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TECHNICAL MEMORA NOUM

Asymmetric microstrip lines on anisotropic
substrates with material axes inclined in the
transverse plane

T.Q Ho
B. Beker

Inkexinq term Micrositrip aru stripline

were atso( ;,aii vbtsd 11•,ln1f• OhW. SI_1CttA-dWd~ ,tm l•.!jj qt~,
Abstract: The frequency-dependent characteristics ] []l
of shielded asymmetric microstrip lines on uni- In this memorandum, the chalactertiuc" of s-,cidcd
axial and biaxial substrates are presented in this asymmetric microstrip lines printed on cithecr unaxii r
memorandum. The permittivity tensor of the sup- biaxial substrates are examined lhis .-,d .unlik some

porting medium is assumed to have off-diagonal others conducted earlier, treats the gcomctrN of 1the
elements due to the misalignment between the guiding structure as being asymmctric about the centrc of
waveguide co-ordinate system and that of the the housing. Such structures arc often enmjountcred it
material. New data for the dispersive properties of practice as many times the n,aximrnm tc of substrate
the asymmetric structure are provided for fre- space is the goal of the design. The propagation proper-
quencies up to 40 GHz. ties of the asymmetric microstrip e'hc, irc examined in

detail, especially when they are printed dot c to thc Nidc
walls of the enclosure. In addition, a ,tud\ t, see h,,' t he

1 Introduction misalignment between the material co-ordinate sytem
and that of the waveguide effects the propagation proper-

Anisotropy is observed in a variety of practical substrates ties of the lines is o condcte the foration of
that are intended for use in microwave and millimeter- tis oblem is ase ontsctral doimethod
wave integrated circuits (MICs). The anisotropy in some
materials, e.g. boron nitride and sapphire occurs natu-
rally, whereas in others, such as in the Epsilam-10 sub- 2 Theory
strate, it is acquired during the fabrication process. As a The cross-section of the shielded asymmetric microstrip
result, the propagation properties of microstrip lines
printed on these substrates are quite different from those
printed on commonly used isotropic materials [1-2]. 2 0

Until now, in the study of microstripline-guiding struc-
tures, there are only a few fullwave approaches that take
into account the off-diagonal elements of the permittivity 'F
tensor. In the work of Tsalamengas [3], open microstrip I;;
lines printed on anisotropic substrates were examined; o -
however, no data on their dispcrsive characteristics due ..
to the off-diagonal elements were provided. In a more 6 ...
recent paper by Geshiro et al. [4], another fullwave \ ('

n (2)approach for analysing the same structure is presented,
along with some data on the effects of misalignment, "l
which is in the longitudinal plane along the direction of 1 ... 4

propagation. \
For shielded MICs, dispersion characteristics were

presented for edge-coupled lines printed on substrates 12..
whose principal axes of the permittivity are inclined in o 0 1. f , 0 P
the transverse plane [5]. More recently, for substrate •,,o ,
materials that are simultaneously characterised by per- Fig. 1 G,,rm,'try and d,.sprswni ha,'I'rt,W ,1, , 'hidrd (IIvI'm,,t,
mittivity and permeability tensors, fin-line structures murostripline o, Isotrropic ýah~strare

Ihis method

Schmidt i81

Paper 8896H (E12). received 30th March 1992 strip of width W that is printed on top of the anisotropic
T.Q. Ho is with the NCCOSC, RDT&E Division, S e A layer of thickness h,, is situated inside a housing of92o52, USA dimensions b and (h, i h,). The strip is located a dis-
B. Beker is with the Department of Electrical and Computer Enginecr- lance d away from the left-hand side wall. and the
ing. University of South Carolina. Columbia. SC 29208. IJSA spacing between the ccntre of the metal strip and the
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Is, chia ,a_ ter sed bsý It', periltItIt I %I C II-'I e p i Itde& mI ,:ý niI'. ' ,1 ý I I ",I-, 11 t,.

