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新型双介质栅毫米波棒形全向天线的模 匹配分析 

靖恒珍 徐善驾 

(中国科技大学电子工程与信息科学系，安徽，合肥 230027) 

摘要 采用严格的模 匹配方法分析 了新型双介质栅毫米波棒形全 向天线的辐 射特性．结果表 明，在辐射条件相 同 

的情况下，双栅天线比单栅天线有更小的几何尺 寸．这在对 系统的重量和体积有严格 限制 的应用场合无疑具有 重 

要意义．文中所得的结果与文献中相关数据 的比较证明了本文分析的有效性和可靠性． 

关键词 双介质栅 ，毫米波，棒形全向天线，模 匹配方法分析． 

INTRODUCTION 

The millimeter—wave region is increasingly being 

utilized for variOUS systems that generate a need for new 

types of antennas，including omnidirectional antennas， 

to suit the variOUS constraints． However even at lower 

microwave frequencies very few papers have been pub— 

lished on omnidirectional antennas[1～3]．In 1986， 

an omnidirectional periodic rod leaky—wave antenna 

structure was proposed[4]．The practicality of the an一 
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tenna and the effectiveness of the rigorous theory devel— 

oped in[4]have been justified and confirmed by the 

practical measurements[5]．The experimental investi— 

gation demonstrates that the antenna structure has many 

advantages， such as wide operating band， simple 

structure，easy for design and fabrication，scanable e— 

lectronically by constant of the omnidirectional antenna 

presented in[5]is small SO that a long antenna is re— 

quired for getting reasonable high efficiency． To im— 

prove this perform ance， a new omnidirectional rod 

国家 自然科 学基金 (批 准号 60171019)和教 育部基金 (批 准号 

20010358009)资助项目 

稿件收到 日期 2002．07·07，修改稿收到 日期2003·01·03 

维普资讯 http://www.cqvip.com 

m22~m4AA 
2003 1f. 8 .FI 

~I Y'~ ~ ~ * ~ $ til Vol. 22, No.4 

August ,2003 J. Infrared Millim. Waves 
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(Department of Electronics Engineering and Infonnation Science, USTC, 
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Abstract The radiation characteristics of a new millimeter-wave omnidirectional circular rod antenna with double dielectric 

gratins are analyzed with the rigorous mode matching method. The results indicate that under the condition of the same radia­

tion intensity, the double grating antenna has relatively smaller dimensions than that of the single one. It is undoubtedly a 

great importance in the case where the limitation of the weight and volume of system is strictly required. The effectiveness and 

reliability of the present analysis are verified by the related results given in the literature. 

Key words double dielectric gratings, MMW, omnidirectional circular rod antenna, mode matching analysis. 
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INTRODUCTION 

The millimeter-wave region IS increasingly being 

utilized for various systems that generate a need for new 

types of antennas, including omnidirectional antennas, 

to suit the various constraints. However even at lower 

microwave frequencies very few papers have been pub­

lished on omnidirectional antennas [1 - 3 ] . In 1986, 

an omnidirectional periodic rod leaky-wave antenna 

structure was proposed [4 J. The practicality of the an-
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tenna and the effectiveness of the rigorous theory devel­

oped in [4 ] have been justified and confirmed by. the 

practical measurements [5 J. The experimental investi­

gation demonstrates that the antenna structure has many 

advantages, such as wide operating band, simple 

structure, easy for design and fabrication, scanable e­

lectronically by constant of the omnidirectional antenna 

presented in [5 ] is small so that a long antenna is re­

quired for getting reasonable high efficiency. To Im­

prove this performance, a new omnidirectional rod 
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Fig．1 (a)Configuration of the double gratings antenna(b)Radiator of the double gratings antenna 

