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All-pass microwave networks can be reallzed bytermmatingtbe con~ugate pam of arms of a w~de.

band 3.db coupler m Identical reactnre networks. For transmlssmn m ‘am dmectmn, an ~deal cH-cula -

tor can be used with one arm terminated mthe reactive network (References 1, 2, and 3) (see Flgm-e

la and lb). When the reactive network m a length of wavegtude, tapered so that the cutoff wavelength

decreases with dmtance from the input port, characteristics well muted for tbe equalmat~onof the

disperswe charactermtlcs of wavegulde sections result. A single linear tapered gu~de, m partm-

ular, M shown to be capable of reducing the time delay vamatmnof a length of wavegude to less

than 2 percent over the full operating frequency band of the wavegulde. A famfiyof design curves M

presented g~mngthe slope of the taper for a prescribed degree of equalmatmn over a spec~f~ed fre-

quency range.

The phase propert~es of e~ther cmcult IS green by the negat~ve of the angle of the reflectmn coef -

flcmnt of the taper. The reflectmn factor of a tapered wavegude IS described by the mmlmear

Rlc.attl differential equation. In general, thm equat~on cannot be solved exactly. Exmtmg approxi-

mate solutmns to this equatmn are valld only when the reflect~on factor IS small and slowly varying.

In the present case, the structure M totally reflecting. Therefore, exlstmgapproxlmate solutmns

cannot be employed.

As afmst approxlmatmnto the phase of tbe reflection factor of a tapered line, >t was assume dtbat

(1) the taper IS sufficiently gi-adual so that there are no reflectmns abmgthe propagating sect~onof

tbe taper, (2) total reflectmn occurs at the point alongtbe taper at which the cross sect]on m exactly

the cutoff d~mensmns of the gude, and (3) the total reflectmn at the cutoff point of the tapered wave-

gulde ls that caused bya.nopencmcu,t atthatpomt along thetaper.:x
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Figure 1. Microwave All-Pass Cmcults

>:CA S,UIItiaY approach was taken independently by Tang m derlvmg the shape of a taper necessary to

produce constant delay (Reference 2). The form of tbe solutlon reported her. differs from that

given by Tang. This new form leads to the wide-bandequalizatlonof wavegulde runs bylmeai-

tapers.



The input reflection factor at the terminal plane T of F~gure 2 IS then equal to umty and has a

phase angle -+, p = e-’+. The phase shift introduced by such a section is $ = 28, where 8 is the elec.

trlcal length of the propagating section of the taper. On the basin of the foregoing assumptions, the

electrical length of a d~ffei-entml segment of the taper M g~ven by

de=~dx
Ag(x)

(1)

where the gmde wavelength ),g(x) M defined as the g!.ude wavelength of a umform waveguide whose

cross SectIon 1s >dent~cal to the cross aectmn of the taper at X. Then the electrical length of a taper

m the width of a rectangular guide IS

(2)

where L IS the free space wavelength and a = a(x) IS the width of the wavegulde at a distance x from

the input termuml T. Assume a linear taper such that a = a. - kx, where a. M the width of the input

gu~de and k is constant. Then mtegratmg from the taper input termmal to the cutoff point (a = LIZ)

yields the phase sh~ft

‘=ze=a$=+cos-’%l (3)

F,gure 2. Tapered Rectangular Guide

Measured values of the reflectmn factor phase for a part~cular taper are compared to the phase

predicted by Equation (3) m F,gure 3. The almost constant phase difference between the two cur”es

mdlcates that the termmat~on of the taper at the point of cutoff m mduct~we, rathe~ than the open cu--

cult assumed m the derivation. Thm m m agreement with the charactermtlcs of the TEIO mode im-

pedance below cutoff. The agreement m the slope of the phase charactermt~c demonstrates that

Equation (3) can he used m the design of phase and time-delay equalizers with good accuracy.

The time delay, d+/dco, for th~s network was found to have the snnple form

2a
0),

——
‘d - kc ).

go

(4)

where k M the guide wavelength m the input wavegulde and c M the veloclty of propagation m free
go

space.
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F]gure 3. Phase Shift - Linear Tapered Equallzer

The total time delay of a length of wavegulde L and an equallzer using a linearly tapered wave-

gulde, with taper slope k, m given by

% ‘a.

‘d
.td +td .: T+=*, (5)

twE &?

where

t dt
= total time delay

‘d
= time delay of umform wavegulde of length L

w

td = time delay of tapered equalizer,
E

The optimum corre ctlon WI1l be obtained when tdt e~lblts a mlnlmum in the OPeratlng band. The

frequency at wh~ch mimmum total time delay occurs IS

where

K=

f=
m

fc =

2a

&;K>l

fm quency of mmimwn total t,me delay

(6)

Conversely, If the frequency IS speclfled at which the tune delay IS to be a mmlmum,
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The value of the time delay at Its mlmmmn ,S found from Equa.tmn (5) and Equation (6)

‘d =+m
mm

and the relatme change m time delay unth respect to th~s mmunum value IS g~ven by

fz

‘d b+()(+ K). K ~

6= At=
d

—-1 = ~ -1

t dmln 2W fz

()
1-+

Equat~on (9) can be rewritten to express the two band edge freqwencres at wh~ch the t~me delay

varlatlon b, m equal.

()f K
l,.

f (K-1) - 26(2+6) i 2(1+6) _
c

Equatmns (9) and ( 10) are plotted m Figure 4 for different values of the parameter K
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Figure 4. Design Data -

Tapered Equahzer



A considerable degree of equalization can be achieved by the use of simple linearly tapered wave-

gu~de sectmns in ~on~unction UUtb a mrculat.or m- broadband hybrid Junction. The length of the taper

requme d for the degree of equalization cons~dered above IS approximately half the length of the lme

to be equalized. Since the region of the taper close to cutoff contmbutes the greatest part of the delay

correction, tapers having d~fferently shaped transitions mto the cutoff region WIU afford a greater

economy of taper length watho”t sermusly affecting the degree of delay correctmn obtained. Shorter

tapers w1ll also result when equalization IS requwed over narrower portmns of the wave guide band.

Greater e qual~zatmn over the full band can be ach~e”ed by the cascade correctmn of a supplementary

all-pass cmcuit of the type shown in Figure 1. The react we network of the supplementary equallze r

can be a simple resonant cav~ty.
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Coaxial, Wavegmde, and Solld State Microwave Components

mcludmg Attenuators, Diode Switches, Variable Couplers,

Dummy Loads, Power Dlvlders, Spiral Antennas.
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Quallty Instruments for RF Power Measurements:
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Wattmeter.s, Falters. Attenuators, Coa.xw~tch@.

44


