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Abstract: This paper presents a method for analyzing and designing an extremely miniaturized planar ring hy-

brid, using the combination of parallel and diagonally shorted coupled lines. In contrast to conventional mini-

aturized coupled line filters, it is proven that the required electrical length of transmission line can be largely 

reduced to even a few degrees, not only effectively suppressing the spurious passband but also approximately 

maintaining the same characteristic around the stable center frequency. A ring hybrid filter at center frequency 

of 1 GHz was fabricated on the FR4 epoxy glass cloth copper-clad plat (CCL) PCB substrate. The insertion 

loss of a ring hybrid filter with the die area of 30 mm × 30 mm is -4.68 dB. Simulated results are well 

agreed with the measurements.
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1. Introduction 

Ring hybrids are key components in many wireless 

and mobile communications as well as microwave, 

millimeter-wave circuits. The elementary line of the 

ring hybrid is a quarter transmission line that results 

in the large area and high cost for realizing in the 

circuit. To reduce the area of ring hybrid, Several ap-

proach were reported. One efficient method is to de-

ploy the slotted ground which gives rise to slow 

wave effect in the printed circuit [1]. By connecting 

multiple open stubs on the inside of the ring, reduced 

ring hybrid is achieved [2]. Parallel coupled lines are 

applied to design a microstrip ring hybrids for size 

reduction [3]. However, these approaches for the min-

iaturization in the ring hybrid was limited in the size 

reduction. Therefore, major challenge for the minia-

turization of ring hybrid is still remain.

In this paper, an extremely miniaturized ring hy-

brid filter using diagonally shorted coupled lines as 

well as parallel end-shorted coupled lines with lump-

ed capacitors is introduced. As a new size-reduction 

method for λ/4 or 3λ/4 transmission line, the size 

of the ring hybrid can be controlled arbitrarily in 

theory and reduced to just a few degrees without sac-

rificing the characteristics of the conventional ring 

hybrid filter at the operating frequency.

2. An extremely miniaturized ring hybrid 

2.1 Conventional ring hybrid

A conventional ring hybrid has been shown in 

Figure 1, consisting of three quarter-wavelength trans-

mission lines and one line with a length of 3λ/4, at 

a center frequency. Generally, characteristic im-

pedances of the ports and ring are 50Ω and 70.7Ω, 

respectively. Port1, 4 are usually used for the sum 

and difference ports.
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Figure 1: conventional ring hybrid circuit    

2.2 Reduced size ring hybrid

In order to reduce the ring hybrid circuit, the quar-

ter  and 3λ/4 section line composing it need to be 

miniaturized. The quarter transmission line shown in 

Figure 2(a) is shortened into the capacitive-loaded 

line Figure 2(b), by size reduction method proposed 

by Hirota [4]. The parallel end shorted coupled line 

in Figure 2(c) can be replaced by lumped inductive 

series element with shunt resonant circuits in the both 

side in Figure 2(d). 

The related formulas are expressed by [5]

  


tan


 (1)

    tan





  (2)

When    and    , it could be a 

quarter transmission line. The electrical length   

need to decrease in Equation (1) for the miniatur-

ization of quarter transmission line and the difference 

of   and   also decreases.

The diagonally end-shorted coupled line in Figure 

2(e) is equal to the miniaturized capacitive load line 

with shunt resonant circuits in the both side in Figure 

2(f) [6]. It can be relatively highly miniaturized com-

paring the capacitively loaded transmission line. This 

miniaturized coupled line is acted as 3λ/4 trans-

mission line because diagonally end-shorted coupled 

line section includes a phase inverter [7]. Since reso-

nant circuit in the equivalent coupled line in Figure 

2(f) is open at a center frequency, the miniaturized 

coupled line in Figure 2(e) is the same as capacitive 

loaded circuit with phase inverter Figure 2 (b). 

Figure 2: Quarter-wavelength transmission line(a), 

capacitively loaded transmission line(b), parallel end 

shorted coupled line(c), reduced capacitive load line 

with shunt resonant circuits(d), diagonally end-short-

ed coupled line(e) and miniaturized capacitive load 

line with shunt resonant circuits(f).

