
Defogging Microstrips
All intro to nticrostripline f ilters.

Jim Kocsis WA9PYH
53180 Flicke r Lane

South Bend IN 46637

T
his artic le describes microstip­
li ne filters. They perform the
same fu nctions as LC circuits

but don' , loo k anyth ing like typical
lines. r II show you how to design and
make your own. I ret raced my steps as
I was tryi ng to develop one. so you
wouldn't waste lime and make the
same mistakes I did . Let 's try to re­
move some of the fog surround ing this
topic.

I needed an input fi lter for a micro­
wave downconverter tha t I built. It
translates microwave frequencies to
VHF. Without a fi lter at the RF input.
the signal was noisy because the con­
vcrter combi ned both the desired sig­
nal and the image noise in the output I
had seen microstripli nc filters in corn­
mercia! equipment. but had no idea
how to design them or how they
worked. The filter I designed provides
noise-free signals. whereas before the
signal was covered with so m uch noise
that it was useless .

These fi lters can be used in equip­
ment for the +to. 90:! . and 1296 ~IHI

ham bands and the 1691 J\.'IHz weathe r
sate llite band (my application). They
arc useful at higher frequencies if test
equipme nt is available tha t can go
higher.

Theory

Microstripline fi lters can consist of
several grounded 1/4-wa velength-long

" ""
sections of pri nted ci rcuit track on
double-sided PC board. See Photos A
and H. The energy in one: element is
coup led into the next c leme nt due to
the ir close proximi ty. T hey resonate at

Plwto A. Fromleft . fi lters I, 2, and 3.

one frequency. j ust like a 1/4-wa \"e an ­
tcnnu. The loss through the fi lter is de ­
termined by the spaci ng between the
elements and the number of e lements.
The bandwidth decreases (gets sharper
or narrower) as the spaci ng be tween
clements is increased. and the loss

Cont inued on p age 20
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Photo fl. From /elf. filters -I. 6 (f itter 5 after trim], and 7.

board insulating material affects the ve­
loci ty factor because it has a dielectric

constant d iffe rent fro m that o f air. T his
make s the lines sho rter than they
wou ld he if the d ie lectric was air.

In this article . I'll di scuss two con­
figurations of micros tr ipliue filte rs:

comb and intcrdigital. In a comb con­
figuration. all the lines arc grounded at

the same e nd. In an imerdig'iral con­
figuratio n. the g rounded e nds alter­

na te . I obtained g reater loss w ith a
co mb configuration . T he graphs di s­
c ussed later will dem onstrate this
h igher loss.

'"'"'"

Development and design

T he first thing I always d o whe n
s tarting a new co ncept is to go o ver all
m yoId Issues of 73 Maga-ine, Ham
Radio, QST, and th e AURL Handbooks.
I a lso get RF Design at work a nd keep
a fi le o f articles that I think I m igh t

need 111 the future . A fte r spend ing
man y hours searching for in formatio n
o n niic rostriplinc fi lters. I found o ne
brief art icle In /-/(//1/ Radio (Ref. I),
one page in the A RRL UHF and Micro-

There is a th ird type of co nfiguration
that I d id not try. It uses 1/4 -wa ve lines

gro unded a t the input/output and 112­
wave floating lines for the imcrmcdi ­
ate lines. Sec Fig. I. I don ' t know
whet her thi s type has other desi rable
charac teristics . See Ref. 3 for further
dctai Is.

The actual lines shou ld he 50 ohms
impedance. because that provides a
good match to othe r devices (t he LNA.
m ixer, ctc. ). The inp ut and output track

sho uld al so be 50 o hms impedance .
For O.062 -incb g lass epoxy hoard , a 50
ohm line is u.f On-inch w ide. The 50
ohms is determined hy the line w id th
and the type and thickness o f substrate .
A good article on determin ing the im ­
pedan ce o f vario us thicknesses. sub­
strates, an d line wi dths was ref eren ced
by many othe r art icles . See Ref. I . To
obtain the d esi red 50 o hm impedan ce,
the input a nd o utput taps shou ld he
about 1/3 o f th e way up from the
ground e nd.
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Defogging Microstrips
continuedIrom pane /9