'1~ ~ It J,(x) n coaz(d i It NJ J ] A t 2 it$2 ,:

's here J, I". tile le"Scl function 4if order /Cro Notc Ilij
w ih bothi J ,,j:i) and .J ,(,t.) Int Cqrl' fa. tj has e hXCeu adju',ci

~. 5fl
2 t~ i: C(5'No that the Incial Still) rlla', be albluttarii' (jisp1)IdLed Jfl

F_~~~~y si21 : o hr fronm tile centre of thc hou',ine'.r tile it,
r~ (> cr sin (1 cos anisottopie-substrattc interface

I, I h I utally, tie standard tialer ki inmethod vs ipplited I,
z, , cos' 1) -+ it sin' f) hindI the propagation contant /S 17J1 I hi% is done 3%uh -

C StIt uting Cqtls. 5a, ly into eqn. 4 and fortnitag approipriate
Inner products amrong J(sand indepecndentlN anionp

where cl I:, . and r, are the principal values oh tile tensor, J~2s The characteristic or secular equation of thre
r- is the free-space permittivity, and 0 'is tile rotation resulting matrix system is, then obtained anid soil,,d fmr
angle between the material co-ordinates and tose of tile the propagation contant fi by searching for its roots 17J
waveguide.

To formulate the boundary-value problem in the spec- 3 Results and concluding remarks
tral domain, thp following definition for thle 1-ourrer
transform is ermployed. In this Section, we examine the behaviour of the effective

N,2 dielectric constant iý.f--(11/k,)` when the shielded
dkx, a) = x. y)eJ" dy microstrip is printed on the anisotropic substrate and ts,Jtf displaced from the centre of the waveguide housing. The

with two substrate materials under consideration are the
boron nitride and the PTFUL cloth. The cloth material is

a = n = 3, -2, 1, 0, L.2, 3,. (2) biaxial, whereas boron nitride is uniaxial Trhe two spe-
bf cii rprIe that are examined include the frequencN

response of r~f under the perfect alignment of the two
where di denotes any component of the E- or Ii-field, co-ordinate systems, and the response of c,, under the
which due to the asymmetry of the structure must include misalignment of the axes at any angle 0. both as func-
both sine and cosine (or exponential) terms. The solu- tions of S.
tions for the tangential electric fields in the anisotropic The validation of the formulation and its numerical
region can be obtained by solving the following fourth- implementation was carried out in two forms. First, the
order differential equations offset parameter S was set equal to zero and the disper-

d'F 3  2 ~ sion properties of the microstrip were compared to those
dx'ý + c I, d I1 Y + C2 , d 2 d y presented earlier in Reference 2. The agreement between

d dx3  dx2  them was found to be very good. and as these results are
available [2], they were omitted here, Next, the effective

+ C3 , d3  + ~c., d.~,F = 0 (3a, b) dielectric constant was also computed for the asymmetric
dx microstrip whose substrate is isotropic ., -- 2.2, anid

whose physical dimensions are 1 3 556 mmi. h
The coefficients c, and id, through to c, and d,. which 0.254 mm. h2 = 3.429 wn.n and W4 -- 0 3 m m The
appear above, can be written in terms of the medium numerical results at 33 GIliz for this structure are Oh'wnr
parameters, the transform variable a and the propagation in Fig. 1. and as can be seen, the agreement betskeen thle
constant Pi; all of which are defined in Reference 6. In the calculated and existing data 18] is very good
isotropic region, the corresponding electric-field com- When the suhstrate is (1508 mmi thick and it is
ponents can be derived in terms of the potential functions mounted inside a waveguide housing with dimension'.
for either the TM or TE fields, as described in Reference bh 3.556 mm and (/I, + hi2) ý- 3.556 mm. Fig 2 shov.'.
[7]. how the effective dielectric constant for the boron nitride

By applying the appropriate boundary conditions for andl PTF-I cloth varies with frequency for different values
the electric and magnetic fields at the air-anisotropic- of S. 1.or this set of physical dimensions of the structure,
layer interface, i.e. at x =h, the following set of matrix all data are computed from 56117I to 4061 AiL ith
equations can be obtained 0 = 0" In general, the effective dielectric constant

1increases with the frequency for all values of S. Ilovkeser.
[2 ,(afi)Z~,a. ~) J~)1 E~, hfl(4) as the strip moves away from the centrc of the housing

L Z~(, i) 2
7 (a f) L~(~~LEO(, h:) (S=O), I,, decreases slowly for small displacement

values, and then (rops off considerably when the strip is-
where 2,a 7), 2 ,(a, fl), 2 ,(a, Pi), and 2~,(a, fl) represent situated close to thle side wall of thle waveguide As the
the impedance of Green's function elements. In the above strip offset parameter S increases from 0,0mmi to 1 4 MITI,

422 I FI. P'RO( F /, DIN(;S-.u 1, ,/ 1,. No 1, ( I1011 R I.
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"from 4.58, to 7.(03% and 3,73-,, to 7.04'., ( c tfo) hcn a"hetntii iioi.1 twc .!u,,,i1 h pI pc, hk I"c dcIn the
S = 0 mm to xVhcn S - 1.4 ini) at 10 ( it I, and 40 (il I I milriilcr .4;1',tkiilq'1dcd 1t1.l•.tt-

for the I'TfF-' cloth and boron nitridc, ic-.pcctivc1%

C2

f4',' r0 -.

