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Abstract： A novel substrate integrated microstrip to ultra-thin cavity filter transition operating in the W-band is 
proposed in this letter.  The structure is a new method of connecting microstrip circuits and waveguide filters， and 
this new structure enables a planar integrated transition from microstrip lines to ultra-thin cavity filters， thereby re⁃
ducing the size of the transition structure and achieving miniaturization.  The structure includes a conventional ta⁃
pered microstrip transition structure， which guides the electromagnetic field from the microstrip line to the re⁃
duced-height dielectric-filled waveguide， and an air-filled matching cavity which is placed between the dielectric-

filled waveguide and the ultra-thin cavity filter.  The height of the microstrip line， dielectric-filled waveguide and 
the ultra-thin cavity filter are the same， enabling seamless integration within a planar radio-frequency （RF） cir⁃
cuit.  To facilitate testing， mature finline transition structures are integrated at both ends of the microstrip line dur⁃
ing fabrication.  The simulation results of the fabricated microstrip to ultra-thin cavity filter transition with the fin⁃
line transition structure， with a passband of 91. 5-96. 5 GHz， has an insertion loss of less than 1. 9 dB and a return 
loss lower than -20 dB.  And the whole structure has also been measured which achieves an insertion loss less than 
2. 6 dB and a return loss lower than -15dB within the filter's passband， including the additional insertion loss intro⁃
duced by the finline transitions.  Finally， a W-band compact up-conversion module is designed， and the test re⁃
sults show that after using the proposed structure， the module achieves 95 dBc suppression of the 84 GHz local os⁃
cillator.  It is also demonstrated that the structure proposed in this letter achieves miniaturization of the system inte⁃
gration without compromising the filter performance.
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PACS: 

摘要：本文设计了一种W波段基片集成的微带到超薄腔体滤波器的过渡结构。该结构是一种连接微带电路

和波导滤波器的新方法，这种新结构实现了从微带线到超薄腔体滤波器的平面集成化过渡，从而减小过渡结

构的尺寸，实现小型化。该结构包含一个可以将微带线中的电磁场引入减高介质填充波导的锥形微带过渡

结构；一个用于连接减高介质填充波导和超薄腔体滤波器的空气匹配腔。其中，微带线、减高介质填充波导

以及超薄腔体滤波器的高度一致，这就使得整个结构可以和射频电路处在同一个平面，从而实现平面集成

化。同时，该结构的输入输出端都是微带线，为了便于测试，加工时在该结构两端增加鳍线过渡结构。仿真

结果显示，在微带到超薄腔体滤波器过渡结构的两端增加鳍线后，其通带为 91.5GHz到 96.5GHz，带内插损小

于 1.9dB，带内回波损耗大于 20dB。随后对该结构进行了加工，实测结果显示，其通带为 91.5GHz到 96.5GHz，
带内插损小于 2.6dB，带内回波损耗大于 15dB。值得注意的是，该测试结果依旧包含了两侧的鳍线所带来的

影响。最后，为了验证该结构的可行性，设计了一个紧凑型的W波段集成上变频模块，并用本文设计的结构

代替传统的鳍线过渡加波导滤波器结构。经过测试，该 W 波段集成上变频模块对 84GHz 的本振抑制达到

95dBc，同时证明了本文推荐的结构可以在不影响滤波器性能的前提下实现系统集成的小型化。
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1 Introduction 
The role of filters as frequency selection devices in microwave communication systems has attracted signifi⁃cant attention in their design and research.  Miniaturiza⁃tion of filters can provide a foundation for the integrated development of microwave communication systems.  Therefore， planar integration of filters， as an effective ap⁃proach to miniaturization， has become a research hotspot in this field.  However， W-band filters typically consist of high-Q waveguide designs and are often standalone modules， and this standalone module needs to connect the filter to the RF circuitry via a microstrip-waveguide transition structure.Various methods and structures for connecting cavi⁃ty filters to RF circuits have been proposed in recent years， including finline ［1］， microstrip probes ［2］， or oth⁃er specially-shaped transition structures ［3-4］.  Waveguide-finline-microstrip transition structures utilize fin-shaped metal on both sides of the dielectric substrate to rotate the electric field transmitted in the waveguide by 90 de⁃grees ［1， 5-6］.  This rotation creates a field discontinuity that will affect circuit matching.  Microstrip probe transition structures often have a rectangular waveguide and mi⁃crostrip line that are perpendicular to each other， which can complicate circuit integration.  Specially-shaped structures can enable a straight transition from a mi⁃crostrip line to a rectangular waveguide， but the bulky structure cannot be used in compact designs.  they are bulky and not conducive to circuit miniaturization.  These approaches exhibit good performances， but they may not be optimal for compact or planner circuit designs.To overcome these limitations， substrate-integrated waveguide （SIW） has been employed in filter design， along with transitions from microstrip lines to SIW ［7-9］， to achieve planar integration of filters with RF circuits.  Al⁃though SIW-based filters reduce the height and enable planar integration， they occupy a larger area on the plane compared to traditional cavity filters and generate a larg⁃er insertion loss.The aim of this letter is to enable seamless integra⁃tion within a planar RF circuit while cavity filters are em⁃ployed.  In this letter， a novel substrate integrated mi⁃crostrip to ultra-thin cavity filter transition with a pass⁃band between 91. 5-96. 5 GHz has been proposed to ad⁃dress the challenges of achieving integrated planar circuit systems.  This structure allows for the completion of the entire W-band circuit， including signal input， signal conditioning （including frequency conversion， filtering， and amplification）， and signal output， on the same plane.