Increase s as the spac ing is increased.
(Compare Figs. 3 and 4. )

The a mou nt o f loss yo u can to lera te

and the bandwidth you requi re d eter­
m ines the spac ing. Yo u can ad d I11m c

cle me nts and get a sha rper filter curve

(s tee pe r sides o n the filter res po nse:

compare Figs. 3 and 5 1. hut more board

space is required . If yo u warn lo ts o f

rejec tion fa r fro m the passband and a
wide pass hand . you may have to stag­

ge r tun c the clements. maki ng eac h
e leme nt resonate at a s lightly different
freq uency. T here is no one tiller con figu­

ration (number of cle me nts and spac ing )
that is corr ect for every application.

S ince the 1/4-\....ave lines (wc' H ca ll

them lines instead of PC tracks) are

const ru cted above a g round p lane. the

.,"
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j
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-

Fig. I . Typical PC board «rtwori: (or
"jloaril/g I!.?-Il"(/\'c" design.
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and Microwave Experimenters Hand­
book listed an example of a filter but
didn 't provide much design infonna­
tion . The besr guidelines I was able co
ohtain came from Chuck Hougbton.
He sketched out some notes in answer
to questions I posed and said I would
have to experiment with the design.
The handwriting was on the wall ! It
was time to stop reading and start
making some filters !

Where I work. we use DOX (Des ign
of Experiment) and Taguchi methods
wherein wc vary one (or more)
parameter(s) at a time to see the effects
of each change on a given design. Us­
ing these techniques to develop the re­
quired fil ter. I would have to vary the
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wave Experimenters Handbook (Ref.
2), two very technical articles in RF
Design (Refs. 3 and 4). and some tech­
nical correspondence I had with Chuck
Houghton WB61GP about 7 years ago
(he does the excellent Above and Be­
yond column in 73 Magazine ). One RF
Design article didn' t really explain
how the filters function but was just a
computer program you could purchase
or enter yourself. The other RF Design
article discussed a lot of theory I didn' t
understand. The Ham Ra,pio magazine
article showed a little of what I was
looking for; it described 2- and 3-ele­
ment fi lters and demonstrated that 3
elements produce a sharper filter than
one with 2 elements. The ARRL UHF

Fig. J. Frequency response curve cffi lter 2, 3-pole• . / 00" spacing. interdigitai configuration.

Fig. 4. Frequency response curve a/ filter 3. l -pole, 5/16"spacing. interdigital configuration.
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Fig. 6. Frequency response ('III1'e offitter 5. 'i-pote. ./()()" spacing, interdigital cOl/figuratiol1.

18001150n ..1550"..

The o nly change to be made at this
po int was to change Fig. 7 so that the cl­
ements we re more fully engaged with
the corr ect length. The fi nished fi lte r
perform ance is shoevn in Fi~. 8. While
the fi nal design docs have more loss
than I thoua ht m v rcccivcr co uld tol er-o •
ate. it actually worked fine as-is fo r my
applicatio n. Later I'll di scu ss how to
reduce the loss o f the filter. If yo u mus t
change the length o f a filt er clemen t a
signi ficant amount to get it exac tly on
frequency. do n' t forget 10 mo ve the in­
pu t and o utpu t lines to 1/3 the distance
from the ground end. T his w ill re tai n
the 50 o hm input/output impedances.

Fi Iter line leng ths for the frequenci es
I tested arc as follo ws: 450 M Hz­
3.625 inches: 1400 MHz- I.OO inch ;
and 169 1 MHz--O.XS inches.

Making the filte r s

To compose the filter art work I used
the Paintbru sh so ftware that comes
with Windo ws 3 .1, Win95 . and Win
NT. You will have to turn on the coor­
dinates (X. Y ) to pro vide information
on the position ami d imensions o f the
filter c lemen ts. Use zoom so yo u can
see eac h grid sq uare. You shou ld a lso
have the gridlincs turned o n. This soft­
ware will g ive yo u O.O I- inch resolu ­
tion. which is adeq uate for th is type of
filter work and most other PC artwork
you may need .

