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Eard y in 1958, this 1 aboratory devei oped a microwa"e receiving 
system woich Int!htded a miero.1 • .r11e f i 1 tar and detector IOOl!lnt. This 
f I lter· 1represemted what, at tha,t time~ seemed to oo 11 the best compromise 
in e f ii ter-crystai mount des i 91, that \'100! d meet the phys i ~al an~. 
elactiicaJ ~equirements. New, having a need for a very similar system 0 

it is desirable to 1f~k back upon the po-evlous design to see what im­
?i''Ovemernits ca1i be maci-e or whether a -complete change in ·the basic design 
would be advantageous. 

B~fore cH sctllss i ng the design of the f i1 ter, a few p.ar.agrap9\ls are 
devoted to t~e design limitations imposed by the deteGtor crysta!so 

A crystal has an equivalent circuit which depends upon both the 
cn1staJ mos.mt and 'the eppl ied ck bias eu~·r-ent. Considerable de.tsi has 
been recorded on the AA-408-and 1H23E crystais in various coaxial 
detector mounts to determine the tmpedsnce characteristics and the 
spread ir, the 4:i'tar6JC:teristics of several siimphis of a giver1 crystal t~fpe. 
Special data W@S rec:oi·&ed for this ~iscMssioii"e oo a ffH:er fabrtcated 
during the earlier program. The relative frequency response has bee~ 
recoti"dorad for several crystals t..ii th appi ied bi as current as a parsinater 
whiue mahri:ainireg a constant t.f. slgrian level fnto the filter. Figune 1 
is the relative frequency response of the filter-detector operating 
at zero appited d-c bias and containing a~y one of six MA 4088 crystalso 
Since new cryst@h were not i'.ivail&ble for this testt It w2<s neGessary to 
use crystah of vi1°t1.B~Hy t.mk,,c,,m history. 1he points indicated in 
Figure l ar.e the relative Joss at the peaks ~.nd valleys of the "response 
curves. The ootp,ut of the various crystah is iocated within Ute sihi~ded 
area betw~n the 1 imit curves. ijt should be noted that ~t the tao11ar 
frequency cut-off (f1) the va,iatlon in the detected output from crystal 
to crystal is 10.3 db with zero bias~ 

Figure· 2 indicates that a bias current of 10 mlcrOGlmperes Improves 
the sensitivity eonsidarabJy~ and the variation from crystal to crystal 
reaches a maximum of 4.6 db slightly below fu; ~io11Jever, withifl a 
particuiar pass band off; to f2 1 the maxim~~ variation is 2.5 dbo With 
tete bias current increased to 25 micr-o.wnperes, the crystal spread within 
the pass band Is a ma~imum of l .8 db at a frrequency nea&· f2 as !ds~m in 
FigtJ.ire 3.. The ave.rage sensitivity oven- -tlhe pass band at ·25 microamperes 
bias is not as good as for 10 microamperes bias because the ·re,tlflcatlon 
efficiency for most detector erystais ts optimized in the vieinlty of 

10 microam~res @iss. Hew-ever. the minimum sensrtlvfty at 25 micro­
smper·es is no less than the minimum sensitivity with JC mi~roamperes 
bias current. 
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Fi gul"@ ·4 shows an even greatei'· reduction in spread wl th 5Q 
rnicroampeires bia::,. The data spret:d is l.2 db or less over most of the 
pass bando The application of 50 mlcroamperes of bias changed both 
the reactar:c:e and resistence of the crystal sufficlent1y to move the 
lower band edge a few megacycles. 

From the test data, It can be cooc1uded that a bette1· uniformity 
in detection characte~istics can be obtained by increasing the bias 
current. The manufacturer of these detector crystals rec01ll11lends that 
a forward bias current of 50 microamperes be ~sed to obtain best uni~ 
formity in operating characteristics while retaining a reasonable sensi­
tivity. To obtain better uniformity in the present filter units~ it 
is recommended that the bias current be Increased to between 25 and 50 
microampereso A slight re-tuning of the seventh resonator should 
improve the sensitivity to a value almost as good as obtained with 
20 microamperes bias. 

