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APPLICATION OF A PERIODIC FOURIER MODAL METHOD TO METAL-PLATE LENS ANTENNAS

his pper is devoted to modl method for fst deE sign of eletrilly lrge metlEplte lens struturesF he method is sed on pourier wodl wethod @pwwAF he lens onsists of stked prllelEplte wveguidesF he lens is onsidered s medium with disontinuities desried y hir helt funtionsF

1 Introduction gollision voidne rdr systems will eome stndrd equipment on vehiles in the ner futureF hey operte t UT qrz nd will e le to hieve short nd longE rnge detetionF dr ntenn speitions require high ginD low sideEloe level nd vertil polriztionF st hs een shown tht suh requirements ould e hieved with metl plte lensD lso referred s rtiil lens IF st onE sists of stked prllelEplte wveguidesF he distne etween pltes is hosen to minimize ohmi losses nd insure T E 1 mode opertionF ine the equivlent lol eetive refrtive index of the wveguides is less thn oneD eh plys the role to inrese the phse veloity of the wve propgting through itF pigure I shows twoEdimensionl model of n rtiil lensF sn norml em opertion for instneD high gin nd low side loe level must e hieved simultneouslyF husD eletromgE neti nlysis nd optimiztion tehniques must e pE pliedF ypillyD input nd output lens proles n e deE termined for optiml performnesF hey re expressed in polynomil form nd oeients re the prmeters to e foundF qenerllyD there re mny unknownsD nd qeneti elE gorithms my provide n eient tool to perform opE timiztionF rowever sine they require gret numer of popultion evlutionsD they re time onsuming when they re omined with rigorous fullEwve nlysisF por the present strutureD whih is severl wvelengths lrgeD symptoti methods like hysil yptis nd qeometril yptis @qyA re relileF sndeedD it hs een shown tht simulted results generlly ompre fvourly with exE perimentsF rowever signint disrepnies for side loe levels re oservedF hey re explined y the ft tht qy sed models do not ount for dirtion y edgesF sn order to hve rigorous nd fst lgorithmD we hve deE veloped n inEhouse ode sed on the eperiodi pourier wodl wethod @epwwA widely used in the optil doE minF his pper will present the method nd show simE ultion resultsF 2 FMM applied to perfect conducting parallel-plate medium with negligible thickness 2.1 Innite parallel-plates medium: periodic scheme sn grtesin oordintes systems @Ox; y; zAD we ssume Ph feture @@ y a HA; s fousing only ours in the xyzEplne nd iEpolriztionF rene the only nonEzero ompoE nents of the eletromgneti eld re E y ; H x ; H z F sn this se of polriztionD E y stisesX ¢ @ 2 x C k 2 0 "@xA £ E y @x; zA a @ 2 z E y @x; zA @IA nd the other omponents of the eld my e expressed in terms of E y X @ z E y @x; zA a i! 0 H x @x; zA @ x E y @x; zA a i! 0 H z @x; zA; where i 2 a I; @ z a @ @z ; @ x a @ @x ; k 0 a 2 ; ! is the ngulr frequeny nd 0 is the permeility of vuumF he term "@xA denotes the permittivity funtion of the mediumF vet us onsider the se of perfet onduting prllelE plte periodi medium @pigF PFIAF elsoD let ssume x q a qd e the xEposition of ny plteF his prllelE plte medium is repled y medium tht ensures the sme oundries ondition t x q F he reltive permitE tivity funtion of this equivlent medium is dened s folE lowX " r @xA a I i q @x x q AD @PA where is the hir distriutionD is prmeter whih hs to e hosen lrge enough to tke into ount the ondutivity of the pltesF ine the left side of iqF I does not depend on z; we n seek solutions under the pigure IX snnite prllelEpltes mediumF form @x; zA a '@xA exp@ ik 0 zAF reneD iqF I eomes n eigenvlue equtionX $@xA'@xA a k 2 0 2 '@xA; @QA where $@xA a @ 2 x C k 2 0 "@xA: e periodi oundries ondiE tion in the x diretion is used y introduing pourier sis expnsionF he funtions '@xAD " r @xA;nd I=" r @xA re expnded into sequene of pourier sis funtions e n @xA a exp@ ik 0 n xA @ n a n d AF qlerkin9s moment method is used to solve iqF QF 2.2 Finite parallel-plates medium: non-periodic scheme sn the se of nite numer of prllelEpltesD it is neE essry to introdue freeEspe rdition onditions in xE diretionF he mtter is to nd numerilly the solutions of iqF QD when the reltive permittivity funtion is dened s followX " r @xA a I i N q=1 @x x q A; N P N: @RA his is done y introduing wvs @erfet wth vyersA through the onept of omplex oordinte P nd within the frmework of pwwF he xEoordinte inside the wv is mpped to omplex vrile e x xEdomin s x U 3 e x a x 0 s@xAdx; whereX s@xA a & @I iAx if x P H e pml ; > H