图1 (a)双介质栅天线的结构图 (b)双介质栅天线的辐射器 

double grating antenna is proposed and analyzed with 

the rigorous mode matching method in this paper．The 

results indicate that under the condition of the same ra． 

diation intensity，the double grating antenna has rela- 

tively smaller dimensions than that of the single one． 

The theoretical predictions of the leaky characteristics 

of the present antenna for the case where the thickness 

of the outer periodic layer is zero are compared with the 

calculated results ven in[6]．The agreement is seen 

to be very good，and the effectiveness of the theory is 

thl|s ve 6ed． 

1 Theoretical analysis 

The schematic of the new omnidirectional circular 

periodic rod antenna is shown in Fig．1(a)．It consists 

of several parts， including H10-H01 mode transducer， 

feeder，taper，radiator an d matched load． 

The radiator of the antenna is shown in Fig．1 

(b)，which can be divided into five regions：region 

I，a uniform inner dielectric core；region I1，a inner 

circular layer of periodic dielectric medium；region m ， 

a circular ring of uniforiB dielectric medium as shell； 

region 1V，a outer circular layer of periodic dielectric 

medium；region V ，the outer free space．The rod and 

the inner grating have a relative dielectric constant占 ， 

the shell and the outer grating have a relative dielectric 

constant占 ．The core，inner grating，shell，outer radii 

and the period of the corrugation are denoted by r 1， 

g1， ，s and d，respectively as shown in Fig． 1． 

The radiation problem of the antenna can be en- 

ded into a houndary value problem that is treated by 

the method of mode matching in this paper． Due to 

spatial periodicity of the corrugations in the z direction， 

all the space harm onics are generally excited every- 

where in the structure． From Floquet theorem ，the e- 

lectromagnetic fields for the TE0l mode exciting can be 

expressed in matrix form  for different regions aas fol- 

lows： 

E ” = [J (k，。’r)exp(一 k： )]A ， (1) 

” ：[k，‘̈ J0(k 。’r)exp(一 k： )]A1／ ， 

(2) 

E (2’ = V2exp(一 k：z)[H21(k，‘ r)A2 

+Hll(k，‘ r)B2]， 

’ = I2exp(一 k： )[ (k， ’r)a2 

+Hl0(k，‘ r)B2]， 

E ’=exp(一 Ji}： )[HE，(k， ’r)A3 

+H11(k，‘ r)B3]， 

(3) 

(4) 

(5) 
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Fig. 1 ( a) Configuration of the double gratings antenna (b) Radiator of the double gratings antenna 
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double grating antenna is proposed and analyzed with 

the rigorous mode matching method in this paper. The 

results indicate that under the condition of the same ra­

diation intensity, the double grating antenna has rela­

tively smaller dimensions than that of the single one. 

The theoretical predictions of the leaky characteristics 

of the present antenna for the case where the thickness 

of the outer periodic layer is zero are compared with the 

calculated results given in [6]. The agreement is seen 

to be very good, and the effectiveness of the theory is 

thus verified. 

1 Theoretical analysis 

The schematic of the new omnidirectional circular 

periodic rod antenna is shown in Fig. 1 ( a). It consists 

of several parts, including HIO-HOl mode transducer, 

feeder, taper, radiator and matched load. 

The radiator of the antenna is shown In Fig. 1 

( b), which can be divided into five regions: regIOn 

I , a uniform inner dielectric core; region II , a inner 

circular layer of periodic dielectric medium; region m , 
a circular ring of uniform dielectric medium as shell; 

region N, a outer circular layer of periodic dielectric 

medium; region V , the outer free space. The £0& and 

the inner grating have a relative dielectric constant Be' 

the shell and the outer grating have a relative dielectric 

constant B,' The core, inner grating, shell, outer radii 

and the period of the corrugation are denoted by rsl , 

rgl ,rs2 ,sg2 and d, respectively as shown in Fig. L 

The radiation problem of the antenna can be en-

. ded into a houndary value problem that is treated by 

the method of mode matching in this paper. Due to 

spatial periodicity of the corrugations in the z direction, 

all the space harmonics are generally excited every­

where in the structure. From Floquet theorem, the e­

lectromagnetic fields for the TEol mode exciting can be 

expressed in matrix form for different regions aas fol-

lows:" 
E(I) = [JI (kr (I) r)exp( - j kz z) ]A 1 , (1) 

'P 

H(I) = [kr(1) Jo(kr(l) r)exp( -jkzz)]AJwp., z 

(2) 
E(2) = Vzexp( - j kz z) [Hzl (kr (Z) r )A2 

'P 

+ HII (k, (2) r) B z ] , (3) 
H(Z) = izexp( - j kz z) [H2O ( kr (Z) r)Az 

z 

+ HIO(kr(2)r)Bz] , (4) 