3.0 SLM LINE FILTER 

The original filtei·-detectoT unit utii ized .:,11s1ab 1 ine techniques'·' 
to accompl lsh ai fll ter that is near the ultimate In simp1 ic:lty and 
compactness. The basic ftlter requires very few parts with th2 mini­
mum number of exacting tolerances. The compactness comes fran the fact 
that the resonators are physlca11y shorter than a quarter wavelength. 
The weight of each unit including the filter and crystal mount is 
1°3/4 ounces. An outline drawing of the unit appears in Figu~6 5 
and a drawing of the internal parts of a similar type filter is shown 
In figure 6. • 

The basic filter has the limitation that It has a perfect pass 
bancll at all odd harmcn i cs. • Although satisfactory equipment operat I on 
was achieved, the undesired her~ic responses were not as effectively 
eliminated as they could ba with the present filter nknow-how'1 o 

The previous method forr_ eliminating the third harmonic utll lzed a 
tuning circuit on two-of the resonators to detune the third harmonic. 
This harmonic suppressio.,, technique would have been more effective If 
three resonators had been made anti-resonant; however, the tuning of 
these special circuits was so critical that no more than two were con-
sidered feasible. The higher harmonics were eliminated by the same 
de-tuning scheme plus the natural characteristic of the crystal detector 
to become a poor rectifier above 10 9 000 me~ 

During the period s i nee ·the previ cus f ti ter development, a very 
complex RF head has _been designed which contained 12 slab Jina· type 
bend pass filters in the receiver, 12 in the transmitter, and 18 in ··• 
the local oscillator system. Ot also contained 24 band reject fl1tersp 
several direction@! couplers, and many crystal mixers in printed 
sandwich Jineso Due to the complexity and scope of this design effort, 
a great deal of engineering "know-haw" was attained in addition to the 
computation of a more complete set of design characteristics for slab 
1 i ne f i lters . 
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The slab line filter requires two basic improvements in the 
operating cha•·acte1•i st i cs: (J) a more consist ant response I 11 the 
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pass band and (2) a better suppression of undesired harmonics. Both 
improvements can be made by sii11ply using a method of harmonic suppression 
which does not introduce critical tuning adjustments into the bandpass 
filter. 

Low Pass fi 1ter 

One method of suppressing the undesired harmonics is to add a 
low pass filter of the· type shown in Figure 7o This type of filter 
uses tr&nsmi ss ion 11 nes to form a i l.!mpeol paramete!" 1 ow pass f i l te1·. 
Unfortunately, this filter does not behave as a low pass filter at 
the higher microwave frequencies; hence, it can have spurious responses. 
If the filter shown in Figure 7 is designed with the high character-
istic impedance sections being a quarter wavelength long at the third 
harmonic, the third harmonic will certainly be suppressed. If two 
of the low characteristic: lmpedEmce sections are a quarter wavelength 
long at the fifth harmonic and two at the seventh harmonic, the fifth 
and seventh harmonics will also be suppressed. Hence. the 11 low pass" 
filter must be designed to assure that its reject bands include the 
frequ~ncies that are to be suppressed. The low pass filter does have 
several disadvantageso First~ the additional fi1ter sections increase 
the I ength of the uni t by 1 -½ inches and the 1.'lle i ght by approx i rnaitel y 
one ounce. Secood, the low pass filter has extremely difficult manu­
facturing and assembling tolerances a 

3.i .2 ~oaxia1 B!,!!d Rejection Filter 

The coaxial band rejection filter of Figure 8 could be used to 
eliminate the third harmonic and de-tuning techniques to eliminate the 
higher harmonics. This de-tuning wii1 be less critical than when used 
for e1 imination of the third harmonic. 