2 Design Of the Transition and the Filter 
Fig.  1 illustrates some details of the geometry of the proposed structure.  As shown in Fig.  1， the structure consists of a microstrip line on the left， followed by a tra⁃ditional tapered microstrip transition， a dielectric-filled waveguide， an air-filled matching cavity， an ultra-thin 

cavity filter.  The structure is symmetrical around the cen⁃ter of the ultra-thin cavity filter.

Fig.  2 displays the design parameters of the struc⁃ture from both a top and side view.  As shown in Fig. 2， all parts of the proposed circuit are in the same plane ex⁃cept for the air cavity above the microstrip line.  The mi⁃crostrip lines are printed on the Rogers RT/Duroid 5880 with a dielectric constant of 2. 2 and a loss tangent of 0. 0009.  The substrate has a thickness of 0. 127mm， while the upper layer metal copper has a thickness of 0. 018mm.  And the substrate of the dielectric-filled waveguide is also the Rogers RT/Duroid 5880.  To simu⁃late the thickness of the silver paste used to adhere the substrate to the cavity during physical assembly， the low⁃er layer metal thickness is set to 0. 035mm.  The dimen⁃sions of the structure are listed in Table 1.The microstrip line operates in a quasi-TEM mode， as shown in Fig.  3（a）， while the dominant mode of trans⁃mission in the dielectric-filled waveguide is TE10， depict⁃ed in Fig.  3（b）.  Fig.  3 shows that the electromagnetic field transmitted by the microstrip line is suitable for ex⁃citing the electromagnetic field of the rectangular wave⁃guide in its dominant mode.  To prevent discontinuities in the electromagnetic field， a tapered microstrip line struc⁃ture is used to connect the 50-Ohm microstrip line to the dielectric-filled waveguide.  This structure has been es⁃tablished through theoretical analysis ［10-12］.For a rectangular waveguide operating in the domi⁃nant TE10 mode， its transmission characteristics depend solely on its width and are independent of its height.  To integrate the dielectric-filled waveguide into the sub⁃strate， the height of the waveguide can be made identical to the thickness of the microstrip line.  Fig.  4 shows the simulation results for the electric field intensity of the mi⁃crostrip line， dielectric-filled waveguide and air-filled matching cavity at 94 GHz， which is simulated by using Ansys HFSS.Fig.  4 demonstrates that the quasi-TEM mode in the microstrip line excites the TE10 mode in the dielectric-filled waveguide through the tapered microstrip line， and 

Fig.  1　Structure of substrate integrated microstrip to ultra-thin 
cavity filter transition.
图1　基片集成的微带到超薄腔体滤波器的过渡结构
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the TE10 mode in the dielectric-filled waveguide excites the TE101 mode， the primary resonant mode of the air-filled matching cavity.  Through the employment of the di⁃electric-filled waveguide and the air-filled matching cavi⁃

