
 

    2  1394  9 –1  

1 . 
    1     

                        
    2002       
   2    GHz  3/1     GHz  10/6 

        ]1 [         .
                   

               
               

               

            .        
               
            

       . 
            

             .    
                

       ]2  3 [  .   
                    

         :         
                

               
     

 1  2  3*  4  
12-      ( )3-         3-      

    

 : )18 /09 /93 :  17 /06 /94( 

 
                                   

                             .
                         

 .                       
                 .        

                               
        .    GHz  2/8   GHz  10           

 %  112/5                 .       .
         .    

 

  
                        

 .   

* :   m.danaeian@gmail.com 
 

1- Ultera Wide Band (UWB) 
2- Federal Communications Commission (FCC) 



2  -  »«    2   1394 

    .         
           

         ]2 [      .
         .      

           
                     

             .        
             

                 
  ]2 [                 .

                CPW  
  ]2[ . 

2 . 
               
              .

                   .
               

    ]3[          .
       1(LH)     ) 

  2        .(      
              

    ]2[. 
       LH        

             ]3[    .  
      LH       

  CRLH3                     
              /     
                   

 SMD4   ]2[. 
       4    

                
 ]2[ .         SRR     

               
   .              

                    
              .    

 1           

                
    .           

                               .     

 

  LS                    CS   
               .          

                     .         
                          

                         1 
                       .   

   ]2 [.    

1- Left Handed (LH)  
2- Right Handed (RH) 
3- Composite Rigth/Left-Handed  
4- Surface Mount Device  
5- Split Ring Resonator(SRR)   

0
1

2 S S
f

L C )1( 

1b 2b

1a

2a

s

w

 1.           

 



3                 ......  

3 .   
                      

            ]4[.               
                  

.                  ]4[         
                     

                             .
                      

                           
                    

           .             
     2 .     

                      
   ]19-  4[   .      

             4        
       .        

1              
 3            .     

           .    
      3             

                         
              

   ]19-  4[      . ) 4-  a     (
)4- b   (. 

1 Doublets Parallel Coupling Gaps  

 4.     (      (        
 ( )  ( ) 

50 Ohm

Port 1

50 Ohm

Port 2

 

 2.     

 

 3.          

1 1,Y 2 2,Y

CY

3 3,Y

,in evenY
BY

4 4,YDY 

2L

1 1,Y 2 2,Y

AY

3 3,Y

,in oddY

0Y

 



4  -  »«    2   1394 

                  
       Y0           .

                  
   Y1               .

                             
    Y2   Y3      .        

           
    Y4   ]23 -20[ . 

   ) 4-   ( ) 4-    (           
           

           .      
           

   .            
              

               
            ]23 -20[ . 

 )         4-      (
     ]23 -20[   . 
 
 

: 
 
 

    .                     
 )   4-                       (

          ]23 -20[  . 

 
 

 )          4-  (
      ]23 -20[ . 

 
 

: 
 

 
 
 

: 
 
 

 )    4-                             (
               

 ]23 -20[   . 
 

 

               
              

                  )8       (
                         

     YD         
     )7         (YD  

YC            )9           (YC    
           .  -

          
       .             -

  .       
          

       ]23 -20[: 

 
 

 
 

      Y0             
  . 

             
                                    .

             
      ) 4-   )  (4-      (   

Yin,even  Yin,odd              
         4        

   ]23 -20[.  

1 1
, 1

1 1

2 tan
2 tan

A
in odd

A

Y jYY Y
Y jY )2( 

3 2 2 3
2

2 3 3 2

tan tan
tan tanA

jY jYY Y
Y Y )3( 

L

, 0in oddY

1 2 1 3 1 3 1 2
2

2 3 2 2 3

tan tan tan tan

2 2 tan tan 0

Y Y Y Y
Y Y Y

)4( 

1 1
, 1

1 1

tan
tan

B C
in even

B C

Y Y jY
Y Y

Y j Y Y
)5( 

3 3 2 2
2

2 3 2 3

tan tan
tan tanB

jY jYY Y
Y Y

)6( 

2 2
2

2 2

tan
tan

D
C

D

Y jYY Y
Y jY

)7( 

4 3 3 4
3

3 4 4 3

tan tan
tan tanD

jY jYY Y
Y Y )8( 

,
0

in even
Y

1 1tan 0B CjY Y Y )9( 

2
0

11

0 0

ine ino

ine ino

Y Y YS
Y Y Y Y )10( 

0 0
21

0 0

ino ine

ine ino

Y Y Y YS
Y Y Y Y

)11( 

, ,in even in oddY Y



5                 ......  