3.1.3 :SJaib-Line Band Rejection FIiter 

Since the low pass filter has several pass and reject bands at 
the microwave frequencies, band rejection techniques will give equally 
good results. One type of strip 0 lirae band rejection filter has been 
proposed by E .K. T. Jones ancl Jo T. Bol I j shn1 is show1, in Figure 9 as 
modified for slab··1 ine techniqueso The design equatfons differ from 
those of the reference in that mo~ern fi 1 ter theory s·houl d be usedo 

Gtze± 

1 11Coup1ed-Strip Transmission Filters 
E. M. T. Jones and J. T. Bolljahn, 
on Microwave Theory and Techniques, 

~, 
~-~ 

And Directional Couplers", 
Page 79,- 81, IRE Transactions 
Volume KTT-4, No. 2, April 1956. 
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Another band reje1:tion scheme that ls particu1araJy applicable 
to this problem has been used in coMplecl sti·ip transmisslo» I ioe filters 
for ei iml 11at ion of even ha1·moni cs. 'fhe q;oupi i ng between resonatof's 
is in the form of a quarter w&veh1:n9th direct i ooal co:upl er o At all 
even harmonics, the voltage coupling coefficients of the dire<:tiooa1 
couplers are zero. effectively eliminating these harmonicso With 
such a filter, the odd hai"monic response is still pr-esent. 

In the slab line filter, t~e resonators are anti-resonant at 
the even harmonics; hence, some of the C<.id harn10nics can be el in'4inated 
by malt. i ng the di rec ti onal coup 1 er be twee~ resonEitors an even number 
of quarter wa1(1elengths long at the undesired harmonic frequency.., In 
the original filter units 0 the resonators have .si·p&lysica1 length of 
60 degrees to the fundamental end 180 "9eg~ees to the third hsrmonic; 
however, the capacitive tuning screws give the resonators electrical 
lengths of 90 degrees and 270 degrees respectiveiyo The electrical 
length of the directional coupler- is effectively 90 degrees because 
the capacity is not contained within the center conductoro If a 
hole Is drilled into the tips of each of the resonator post in such 
a manner that the tuning screw does not contact the sides of the hole, 
the effective electrical length of t~e directional coupler is 
reduced to t,1e required length for suppression of a particular harmonic. 
If the characteristic impedance of the transmission line comprised 
of the hole a11d tuning screw is properly selected, the third harmonic 
will be effectively eliminated aod the tuning adjustments will no 
longer be critical.· It should be pos$ible to design the seven 
resonators such that four eliminate the third harmonic and three 
eliminate the fifth ·.harmonic as $hewn in Figure Io. 

3ol .5 Recommended·Methpd of Harmonic Suppres!l,2!!, 

The Ctatrmonic decoupl Ing technique should be given primary 
coos I derat ion bacawse it requires a minirnun, of modification with 
no increase in the filter size. 

If the harmonic rejection is insufficient, the addition of Q 

band rejection filter section wlll improve the rejection with a 
minlmwn inc:rease in si~e or weight. 

Impedance Hatch Of 1:he Detector Crystal 

The fitter is us,a as a br0&1d bandwidth in'lpedance matchiftg 
trans:fiormer for t~ crystal. Fer this re&son. the crystal mo-ll!nt is 
made sn· integral pGrt of the filter. A perfect impeda~ce nwteh to 
the crystal ~ou1d not be achieved wltWi 20 microamperes bias because 
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the crystal and mount behaved as a multiple tuned circuit with a "Q.' 1 

value that was too higho A higt'ter bias ct1rrent is known to ,~educe 
the 11Q11 of a detector crystal; hence. a better impedance match can 
be expected if the f ii ter is re-des i gneci for a higher bi as cun·ento 

4o0 PRINTED MICROWAVE BANDPASS FILTER. 

4.1 

Considerable interest has been exptessed in the possibit ity of 
designing the mi c.rowave f i 1 ter to tut i 1 i ze printed c i •·cu i t tecpn i q1nes o 

.During the design of the previous filter unit, printed circuit filters 
were included in the preliminary investigation, but rejected because 
of the requi i"ed form factor of the fi I tero This sect ion wi Ji deal 
w i th the des i gn of a pr i nted bandpas·s f i 1 ter. 