The related equations are expressed by as follows:

 sin


 


  (3)
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    tan




cos
 (4)

where , and  are the characteristic impedances 

of the shorted coupled lines and characteristic im-

pedance of the quarter transmission line. , and  

are the electrical lengths of the shorted line and an-

gular frequency, respectively.  is lumped capacitor 

in the capacitively loaded circuit,  and  are 

the capacitors for the resonance with shunt inductor.

 is the  combination of   and  and  is 

the  combination of   and .   and  are 

the even and odd mode characteristic impedance of 

coupled line.

(a)

(b)

Figure 3: Reduced size ring hybrid circuit (a), equiv-

alent circuit of ring hybrid with coupled line (b)  

Figure 4: Even- and odd-mode decomposition of the 

ring hybrid when port 1 is excited with a unit ampli-

tude incident wave. (a) Even mode. (b) Odd mode.

Figure 5: Even-mode excitation

   







   






(5)




 


 

 





 


 

 











cos sin




 cos




 


 

 





 


 

 

(6)

Figure 3(a) is a miniaturized ring hybrid employ-

ing the capacitively loaded circuit.  It can be trans-

formed into equivalent circuit made up the reduced 

coupled lines shown in Figure 3(b) Actually this cir-

cuit with coupled lines will be fabricated for the ex-
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tremely miniaturized ring hybrid circuit.

Analysis of the reduced size hybrid ring can be 

performed using the symmetry of the component with 

respect to a line  , as depicted in Figure 3(a) 

and the even-odd mode method. We can evaluate the 

required reflection and transmission coefficients de-

fined using the ABCD matrix for the even- and 

odd-mode two-port circuits in Figure 4. 

According to Figure 4(a), if two signals of ampli-

tude 1/2 and in phase are applied at ports 1 and 3 

(even-mode excitation), the magnetic wall is formed 

at  . This is equivalent to an open circuit, as 

indicated in Figure 5.

In a similar way, according to Figure 4(b) if two 

signals of amplitude 1/2 and 180° out of phase 

(odd-mode excitation) are applied at ports 1 and 3, 

the electrical wall is created at  . This is 

equivalent to an short circuit, as indicated in Figure 

6.

 Figure6 Odd-mode excitation


′   






′

   






 (7)




 


 

 





 


 


′ 











cos sin




 cos




 


 


′ 





 


 

 

(8) 

The reflection and transmission coefficients for the 

even-and odd-mode of the ring hybrids are given by:

    

   
(9)

    

   
             (10)

    


(11)

    


(12)

The amplitudes of the scattered waves from the 

ring hybrid will be:

  


  (13)

  


                       (14)

  


                            (15)

  


                          (16)

Then with the aid of (9),(10),(11) and (12), accord-

ing [8] we have:

  

 
   


  


   

The input port 1 should be matched, so we let

  , then we can get     , now the above 

results turn to be 

   


 


  

Which shows that the input port is matched, port 4 is 

isolated, and the input power is evenly divided and in 

phase between ports 2 and 3.           

Now consider a unit amplitude wave incident at 

port 4 (the difference port) of the ring hybrid of 
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Figure 1. The two wave components on the ring will 

arrive in phase at ports 2 and 3, with a net phase dif-

ference of 180° between these ports. The two wave 

components will be 180°out of phase at port 1. This 

case can be decomposed into a superposition of the 

two simpler circuits and excitations shown in Figure 

7.

Figure 7: Even- and odd-mode decomposition of the 

ring hybrid when port 4 is excited with a unit ampli-

tude incident wave. (a) Even mode. (b) Odd mode.

Similarly, the ABCD matrices for the even- and 

odd-mode circuits of Figure 7 are




 




′ 
′


′ 

′ 



 


 

 
                      (17)




 




′ 
′


′ 

′ 



 


 

 
                  (18)

The amplitudes of the scattered waves from the 

ring hybrid will be: 


′  



′

′                         (19)


′  



′ 

′                              (20)


′  



′

′                           (21)


′  



′ 

′                           (22)

Similarly, according to the above analysis, we can 

get 


′   

′  





′  


 

′  

 


The input port 4 should be matched, so we let 


′  , then we can get     , now the above 

results turn to be 

 
′  

′ 



′ 



′   

Which shows that the input port is matched, port 1 

is isolated, and the input power is evenly divided into 

ports 2 and 3 with a 180° phase difference. 

