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Enhanced inductive post design for H-plane T-junction power dividers  

in reduced-height waveguide 

 

Nguyen Tuan Hung1, Nguyen Minh Giang1, Pham Hoang Long2, Nguyen Thanh2 

 

This paper presents an enhanced inductive post structure for H-plane T-junction power dividers implemented in reduced-height 

rectangular waveguides. By incorporating one or two additional circular disks into the conventional cylindrical post, the 

proposed design introduces extra degrees of freedom for impedance tuning, thereby enabling improved matching performance 

for both single-frequency and broadband designs. Simulation and measurement results confirm that the proposed structure 

achieves excellent impedance matching and broadband performance within the Ku-band, demonstrating strong potential for 

integration into high-performance RF systems requiring compact size, low loss, and wide bandwidth. 
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1 Introduction 

RF power dividers are indispensable components in 

communication, radar, and instrumentation systems and 

subsystems [1-18]. Three common technologies for 

designing RF power dividers are based on waveguides 

(WG) [1, 3, 4, 6-10], microstrip lines (MSL) [11-13], 

and substrate integrated waveguides (SIW) [14-16]. 

Compared to MSL and SIW dividers, the primary 

disadvantage of WG power dividers is their relatively 

large physical size, but they can offer the significant 

advantages of low insertion loss and high-power 

handling capability. High-performance WG power 

dividers are typically realized using techniques such as 

incorporating an inductive post [3, 4], or a wedge with 

an inductive window [1, 6-10] within an H-plane  

T-junction. The characteristics of inductive posts have 

been extensively analyzed in [2, 4, 5], and particularly in 

[4], their effectiveness in T-junctions has been 

demonstrated by calculating a scale model in the C-band 

to predict performance in the X-band using standard WG 

dimensions (WR229). On the other hand, although WGs 

are generally designed in standard sizes [1, 3, 4], certain 

applications, such as transitions or feeding networks for 

WG antennas [6-10, 17, 18], may benefit from non-

standard configurations, such as reduced-height WGs. 

Although the reduced-height designs of WG may lead to 

increased insertion loss (as illustrated in Fig. 1), they can 

help minimize the overall system size effectively. 

Besides, for WG T-junctions, existing studies have not 

yet explored the use of any inductive posts in reduced-

height configurations. 

In this study, we propose an enhanced inductive post 

structure for use in an H-plane T-junction power divider 

based on a reduced-height WG. Specifically, the design 

involves adding one or two circular disks to the post, 

thereby increasing properly the number of design 

parameters and allowing greater flexibility in optimizing 

the T-junction's performance. As will be demonstrated, 

the proposed structure enables excellent impedance 

matching either at a specific frequency or over a wide 

bandwidth covering the Ku-band (12.4-18 GHz), depen-

ding on the design case. 

 

2 Conventional and proposed post structures 

   for T-junction designs in reduced-height WGs 

2.1 Insertion loss of reduced-height WGs 

As illustrated in Fig. 1, reducing the height of the 

waveguide (WG) from its standard dimension increases 

the insertion loss. In CST simulations, a WR62 

transmission line (15.8×7.9 mm) with a length of 

77.5 mm was used. When the height was reduced from 

7.9 mm to 1 mm while maintaining the width at 

15.8 mm, the insertion loss increased in Ku-band, for 

example, from 0.02 dB to 0.1 dB at 15 GHz. This indi-

cates that designs utilizing reduced-height WR62 

waveguides inherently face the challenge of increased 

loss. It should be noted, however, that the cut-off 

frequency fc of the dominant TE10 mode remains 

unchanged, as it is given by: 
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Accordingly, the guided wavelength at a specific 

frequency f0, determined by: 
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is not affected by reduced-height of WR62. Therefore, 

the primary issue associated with using reduced-height 

WGs is the increase in insertion loss. Minimizing this 

loss becomes a critical design consideration, particularly 

in systems that demand extremely low-loss perfor-

mance. 

