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and also the characteristic impedance as a function of the
normalized substrate thickness with the normalized height of the
conducting enclosure as a parameter. It is observed that as the

height of the conducting enclosure is gradually reduced, starting

from a large value, the even mode slowly cuts off. On the other

hand, the odd mode is ahnost insensitive to the height of the

shielding enclosure.

Figs. 2(b) and 3(b) illustrate the computed odd- and even-mode

dispersion and also the characteristics impedance, a function of

the frequency. The slotlines are separated from each other by an

amount s/(2 w+ s). It is observed that for a fixed frequency and

for small values of s/(2w +s) the presenu of the conductor

between the slots has negligible effect on the even-mode propa-

gation, and the two waves propagate as a single wave on a

slotline with slot width (2w +s). Hence the even mode A’/~ is

initially small. When s/(2w +s ) is increased, the slot width

proportionally increases and the ratio X’/A also increases. When

s/(2 w+ S) continues to increase the two waves start to demuple

and propagate as two independent waves on two slotlines. These

two independent waves finally decouple totally. When each

wave propagates on a slodine with slot width w, Y/A decreases.

Furthermore, the computed even-mode characteristic impedance

approaches one-half of the characteristic impedance of a single

slotline. The width of the single slodine is twice that of the

coupled structure, Nevertheless, the dispersion in both the cases

is the same.

If s/(2w +s) is small, and the slots are excited for the odd

mode of propagation, then the effective slot width is smaller

than w; and hence A’/A is the smallest. As the ratio s/(2w +s)

increases the effective slot width also increases, consequently

A’/~ increases. Finally, when s/(2w +s) takes a large value the

effective slot width moves nearer w; and, the ratio A’/A inclines

toward the even mode A’/A. It may also be noted that the above

structures are reduced to a coplanar waveguide (CPW) [8] for

the odd mode of excitation. As a numericaf check the odd-mode

dispersion and characteristic impedance are computed and also

compared with the results reported by Davis [8] and Saha [9] in

Table I.

acteristic impedance agrees with the results reported by Davis [8]

and Saha [9]. These structures should find extensive applications

in the design of MIC components, such as, directional couplers,

filters, phase shifters, and mixers.
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The Design of Broadside-Coupled Stripline Circuits

I. J. BAHL, M~MBER,IEEE, AND P. BHARTI~

SENIOR MEMIU% IBEE

Abstrwct-kcurate deRigo exprewions for broadside-coupled stripffnes

are prewnted. The eqxwions have generaf mfidfty as long as W/S >0.35.

Uncertainty mndysis i8 descrfbed to eakufate the effect of tolerances bt

parameters on coupfing coefficient and foput VSWR The effect of toler-

aneesfo pammeterso ntkvecb maeterfstics kreaseR8stheeo@ng

becomes tighter and tighter.

I. INTRODUCTION

Broadside-coupled striplines have been used extensively in the

design of many passive and active components, such as direc-

tional couplers, filters, baluns, and digital phase shifter networks.

This configuration has been used widely for realizing tight

couplings (e.g., 3-dB hybrids) because for greater than - 8-dB

coupfing, the spacing between the strips in the case of parallel

coupled transmission lines (i.e., striplines, microstrip lines, etc.)

becomes prohibitively small.

Broadsidecoupled striplines consist of two parallel strip con-

ductors embedded in a dielectric between two ground planes as

IV. CONCLUSION

Briefly, the paper presents an analysis of shielded coupled

slotline a) on a double-layer dielectric substrate, and b) sand-

wiched between two dielectric substrates. It also illustrates the

effect of shielding on the odd- and even-mode dispersion and

characteristic impedance. The odd-mode dispersion and. char-
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‘Dielectric Materv.1

Fig. 1. Broadside-coupled stripline geomet~.

shown in Fig. 1. Approximate expressions for the characteristic

impedances have been derived by Cohn [1] and Shelton [2],

using the conformal mapping technique. In this paper, accurate

design expressions for a broadside-coupled line coupler are

presented.

II. DESIGN EXPRESSIONS FOR A COUPLER

Broadside-coupled striplines support two orthogonal TEM

modes called even and odd modes. Expressions forthe even and

odd mode characteristic impedances when the strip thicknesses

are negligible are given as follows [1]:

~ = 607r K’(k)——
0’ < K(k)

(1)

zoo =
296.1

(2)

ti~tanl-’(k)

where K is a complete elliptic function of the first kind, and K’

is its complementary function given by

K’(k) =K(k’)=K(m). (3)

k is a parameter related to the dimensions of the structure as

follows:

[
w/b=$ ln(~)–~h(~

)1
(4)

where

~=[(+’)/(H-’)]”2
and b, W, S are defined in Fig, 1, The results given by (l)–(4)

are virtually exact for W/S >0.35.