3. Simulations and measurements

3.1 Simulation Results

Once the ring hybrid filter equivalent circuit model 

was built, physical filter structures such as resonators 

and coupled-line sections can be designed. However, 

one thing needs to be kept in mind that due to the 

parasitic components (both internally and externally) 

the synthesized filter model cannot be transformed in-

to physical structures at one shot. As a result, some 

circuit tuning for the filter responses and opti-

mizations of the filter physical dimensions need to be 

carried out. Generally, it is carried out with Ansoft 

HFSS before fabrication until the full-wave electro-

magnetic (EM) simulation shows a good performance 

close to the target one.

We designed the miniaturized ring hybrid circuit 

employing the coupled lines of 15 degrees for replac-

ing quarter transmission line. Table 1 gives the de-

sign parameters of the HFSS simulation. Figure 8 (a) 

and (b) show simulated the insertion and return loss 
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Table 1: Design parameters of the HFSS simulation

Center frequency 1GHz
Substrate thickness 0.8 mm

Substrate permittivity 4.4
Dielectric loss tangent 0.02

Copper thickness 35μm
Copper conductivity 6.17×107

Width of coupled lines 0.67 mm
Length of coupled lines  8.245 mm

Slot of coupled lines 0.55 mm
Capacitor 4.1 pF

Ports impedance 50 Ohm
Circuit size 30 mm×30 mm
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Figure 8: The simulation results of ring hybrid filter 

frequency response (a) and phase response (b)

responses of the ring hybrid filters , respectively. The 

parameter values in the Table 1 were appropriately 

tuned for proper simulation results.

Figure 9: A photograph of the fabricated ring hybrid.
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Figure 10: Measured frequency performances com-

pared with HFSS simulation results of input return 

loss (a),insertion loss ,  and  (b)

3.2 Measurement Results

The photograph in Figure 9 shows a fabricated ring 

hybrid with 4 ports, with total die area (including the 
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capsulated ground plane) of 30 mm × 30 mm. It was 

manufactured on the FR4 epoxy glass cloth cop-

per-clad plat (CCL) PCB substrate having thickness 

0.8mm and dielectric constant εr=4.4. The measured 

performances of the fabricated at 1GHz ring hybrid is 

compared with HFSS simulation results in Figure 10 

and Figure 11. It shows equal power splitting per-

formance and good phase response. The insertion loss 

of simulation results by HFSS is -4.68dB and meas-

urement result is –6.42dB. Additional loss in the 

measurement isconsidered to be caused by surface 

and edge roughness of the metal, inferior metal con-

ductivity, the dielectric loss of the substrate and the 

inexactness of fabrication technology and so on, 

which were not taken into account in the calculations.  

The ring hybrid operating at 1 GHz exhibits a band 

width of 130MHz and ∘ ± ∘  degree phase 

difference.  

Finally, Table 2 summarizes the characteristic of 

several published ring hybrid in comparison with this 

work. Obviously, the proposed in this paper shows 

the advantage of more compact size, excellent in-

sertion loss characteristic.

Reference This 
work [2] [3] [9]

Technology PCB PCB PCB LTC
C

Center 
Frequency(GHz) 1 1 2.45 2.4

Electri
cal 

Length

λg/4 λg/24 λg/8 λg/4 λg/4

3λg/4 λg/24 λg/8 λg/4 λg/4

Bandwidth 0.13f 0.55f 0.33f
0.653f



Insertion 
Loss(dB) -6.42 -4.03 -3.52 -3.56

Die 
Area(mm2) 30×30 22×30 27×30 2.71×2

.33

Year 2013 2005 2007 2009

Table 2: Comparison of different types of Ring Hybrid
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Figure 11: Measured phase response compared with 

HFSS simulation result

4. Conclusion

Miniaturization method of ring hybrid filter using 

coupled line circuits has been proposed in the planar 

structure.  The electrical length of the coupled lines 

in the ring hybrid could be reduced up to a few de-

grees and the size of ring hybrid shrunk about 35 

times smaller than conventional one. The measure-

ment responses agree well with simulation result 

curves. Ring hybrid can be easily fabricated that it 

makes this design suitable for microwave integrated 

circuit(MIC) and MMIC applications.
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