E(3) = exp( -jkz z)[Hz1 (k,(3) r)A3 
'P 

+ HIl (k, (3) r) B3 ] , (5 ) 
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Fig．2 (a)Radiator of the single grating antenna(b) 

Radiator of the single grating antenna with shell 

图2 (a)单栅天线的辐射器 (b)带有套简的单栅天 

线的辐射器 

E 

+ 0 

xp(一 k；z)[H2o(k ‘ r)A3 

(k，‘ r)B3]／to1．t， 

'exp(一 )[ 。( r)A 

+H 。( r)B ]， 

I4exp(一 k z)[ ( ‘ r)A4 

+Hl0( ，‘ r)B4]， (8) 

E： =[ (后， r)exp(-jk：z)]A5， (9) 
= [kr(5)日20(k， r)exp(一 k z)]A5／ ． 

(10) 

where A (i=1，2，3，4，5)and B (i：2，3，4)are infi— 

nite column vectors； (i=2，4)and I (i=2，4)are 

respectively the voltage and current harmonic amplitude 

matrices；H is the Hankel function，the first subscript 

stands for the kind order of the function and the second 

one denotes the order number of the function； (i= 

1，2，3，4，5)and k：are diagonal wavenumber matrices． 

At the three interfaces of the inner periodic lay— 

ers，(r l and r 1)，the shell layer，(r，rgl and rs2) 

and the outer periodic layers(r and )．the tan— 

gential field components must be continuous．Utilizing 

the general solutions of the five constituent regions to 

the boundary conditions at the related interfaces result 

in a system of homogeneous linear equations for the 

mode amplitudes as follows： 

㈢= Rl： 。· 
where 

=  巧 H2。( rg1)一 H2o(k，‘ rg1)，(12) 

尺l2 

尺2l 

R22 

and 

=  

=  

S = 

S4 

here 

Tl= 

=  

巧 H l( ，‘ r 1) 

$4S3’H2l(k，‘ r 2) 

545； Hll(k，‘ r 2) 

H 。( 

k 

k 

H20( 

日l0( 

kr(3)r 
1)，(13) 

k，‘ r
s2)， (14) 

k，‘ r 2)．(15) 

[ ( rg1)一H ( rg1)巧 T ]，(16) 
I一
2[H：o(k~ rgi)一H．。( rgi)巧。T．]，(17) 

[H2 ( r ：)一H 。( r )．s s ]， (18) 

[ ( r )一H 。( rs2)Js s。]． (19) 

k
r
(1)Jo(kr(1) 1) 

，2H20(kr(2) 1)， 

kr0)Jo(k，‘ ’r 1) 

I2Hl0(k，‘ r 1)， 

H2l( ，‘ R 1) 

日ll(kr(2)R 1) 

一 Jl(kr(1) 1) 

(20) 

一 Jl(k，‘。’r 1) 

(21) 

Sl=H2l(kr(5) )，4日20( ，‘ )一kr(5)H20(kr(5) ) 

(k ’ )， (22) 

S2=H2l( ，‘ g2)，4日l0( ，‘ g2)一kr(5)H20( ，‘ ) 

V4Hll(k，̈’ )． (23) 

The existence of a nontrivial solution f0r(1 1)re— 

quires that the coefficient determ inant vanish： 

Det([R])=0． (24) 

The determinant equation (24)deftnes the dis— 

persion relation，from which the complex eigenvalue k： 

=／3一血 then the radiation characteristics of the anten— 

na can be completely determ ined． 

2 Numerical results 

In order to quantify the leaky characteristics of the 

present antenna the developed model is applied to gen— 

crate a large amount of numerical results involving par- 

ametric effects．Since for antenna applications，one is 

interested mostly in the case of a single beam radia— 

tion．The case where only 凡 = 一 1 space harm onic of 

TE0l mode radiates into free space is investigated here． 

Fig．3 shows the variations of the norm alized leak． 

age constant a／ko with the norm alized periodic layer 

thickness tgt／A for the single grating antenna with shell 

shown in Fig．2(b)，with the core radius as a parame— 

ter．The solid line represents theoretical predictions for 

the double grating antenna with the outer periodic layer 

thickness being zero using the present procedure， 

while，the symbols· indicate the theoretical data pres— 

ented in[6]．From the figure，very good agreement 

has been found；the effectiveness of the present analy— 
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Fig. 2 ( a) Radiator of the single grating antenna (b) 