     5          .    
 6         l1     

   .           
                 

              
          .     

l1                         :            
mm7  =l1                   mm5/8  =l1                   mm4  =l1  

                 
                  

           .       
              

                    
 7            

             (        )
             .

               
              

          .    
                     .  
              

      .           7 
             
         .         
                

   .     

  8  9          
           .     

                         
                 

            l4      
            

2L

1l

1w
2l

3l

2w

4l
4w

3w

s

 5.        

 6.         
     

 7.           
     

 



6  -  »«    2   1394 

               .
 w4           

         . 
       2    

                   
            .    

          ]3 [        
              .

                    
       1          

               
      .     

10                   
                  

          .       
               

          . 

                  5 
       s           mm  0/1        

         w1    
 mm  0/2            .5  

    : 
 0/8  =w2            1/6  =l2              0/2  =w1             3/9  =l1 
 1/2  =w4               1  =l4               0/4 =w3               3  =l3     

    mm      .2    
         mm 0/4    

                   
GHz10             

                    
   1     : 

1/4  =b2          1/4  =a2            1/7  =b1           1/7 =a1 
                                           0/2 =w              0/2  =s  

      mm                 .
  RT/Duroid3210            10/2             

mm  1/27    .                 
             mm2  4/3×11/2   

    . 

 4  .  
                   

GHz  2/8    GHz10            .
             

                
1- Insertion Loss (IL)  

 8.        
     

 9.         
     

 8.           
   

2- Via Hole  



7                 ......  

   GHz  2/8    GHz10        
          .    

           
                

       GHz  2/8          
            7  

            .   
              

          GHz10     
                  

  .   10            
              

 .   
       11        

             
 1ADS   .           

     S12       
     dB  0/4-             

                    
    .S11       dB  13-    

                 
       . 

                
                             

                                                           
S/m 107×5/8=                                   

0/0027 tan =   . 
              

     (FWB)  %  112/5      
   FCC                  .

             dB  20-       
  GHz 18    GHz10   GHz 18  . 

     12        .    
 13              

  .              
          .    

              
   .      2  HP8510 C  

.   

 
 
 
 
 

  14            
  .                  

ns 0/55             
     ns 0/1 . 

   1         
 .                

            
       .       

1- Advanced Design System  
2- Vector Network Analyzer(VNA)  

 11.   S     

 12.     

 13.     S   
  



8  -  »«    2   1394 

               
       .        

                
               

                   )
            .(  

 FCC                  .
                  

   . 

 

5 . 
                     

              
            .    

                     .
             

   .           
               

               (     ) 
       )          

           (    
    FCC            
  . 

6 . 

[1] Federal Communications Commission, “Revision of part 
15 of the Commission’s rules regarding ultra-wideband   
transmission systems,” Tech. Rep., ET-Docket, pp.98-153, 
FCC02-48, Apr. 2002. 

[2] R. Marque’s, F. Martin and M. Sorolla, “Metamaterials 
with Negative Parameters,” First Edition, John Wiley Co., 
2006.  

 14.       