 

 

 

Fig. 1. Insertion loss of reduced-height versions  

of WR62 

 

2.2 Conventional post structure 

Figure 2 shows a T-junction constructed on a reduced-

height version of WR62, specifically, an approximately 

half-height WG (15.8×4.0 mm), and its scattering 

matrix’s magnitudes before and after loading a cylin-

drical post in the conventional design. The analysis of 

such a post was first detailed in [2], and later 

successfully applied for WG T-junctions in [4]. A simi-

lar technique can also be extended to substrate integrated 

waveguide (SIW) T-junctions, as demonstrated in [15, 

16]. Here, the initial values of the post diameter  

dp = 2 mm and its offset to the WG wall l = 6.45 mm are 

chosen based on the recommendations in [4]. As shown 

in Fig. 2, the effectiveness of the inductive post is clearly 

demonstrated across a wide frequency range. Speci-

fically, it improves both the return loss and insertion 

loss, such that |S11| remains below –9.8 dB and |S21| 

exceeds –3.5 dB throughout the entire Ku-band.  

In contrast, without the post, the corresponding values 

are significantly worse, with a minimum |S11| of only  

–5.2 dB and a maximum |S21| of –4.6 dB. 

 

 

Fig. 2. Half-height WG T-junction with (Model 1)  

or without an inductive post 

 

    

(a) Model 2 

 

(b) Model 3 

Fig. 3. Proposed design with enhanced inductive 

post structures 
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2.3 Proposed post structure 

As shown in Fig. 2, the conventional design of the 

post (Model 1) has only two design parameters (dp, l). 

Consequently, optimizing the T-junction performance 

using this configuration is limited by the small number 

of adjustable parameters, as will be demonstrated in the 

subsequent results. To address this limitation, we pro-

pose novel post structures that introduce additional 

degrees of freedom, thereby enabling improved perfor-

mance optimization. Specifically, the technique is to add 

one or two circular disks as depicted by Model 2 and 

Model 3 in Fig. 3 where they have three (dp, d1, l), or 

four (dp, d1, d2, l) design parameters, respectively. 

In the following subsections, we focus on the 

performance optimization of all three models Model 1 

(Fig. 2), Model 2, and Model 3, and compare their design 

effectiveness in two scenarios: optimization over the full 

Ku-band, and optimization targeting a specific fre-

quency within the Ku-band.  

 

2.3.1 Optimization in the entire Ku-band 

Since all T-junction models considered in this study 

function as equal power dividers with negligible 

conductor loss, the optimization primarily focuses on 

improving the return loss in CST simulations. For 

broadband impedance matching over the entire  

Ku-band, the worst-case return loss, defined as the 

maximum value of |S11| (in dB) within the Ku-band, is 

used as the performance criterion. Accordingly, the 

objective function for broadband optimization, denoted 

as OFa, is defined as: 

( )
[12.4,18]GHz

aOF |S11( ) |max
f

f


=                                    (3) 

 

Table 1. Optimized design parameters of three models 

in the entire Ku-band (Unit: mm) 

 dp l d1 d2 

Model 1 1.420 6.491   

Model 2 1.515 6.744 7.235  

Model 3 1.556 6.823 8.922 2.782 

 

In each model, by minimizing OFa as small as 

possible, we will obtain the optimum values of (dp, l) for 

Model 1, or (dp, d1, l) for Model 2, or (dp, d1, d2, l) for 

Model 3. The resulting S-parameter comparisons after 

optimization are presented in Fig. 4, while the 

corresponding optimized parameter values are listed in 

Table 1. In Fig. 4(a), the worst values of |S11| in the 

entire Ku-band of each model are:  

OFa-Model1 = max(|S11|)Model1 = –14.1 dB >  

OFa-Model2 = max(|S11|)Model2 = –17.8 dB >  

OFa-Model3 = max(|S11|)Model3 = –19.0 dB  

Meanwhile, in Fig. 4(b), their worst values of |S21| in 

the entire Ku-band are: 

min(|S21|)Model1 = –3.20 dB < min(|S21|)Model2 =  

–3.11 dB < min(|S21|)Model3 = –3.08 dB 

These results clearly demonstrate that both Model 2 

and Model 3 outperform Model 1 in terms of broadband 

impedance matching and low-loss performance, with 

Model 3 achieving the best overall performance across 

the entire Ku-band. 