Radiator of the single grating antenna with shell 
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H;3) = k/ 3 )exp( -jk,z)[H20 (k/ 3
) r)A3 

+ H
IO

(kr(3) r)B3J/w/-L, (6) 
E(4) 

= V4exp( - j kzz) [H2t (k;(4) r)A4 
<P 

+ H lI (k/ 4) r)B4J, (7) 
H(4) 

z = 14exp( -jkz z)[H20 (kr(4) r)A4 

+ H IO (k/ 4) r)B4J , (8) 
E(5) = [HZ1 (kr(5) r)exp( -jkzz)JAs , (9) 

<P 

H(5) = [kr(5) H20 (kr(5) r)exp( - j kz z) JAslw/-L. 
z 

(10) 

where Ai( i = 1,2,3,4,5) and B i ( i =2,3,4) are infi-
-

nite column vectors; V, (i = 2,4) and I, ( i = 2,4) are 

respectively the voltage and current harmonic amplitude 

matrices; H is the Hankel function, the first subscript 

stands for the kind order of the function and the second 

one denotes the order number of the function; k;i) ( i = 
-

1,2,3,4,5) and k z are diagonal wavenumber matrices. 

At the three interfaces of the inner periodic lay­

ers, (r = r,t and rg! ), the shell layer, (r, rgt and r,2) 

and the outer periodic layers ( r = r,2 and rg2 ). the tan­

gential field components must be continuous. Utilizing 

the general solutions of the five constituent regions to 

the boundary conditions at the related interfaces result 

in a system of homogeneous linear equations for the 

mode amplitudes as follows ~ 

(11 ) 

where 

RJl = T4T;tH2t (kr (3) r gt ) k (3)H (k-(3) ) 
- T 20 r rg1 , (12) 

R - T rlH (k (3) ) k(3)H (k-(3) ) 
t 2 - 4 3 It r r gt - r 10 r r g! , 

R 5 5 -IH (k-(3) ) _ k(3)H (k-l3 )r ) 
21 = 4 3 21 r rs2 r 20 r 52, 

R2z = 54 5;1 H
tt 

(k
r 
(3) r,2) 

and 

k (3)H (k-(3) ) 
- r 10 r rs2 · 
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(13) 

(14) 

(15) 

T3 = V2 [H21 (k;Z) rgl) -HlI(k!Z) rgl)T;IT1], (16) 

T4 = l z [H20 (k;2) rg!) - HIO(k;Z) rgl ) T;!TI J, (17) 

53 = V4[H21(k~4) r,z) -HIt(k~4) r,2)S;·t5 1 ], 

54 = 14[H2o (k;4) r,2) - H
IO

(k;4) r,2)5;!5
1
J. 

here 

(18) 

(19) 

T = k(I)1 (kll)r ) VH (klZ)R) ] (k-(I) ) 
I r 0 r sl 2 21 r st - I r r sl 

l zH20 (k/ Z
) r,l ) , (20) 

T = k-(I)] (k-(I) ) V-H (k-(2)R) ] (k-(I) ) 
2 r 0 r r<l Z It r ,I - I r r,l 

12H IO (kr(2)r,I)' (21) 

51 = HZI(k/S)rg2) 14H2o(k/4)rgz) -kr(S)H20(k/5)rg2) 

V4H21(k,(4)rg2)' (22) 

52 = Hzt (k r (5) r
gZ

) 14 H IO( kr (4) rgz) - kr (5) H2o ( kr (S)rg2 ) 

(23 ) 

The existence of a nontrivial solution for (11) re­

quires that the coefficient determinant vanish: 

Det( [RJ ) =0. (24 ) 

The determinant equation (24) defines the dis­

persion relation, from which the complex eigenvalue k z 

=/3 -ja then the radiation characteristics of the anten­

na can be completely determined. 

2 Numerical results 

In order to quantify the leaky characteristics of the 

present antenna the developed model is applied to gen­

erate a large amount of numerical results involving par­

ametric effects. Since for antenna applications, one is 

interested mostly in the case of a single beam radia­

tion. The case where only n = - 1 space harmonic of 

TEO! mode radiates into free space is investigated here. 