x otherwiseF @SA ith this hnge of vrileD @ e x a @x @e x @ @x a 1 s(x) @ x ; iqF Q eomes $@xA'@e x@xAA a 2 '@e x@xAAD where X $@xA a I ¨ne n @xAD @UA the freeEspe onditions re tken into ount eiently in the domin inside the wvF ine the $@xA eigenvlues re omputed through their squre vlues 2 ; we n nd t lest two types of eigenvetors ' + @xA nd ' @xA suh s @x; zA a ' + @xA exp@ ik 0 + zA nd @ + A 2 a @ A 2 a F + nd re suh tht @x; zA stisfy n outgoing wve ondition when z U 3 + ID iFeF imginry prt of + is negtive while the imginry prt of is positiveF 3 Application to a metal-plates lens antennas he nlysis of the metlEplte lens ntenns @pigF PA is quite nlogous to tht used in the nite prllelEplte mediumF he metlEplte lens ntenns n e viewed s pigure PX woEdimensionl rtiil lensF stk of lyers of nite prllelEpltes medium @pigF QA nd the propgtion of the eletromgneti wve through the lens n e nlyzed s oupled modeEproessF he pigure QX wetlEplte lens viewed s stk of lyers of nite prllelEpltes mediumF lens is divided into lyers denoted y C j ; j P NF ih lyer C j is hrterized y its thikness h j nd its reltive permittivity funtion " j r X " j r @xA a I i N j q=1 @x x j q A; N j P N @VA sn eh C j lyerD E j y @xA is represented s superposition of $ j @xA eigenvetors of the formX he Ph qreen9s funtion G@x; zAD periodi with respet to xD oeys the following equtionX @ 2 z G@x; zA C @ 2 x G@x; zA C k 2 0 " 0 G@x; zA a @z z 0 A@x x 0 A: @IQA fy pourier trnsform iqF IQ eomesX @ 2 z e G@; zA C k 2 0 " 0 @I 2 A e G@; zA a e ik0x0 @z z 0 A @IRA in the sense of distriutionsD 

@ 2 z e G C k 2 0 " 0 @I 2 A e G a @ z G z0 z0 C G z0 H z0 C n @ 2 z e G C k 2 0 " 0 @I 2 A e G o @ISA hene n @ 2 z e G C k 2 0 " 0 @I 2 A e

  though the eigenvetors of $@xA re expnded in pourier sis funtionsX '@xA a lim NU 3+I N n= N

  we should mention riey tht the ouE pled modeEproess is performed through Emtrix formuE ltion y expressing the onservtion of tngentil ompoE nents E j y nd H j x t the interfe of lyers C j nd C j+1 F 4 Source line simulation[3] 

  exmples to illustrte the eetiveE ness of our formultionF he lens is illuminted y line soure desried in the previous setion @see pigF PAF pigE ure R represents n equiphse surfeF (a) line source located at the main focusing point. (b) line source located at a secondary focusing point. pigure RX metl plte lens illuminted y line soureX representtion of the eld phseF gontriutions from lens edges to the rdition pttern n e lerly oservedF yne n notie tht the trnsmitted (a) line source located at the main focusing point. (b) line source located at a secondary focusing point.pigure SX metl plte lens illuminted y line soureX representtion of the eld mplitudeF wve is lolly plne when the soure is loted t the lens min fousing point @pigF R@AAF sn this seD the soure is loted on the lens symmetry xisF reneD the wvefront is orthogonl to the systemF pigure S shows the eletri eld mgnitudeF pigures R@A nd S@A show the eets due to the soure displement towrds the seondry fousing pointF yne n oserve tht the wvefront is tilted from the lens xisF 6 Conclusion e hve presented in this pper rigourous simultion of the ehviour of metlli rtiil lens in the preE sene of line soureF he model is sed on the pourier modl method @pwwAF he pww introdues periodil oundries onditionF roweverD the lens hs nished extendF o tke into ount the nonEperiodiity of the strutureD wvs were introdued y modied omplex oordinteF en pplition to n optimized lens shows tht edges eetsD du to the dirtion phenomen should e tken into ountF References I pF qll ee D qF vndrD wF xeyD 4ertiil lens for third genertion eutomotive dr entenn t willimeterEwve prequenies4D sii roedingsD wirowvesEentenns nd ropF ol ISHD sssue TD pp RUHERUTD he PHHQF P F gF ghew nd F rF eedonD 4e Qh perfetly mthed medium from modied wxwell9s equtions with strethed oordintes4D wirowve yptF ehnolF vettF UD SWWETHR IWWRF Q tF F lumeyD uF ideeD qF qrnetD 4wodl expnsion for the Ph qreen9s funtion in nonEorthogonl oordiE ntes system4D rogress sn iletromgnetis eserh SWD IHIEIIPD PHHTF