ty， the transmission of electromagnetic waves from the microstrip line to the ultra-thin waveguide filter is facili⁃tated.  Additionally， impedance matching between the microstrip line and the ultra-thin waveguide filter is ac⁃complished by adjusting the dimensional parameters of both the dielectric-filled waveguide and the air-filled matching cavity.The design of an ultra-thin cavity filter starts with creating a standard-sized filter centered at 94 GHz with a 5 GHz bandwidth.  The filter uses an H-plane magnetic coupling approach， and it is constructed by cascading in⁃ductive irises with resonant cavities.  The iris discontinui⁃ty generates higher modes of the electromagnetic field nearby， which cannot propagate in the waveguide.  As a result， the magnetic energy near the iris is greater than the electric energy， allowing the iris to function as an in⁃ductive structure.  Consequently， the inductive iris and its adjacent resonant cavity are treated as an impedance inverter， while the resonant cavity can be modeled as a series resonant circuit.  Together， they form the bandpass filter structure of the impedance inverter.  Reference ［13］ shows the design theory for the corresponding coupling matrix， which enables the creation of a filter with stan⁃dard dimensions.Conventionally， the three sides of a rectangular res⁃onant cavity are denoted as a， b， and l， with l>b>a.  The classic electromagnetic field and resonant wavelength equations of the resonant cavity are given in formulas 
（1）， indicating that the resonant characteristics of the cavity are independent of its height， b.  In waveguide cav⁃ity filters， the resonant mode within the cavity is TE101， which can be easily excited by TE10 mode.  Therefore， the height of the filter can be reduced to match the height of the dielectric-filled waveguide， enabling connection to the waveguide through an air-filled matching cavity.

（a）　

（b）　

Fig. 2　Design parameters for the proposed transition: (a) top view and (b) side view.
图2　本结构的参数说明：（a）俯视图（b）侧视图

Table 1　Dimensions of the proposed structure (dimen⁃
sions in mm).

表1　各部分参数
WS1
0. 38
L1

1. 78
TAP
0. 72

WS2
2
L2

1. 74
SUBL

0. 6

W1
0. 945
L3

1. 45
a

2. 54

W2
1. 045
L4

1. 05
b

0. 18

W3
1. 45
LC

0. 33
airL

3. 42

（a）　 （b）　

Fig. 3　Dominant modal electric field profiles : (a) in microstrip 
line and (b) in rectangular waveguide.
图 3　主要电场分布：（a）微带线电场分布（b）矩形波导电场分
布

Fig.  4　Simulation results of electric field strength.
图4　电场强度仿真
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Ey = - 2ωμ0 a
π H0 sin ( )π

a x sin ( )π
l z

Hx = j2 a
l H0 sin ( )π

a x cos ( )π
l z

Hz = -j2H0 cos ( )π
a x sin ( )π

l z

Ex = Ez = Hy = 0
λ = 2

(1/a ) 2 + (1/l ) 2

. (1)

Fig.  5 shows the simulation results of the same cavi⁃ty filters with and without the proposed microstrip to ul⁃tra-thin cavity filter transition structure.  The 5th order cavity filter without transition structure has an insertion loss （IL） of less than 0. 5 dB and a return loss （RL） low⁃er than -26 dB in the 91. 5-96. 5 GHz passband.  Howev⁃er， the ultra-thin cavity filter with the proposed transition structure has an insertion loss of less than 1. 5 dB and a return loss lower than -20 dB.  Therefore， only 1 dB dete⁃rioration because of the added transition structure.Fig.  6 illustrates the impact of varying the length of the air-filled matching cavity （L4） on the structure.  It can be observed that the air-filled matching cavity plays important roles in the whole structure.  The reason is that the air-filled matching cavity is located between the di⁃electric-filled waveguide and the first inductive irises of the ultra-thin waveguide filter， and is an important struc⁃ture for achieving impedance matching of the overall structure.  When the variations of L4 are within ±0. 05 mm during simulation， the return loss of the structure changes substantially.Based on measurement， the traditional finline tran⁃sition structure is added at the input and output ends of the ultra-thin cavity filter with the proposed transition structure， as shown in Fig.  7.  The microstrip structure on the substrate is adhered using silver paste onto the metallized structure.  The S-parameters are measured with a Keysight N5224B Vector Network Analyzer， equipped with an external frequency extension module， model N5293AX01.