 

 

(a) Return loss 

 

(b) Insertion loss 

Fig. 4. Comparison of S-parameters between three 

models when optimizing the bandwidth 
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2.3.2 Optimization at a specific frequency  

         within Ku-band 

For the optimization at a specific frequency within 

Ku-band, for example, at f0 = 15 GHz, the objective 

function OFb is simply defined as the return loss at that 

frequency: 

b 0OF |S11( ) | | S11|@15GHzf= =                   (4) 

 

Table 2. Optimized design parameters of three models 

at 15 GHz (unit: mm) 

 dp l d1 d2 

Model 1 1.420 6.491   

Model 2 1.515 6.744 7.235  

Model 3 1.556 6.823 8.922 2.782 

 

 

Similar to the previous optimization cases of OFa in 

Eqn. (3), minimizing OFb yields the optimum values of 

(dp, l) for Model 1, or (dp, d1, l) for Model 2, or (dp, d1, 

d2, l) for Model 3, which enable each model to achieve 

the best response at the center frequency of 15 GHz. 

Figure 5 shows the comparison of S-parameters between 

the three models after optimization, and their optimized 

design parameters are listed in Table 2. In Fig. 5(a), the 

best values of |S11| at 15 GHz of each model are: 

OFb-Model1 = min(|S11|)Model1 = –24.8 dB >  

OFb-Model2 = min(|S11|)Model2 = –45.6 dB >  

OFb-Model3 = min(|S11|)Model3 = –69.3 dB  

Accordingly, in Fig. 5(b), their best values of |S21| at 

15 GHz are maximized to max(|S21|)Model1 = –3.04 dB < 

max(|S21|)Model2 = –3.03 dB < max(|S21|)Model3 = –3.02 

dB. These results clearly indicate that Models 2 and 3 

are better than Model 1 in terms of impedance matching 

and transmission at 15 GHz, with Model 3 again exhi-

biting the best performance. 

 

  

(a) Return loss (b) Insertion loss 

Fig. 5. Comparison of S-parameters between three models when optimizing the impedance matching at 15 GHz 

 

 

 

Figure 6 illustrates the electric field distribution of 

the three models, where red indicates strong field 

intensity, yellow and green denote moderate levels, and 

blue represents weak field regions. By observing the area 

between the input port (Port 1) and the post in each 

model, it is evident that Model 1 exhibits the strongest 

reflected electric field, indicating a high reflection 

coefficient (|S11|), which is undesirable. In Model 2, the 

electric field is partially concentrated around the circular 

disc, suggesting that some energy is effectively coupled 

into the structure. This implies improved impedance 

matching and lower reflection compared to Model 1.  

In Model 3, the reflected field in the observed region is 

significantly minimized. The presence of the improved 

post further enhances impedance matching, as evidenced 

by the more concentrated and well-directed electric field 

around the discs, with minimal back-reflection. These 

qualitative observations indicate that Model 3 achieves 

the best reflection performance (i.e., lowest |S11| at 

15 GHz) among the three, followed by Model 2, which 

also outperforms the conventional configuration of 

Model 1. 
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(a) Model 1 (b) Model 2 (c) Model 3 

Fig. 6. Comparison of electric field distribution of three models at 15 GHz 

 

Table 3. Comparison of the T-junctions in [4] and Model 3 in this work 

Ref. WG type 
Bandwidth of  

|S11| ≤ –20 dB 

Bandwidth of  

|S11| ≤ –30 dB 

Minimum 

|S11| (dB) 

Maximum 

|S21| (dB) 

[4] 
Standard 

WR229 
> 17.7% 

4.1% 

(3.80-3.96 GHz) 

–36 

(3.90 GHz) 
N/A 

This 

work 

(2.3.1) 

Half-

height 

WR62 

31.6% 

(13.05-17.95 GHz) 

6.2% 

(16.30-17.34 GHz) 

–38.8 

(16.69 GHz) 

–3.02 

(16.69 GHz) 

This 

work 

(2.3.2) 

Half-

height 

WR62 

29.9% 

(12.40-16.77 GHz) 

14.6% 

(13.65-15.80 GHz) 

–69.3 

(15.00 GHz) 

–3.02 

(15.00 GHz) 

 

 

On the other hand, as observed again in Fig. 5(a), 

although the optimization in subsection 2.3b targets 

impedance matching only at 15 GHz, Model 3 still 

retains a broadband response. Detailed comparative data 

between the performance of Model 3 and that of 

previously reported T-junctions in [4] are summarized in 

Tab. 3, clearly demonstrating the wideband and low-loss 

characteristics of the proposed structure. It is also 

noteworthy from Table 3 that, within the Ku-band, the 

version of Model 3 optimized over the full Ku-band 

(subsection 2.3a) achieves a wider bandwidth of |S11| ≤ 

–20 dB than the version optimized at a single frequency 

(subsection 2.3.2). 

