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A Capacitively Loaded Half-Wavelength
Tapped-Stub Resonator

J. Michael Drozd and William T. JoineSenior Member, IEEE

Abstract—This paper examines a new resonator which is
created by adding capacitive loading to a half-wavelength tapped-
stub resonator. This capacitively loaded resonator has the prop- Y, 9, Y,
erty that both the @ and the resonant frequency can be set < | vy, * L,
independently. This property is important because it allows this
resonator to be used as either a tracking filter which maintains a
constant bandwidth or as a filter which can vary its @ while
maintaining a fixed resonant frequency. In this paper, equa- T
tions are derived for choosing capacitance values that yield a
desired resonant frequency and value of). Examples of using Yo
this resonator as both a fixed-frequency variableg) filter and 0
a constant-bandwidth tracking filter are provided. Theoretical
results are verified by measurements. 01

Index Terms—Bandpass filter, capacitively loaded, microstrip
resonators, @, tapped-stub resonators, tracking filters,
transmission-line resonators.

Fig. 1. Half-wavelength tapped-stub resonator.
I. INTRODUCTION

N THIS paper, the authors create a resonator by adding ca- . -
I pacitive loading to a half-wavelength tapped-stub resonatirr? quency andy of the resonator is a matter of providing the

A tapped-stub resonator circuit is created by changing tﬁgpacnors with an appropriate voltage. Under this scenario,

connection point of a stub on the main transmission line %tracking filter could be created, which maintains a constant
chanain ths tapping point without chanaing the lenath oft andwidth over the frequency range being swept. Likewise, a

ging pping b ging g .r}ﬁter could be created, which maintains a constant resonant or
stub, the@? of the resonator can be changed without changin

the resonant frequency. The standard tapped-stub resonator %tfr frequency, but ha_s a vanalm@_e .
oo . e goal of this paper is to quantify the resonant condition
a quarter-wavelength end-to-end across the main line, with

one of the shunt stubs shorted to ground and the other op"’”rlld the@ of this filter. The authors begin by considering

The half-wavelength tapped-stub resonator replaces the sfﬁo?t half-wavelength tapped-stub resonator without capacitive

. i loading. It is shown that by changing the tapping point
on the shorted stub with a quarter-wavelength open SeCtIOPthe resonator, one can change tewithout changing

of transmission line. Thus, the half-wavelength tapped-stl&be resonant frequency. This leads to a discussion of the

resonator has two open stubs. appropriate arrangement of capacitors which will give us
Using Richards’ transform [1], capacitively loading the pprop 9 b 9

. . adequate control of both thg and the resonant frequency. The
tapped-stub resonator can be achieved by replacing the Ofgsnonant frequency condition and the equation(ofor this
stubs, or parts of the stubs, with capacitors. Because d y d

(? N acitively loaded half-wavelength tapped-stub resonator is
half-wavelength tapped-stub resonator has open stubs on R . . I
. . N " : en derived, and these theoretical results are verified through
sides of the main transmission line, capacitive loading can . L
. . ' . measured data. Finally, it is demonstrated how the resonator
added to both sides of the resonator. In this configuration

adjusting the value of both capacitors allows one to indepeca!n be used to vary bandwidth without changing the resonant

dently change the effective length of the resonator and t:gglgiincili,lt:rnd how it can be used as a constant bandwidth
tapping point. This allows one to independently set both the 9 '
resonant frequency and the of the filter. Accordingly, if

voltage-controlled capacitors are used, changing the resonant II. HALE-WAVELENGTH TAPPEDSTUB RESONATOR
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length of the resonator is

91+92:7ri:7ri 1)

wo fo'

Introducing a tapping factok;, the proportional length of the
stub on each side of the main line, whérel £ < 1, is

9, =k -2 )
2w0
and from (1)
W
92—(2—16)2—%- 3
Note thatk = 0 represents an untapped half-wavelength open I G
stub. =

The @ of the half-wavelength tapped-stub resonator i'§ > Half lenath taoped-stub or with ive loadi
obtained from the node admittance in Fig. 1: 19 £ nalwavelengih tapped-stub resonator with capaciiive foading.