_boron nitride
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' 0 0 20 30 40 5 F ig .3 R o ta ti on r 'spm n se of effe a w .Ise i fs, w n~ fan r a i nL i.t ol

frequency.GHz nn..rostrsp line on boron nitride and PIT) clothi

Fig 2 Frequiency response of effective dielectric constant agairtst S of Horon titride. i,-34 ,-51,t -~ l 1 2
microstrip line on boron nitride and PTFE cloth PTFF cloth: t- 45;sr -.2 9 c, - -9
B o ro n n itrid e : e - . .. .. . . . . . .. . .. . W , - i
PTF cloth: t ,- ..2... .. o50tm .h5  - mx' .2 45-, ri 20,29
b =3,556 mm h =0-508mrm h2 3.048min W - 0 5W rarn 6 - 4 References

I ALEXOPOULOS, N.(o ; cnircuit structures on anis'Ftropc•

The response o f the effective dielectric constant of the substrates', IEEE Trans., 1985, MrT-33, pp 2 47 881

Eicn when the waveguide and the material co-ordinate 2 HO, TQ, and BEKER, B. 'Spectral domain analysis of shielded

systems are misaligned is examined next. All physical microsinp lines on anhsotropic substrats'. JIEE T'.r. , 1991,

dimensions are still the same as those specified earlier, 3 TSALAMENGAS, JI-,, UZtJNOCLU, N K , and ALIUXO-
and the same two substrates are used. The frequency this POULOS, N.G.: 'Propagation characteristics toi a mrostrop line
time is fixed at 20 GHz, and for each substrate, a family printed on a genral anisotropiot substrate*. ET 18 Tram,3 19S5,
of curves, just like those presented before, are generated KI"IM13, pp. 941-945

line~~~~~~~~~~~~~ whntewveud n hemtraSo-riae 2 iRo, M..Q Yand SE , and SAWA,poa S.ai 'Analysis of s ht~ldnesad

with respect to different values of the offset parameter S. 4GSIO . Ai.SadSWS nlsso ltie nmicrostrip lines on anlsotropic substrates', IE.E Trans, 1991,
It can be observed from Fig. 3 that as the rotation angle Mr-39, pp. 64-69

increases from 0' to 90", the effective dielectric constant is 5 MOSTAFA, ASA, KROWNEU C M.. and ZAKI, K A, 'Numeical
becoming larger also. Again, a similar trend to that spLctral matrix method for propagation in gcenera layered media.
observed earlier it evident as S increases from 0.0 mm to application (c isotropic and anisotropic substrates'. TrEa Trams.
1.4h mmespectodific ,er values of the effsectie c taneter 6. G O1987, M .-35, (12). pp. 1399-1407

HciO, TpQ. and BEKE B 'Analysis of fin-lines on arisotropic sub-
Irt, can be reduced by displacing the strip farther from strates', IEEE Trans., 1992- M -40,(2). pp 405 409
the centre of the housing. When the misalignment angle 0 7 ITOHS T_ and MIA1RA, R OW 'A technique for computing disperion
is 90', the corresponding changes in a e m for all values of characteristis of shielded microstp p linen, IErE Tranr. 1974,
S appear to be more profound than those at 0 = 0' for 8tM1dr-2t E pp. 896--898

87SC, MTT, L.P.. 'A comprehen-Ave analysis of quasi-r1j1iar wave-both types of substrates. These variations are expected to guides for millimeter-wave applications' Proceedings o ith Lurb-become even larger as the operating frequency moves pean Microwave Conference Digest, 1981, pp 315-3-0

SAcoession 
F,ýjr

XTIS GR'ji

Ju .i'tIr______

By-___

L k fl Ab~ili, kud/or

:Diet SýcIA

tEE PROCEEDINGS-nr Volo 139. No 5, OCTOBER 1992 4'' R

is 9°, he orrsponingchagesin sf fr al vlue of charcteistcs f sieldd mcrotri hns'. EEETras.4974