 

3 Fabrication and measurement 

To validate the simulation results, the proposed 

Model 3 of the T-junction in subsection 2.3.2 was fabri-

cated using aluminum alloy, as shown in Fig. 7. Unlike 

the simulated version, the output arms of the T-junction 

were bent and secured with additional screws to improve 

structural robustness and mechanical stabi-lity during 

handling and measurement. For experimental validation 

with a Vector Network Analyzer (VNA), three coaxial-

to-waveguide (SMA to half-height WR62) transitions 

were used to connect standard SMA cables to the half-

height WR62 waveguide ports. These transi-tions are 

labeled as Transition 1, Transition 2, and Transition 3, 

corresponding to the three waveguide ports, as shown in 

Fig. 8. The measurement setup in Fig. 8 illustrates a 

typical test configuration in which Port 1 is used as the 

input, Port 2 as the output, and Port 3 is terminated with 

a 50 Ω load. 

 

 

 

(a) Top view 

 

(b) Front view 

Fig. 7. Fabricated T-junction (Model 3)  

for measurement 
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Fig. 8. Measurement setup for the fabricated  

T-junction with three coaxial-waveguide transitions 

 

Figure 9 presents the measured S-parameters of the 

fabricated T-junction (Model 3) and compares them with 

simulated results. As shown in Fig. 9(a), the simulated 

reflection coefficient |S11| exhibits a deep null of 

approximately –70 dB at 15 GHz, indicating excellent 

impedance matching, and the measured |S11| also 

demonstrates a pronounced dip below –45 dB at the 

same frequency, confirming the strong agreement 

between simulation and measurement at the center 

frequency. Although small discrepancies of |S11| are 

observed at lower and higher frequencies, the measured 

result still demonstrates a broad low-reflection band-

width within the Ku-band. Specifically, the bandwidths 

for |S11| ≤ –10 dB (VSWR ≤ 2) and |S11| ≤ –14 dB 

(VSWR ≤ 1.5) are 35.4% (12.38-17.70 GHz) and 28.2% 

(13.14-17.46 GHz), respectively. On the other hand, 

both the simulated and measured results of transmission 

coefficient magnitude |S21| remains relatively flat 

around –3.0 dB across the Ku-band, indicating low 

insertion loss and efficient power transfer. The largest 

deviation of |S21| between simulated and measured 

results within Ku-band occurs at the lower frequency 

end of 12.4 GHz, but it is very small. Overall, the 

observed differences in both |S11| and |S21| are primarily 

attributed to fabrication tolerances, surface roughness, 

and, most notably, the influence of the transitions.  

 

(a) Simulation vs. measurement 

 

(b) Measured S21 vs. S31 

Fig. 9. Measurement results of S-parameters 

 

Figure 9(b) further illustrates the measured magni-

tudes and phases of S21 and S31, corresponding to the 

two output ports. The magnitude curves are nearly 

symmetrical, with values between –4.3 dB and –3.1 dB 

in the Ku-band, and reach –3.1 dB at 15 GHz, suggesting 

excellent balanced power division. Additionally, the 

measured phase difference between S21 and S31 

remains extremely small and stable over the full 

frequency band, confirming the symmetry of the divider 

and minimal phase imbalance. These results validate the 

proposed design’s effectiveness, demonstrating good 

matching, low-loss, and equal power split across the  

Ku-band, particularly around the center frequency of 

15 GHz. 

 

4 Conclusion 

This paper has introduced an enhanced inductive post 

design for H-plane T-junction power dividers based on 

half-height WR62 operating in Ku-band. By adding 

circular disks into the cylindrical post, the proposed 

method enables greater control over impedance 

characteristics, supporting both full band and single-

frequency optimizations. The design achieves a compact 

form factor while maintaining low reflection and ba-

lanced output performance. Results in simulation and 

experimental validation confirm the feasibility and 

effectiveness of the proposed design, demonstrating im-

proved impedance matching and broadband charac-

teristics compared to conventional method. The propo-

sed technique is particularly promising for integration 

into high-frequency systems where broadband and low-

loss characteristics are critical, such as compact WG 

transitions and antenna feeding networks. This tech-

nique however cannot be directly applied to SIW power 

dividers. Therefore, further investigation into alternative 

configurations that are compatible with SIW technology 

would be a valuable direction for future research. 
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