaluated in this study, OSP treatment should be 

selected for bandwidth-critical applications 

(achieving an exact 10.24 GHz bandwidth with Type 

3). At the same time, ENIG can be considered when a 

slightly higher insertion loss is acceptable.  

These findings provide crucial design points for the 

LMT-FINER project and similar high-frequency 

applications. The novel stitching via structure offers 

a good solution for achieving stringent bandwidth 

requirements while maintaining performance stability 

across different surface finishes.  
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