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A Novel Method for Modeling Coupling

Between Several Microstrip Lines

in MIC’S and MMIC’S
Daniel G. Swanson, Jr., Member, IEEE

Abstract —This paper presents a novel technique for modeling

the adjacent and nonadjacent couplings between several mi-

crostrip lines. The technique assumes that the primary trans-
mission paths in the circuit can be modeled with conventional

single or coupled microstrip models. A new four-port model is
then superimposed on the existing circuit for each adjacent or
nonadjacent coupling that is present. The new model uses
analytical equations for microstrip coupled lines and is, there-
fore, fast and easy to compute.

I. INTRODLJCTION

M ULTIPLE microstrip lines running in parallel are

found quite often in MIC and MMIC circuit lay-

outs. Multiple coupled lines are used by design in many

circuits including interdigital and hairpin filters, meander

lines, and spiral inductors. In these cases, the couplings

between multiple lines are an important part of the

desired response and must be modeled accurately. Unde-

sired couplings can occur when circuits are tightly packed

into a small physical space, such as the multiple drain and

gate lines in a matrix amplifier MMIC chip (Fig. 1). In

MIC’S and MMIC’S, these undesired couplings can lead

to unexpected deleterious results and even to spurious

oscillations.

Some very sophisticated numerical techniques exist for

analyzing multiple microstrip coupled lines. Some exam-

ples of these techniques are the spectral-domain method

[1], the method of moments [2], and the finite element

method [3]. While the accuracy of these methods is high,

lengthy computation times have made their implementa-

tion in interactive microwave CAD programs impractical.

Only one commercial CAD package [4] has overcome this

time barrier by employing interpolation in a precom-

puted, multidimensional data base.

The technique presented here utilizes a new four-port

model called the generalized coupling model (GCM). The

new model allows weakly coupled adjacent and nonadja-

cent lines to be modeled without modifying the underly-

ing circuit structure. This method assumes that the pri-

mary transmission paths in the circuit can be modeled

with conventional single or coupled microstrip models.
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Fig. 1. GaAs monolithic matrix amplifier.

The GCM is then superimposed on the existing circuit for

each adjacent or nonadjacent coupling that is present.

The parameters of the GCM can be computed very quickly

using analytical formulas for microstrip coupled lines [5].

The technique presented here, while it is an approxima-

tion, can be applied to the circuit model at any time.

Initial design and optimization can be performed withlout

considering coupling effects and the coupling model can

be added in the later stages of the design cycle. At worst,

a few new nodes may have to ,be created in the circuit

description to accommodate the GCM.

11. THEORY

The generalized coupling model was developed by ex-

amining the Y matrix for the microstrip coupled line piair

shown in Fig. 2. There are four unique terms in the
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Fig. 2. Microstrip coupled line pair.

four-port Y matrix for lossless coupled microstrip lines

[61. The four terms are labeled Y1 through Y4 to empha-
size the symmetry in the Y matrix

Yl=–j; [Yoecot Oe+Yoocotoo] (1)

Y2 = –j&cot e. – Yoocot O.] (2)

Y3 = + j~[YO=csc Oc–YOOcsc OO] (3)

Y4=+j~[YO~ cscf3g+YOOcsc 00]. (4)
L

In matrix notation;

Y=

Y1 Y2 Y3 Y4

Y2 Y1 Y4 Y3

Y3 Y4 Y1 Y2 “
(5)

I Y4 Y3 Y2 Y1

In the limit as the spacing, s, between the lines becomes

large, the coupled line pair behaves as two independent

single lines. Four terms in the Y matrix can be identified

with the single line connected between nodes one and

four:

IY1 o 0 Y41
o 000

‘=0000” (6)

\Y4 o 0 Yl]

These four terms describe the self-admittance and the

transfer admittance of the single line. In a similar fashion,

four different terms in the Y matrix can be identified with

the single line connected between nodes two and three:

100001

Y=OY1 Y4 o
0 Y4 Y1 o“

(7)

10 0 0 0]
Eight of the 16 terms in the Y matrix for the coupled line

pair have now been identified with the individual lines.

The remaining eight terms on the edges of the matrix
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Fig. 3. (a) Microstrip meander-line. (b) GCM superimposed at nodes
one, four, three and two. (c) GCM suuerimuosed at nodes four, five. six
and three. (d) GCM superimposed at-node; one, five, six and two.

must describe the coupling between the two lines:

]0 Y2Y3 01

y= Y2 o ‘o Y3
Y3 o 0 Y2”

(8)

]0 Y3Y2 01

Only these eight terms on the edges of the Y matrix are

used in the generalized coupling model. Because only the

“coupling” terms are used, the model can be applied

many times without significantly modifying the self-admit-

tance or the transfer-admittance terms in the underlying

circuit. For weakly coupled microstrips, the Y-matrix terms

computed for an isolated pair of coupled microstrips are

sufficiently accurate.

A simple meander-line example will demonstrate how

the nodal Y matrix is modified to account for coupling.