Se lect bl ack for the co lor. then beg in
clickine alon e the outline o f the tracko 0

you need. Arter this usc "fill" (the icon
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given spaci ng and number of clements.
In Fig. .j. the lines we re placed farther
apart. Note that the loss at the pass fre­
q uency is very high (- 17 dB ). In Fig. 5
the number of eleme nts was increased
from 3 to 5 . Thi s change provided
steeper sides. ind icating more atte nua­
tio n of unde sired frequencies.

Fig. 6 shows a filt er that has the
proper spac ing . It' s an imerdig hal con­
figurat ion and was purpose ly made too
long so that it co uld he trimmed to reso­
nate at the desired frequency (1 691
MHz). After trimmi ng , notice in Photo
Bfb) that the cle ments are no lo nger
fully engaged . Th is showed up as more
attenuatio n than I thought should be
present (- 10 dli }, although the curve
had the correct shape.

M",......,..,..
•

.as

•"·25

Photo C. BOt/OIII I 'inl ' (d"SMA COlll1ectors.

spacing . try both imcrdigita l and com b
config urations. and vary the number of
c lements until I obtained the desi red
bandwidth and loss.

I begun by building a filter that I
co uld eas i ly test and ana lyze with o ur
com merci a l generato r. Both the fre­
quency and leve l can be set acc urately.
The fi rst filter I built resonated at
around 450 :\1Hz. we ll wi th in the
range of both the spectrum ana lyzer
and the commercial sig na l generato r. I
plotted the data showi ng the pcrfor­
mancc of each filter a fter it was built . I
made more filt ers that had different
spacing. a di fferent config urat ion. and
a differe nt number of cleme nts. Plo ts
o f filter performa nce vs. fil ter type are
sho wn in Figs. 2 throu gh 8. See a lso
Photos A, R, and C.

Flgs. 2 and 3 show the diffe rence he­
t\vccn como and intcrd igita l con fi gura­
lions. Comh fi lters have about 3 dB
more loss than in tcrdigual ti llers for a

FiR· 5. Freouencv response ("II/W offittcr-i. 5-po/e, .uxr: spacing, interdigital coefiguratton.
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After printing the track onto the spe­
cial media. use a common clothing
iron to transfer it to double-sided
copperclad board. I've used both lite
paper-based and the blue plastic film
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product is very easy to usc. It requires
that you have a laser printer to print the
track image on their special media , See
Ref. 5. (I've used Press-n-Peel to make
these filters and several other boards
and only had problems the first time.)
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Fig. 7. Frequency response curve offilter6; this is filter 5 trimmed to peak at 169/ MHz-

looks like paint being poured from a
can) to complete that section of trade
Make sure the outline is solid, c r else
the entire image will be filled in. (Use
"undo" if you missed a grid square.)
You should start ncar one comer,
working out from that corner toward
the center of the work area. The soft­
ware provides a 6.4" x 4.8" working
area. I recommend starting at an even­
numbered grid square, say 100,100.
That way you can make the track
width the required 0.100 inches.

The spacing will be what you deter­
mine to be best for your application.
and the length will be what you need.
Note the difference between the coor­
dinates of the upper left and lower
right of a given track. and that will
give you track width and length . For
example , assume the upper le ft is
100,100 and the lower right is 300, 110.
Subtracting the first point from the sec­
ond, you can determine that the track
is 2 inches long and 0.100 inches wide. I
recommend putting a single line "test
pattern" near the edge of your board
(away from the filte r e lements) that is
exactly I inch long and has a short per­
pendicular line at each end. This test
pattern is shown in Fig. 9. If thi s line is
exactly 1 inch long on your printed art­
work then the rest of the artwork is ac­
curate. If not, then the rest of your
artwork is wrong. Verify that you have
the scaling set to 100%.