Fig. 3 shows the variations of the normalized leak­

age constant alko with the normalized periodic layer 

thickness t g / A for the single grating antenna with shell 

shown in Fig. 2 ( b) , with the core radius as a parame­

ter. The solid line represents theoretical predictions for 

the double grating antenna with the outer periodic layer 

thickness being zero using the present procedure, 

while, the symbols· indicate the theoretical data pres­

ented in [6]. From the figure, very good agreement 

has been found; the effectiveness of the present analy-
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tsd 

Fig·3 Effect of grating layer thickness t
sl
／A on leakage 

constant for the single grating antenna with shel1
． 

图 3 栅层厚度 ／A对带有套筒的单栅天线漏波常 

数的影响 

SlS is thus justified． 

Fig．4 shows the variations of the normalized leak— 

age constant a／ko with the normalized periodic layer 

thickness t
gl／A for three type of antennas． In order for 

comparison．the same overall size of these antennas are 

chosen．The radiators of the three type of antennas aI．e 

shown in Fig．1(b)，Fig．2(a)and Fig．2(b)re— 

spectively．The structure parameters are given in the 

insets of the figure．It is seen from the figu re that the 

leakage constant of the double grating antenna is lar- 

ger than  ofthe single one with and without shell
， 

tsl／九 

Fig．4 Effect of grating layer thickness t
sl
／A on leakage 

constant for three types of antennas． 

图 4 栅层厚度 f I／A对三种介质栅天线漏波常数的 

影响 

窖 
口 

Fig．5 Variation of the normMized leakage constant a／ 

with ￡ for double grating antenna 

图 5 归一化漏波常数 a／k。随双栅天线 ￡ 的变化 

whole region of tgl calculated，because of the strong 

perturbation effect on gu ided wave caused by the two 

grating antenna layers． It means that under the condi．． 

tion of the same radiation strength
， the length of the 

double grating antenna can be considerable reduced 

compared with the single one with and without she11
． 

It is found from Fig．4 that the leakage constan t of 

the single grating antenna with shell increases more 

rapidly as the thickness tg】increases than the one with— 

out shel1． The reason for this is that the shell layer 

makes the fields of the surface wave concentrate within 

the grating layer， SO that the perturbation effect on 

guided wave has been strengthened prominently
． 

Fig．5 shows the variations of the leakage constant 

with the dielectric constant of the outer grating layer
， 

which varies from 1．6 to 4．0．When the dielectric con— 

stant of the outer grating layer is smal1
． the leakage 

constan t increases with the increment of the dielectric 

constant占 ． This is because the larger 8 mak es the 

fields of the surface wave concentrated in the inner 

grating layer and the perturbation effect on gu ided wave 

is strengthened．However，as the dielectric constant is 

increased further from 2．8，the leakage decreases
． The 

reason for that is as increases further．the fields of 

surface wave enters the shel1．in this case the fields in 

the inner grating layer becomes weaker，SO does the 

leakage． 

Fig．6 shows the variations of the 3一dB beamwidth 

维普资讯 http://www.cqvip.com 

244 

--P ..... ntAnalysis 
10-2 

• [6) 

10-' 

A'" 8nvn d '" 0.6A d, = 0.5d 
£. =E.= 2.1 t.z=O.5mm f002=0 

10-' U--,--L_.L..--'-~_..I....-~---l'--~---L_,---...J 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 

tgl ). 

Fig.3 Effect of grating layer thickness tgl / A on leakage 

constant for the single grating antenna with shell. 
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sis is thus justified. 

Fig. 4 shows the variations of the nonnalized leak­

age constant a/ko with the nonnalized periodic layer 

thickness tgl/A for three type of antennas. In order for 

comparison, the same overall size of these antennas are 

chosen. The radiators of the three type of antennas are 

shown in Fig. 1 ( b), Fig. 2 ( a) and Fig. 2 ( b) re­

spectively. The structure parameters are given in the 

insets of the figure. It is seen from the figure that the 

leakage constant a of the double grating antenna is lar­

ger than of the single one with and without shell, in the 

1 Double grating antenna 
2 Single grating antenna with she. 

10.
2 

3 Single graq antenna wl";'ut she. 

10-3 

I()"·o.oo 0.05 

A- Smm d - 0.& d, - o.sd £. - £, '" 2.1 
1 1.1 - 4.0mm t.z - O.Smm ls2- O.Smm 
2 1.1 - 4.0mm t.z - 1.0mm ls2 - O.Omm 
31.,- S.Ommt.z- O.Omm ls2- O.Omm 
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Fig. 4 Effect of grating layer thickness t .. 1 / A on leakage 