Y =Y +Y2+2Y3 =2Yy+5 Y01 (tan 62+tan 6;)=G+;B. A. Deriving the Resonant Frequency
(4) Referring to Fig. 2, the combination @f; and C, as well
as the length of the guarter-wavelength section determines
Applying (4) to the fundamental definition of loadéli[3]  the total stub length which sets the resonant frequency of
w OB the circuit f. It is possible for the resonant frequency to be
Q= {ﬁ %} (5) different from the frequency at which the quarter-wavelength
w=wo transmission-line section is 90Therefore, it is necessary to
yields [4] introduce the design frequencg, which is the frequency
at which this quarter-wavelength section is indeed a quarter
9, T mYo1
ect ko= ——0r. (6) wavelength.
Yo 2 4¥p cos? k 5 The resonant frequency occurs at the point whére C-,

and the quarter-wavelength section are effectively °180
From (6), note that as: — 0, @ — 7Y01/4Yo, and as ejectrical length. Thus

k— 1, Q@ — 0. Thus, a wide range of frequency selectivity

wYo1

Q=

. ) _1 woC _1 woC2 | mwo
is possible. tan™! == + tan +— = (7)
Yo1 Yor 2wy
lIl. THEORY FOR THE CAPACITIVELY Solving (7) yields
LOADED HALF-WAVELENGTH TAPPED-STUB Ci+C 7fo\ 7 fo
onm 24%_ tan | ™ — 2— = —tan 2— (8)
As is commonly known, the input admittance of an open- Y51 — wpCila fa fa
circuited section of transmission line is capacitive if the sectidbquation (8) can also be rewritten as
capaciive loating of a tappecotub resonator i croated by YA TATRIOC o wh g
27 fo(C1 + C2) 2f4

replacing the stubs, or parts of the stubs, with capacitors. With
the standard tapped circuit, one can replace the open stub witfFauation (9) yields the relationship betweén and C»
a capacitor or a series of capacitors. This arrangement has bi@érfesonance to occur at the frequengy given the design
demonstrated by DiPiazzet al. [5], [6]. frequency f; and a characteristic admittancgy; for the

If the half-wavelength tapped-stub resonator is used, thétdarter-wavelength section. Although (9) is fairly simple, there
are two open stubs which can be replaced with capacitol&no closed-form relationship betweén andC,. A special
Thus, one can replace the shorter stub with a capacifse of (9) occurs wherfy is the same ag;. Under this
while simultaneously replacing the longer stub by a quartegondition, (9) simplifies to

wavelength section of transmission line and a capacitor. The . Yo1 10
layout of this circuit is shown in Fig. 2. This design has three h=li=5 e (10)

advantages over DiPiazza's arrangement. First and foremost,

since this circuit has capacitors on both sides of the tappBd Derivation of the@

stub, this circuit has an additional degree of freedom. Thisgne finds the of the circuit shown in Fig. 2 from the
allows one to control both the resonant frequency and th&a| admittance at the common node to ground for the circuit
@ simultaneously. Second, since the design is based on $wn in Fig. 2

half-wavelength tapped-stub resonator, fjeis twice that

of the standard tapped stub and thus it is easier to obtain ¥ =1 +Y2+2Y3

higher@ filters. Third, this layout leads to a more symmetrical —=2Y, +j<wC’1 4 Yy, wCy + Yo; tan 9d> (11)
frequency response. Yo1 — wCy tan 6y
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Fig. 3. Modeled and actual results fét, = 3.6 pF, Cy = 7.5 pF. Fig. 4. Modeled and actual results f6y = C> = 5.6 pF.

wherety = 7 f/2f4. Using (5) and (11), the general exprescopper cladding. The relative dielectric constant was 2.2 and
sion for ¢ for this resonator is determined as shown in (13he substrate thickness w4s. The capacitors used were chip

at the bottom of the page. Note in (12) that increasli\g capacitors manufactured by Dielectric Laboratories, Inc. Each
unambiguously results in a highep. Thus, increasing’s  capacitor had a thickness ¢f and was mounted by drilling a

has the same effect as lengthening the shorter &tub the hole through the dielectric substrate at the appropriate location.
tapped-stub layout of Fig. 1. The effect 6% is a little more  Ejectrical contact was made by soldering the capacitors in
complicated, but ultimatelg’3 in the denominator dominates,pjace. Measured data was collected using a Hewlett-Packard