TYP!;S Of Printed Microwave Transmission Lines 

Three types of printed microwave to'·.::msmlssion lines. microstrip. 
sandwich I ine~ and air die1eet,ic strip line, are illustrated in 
Figure 11 o Of these three J i nes, san•J i ch 1 i ne is the most adapt_ab1 e 
to the requirements of the filter b~ause of its basic t·uggednesso 
The microstrip line cannot be used because of its extremely high 
radiation loss when resonated. Air dielectric strip line is not 
recommended because of the size ,and weight of the supporting structure. 

4a2 Coupled Transmission Line Filter 

Of the various types of transmission 1 ine filters. the coupled 
transmission line filter appears to be best for the application becaMse 
the manufacturing tolerances are much less severe than those associated 
with the filter types ~ontaining se?ies capacity coupling between 
resonat'fors. ·rhe reproduc·i bi 1 f ty of the f i 1 ters is .better than ts 
obtainable from other types of printed microwave filterso· 

The coupled transmission line filter is represented in Figure l2. 
The strip ceftductors are ·shown, but the top of the ground plane and 
dielectrics are 0111itted for simplification. The description of this 
type of Pfinted microwave filter was first published by Jones and 
Bo11jahn. Later. an improved theory for the bandpass case was 
pub 1 i shed by S .. B . Cohn 2. Al though titi s theory i s qui te accurate, 
some cut and trry ls.required bafqre the filter design is acceptible 

.since the~e is no way to tune ei'IC~ resonator after assembly. 
Tuning is accomplished by changing resonator dimensions on a new 
photographic negative by optical projection techniques. 

2 "Parallel Coupled TransmiS$ ion live Resonator Fil ters11 

IRE Transactions on Microwave T~ory-and Techniques. 
April 1958, Pages 223-231. 

SaB. Cohno 
Vol • KTI'-6, 
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4.3 Spurious Re._fil!!an~es Of The S~wieh Line Filter 

The sandwich iine filter contains half wavelength resonators 
which, ii ke a s I ab 1 h,e f i 1 ter = w i 11 resonate at all ba1·mon i cs . 
The even harmonics are suppressed in the coupling between resonators 
because the coupling eoefflciet1t is zero at the frequencies where the 
electrical length of the coupling region Is even multiples of 90 
degrees. The odd na1·mcmics are not suppressed· and have a bandwidtt'II 
comparable to the fundamental frequency. 

The odd harmonic outp1ats ca11 be el im·inated with band rejection 
f i 1 ters tuned to the thi r-d and fifth harmo,u. i cs. Mi giler frequency 
harmonics ai"e eliminated by the tremendous reduction of the crystal 
detection efficiency. 

4.4 OeteGtOf' Crystal For SandiAli!:,h Li;~ Filter 

The ordin.avy cartridge type crystal cannot be used with the 
sandwich line filter beeause the associated crystal mount makes the 
over ~ali uni t too 1 a,ge for normal pa,ckag i ng cons i der at ions • A 
new series of micromi~latuve crystals have been introduced by Sy?vania 
which are almost as small as the tip of a cartridge type c:rysta1o 
These mi cr-omi 1, i .sture erys tal s came \\! i th attached 1 e&ds for sol dei" i ng 
into printed microwave systems. The IM833 detector crystal Is 
rated by the manufacturer to have tangential sensitivity of -.40 dbm. 
The rating is based on a 10 me bandwidth with zei"o de bias current. 
If the c;ryst.al is operated with oo applied forward bias curv-ent and 
the ~ideo b.andwidth is reduced to 2 me. the sensitivity would be 
improved appr-c»tiw..ately JO db. The ffl6minmm sensitivity attainable 
from the 1M833 crystal at its present state of development is not 
as good as the M 4088 crystal. 