I used Press-n-Peel to transfer the
artwork to double-sided board. This
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Fig. H. FIl.'qllt'IlCy response curve of fil ter 7. 5-/J( )/e..J(x r spacing, interdigitul configuration.

Summary and other changes

As yo u can see. I bui lt a lo t of filte rs.
By keeping characteristics that he lped
pe rform ance (O.100- inc h ins tead of
5116" spac ing, using an irucrdigital in­
stead of comb co nfiguratio n) and dis­
cardi ng ones that hurt performance. I
\vas able to get close to the desi red
handwidth and loss.

You will need access to a spectrum
analyzer a nd a yeO at a mi nim um. If
yo u don ' t o wn an analyzer. perhaps a
broadcast eng ineer at a local TV/FM
station (hopefully a ham ) can let you
usc theirs. The veo is adequate for
the home ex perime nter. Of course. a
generator is e asier to use .

These filte rs are not made for trans­
mitting applications. I don ' t know how
m uch power they can hand le. since my
applicatio n was for rece iving . I didn ' t
have any eq uipment to measu re SWR,

made using Excel software and data I
recorded manua lly.

The HI' gene rator I used only goes
up to I I00 ~1Hz. I needed a II Iter that
ope rates at 169 1 :'vlHz, and I needed to
test it we ll above 1691 Ml'lz. To test
abo ve 1100 Ml-lz, I used a POS-2000
veo from ~1ini ·ei reu its (Ref. 6) . T he
veo costs $20 (plus handling/shippi ng )
and covers 1300 MHz to 2lXXl ~tHl

with about 15 milliwatts output power.
They make very good . rugged v eos.
They arc a ll 50 ohm o utput impedance
and cover frequencies from 10 M H/. to
2()(x) MHz. Obtain the data sheet that
covers the unit you usc. They are tuned
o ver the range with a pot as shown in
Fig. 10.

You"ll also need to design a simple cir­
cuit hoard for this "generator;" The
veo's pins arc all o n 0 .100" centers. so
the layout is very simple. I rec ommend
gelling a co py of their RF/ IF Designers
Handbook and VCO Designers Hand­
book. Sec Ref. 6. They have ex tensive
and very useful theory and practical de­
sign and construc tion information on
various types of microwavecomponents.

I used SMA-type con nectors to
coup le signals in and o ut of the fi lters.
I bought used o nes at a hamfest for SI
each. New ones cost SIo. They mo unt
on the edge of the board as shown in
Photos e a nd D.

1BOO175011001650""

Testing the filters
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types. and prefer the latter, I use
Scul/,;h13~1 Super 13+ electrical tape
as a resist for the ground plane. Hand le
the hoard very carefu lly when attach­
ing the tape. The track resist on the fil­
le r side call come off if you scra tch it
too hard . r used c tcham from Radio
Shack that I heated with a 100 ....utt
spotlight held about (l inches above a
small plastic tray. Please d Ol/ " po ur the
used ctcham down the d rain! It wi ll eat
metal (it ale the copper from your hoa rd.
right"). so must he di...carded properly at
a hazardou s mate ria l han dli ng station .

To ground the one end ofeac h filter el­
cmcru. I drilled a small ho le (O.044· inch­
diameter). pushed a small wire through .
hem the wire o ver on both sides. and so l­
dered it on both sides. Make sure that
you arc drilling all ho les the same dis­
tance from the ungrou nded end. or else
the lines will he a different physical and
electricallength. thus spoi ling the shape
•.md performance of the filt er,

I don 't know ho w close the e nd of
each element can get to the edge of the
hoard before filter performance starts
to suffe r, I used a minimum 1/2 inch
spacing all aro und the hoard .

Co nnect yo ur signa l generator to the
spectrum analyzer and adj ust the le vel
of the generator (if yours is adj ustable)
until the disp lay reads nearly fu ll scale
so yo u can use the fu ll range of the
analyzer. Then insert the fi lter to he
te sted in line between the analyzer a nd
generator. Vary the frequency from the
lowest to the highest frequency of in ­
terest. The lowest should he well he­
10\v the "image" frequency of yo ur
converter if yo u are bui lding a lowsidc
injection converter.