The meander-line circuit and node numbering scheme are

shown in Fig. 3(a). It is assumed for this example that the

line widths are equal and the spaces between lines are

equal. The circuit is first modeled with single microstrip

lines. The two unique Y-matrix entries for a lossless

microstrip single line are

Y~l = – jYO cot (0) (9)

and

Y~, = + jYOcsc(0). (lo)

Y~l and Y~z are computed using the width and length of

the three longer microstrip lines. The characteristic ad-

mittance and theta are computed using any convenient

set of analytical equations for single microstrip lines.

Similarly, Y~l and Y~, are computed with (9) and (10)

using the width and length of the two shorter microstrip
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lines. The nodal Y martix for the circuit modeled with single microstrip lines is

Y=

YS1 YS2 o 0 0 0

YS2 Ysl + Y:l Y~2 o 0 0

0 Y;2 Ysl + Y;l YS2 o 0

0 0 YS2 Ysl + Y;l Y;2 o “

o 0 0 Y;2 Ysl + Y;l YS2

o 0 0 0 Ys~ YSt

919

(11)

At this point the circuit could be analyzed from nodes one to six without coupling taken into account. Next, the

coupling from the first strip to the second strip is added by superimposing the GCM at nodes one, four, three, and two

as shown in Fig. 3(b). Ycz and Ycq are computed with (2) and (3) using the width, length, and spacing of the first and

second coupled lines as if they were an isolated coupled line pair. The even and odd mode admittances and phase

velocities are computed using [5]. The new nodal Y matrix is

Y=

YS1 YS2 Y Y o 0

YS2 Y$l + Y;l Y;2 :3YC2 Y: o 0

YC3 w2 + YC2 K1 + Yi’1 K2 o 0

Y Y Y Ysl + Y;l Y:2 o “
( 12)

C2 C3 S2

o 0 0 Y;2 Ysl + Y;l Y~2

o 0 0 0 YS2 YS1

Next, the coupling from the second strip to the third strip is added by superimposing the GCM at nodes four, five,

six, and three as shown in Fig. 3(c). YC2 and YC3 are computed with (2) and (3) using the width, length, and spacing of

the second and third coupled lines as if they were an isolated coupled line pair. Owing to the symmetry of this example

circuit, the YC2 and Yc~ computed at this step are the same as the YC2 and YC3 computed for the previous step. ‘The

nodal Y matrix at this step is

Y=

YS1 YS2 YC3 YC2 o 0

-J2 Ysl + Y;l Y;2 + Yc~ YC3Y o 0

C’3 L’2 + YC2 K1 + wl %2Y YC3 YC2

YC2 YC3 YS2 Ysl + Yjl Y;2 + YC2 Y~3
(13)

o 0 YC3 Y;2 + YC2 Ys~ + Y;l YS2

o 0 YC2 YC3 YS2 YS1

Finallv, the couuling from the first to the third line is added to they Y matrix by superimposing the GCM at nodes

one, fiv;; six, and-two-as shown in Fig. 3(d). YL2 and Y:3 are computed with (2) and (3) using the width, length, and

spacing of the first and third coupled lines as if they were an isolated coupled line pair. The final nodal Y matrix is

Y=

YS1 YS2 YC3 YC2 Y;2 Y~3

YS2 Ysl + Y;l Y;2 + YC2 Yc~ Y&3 Y~~

C3 Y;2 + YC2 Ys~ + Y;~ YS2Y YC3 YC2

YC2 YC3 YS2 Ysl + Y;l Y;2 + YC2 YC3

Y&2 Y;3 YC3 Y;2 + YC2 Y~l + Y~l YS2

Y&3 Y;2 YC2 YC3 YS2 YS1

(14)

I
The circuit can now be analyzed from port one to port six It is helpful to put a numerical measure on the accu-

with adjacent and non adjacent couplings taken into ac- racy of this technique. One way is to compare the accu-

count. The final example in this paper will present mea- racy of predicted coupling from port one to port two for

sured and computed data for a similar meander-line cir- an ideal microstrip four-port and a pair of single mi-

cuit. crostrip lines with the new coupling model superimposed
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Fig. 4. Comparison of conventional microstrip coupled line model with
two single microstrip lines with GCM superimposed.
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Fig. 5. Results of the comparison outlined in Fig. 4 for coupled lines

95 mil long on 15-mil-thick alumina, ●,= 9.8. The analysis frequency is
12 GHz.
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Fig. 6. Detail of microstrip hairpin filter A, alumina substrate, !-r= 25

roil, c. = 9.8. Dimensions computed with parasitic couplings taken into
account. All dimensions are roils.
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(see Fig. 4). ln matrix form this comparison is

Y o 0 Y~2S1

o Ysl Y~2 o

I :, I

2 3 4 5 6

Frequency (GHz)

Y1 Y2 Y3 Y4
Y2 Y1 Y4 Y3
Y3 Y4 Y1 Y2

Y4 Y3 Y2 Y1
o YS2 Ysl o

Y o 0 Ysls~

o Y2 Y3 o
+ Y2 o 0 Y3

Y3 o 0 Y2 “
(15)

o Y3 Y2 o

Fig. 7. Measured versus computed response for microstrip hairpin
filter A when adjacent and nonadjacent couplings are taken into account

using the GCM.

model accepts physical dimensions for coupled line pairs

and calculates Y parameters using [5] and [6].