and asC; gets larger() gets smaller. 8753A network analyzer. The network analyzer was properly
In the case where the resonant frequency equals the desigiprated, but no attempt was made to correct for connector
frequencyfo = fa, 04 = 7/2 and (12) simplifies to losses or fixture parasitics. Modeled results were collected
woCy  7Yo, Y3 Y3 using a transmissipn line softwgre pa_ckage_ called “Pu_ff.”
Q=" T o THwc T svnc (13) The modeled circuits were also in a microstrip format with
0 0 00z 0%02 a dielectric constant of 2.2 and substrate thickness af
Combining (10) and (13) yields Dielectric and connector losses were not modeled. Capacitors

v a v v a Vo C were also considered to be ideal with effectively no thickness
Q=20 Jxrron for JRL L TROL L g4y or width. The@ values for both modeled and measured data
4Yo V G2 8Yo ~ 4¥o V (o 8Yo C» were determined by a technique for measuripghat uses

which simplifies to S-parameter data [4].
Q= mYo1 <1 + é /ﬁ + ﬁ) (15) B. Comparison of Measured and Modeled Results
8Yo TV O G To qualitatively compare the authors’ theoretical results

Clearly, from (15),Q is controlled by the ratio of’; and with measured and modeled results_, three cases for _the half-
wavelength tapped-stub resonator with capacitive loading were
created. Fig. 3 shows measured and modeéled data as a
function of frequency using the capacitance valugs =
3.6 pF andC, = 7.5 pF. Fig. 4 shows the case where
C; = Cy = 5.6 pF, which corresponds t#; = 45° in
Fig. 1. Fig. 5 uses the capacitance valdgs= 8.2 pF and
C, = 3.6 pF. These capacitance values were chosen so that
the circuit would have its first resonance poify around
600 MHz, using a design frequencfy of 600 MHz. In

This section briefly describes the authors’ data collecti@addition, the following parameters were useg; = 50 §)
procedure for both modeled and measured results. Measuaed Z,; = 50 2. Note that for all three of these cases there is
results were obtained from circuits constructed in microstrgxcellent agreement between modeled and measured results.
using Rogers RT Duroid 5880 with a two-sided 1-o0z rolle®iscrepancies between modeled and measured results can be

C,, while from (10) the center frequencf is controlled by
the product ofC; andCs. Thus,@Q and f, may be controlled
independently. Finally, note that in (15), as in (12), wh&n
increases(y increases, and &S, increases() decreases.

IV. RESULTS

A. Discussion of Data Collection

0= L woCy 4+ YE)QI(U()CQ(]. +tan2 9(1) + (me%C’% + ngl)ed sec? 04
4Y, 01 (Ybl —woCs tan 9(1)2

(12)
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Fig. 6. Increasing? with increasingC; (decreasing”s).
Fig. 5. Modeled and actual results fét, = 8.2 pF, Cs = 3.6 pF. 9 w o €2)

TABLE |
. . . . () FOR HALF-WAVELENGTH TAPPED-STUB
primarily attributed to losses not accounted for in the model, RESONATOR WITH CAPACITIVE LOADING
namely, dielectric losses, fixture parasitics, capacitance losses; — —
d tor losses. Also, the fact that all modeled length Case Theory | Hodeled Cirenit | Aetua) Clreuir
and connec ’ ! : g‘t”?f 3.6pF,Cy — 7.5pF .933 923 1.02
are exact, whereas measured lengths are only approximateg, — ¢, —s.6pF 1.6 133 137
causes some disparity in the resonant frequency of measured- 8.2pF,C, —3.6pF [ 2.02 2.10 2.14
results. Figs. 3-5 also demonstrate that(sis increased ¢ 13.0pf,Cs =2.2pF )| 3.91 4.01 3.70
Ci 18.0pF,Co = 1.2pF || 8.22 8.10 7.87

while decreasing’,, the @ of the filter progressively increases
(bandwidth decreases) as implied by (15).

andC; = 18.0 pF, C; = 1.2 pF having the highesf). This
C. Fixed Frequency, Variabl& Filter result can be qualitatively observed in Fig. 6.