The range ove r which yo u test the
fi lter should include a ll freque ncies
you want to reject and pass. In my
case. I wanted to pass 169 1 ~1 Hl and
reject 141 6 M Hz, since 141 6 MHz is
the "image" o f 169 1 MHz. The image
frequency is two times the IF lower than
the frequency you want to receive. [My
IF ;s 137.5 ~H, ; 169 1 - (2 x 137.5) =
14 16 .] Plot the freq uency vs. Jeve l o ut­
put every 25 ~1Hz (more or less. de­
pending upon what kind of resolu tion
you need on your filter 's performance).

Note that the level without the fi lter
in line is the start ing level. All the data
points with the fi lter in line arc below
the start ing level (negative d B). The
fi lter ideally would have no loss (0 dB )
at the center freq uency and lots o f loss
(-40 dB or more ) away from the center
freq ue ncy. Plot the data points you
took using axis scales as shown in

Fig. 9. Primer scaling test pattern. Figs. 2-8. The plots shown he re v..-ere
24 73 Amateur RadiO Today • September 1999



P OS - 2 000 "

~.~

Photo n. Top view of SMA connectors.

so I couldn ' t determi ne the inpu t and
ou tput impeda nces . They may be
slightly different from 50 ohms and may
be reactive (capacitive or inductive).

Tuning capacitors ca n be added at
the ungrounded e nd of each line in the
fi lter to allow the ce nter frequenc y and
passband to be va ried or if yo u want to
tunc the filter exactly on the desired
frequency. If yo u want to e xperiment
with th is feature. make sure yo u use
high q ua lity piston-type capacitors. Be
aware that they are not cheap! I bought
some at a hamfcst j us t in case I needed
them. They were 55 each. That's 525
for a five-e leme nt fi lter! I prefer to
make the passband a little wider than I

+2 0 V

1 0K
1 0 tur n

Fig. 10. veo schema tic.

rea lly need- Thi s ensures that the fre ­
q uency you want to pass unattcnuated
will be in the passband. At the higher
frequencies (over 1(0) ~lHl) . only a
fe w picofarads of capacitance is needed
to move the frequency of each line many
megahertz. To increase the bandwidth
by a large amo unt. the lines should be
stagger tuned (each line is tuned to a
di ffe rent freq ue ncy so the overall re­
sponse is a summation of the ind i­
vidual re sponses). This requires a
tracking sweep generator that all ows
you to get an instant picture of the
filter' s response c urve. I understa nd
that tracking sweep gene ra tors are
q uite rare , so if yo u have access to one.

+8V

RF Ou t

consider yo ursel f very lucky! The al­
ternative is to use your e xisting se lUp
and plot the results of each tuning ad­
justment you make . Obviously. th is re­
q uire s infi n ite patience a nd good data
taking/analysis ski lls.

The cos! o r materia ls is very low.
Doub le-sidell 0.062" glass epoxy circuit
hoard is available at larger ham fests. The
Press-n-Peel is the most ex pe nsive
item you"Il have to buy, It runs around
SI for an 8-1/2 x II sheet. If yo u want
to be real cheap (okay, conscrvative lj.
you can usc part o f a shee t o f the
Prcss-n-Pccl taped to a full- sized shee t
o r regular printer paper. Run a test on
regular pape r to see where to tape the
Press-n-Pccl. Put th is "carrier" paper
in the printer paper bin a nd print yo ur
artwork.

I enjoyed making: the fi lters. analyz­
ing: the data . and learning how each
variable affected filter performance. If
yo u dec ide to try the techniques de­
scri bed he re. p lease writc me a nd let
me know how yo u did. I wou ld enjoy
hearing from yo u and am will ing to
provide help a nd share all my no tes.
Please se nd an SASE (thanks!}-I' n
cover a ll the copying costs.

Many thanks to my wife Yvonne for
proofreading the text o f thi s article .
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