Reference 
number 

Fractional 
bandwidth 

Roll-off slope at 
lower/higher 

passband edge 
(dB/GHz) 

Insertion loss 
(IL) 

Return loss 
(RL) 

Size 
  

 0 0

]5[   %63/7  64/69 min>- 1/2  dB -13 dB 0/19×0/56 

]6[   %103/5  82/97 min>-1/4 dB -13 dB 0/26×1/57 

]7[   %108  68/103 min>-3 dB -7 dB 0/26×0/78 

]9[  100 % 81/128 min>-2 dB -7 dB 0/31×0/51 

]13[  99 % 136/118 min>-1 dB -15 dB 0/28×0/5 

]15[  122 % 144/138 min>-1/5 dB -10 dB 0/33×0/51 

This Work  %112/5  104/132 min>-0/4 dB -13 dB 
0/08×0/22 

)mm2 4/3×11/2( 

 1.         



9                 ......  

[3] C. Caloz and T. Itoh, “Electromagnetic Metamaterials,” 
Transmission Line Theory and Microwave Applications, 
Wiley, Hoboken, NJ, 2006.  

[4] D. Jung, J. Lee, and K. Chang, “Wideband Bandpass Filter 
Using Microstrip Ring,” Microwave and Optical         
Technology Letters, vol. 53, no. 1, Jan. 2011. 

[5] Z. Ma, W. He, C.Chen, Y. Kobayashi, and T. Anada, “A 
Novel Compact Ultra-Wideband Bandpass Using Stub-
Loaded Dual-Mode Resonator Doublets,” in Microwave 
Symposium Digest (IMS) Proc., pp. 435-438, 26 Septem-
ber 2008. 

[6] M. Gil, J. Bonache, J. Garcia-Garcia, J. Martel, and F. 
Martin “Composite right/left handed (CRLH) metamaterial 
transmission lines based on complementary split rings  
resonators (CSRRs) and their Applications to very wide 
band and compact filter design,” IEEE Trans. Microwave 
Theory Tech., vol. 55, pp. 1296 1304, June 2007.  

[7] J. Bonache, F. Martin, J. Garcia-Garcia, I. Gil, R. 
Marque’s, and M. Sorolla “Ultra wide band pass filters 
(UWBPF) based on complementary split rings resonators,” 
Microwave and Optical Technology Letters. vol. 46, pp. 
283 286, August 2005. 

[8] J. Bonache, I. Gil, J. Garcia-Garcia, and F. Martin 
“Complementary split rings resonators (CSRRs): towards 
the miniaturization of microwave device design,” Com-
pute. Electron. vol. 5, pp. 193–197, May 2006. 

[9] Q. X. Chu, X. H. Wu, and X. K. Tian, “Novel UWB   
bandpass filter Using stub-loaded multiple-mode        
resonator,” IEEE Microwave Wireless Components    
Letters, vol. 21, no. 8, pp. 403–405, Aug. 2011.  

[10] P. Mondal, M. Mandal, and A. Chakrabarty, “Compact 
Ultra-Wideband Bandpass Filter with Improved Upper 
Stopband,” IEEE Microwave and Wireless Components 
Letter, vol. 17, no. 9, September 2007. 

[11] D. Chen, X. D. Huang, and C. H. Cheng, “A Novel Com-
pact Ultra Wideband (UWB) Bandpass Filter Using Multi-
ple-Mode Resonator,” Microwave And Optical Technolo-
gy Letters, vol. 51, No.7, July 2009.  

[12] H. H. Hu, Z. Y. Xiao, W. Q. He, and S. Gao “Novel   
Compact Ultra Wideband Filter with Wide Stop Band,” 
Microwave and Optical Technology Letters, vol. 51, no.1, 
January 2009. 

[13] Zhewang Ma, H. Sasaki, Ch.P. Chen, T. Anada, and Y. 
Kobayashi, “Design of a Wideband Bandpass Filter Using 
Microstrip Parallel-Coupled Dual-Mode Ring Resonator,” 
Asia-Pacific Microwave Conference Proceedings, pp. 21 - 
24, 7-10 Dec. 2010. 

[14] P. Cai, Z. Ma, X. Guan, Y. Kobayashi and T. Anada, 
“Novel Compact microstrip dual-mode ring resonator 
wideband Bandpass filter with significantly improved 
stopband property,” IEICE Trans Electron., vol. E89-C, 
no. 12, pp. 1858-1864, Dec. 2006. 