constant for three types of antennas. 
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Fig. 5 Variation of the nonnalized leakage constant a/ 
ko wiIh e, for double grating antenna 
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whole regIOn of tgl calculated, because of the strong 

perturbation effect on guided wave caused by the two 

grating antenna layers. It means that under the condi­

tion of the same radiation strength, the length of the 

double grating antenna can be considerable reduced 

compared with the single one with and without shell. 

It is found from Fig. 4 that the leakage constant of 

the single grating antenna with shell increases more 

rapidly as the thickness tg l increases than the one with­

out shell. The reason for this is that the shell layer 

makes the fields of the surface wave concentrate within 

the grating layer, so that the perturbation effect on 

guided wave has been strengthened prominently. 

Fig. 5 shows the variations of the leakage constant 

with the dielectric constant of the outer grating layer, 

which varies from 1.6 to 4. O. When the dielectric con­

stant of the outer grating layer is small, the leakage 

constant increases with the increment of the dielectric 

constant C" This is because the larger c, makes the 

fields of the surface wave concentrated in the inner 

grating layer and the perturbation effect on guided wave 

is strengthened. However, as the dielectric constant is 

increased further from 2. 8, the leakage decreases. The 

reason for that is as c. increases further, the fields of 

surface wave enters the shell, in this case the fields in 

the inner grating layer becomes weaker, so does the 

leakage. 

Fig. 6 shows the variations of the 3-dB beamwidth 
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Fig．6 Frequency scanning characteristics of the double 

gratings antenna 

图6 双栅天线的频率扫描特性 

0l／2 in the H—plane and the maximum radiation angle 

0一1 with the wavelegth for the double grating antenna 

shown in Fig．1(b)．The physical parameters are 

shown in the insets． It is found from Fig．6 that the 

double grating antenna maintains the advan tages of the 

original antenna presented in ref．[6]，that is the main 

beam sweeps almost linearly over angular range from 

12。to 43。．whereas the 3·dB beamwidth only changes 

almost linearly from 2．2。 to 3．8。． It is a desirable 

property for practical use as a frequency scanning an— 

tenna。since it ensures a stable radiation pattern with 

little distortions as beam is being scanned． 

3 Summary 

A new millimeter—wave omnidirectional circular 

rod an tenna with double dielectric gratings is proposed 

an d the radiation characteristics of the an tenna are ana— 

lyzed with the rigorous mode matching method．Exten— 

sive mumerical results are given for design of the an— 

tenna．The results indicate that under the condition of 

the same radiation intensity，the double grating anten— 

na has relatively smaller dimension than that of the sin— 

gle one．It is undoubtedly of great importance in the 

ease where the limitation of the weight and volume of 

system is strictly required．The effectiveness an d relia— 

bility of the present an alysis are verified by the related 

results given in the literature． 
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9112 in the H-plane and the maximum radiation angle 

9 _I with the wavelegth for the double grating antenna 

shown in Fig. 1 ( b ). The physical parameters are 

shown in the insets. It is found from Fig. 6 that the 

double grating antenna maintains the advantages of the 

original antenna presented in ref. [6] , that is the main 

beam sweeps almost linearly over angular range from 

12 0 to 43 0
, whereas the 3-dB beamwidth only changes 

almost linearly from 2. 2 0 to 3. 8 0
• It is a desirable 

property for practical use as a frequency scanning an­

tenna, since it ensures a stable radiation pattern with 

little distortions as beam is being scanned. 

3 Summary 

A new millimeter-wave omnidirectional circular 

rod antenna with double dielectric gratings is proposed 

and the radiation characteristics of the antenna are ana­

lyzed with the rigorous mode matching method. Exten-
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slVe mumerical results are given for design of the an­

tenna. The results indicate that under the condition of 

the same radiation intensity, the double grating anten­

na has relatively smaller dimension than that of the sin­

gle one. It is undoubtedly of great importance in the 

case where the limitation of the weight and volume of 

system is strictly required. The effectiveness and relia­

bility of the present analysis are verified by the related 

results given in the literature. 
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