If C is the voltage coupling coefficient and Z. is the input and

output impedance, then Zoe and ZOO can be expressed as [3]

l+C 1/2

()z“, = z“ ~

l–c 1/2

()zoo = z“ ~

(5)

(6)

where

z“ = (zoezoo)”2. (7)

From (1) and (5)

K 60T l–c 1/2

()

..— —
K’ z“< l+C “

(8)

The value of the k parameter is required for calculating S/b

and W/b from (2) and (4) for the coupled line. Hilberg [4]

formulas for K/K’ (accurate to 3 ppm) can be used to evaluate k

accurately for the given coupling and substrate. These expres-
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Fig. 2. Variations of S/b and W/b with coupling coefficient. (a) c,= 2.32.

(b) .,= 10.0

sions are given as follows:

()l+V’Z
$=~ln 2— 0.707 <k<l

l–la ‘

K T
—.
K’

()

0.O<k<O.707.
In Zl+m ‘

l–m

From (9), for K/K’ >1 or C < (l.O–Pc,)/(l.O+ Per)

(k= 0.5exp(nK/K’) – 1 2

)0.5exp(~K/K’) + 1 “

For K/K’ <1 or C> (l.O– Pc,)/(l.O+Pcr)

[(k= l–
)]

0.5exp(~K/K) – 1 4 1’2

0.5exp(~K’/K)+l

where

P=(Zo/60r)2.

From (2) and (6)

; =o.oo17zo~
(%)’’21%3

For given C, c,, and Z., W/b and S/b required for

of coupled lines are calculated from (5) through

(9a)

(9b)

(lOa)

(lOb)

(11)

the design

(11). The
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variations of W/b and S/b as functions of the coupling coeffi-

cient for c,= 2.32 and 10.0 are shown in Figs. 2(a) and 2(b),

respectively. Approximate results were calculated using expres-

sions given in reference [5] which are obtained by simple manip-

ulation of Cohn’s relations [1, eqs. (4)–(7)] or Shelton’s expres-

sions [2, with WO= O] and shown in Fig. 2 by the broken lines. It
may be observed that for c,= 2.32, the agreement between the
two types of results is excellent for C <0.75. In Fig. 2(13)the S/b
curve from approximate results agrees well with the present
results for C <0.4. It should be noted that approximate expres-

sions are valid over the range ( W/b)/(1 – S/b) >0.35, and

W/S >0.35, whereas those presented here have general validity
as long as W/S> 0.35. Hence, when broadside-coupled stripline

couplers are fabricated using high dielectric constant materials,

the approximate formulas [1], [2] fail to give correct S/b and

W/b values for given coupling coefficient.

III. UNCERTAINTY ANALYSIS

The sensitivity analysis of transmission lines used for MIC’S

has been treated extensively in the literature [6]–[7]. A more

precise method of estimating uncertainty in the characteristics

of a circuit due to fabrication tolerances or measurement errors

is with the use of uncertainty analysis. In this method, the effect

of small error sources becomes negligible in comparison to the

larger error sources, since each error term is squared and added

to obtain a measure of the total error, whereas in sensitivity

analysis all errors are added linearly. If Z is a function of the

independent variables Xl, X2,. . ., X~ and AX1, AX2,. . . . AX~

are the uncertainties in the independent variables, then the

uncertainty in the result, AZ, is given by [10] ~

For broadside-coupled striplines, the expression beeomes

(12)

where AW, AS, A b, At, and A<, are the uncertainties in the

fabrication of the circuit. The subscript i has two values, e and o,

corresponding to even and odd modes, respectively. From (1)

and (2)

(14)

A. Uncertainty in Coupling Coef>cient

The maximum coupling coefficient for a coupled line (l=A/4)

is

z@ – 200
c’

2.. + 200 “

Using the uncertainty approach

where the XP’S represent W, S, b, t, and c,. From (15)

(~=2 Zoog
azoo

axp ‘zOe~ )/
(Zoe +200)2.

P
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Fig. 3. Fractional change in coupling and VSWR of broadside-coupled

stripline couplers caused by manufacturing tolerances in physical dimen-

sions.

Equations (16) and (17) provide the fractional change in C

due to fabrication or manufacturing variations. The uncertainty

in the coupling coefficient due to manufacturing tolerances as a

function of coupling is shown in Fig. 3 for a specified set of

parameters. It may be observed from this figure that the uncer-

tainty in coupling coefficient due to a set of tolerances increases

with the increase in the value of C. Similar behavior has been

noticed for coupled microstrip lines [6], [8].