A microstrip hairpin filter is the first example of how

this technique can be applied. Hairpin filter A (Fig. 6)
was designed for a 20T0 bandwidth at 4 GHz using the

generalized coupling model to predict couplings across

the resonator arms and nonadjacent couplings between

resonators. The measured and computed responses shown

in Fig. 7 are in close agreement for hairpin filter A.

Hairpin filter B (Fig. 8) was also designed for a 20%

bandwidth at 4 GHz but parasitic couplings were ignored

at the design stage. Fig. 9 shows the measured versus

computed performance for hairpin filter B. The error

between computed and measured bandwidths at the

lower band edge is 148 MHz, or 18.5% of the desired 800

MHz bandwidth.

The results of this analysis for a pair of coupled lines on

alumina are shown in Fig. 5. The microstrip lines were 95

mil long on a 15-mil-thick alumina substrate. The analysis

was performed at 12 GHz where the coupled length is

approximately one quarter wavelength, For spacing to

height ratios greater than 1, the difference in predicted

coupling between the two methods is less than 19Z0.

III. APPLICATIONS

This new four-port coupling model has been imple-

mented as a user-defined element in TOUCHSTONE

SR. [7] and SUPER-COMPACT MAINFRAME [8]. The
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Fig. 9. Measured versus computed response for microstrip hairpin
filter B when adjacent and nonadjacent couplings are ignored.
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filter when mutual couplings in the spiral inductors are ignored. ”

To conclude the. analysis of these filters, parasitic cou-

pling was added to the computer model for hairpin filter

B. With the GCM applied to the as--built dimensions, the

measured and computed responses shown in Fig. 10 are

now in close agreement. Tuning was not required to

achieve the results presented here, It is also interesting to

note that the parasitic couplings in” the hairpin filter are

destructive. That is, to achieve the proper bandwidth, the

2 3 4 5 6
Frequency (GHz)

Fig. 10. Measured versus computed response for microstrip hairpin
filter B when the GCM model is applied to the as-built dimensions.
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(a)Fig. 14. Detail of microstrip meander line, alumina substrate, h =15
roil, E, = 9.8. AU dimensions are roils.

gap between resonators in filter A is smaller than the gap

in filter B.

The second example is a 6.2 GHz microstrip low-pass

filter using printed spiral inductors [9], as shown in Fig.

11. The fundamental computer model for the spiral in-

ductor uses coupled and single microstrip lines [10]. The

generalized coupling model is applied six times to each

spiral to model the mutual couplings across the spiral.

The measured-versus-computed data for this filter are

shown in Fig. 12. If the mutual couplings across each

spiral are not modeled, the computer prediction is much

less accurate, as shown in Fig. 13. When mutual couplings

are ignored the error between computed and measured

filter cutoff frequency is 750 MHz.

The final example is a microstrip meander line, as

shown in Fig. 14. Without modeling coupling between the

lines, the computer predicts no loss other than ohmic

losses for this circuit. In reality, there is significant loss as

the coupled length approaches half a wavelength. The

GCM was applied to this circuit eight times to model the

coupling between strips. The measured-versus-computed

insertion loss, return loss, and insertion phase responses

are shown in parts (a)–(c) of Fig. 15.

Because all the modes present in this multiconductor

circuit cannot be fully described by an approximate

method [11], the computed responses for the meander

line lose accuracy as the coupled length passes through

one half wavelength. However, the analysis time for this

circuit using the generalized coupling model was approxi-

mately 5 s, and at frequencies below the half-wavelength

frequency the modeling accuracy is quite good. When the

same circuit was analyzed using a spectral-domain multi-

strip model [8] no accuracy was lost at the half-wavelength

frequency, but the analysis time was approximately 5 min.
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(c)IV. CONCLUSION

A new generalized coupling model has been developed

which allows weak coupling between adjacent and nonad-

jacent coupled microstrip lines to be accurately modeled.

Fig. 15. Measured and computed (a) insertion loss, (b) return loss, and

(c) insertion phase for the microstrb meander line when adiacent and
nonadjacent couplings are modeled using the GCM.
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The model uses analytical equations for coupled mi-

crostrip lines and is, therefore, fast and easy to compute.

It is assumed that the weak couplings modeled by the

GCM have a negligible influence on ohmic losses; thus

the GCM is a lossless model.

Best results using the generalized coupling model are

obtained when any strong couplings in the circuit can be

described using isolated coupled line pairs while only

weak couplings are modeled using the GCM. The hairpin

filter and low-pass filter examples demonstrate the utility

of the GCM under these conditions. The microstrip me-

ander-line example was designed to test the limits of the

GCM for tight coupling and long coupled lengths. Accu-

racy is indeed lost for coupled lengths in the vicinity of

one half wavelength but the computation time for this

technique is quite low compared with other methods.
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