[15] H. Zhu and Q-X. Chu, “Compact Ultra-Wideband (UWB) 
Bandpass Filter Using Dual-Stub-Loaded Resonator 
(DSLR),” IEEE Microwave and Wireless Components 
Letter, vol. 23, no. 10, October 2013. 

[16] I. Bahl and P. Bhartia, “Microwave Solid State Circuit 
Design,” Wiley, New York, 1988. 

[17] Q. X. Chu, X. H. Wu, and X. K. Tian, “Novel UWB band-
pass filter Using stub-loaded multiple-mode resonator,” 
IEEE Microwave Wireless Components Letters, vol. 21, 
no. 8, pp. 403–405, Aug. 2011.  

[18] Wu, H. W., Chen, Y. W., & Chen, Y. F. “New ultra-
wideband (UWB) bandpass filter using triangle-ring multi-
mode stub-loaded resonator,” Microelectronics Journal, 
vol. 43, no. 11, pp. 857–862, November 2012. 

[19] K. Ma, K. S. Yeo, J. Ma, and M. A. Do, “An ultra-compact 
hairpin band pass filter with additional zero points,” IEEE 
Microwave Wireless Comp. Lett., pp. 262–264, 2007. 

[20] K. S. Chin, Y. C. Chiang, and J. T. Kuo, “Microstrip    
open-loop resonator with multi spurious suppression,” 
IEEE Microwave Wireless Comp. Lett., pp. 574–576, 
2007. 

[21] J. S. Hong, “Microstrip Filters for RF/Microwave       
Application,” 2nd Edition, John Wiley & Sons, Inc., 2011. 

[22] K. Chang and L.H. Hsieh, “Microwave Ring Circuits and 
Related Structures,” 2nd Ed, John Wiley & Sons, New 
Jersey, 2004. 

[23] I. Bahl and P. Bhartia, “Microwave Solid State Circuit 
Design,” Wiley, New York, 1988.  



Journal of “Radar”        
            Vol. 3, No. 2, 2015 (Serial No. 8)     1

A Compact and Sharp Ultra Wide Band Pass Filter with     
use of Short Stub Loaded Rectangular Ring and                

Split Ring Resonators
H. Fath Abadi, H. Mohseni, M. Danaeian*, E. Zare Zadeh 

* Shahid Bahonar University of Kerman  
(Received: 09/12/2014, Accepted: 08/09/2015) 

 

 
Abstract
A compact and sharp-rejection ultra-wideband (UWB) microstrip bandpass filter (BPF) is 
presented. The proposed filter is constructed with multiple-mode resonator (MMR) and split 
ring resonator (SRR). Moreover, proposed structure consists of two doublets parallel cou-
pling gaps at each side of a microstrip ring. In comparison with some other filters, this struc-
ture shows a significantly wider passband due to the introduction of a cross-coupling be-
tween the feed lines (input and output) which generate four pairs of attenuation zeros in the 
passband. In order to control the transmission zeros in the pass band and adjust the transmis-
sion zeros near the lower edges of the filter, a Short Stub, Loaded on microstrip Rectangular 
Ring Has Been Used. Also, In order to sharpen the upper edge of the filter, we used SRRs in 
both side of the doublets parallel coupling gaps that leads to the addition of one extra trans-
mission poles at the upper edge of the filter. Consequently, a compact four-zero and one pole 
ultra-wide bandpass filter is designed which exhibits extremely sharp rejection skirts around 
the target passband. The proposed filter has a passband covers 2.8 to 10 GHz and its meas-
ured 3 dB fractional bandwidth is about 112.5%. Furthermore, rejection level better than 20 
dB in upper stopband is extended to around 18 GHz. To our knowledge, the size of proposed 
ultra-wideband filter is more compact in comparison with known similar filters.   

 
 

Keywords: Ultra-Wideband (UWB), Bandpass Filter (BPF), Microstrip Ring, Split 
Ring Resonator (SRR), Doublets Parallel Coupling Gaps, Multiple-Mode Resonator 
(MMR).  
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