4.5 Anticipated Sens it I vi ty Of Printed Rf lfe,ad 

The sensitivity of the printed filter is expected to be approxi­
mately -45 dbm when the loss in the cables from the .antennas and the 
increased f i 1_ ter losses are considered o The computed f i 1 ter i nssr ti on 
loss Is approximately 2.S dbo 
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4.6 Fabrication Problems In Printed Sandwich Line Filters 

Printed filters are fabricated from copper laminated dielectric 
sheets consisting of a dielectric sheet sandwiched between the copper 
foil bonded to each surface. One method of fabrication is to photo­
etch the circuit from the copper on one dielectric to fo1·m the colllducting 
strip similar to the microstrip of Figure n. A second dielectric 
sheet with foil on only the top side is placed on the etched sheet 
fo form the sandwich 1 ine of Figure 11,. The assembly is riveted 
toget~er. This type of fabrication has one problem which hinders 
exact reproducibility. The dielectrics tend to warp slightly, 
leaving a small gap between the strip and the unbonded dielectric. This 
gap allows a parallel plate waveguide mode to be excited which results 
in spu1·ious filter responses.a Closely speced rivets will eliminate 
the waveguide mode and also reduce the gap. 

A seco11d method of fabrication completely el imi11ates the effects 
of the air gaps. Hare, the printed circuit is etched on both 
dielectric laminates so that each looks like the microstrip of Figure 11. 
The printed circuitry o~ one dielectric must be the mirror image of the 
other. These 11microstrips" are sandwiched together to form the 
sandwich line circuit. Now, the air gaps due to warping have practical­
ly no effect on the ci1•cuit. Alt~ougtf": -this is a solution to the air 
gap problem, it presents an even greater problem by·requiring perfect 
alignment of the two helves of the sandwicho This second method of 
fabrication is not recommended for this filter becsuse it would be 
impractical to t~y to _achieve the required accuracy of alignmento 

There ar-e other difficulties which are not controllable by the 
fabricator of the.filterso First, the- thickness of the dielectric 
laminates available is not ~ithin low percentage of error realized in 
the photo-etched conducting strips; furthermore, the thickness varies 
slightly from point to point on the dielectric s'1eet. Second," whenever 
a fiberglass filled dielectric ts used, the non-uniformity in dielectric 
constant from point to point in the dielectric makes the filter 
characteristics somewhat_· unpred I ctab1 e. 

The filter could be fabricated from copper laminated pure teflon 
with a fairly good prob&bJl ity of succes5o However. it is not antici­
pated that the uniformity would be any better thmn obtained from the 
slab 1 ine filters beceuse of the non-uniformity associated with most 
detector crystal _s. 

5.0 CONCLUSIONS ANO RECOMMENOATIONS 

It is recommended that the s1.ab 1 ine filter be re-designed 
slightly for any future systems. Rt was explained that the tuning of 
the filter would be less critic.al if a different type of harmonic: 
suppression were used. A 50 microampere forward bias current would 
Improve unifo~mity among the detector crystals. A mechanical impro~~~ 
ment in the cap of the crystal mount is desirable also. This re-

~~nnt:esi·'°:). at most, the correction of the deficiencies that became 
~tPP ith the experience gained from the previous ·dMMID:t,IDeMI.A 
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The poss i bi 1 i ty of using_ a printed n1 i crowa·11e f i 1 ter has been 
again conside.redo Previous1y 0 it was rejected because it could not 
be packaged with the required form fmctor. in the future a a di fferant 
location for the R.F. head may be possible; hencep this type of 
construction has been considered in greater detail. Computations 
indicated that a compact printed microwave filter will have poorer 
sensitivity than a slab 1ine filter. Since the variation of the crystal 
c~aracteristics is the major contributoi- to pass bar~d variation 11 the 
printed filter would have no greater uniformity of passband character~ 
istics than can be achieved with the present knO'l'.liedge of slab line 
filter techniqueso 
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FIGURE 7 

Low Pass Filter And Equivalent Circuit 
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Band Reject Filter And 
Equivalent Circuit at Reject Frequency 
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SLAB LINE BAND REJECTION FILTER 

FIGURE 9 

SEVEN RESONATOR FILTER WITH DECOUPLING OF 

THIRD AND FIFTH HARMONICS 

FIGURE JO 
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