3 Fabrication and Measurement 
Fig.  8 presents the comparison between simulation and test results of the ultra-thin cavity filter with the pro⁃posed transition structure and added finline structure.  The simulation result shows an insertion loss of less than 1. 9 dB and a return loss lower than -20 dB.  And the test results indicate an insertion loss of less than 2. 6 dB and a return loss lower than -15 dB in the passband of 91. 5 to 96. 5 GHz.  Therefore， the test results are highly con⁃sistent with the simulation results.  In addition， the inser⁃

Fig.  5　The simulation results of the same cavity filters with and 
without the proposed transition structure.
图5　滤波器仿真结果以及增加了过渡结构的滤波器仿真结果

Fig.  6　Impact of varying the length of the L4.
图6　L4的长度对整体性能的影响

Fig.  7　Photograph of the manufactured structure.
图7　实物加工图
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tion loss of the proposed ultra-thin cavity filter needs to subtract the loss introduced by the added finline struc⁃ture. Notably， the proposed transition section from the 50 ohms microstrip to the cavity filter， measured 1. 36 mm in length， is only about 42% of the length of the centre frequency wavelength， and the height of the ultra-thin cavity filter is only 0. 18 mm.  Consequently， the struc⁃ture designed in this letter is highly conducive to the pla⁃nar integration of RF circuits and cavity filters， which significantly reduces the volume of passive filters in RF circuits and facilitates the miniaturization of RF circuits.  Table 2 shows the comparison of the transition part of this work and others.

As shown in Table 2， compared with the structures proposed in other references， the proposed structure ex⁃hibits a high degree of compactness in terms of its electri⁃cal dimensions， particularly in its height， which mea⁃sures only 0. 056λ.  Furthermore， it shows an insertion loss of less than 1 dB and a return loss of below -15 dB， outperforming other W-band transition structures in these aspects.  This structure is particularly well-suited for the 

integrated and compact design of W-band circuit struc⁃ture. To validate the practicality of the structure designed in this letter， a W-band compact up-conversion module has been fabricated.  In the module， a 7th order ultra-thin cavity filter is used instead of the 5th order ultra-thin cavi⁃ty filter in order to improving local oscillator （LO） sup⁃pression.  This module inputs a LO signal ranging from 13. 75 GHz to 14. 25 GHz， which is then frequency-mul⁃tiplied by multiplier and fed into a mixer as LO.  Addi⁃tionally， an intermediate frequency （IF） signal between 9. 5 GHz and 10. 5 GHz is also input into the mixer.  The mixer subsequently outputs a radio frequency （RF） sig⁃nal within the range of 92 GHz to 96 GHz.  The RF signal is filtered through the structure designed in this letter and subsequently amplified by a low-noise amplifier （LNA） before being output.After testing， the module's ability to suppress LO at 84 GHz is greater than 95 dBc， which is consistent with the simulation results of a 7th order filter without transi⁃tion structure connected.  In fact， the filtering perfor⁃mance of the structure depends entirely on the perfor⁃mance of the filter connected to the transition structure.  A physical prototype of this module is depicted in Fig.  9.Based on test result， the structure proposed in this letter in the W-band compact up-conversion module not 

Fig.  8　Measured and simulated result of the structure with the 
finline structure.
图8　两端增加鳍线过渡的仿真和测试结果

Table 2　Comparison of transition of proposed structure and that of other structures.
表2　本结构过渡部分部分与其他结构过渡部分对比

References
Transition type

Frequency 
（GHz）

Length of transi⁃
tion

Height of transi⁃
tion

Insertion loss 
（dB）

Return loss （dB）

［14］
Microstrip （MS）-Rectangular Waveguide （RWG）

30-40

0. 51λ

0. 83λ

<0. 52
>14. 6

［15］
MS-
RWG

75-110

0. 49λ

0. 79λ

<1. 29
>13

［16］
MS-
RWG
27-50

1. 3λ

0. 95λ

<3. 2
>20

This work
MS-Ultra-thin Cavity 

Filter
92-96

0. 42λ

0. 056λ

<1
>15

Fig.  9　W-band upconverter module.
图9　W波段上变频模块
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only achieves the filtering performance but also achieves miniaturization comparable to traditional finline-to-wave⁃guide filter-to-finline structures.  Furthermore， the inser⁃tion loss of the entire transition and filtering section is sig⁃nificantly lower than that of traditional ways， demonstrat⁃ing notable innovation and practicality.
4 Conclusion 

This letter presents the design of a novel substrate integrated microstrip to ultra-thin cavity filter transition in the W-band.  The structure addresses the challenge of integrating cavity filters into RF circuits in a planar con⁃figuration.  Importantly， the transition section from the microstrip to the cavity filter is shorter compared to the traditional finline structure， facilitating the miniaturiza⁃tion of RF circuits.  Additionally， the structure avoids the need for vertical alignment of the microstrip probes.  Therefore， the novelty of this letter lies in the design of a new method of connecting waveguide filters and mi⁃crostrip circuits， which significantly reduces the inser⁃tion loss of the transition structure and facilitates the min⁃iaturization of the transition structure.
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