B. Uncertainty in Input VS WR

The value of VS~ when measured along an ideal line of

characteristic impedance 20 connected at the input is given by

[9]

‘Sm=,[’-%l-’ (18)

where A 20 is the uncertainty in 20 (which is related to Zo, and

ZOO by (7)) due to tolerances in the various parameters and is

given by

AZo=+l(~AXp)’]”2.(19)

From (7) and (19)

AZO

[( )]

azo, Axp azo. Axp 2 1’2
; i, ~-+——__..._ .*.

20 axp zoo
. (20)

Variation of VSWR as a function of coupling coefficient is

shown in Fig. 3. Values of VSWR are almost constant with

coupling for c, =2.32 and the VSWR increases with C for

6,= 10.

IV. CONCLUSIONS

Accurate design expressions for broadside-coupled stripline

couplers are presented in this paper. Formulas have general

validity ag long as W/S> 0.35. Uncertainty analysis has been

earned out to calculate the effect of tolerances in parameters on

coupling coefficient and input VSWR. It has been found that for

a directional coupler with 50-Q input and output impedanee, the

change in coupling coefficient, due to tolerances, increases with

the increase in the value of C.
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Synthesis of Lange Couplers

R. M. OSMANI

Abstract-This paper shows that it is possible to synthesii Lange

couplers dfrectfy sod thereby save considerable cmuputiag time. The

procedure outlined k esaentiafly baaed on two avaflable techniques Ou’s

analysis of the Lange coupler and Aftbtarsad’s design method for a pafr of

eoupkd rnicrmtrip lines. Including a correction in the latter for singfe ship

shape ratios less than unity, is significant. The deseribed approach com-

pares favorably with existing iterative methods and was used to obtain

reasonably good performances on a low dielectric eonstaot laminate.

I. INTRODUCTION

Tight coupling in microstrip became feasible with the intro-

duction of the Lange coupler [1] in 1969. Recent papers on

Lange couplers [2]- [7] are based on an analysis of the coupler

and therefore a number of iterations are needed to establish a

new design. Analysis is more suitable for confirming or optimiz-

ing an initial design [8]; synthesis is preferable for determining

the dimensions of a coupler for any given requirement of cou-

pling value, dielectric constant, terminating impedance, and

number of strips.

In this paper, a direct synthesis procedure for Lange couplers

is outlined. Ou’s method is first used to determine odd and

even-mode impedances of any adjacent pair of lines in the array

[9]. Final dimensions are obtained by applying the synthesis

technique of Akhtarzad et al. [10]. All equations given here are

simple enough to be solved without a computer. Good agree-

ment with more involved analytical methods is shown by both

theoretical and experimental results. An empirical correction for

finite conductor thickness given by Presser [5] did not explain

the extent of overcoupling observed for couplers fabricated on a

low dielectric constant substrate.

II. SYNTHESIS

The conductor pattern and cross gection of a six-strip Lange

coupler is shown in Fig. 1 to illustrate the relevant dimensions.

All strips are assumed to be equispaced, to be of equal width,
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1. (a) Conductor pattern and (b) cross section of a six-strip Lange

coupler.

Fig. 2. gas a function of (W/J7),0 and (W/JJ),e (4).

and also to be quarter-wavelength long at the center frequency.

For any adjacent pair of lines in the array, the odd- and

even-mode impedances Zoo and Zoe, respectively, are obtained
by solving the analysis equations of Ou [9]. Although solutions

are available [5], [11 ] it is shown in Appendix that simpler

expressions for ZOO and ZO, are possible:

l–c 1/2

()
zoo = Zo ~

(k-1) .(l+q)

“ (C+q)+(k–l). (1-c)
(1)

(C+q)

‘O’=zyk-l).( l-c)
(2)

where

q=[cz+(l –cz). (k–1)’]li’

k is the even number of strips, Z. is the terminating impedance

and c is the voltage coupling coefficient.

The synthesis technique of Akhtarzad er al. [10] for a pair of

coupled microstriplines can now be applied. In order to relate

ZOO and Zoe to the physical dimensions of the coupler, single

strip shape ratios (lV/H)JO and ( lV/H).e corresponding to the

impedances ZOO/2 and Zo, /2, respectively, are first calculated.

In the original method this was done by using Wheeler’s equa-

tion for wide strips [10]. For shape ratios less than unity, this

causes an appreciable error [12]. The procedure adopted here

avoids this error by using Wheeler’s equation valid for both wide

and narrow strips [13]. The required shape ratios ( FV/H),O and

(w/H)$. are determined by substituting the known values of
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