improved grounding
for the

1296-MHz microstrip filter

Construction technigues
for improving

the performance

of the three-pole
1296-MHz bandpass
microstripline filter

The 1296-MHz microstripline bandpass filter |
discussed in a previous article has allowed dozens of
uhf experimantars to “clean up their act” on the 23-
cm band.! As shown in fig. 1, the filter consisted of
three top-coupled parallel-resonant circuits with
graundad microstripline inductars. The filter is easy
to assamble and tune, but several amateurs who
hawve built it experienced difficulties caused by erratic
stripling grounding, The new design presented hera
eliminates those difficulties and provides lower inssr-
tion loss and steeper skirts that will not tend to
degrade as the filter is used,
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The grounding of tha microstriplines in the original
design was accomplished by wrapping a thin brass or
copper strap around the edge of the PC board, sol.
dering It to the stripline on one side of the board and
the groundplane on the other. Although this method
of grounding worked wall in the prototypes, the
stripling inductance is & funciion of the placement of
the grounding strap. Furthermore, the strap’s place
ment on the edge of the board makes it extremely
susceptible to physical damage, especially when
installing or rermoving the filter board from its box, A
third difficulty with wraparound grounding is that it
forces the end of the microstripline inductor to ex-
tend to the edge of the board, where stray coupling
can cause the tuning of the filter to chenge when the
unitis placed inside an enclosura.,

All of these difficulties can be easily eliminated by
placing the grounded end of the microstripline induc
tors somewhat away from the edge of the board and
drilling through the board for the installation of &
grounding wire or post. With the ground connection
running through (rather than around) the board, its
machanical integrity is assured, and the groundstrap
inductance is more nearly constant from one filter to
the next, especially if the diameter of the grounding
wire or post is specified,

By H. Paul Shuch, N6TX, Microcomm, 14908
Sandy Lane, San Jose, California 95124



Although a short length of number 18 (1.0 mm)
tinned copper wire makes an acceptable through-
board ground connection, maximum grounding ef
fectiveness and mechanical integrity, | have found,
can be achieved by installing small slectronic eyelats
through the board, setting them with a press, and
soldaring both sides, The eyelets | use are made of
thin brass, measuring 0.47 inch (1.2 mm] diameatar by
0.083 inch (2.5 mm) long, They look somathing like
tiny rivets, The eyelets are available from a number of
vendors® and can be easily set using a center-punch
[ar sharp nail) and hammer.

grounding the trimmer capacitors

Another area of difficulty encounterad by several
raaders is the grounding of the piston trimmer capa-
citors, The capacitors | originally used were designed
for chassis mounting, so it was necessary to modify
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J1,42  SMA or equivatant microstripling launchers (EF
Johnsen 1420098 001 or simmilas)

L1, L2, Microstripline inductor, 0.5 {13 mm long, 0.1712.6 mm)

L3 wide, spaced 0.37 (7.5 mm] center o center. Bottom
wnds strapped 10 ground plane with thin coppaee strap

X1, %2 S0-ohm microsmipling, 0,17 (2.5 mml wide, any ength
Centerling wapped to L1 and L3 0.2 |5 mm) from
groundssd end

fig. 1. Three-pols microstripling bandpass filter,
wihich will tunm tha range trom 1100 to 1500 MHz.
Full-siza printed-circuit loyout for this fller is
shawn infig, 2.

them for circult-board use by adding a bus-wire loop
around the terminal nearest the adjusting screw (sea
fig. 4 of reference 1). It would have been better to
use a trimmer specifically designed for PC use, with
legs installed for grounding the rotor end through the
circuit board. One such capacitor is the R-Triko 202-

*(inn scoeptable syelrt b part numibar FATH-A, avallatsle from Intermation
il Evabats, lng . 528 Sonia Busbars Streei, Sania Barbara, CA 53107
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fig. 2. Full-size printed-circuit layout for the thres-
pole 1236-MH: bandpass fllter. Etched on double-
elad 1/16” (1.5 mm)| fibarglaas-epoxy circuit board:
tha unatched side serves as 8 ground plana.

0BM, a German ceramic piston trimmer available in
the required 1-t0-5-pF range.* | find filters using this
capacitor easier 1o tune up, although | caution the
builder against repeated adjustments because the
twning mechanism loses spring tension and becomes
erratic after a couple dozen adjustments. The best
procedure is to set the filter on frequency once, and
then place a dot of nail polish, epoxy paint, or Loctite
on the tuning screw as a reminder to leave it alone!

assembling the modified filter

Fig. 2 is a tull-size printed circuit layout for the 3-
pole bandpass filter, modified for through-board
grounding. The board should be etched from doubile-
ctad 1/16-inch [1.5-mm) fiberglass-epoxy printed-cir-
cuit stock, with one side left unetched 10 serve as a
ground plane. The board should be drilled in the
same manner as the template in fig. 3 and the three
eyelets installed at the bottom end of the micrastrip-
lings. ¥ Don't forget to remove a bit of ground plane
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fig. 3. Full-sire drilling tamplate for the bandpass
fittar board

*Thess capocitors Bre ivalable in the Unted States hrough Soeane
Trusty, tne, 5T Albany St Cogenows, MY TEI05.