As mentioned above, the important property of this resonant . ) ]

structure is that one can independently set@hand resonant D- Constant Bandwidth Tracking Filter

frequency simply by choosing the appropriate valuesd@gr  Another benefit derived from being able to independently set

and C,. As a result, it is possible to change tig of the the @ and resonant frequency is that it is possible to create a

resonator while leaving the resonant frequency unchangedfiier that both maintains a constatand changes its resonant

a judicious choice ofC; and C,. If variable capacitors are frequency. The values of’; and C,, which yield a given

used forC; and C,, a variable@ filter is created simply resonant frequency, and(, are obtained by simultaneously

by applying the appropriate voltage, which yields capacitangelving (9) and (12). In (9), a§; or C, is increased f, is

valuesC; andCs. The values of these voltages can be easilgicreased. In (12), increasin@, increases), while increasing

supplied by a look-up table based on the analysis provideddn decreases). These relationships guarantee that there will

Section Il be an infinite number of resonant frequencies for a gien

An example of using this resonator as a fixed-frequendyy the choice ofC; and Cs.

variable€) filter was created. Several cases with different In practice, a constar tracking filter is not as useful as

values ofC; andC, which yield the same resonant frequency constant-bandwidth tracking filter. To make this conversion,

were constructed. Resonant frequenfgyof 600 MHz, and the following relation between the 3-dB bandwidth afds

design frequency, of 600 MHz were chosen. Becaugg= used:

fa4, (10) and (15) were solved to yield the appropriate values of fo fo

C1 andC, for each desired value @). The results are shown Q= 7, —f,  Bandwidth (16)

in Fig. 6. These results are from actual circuits. In addition to 2T

using fo = f4 = 600 MHz, the following parameters wereWhere f, and f, are the lower and upper 3-dB points,

used: Zo = 50 Q and Zy; = 50 Q. Table | lists the values respectively. By simultaneously equating (16) with (12) and

of @ from theory, from modeled results, and from the actusing (9), the values oty and C; which yield a desired

circuitst for the cases shown in Fig. 6 [4]. Note that theréesonant frequency for a specified bandwidth are solved. In

is good agreement between theoretical, modeled, and acti¥§ way, a lookup table is created which relates the choice

Q values. From (15), increasing, while decreasing’; will Of C1 andC to the resonant frequencg, given a desired

increase( (and thus, decrease the bandwidth). This is inde&gndwidth.

the case withC; = 3.6 pF, C, = 7.5 pF having the lowest) An example showing the operation of such a filter is
presented. A bandwidth of 200 MHz with a fixed design

1Due to phase offset of the network analyzer, it was necessary to addfgﬁquencyffi = .600 MHz was chosen. Using a fixed 'deS|gn
additional phase length to the phase data for each circuit. frequency implies that the quarter-wavelength section used
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does not change for different choices of resonant frequencies.

This allows a constant bandwidth tracking filter to be created,
which changes the resonant point by simply changing the
voltage applied to the variable capacitors. In addition, thp
following parameters were used, = 50 € and Zy; =
50 ©2. We chose to sweep a range of frequencies from 4(
to 800 MHz. Thus, three cases were created. The first u
capacitance valuegs, = 17.3215 pF,C> = 50.7170 pF, which
yields a resonant frequengf = 400 MHz. The second uses
C; = 12.2996 pF, Cy = 9.1531 pF, which yieldsf, = 600 .
: . From 1991 to 1994, he worked for Decision
MHz, a_nd the third use€’; = 11.2905 pE, Cy = 0.7210 Focus, Inc., Mountain View, CA, as a Management
pF, which resonates afy = 800 MHz. Fig. 7 shows the Science Consultant. Since returning to the field of electrical engineering, his
results for these three choices. Note that even though fRgearch interests have primarily been in the areas of transmission-line theory,
;ﬁntenna design, and microwave heating.
resonant frequency was swept over a range of 400 MHz, the
3-dB bandwidth remained constant at 200 MHz. Fig. 7 clearly
indicates that using the capacitively loaded half-wavelength
tapped-stub resonator to create an effective constant bandwiglids
tracking filter is very viable.
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