tCamploioly wichoed, difled, and plated grmied cortul hoanis, with the
thoie eyeleln inutafiad, are syailobie lor 4 50 postpesd within the U 5. wod
Canada, 55 00 slsestore, from Merovonrn, V008 Sandy Lene, San Jose,
A 95120, Complebyly pesembled. futed, and tested Tt soe aleo ol
gibe. Sand @ stamped sel -adkdaased nnvalope Tor datsde.
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fig. 4 Effect of the bandpass filter on & 1286-MHz local
ascillator chaln Erluclruln dunlny at top shows the various
spuricus outputs of & poorly designad LO. Spectrum at bot-
tom ia tha result of passing the LO signal through a three
pole bandpass filter of fig. 1. The worit remaining apurous
gaomponent s suppressed 25 dB | (Both displays: de -1 8 GHr
swaap: horizontal scale, 200 MH:/ division. vartical acals, &
dB /division.]

matallization from around the centir-pin holes for the
input and output cosxial connectors so the signal
wn't grounded out. A 1/8-inch (3-mm) twist drill,
used a5 & deburring tool, works well for this oper
aron

Connectors J1 and J2 are installed next, soldaring
the center pin to the input and cutput microstrig
lines, and running @ bead of solder around the con
nector body on the ground-plane side of the board
The trimmier capacitors are installed last. If you use
the recommended Triko trimmer, be sure to bend the
rwo mounting legs nearest the adjusting scraw down
against the ground plane before soldering. The
photograph of the completed filter will assist you in
assembly.

filter parformance

Reference 1 included a swept response curve for
the orginal bandpass filter, as measured on a net-
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work analyzer. The response curvi for the modified
filter design shows shightly reduced insertion loss [en
the order of 0.5 dB) and slightly stesper skirts. Per
haps thé most realistic indication of filter parform
ance 15 not its swept response, but the filter's
behavior in an actual system. Fig. 4 shows the effect
of installing the bandpass filter betind an extremaly
spunous local oscillator chain. Note that the numer
ous spunous componants are all significantly sup
pressed, with the worst remaining spur reduced from
-6 dB 1o about - 25 dB, relative to the desired
it

Fig. B shows the results whien the filtar is used to
clean up the output of @ praviously published trans
mit balanced mixer,2 Notice that the i-f feedthrough
signal and its harmonics, the LO feedthrough, the

fig. b. Effect of the three pole bandpass filtar on the output
of a 12968-MHz wanamit mixer. Spactrum display &t toep
shows the cutput from a singly balanced diode mier, viei
ble spuricus componenta include the desired signal and
image. soma LO feadthrough, a very strong component of
the i-f injection, and [ts second and third harmonics, and
trangmit intormods (resuiting from these harmonics mixlng
with the LD signall, With the thres-pole bandpass lilter
Installad in the system, the spactrum (bottom photol shows
that all spurious outputs have besn sttenuated by mor
than 25 dB, |Both displays: de - 1.8 GHz sweep; horizontal
scale. 200 MHz/ division: wartical scale, 5 dB/ divizion. |
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fig, 6 Circuit and construction details lor a local-oscillator multiplier which provides 06 mW st 1200 MHz fraom o 5 miV 400
MHz drive signal. This cireult uges the sama printed-circuit layout as the bandpass filter (ses fig. 21. Qutput spectrum of this

circuit s shown in fig. 7

image signal, and the intermodulation products are
all suppressed below the dynamic range of the spec
trum analyzar.

local-oscillator multiplier

In a previous article | described a diode multiplier
for developing local-oscillatar injection for a 1296
MHz converter.3 As this multiplier used & microstrip-
line output filter, it seemed reasonable to assemble a
similar rultipliar on the bandpass filter PC board,
thus allowing one PC artwork 1o do the job of two.
The circuit, which makes a rather nica low-level trip
fer. ig shown in fig. 6. Note that the microstrpling
previously associated with the first filter pole IS now
used to support the multipher diode and its input
matching circuit. Do Aot install a grounding eyelet on
this first stripline if you are building the multiplier|
The ather two filtering poles help reject the many
other harmanic components generated by the step-

fig. 7. Dutput spectrum of tha 400 MHz 1o 1200 MHz LD
multiplier. Note that the tripler circult provides soma dagras
af filtering of the 400-, B00-, and 1600 MHz compongnts from
tha step recovaery diods

recovery diode, as shown in the spectrum analyzer
display of fig. 7. When driven by the 5-to-10 m\W sig-
nal from my uhf LO chain, this multiplier provides
ghout 0.5 mW of third-harmaonic output, This power
level can be easily butfered in a 1296-MHz preamp, 4
applied to a 3-pole filter for additional spurious rejec-
tion, and usad to drive the LO port of a transmit or
receive balanced mixer.

| should point out that the circuit of fig. 6 provides
ne de raturn for the anode side of the multiplier
diode, A de return is necessary for the diode to prop-
erly develop self-bias; in my systam this dec path Is
provided at the output of the uhf LO. If the driving
stage does not offer de continuity to ground, it will
be necessary to install a de return circult on the multi-
plier board, This can be most readily accomplished
by adding a small {0.33-gH) rf choke to ground at the
location normally occupied by the first trimmer
capacitor whan this board is used asa filter.

summary

The printed-circuit ayout can be used to fabricate
high-guality bandpass filters and dinde rmultipliers for
the amateur 23-cm band, The designs are based
upon pravious articles, but the addition of through-
board eyelet grounding significantly improves per-
formance and reliability. Further details on construc
tion, tune-up and testing, and system application are
discussed in reference 1.
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