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Dired scded ndch

Thedired scded ndch isthe most basic notch circuit. It isawide bandwidth circuit consisting of a
highpassfilter with the autoff fr equency equal to the desired width of the notch scded upto the center
frequency by resonating ead element at Fo with a componrent of the oppdsite type.
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Asthewidth of the notch isreduced, the autoff fr equency of the lowpassfilter becomes lower making
itsvalues larger. Asthe Fo of the natch becomes higher, the componrents necessary to resonate eat element
beammes small er. These two fadors conspire to make anarrow notch at a high frequency consist of ahuge
value resonated by atiny one & every sedion.

Narrow band L-C notch

The L-C narrow band ndch modue designs a notch filter that yields element values that are redizable
down to bandwidths much narrower than are possble using the dired scded method. The ideawas propased
by Philli p R. Geffe in an article puldished in PROCEEDINGS OF THE IEEEINTERNATIONAL
SYMPOSIUM ON CIRCUITSAND SYSTEMS (May 5-7, 1986.

The basic form of this notch filter circuit is derived from the combination d anarrow dired scaded
notch and alowpassfilter of the same order and pasdhand charaderisticsin such away asto reducethe
unreasonabl e parts value problem associated with the dired scded circuit aone. The procedureisill ustrated
below for the cae of aseand ader design:
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The lowpassis smply inserted into the dired scded ndch, as sown above. A dipde transform is then
applied generating the arcuit shown to the right. By picking the autoff fr equency of the lowpassby means of an
iteration, the value spread can be reduced. The passband will resemble that of the lowpass
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Thisimplementation providesfor any combination d threevariationsinthebasi c schemedescribed above.

1- The dl-pdelowpassand ndch may also bereplacel by an elli ptic function ndch andall-polelowpass
to improve the notch shape fador. The dli ptic option hes a somewhat wider parts value spreal than the dl-pde
notch bu is ill useful. Thischoiceis made from the reference values menu from the new design menu.

2 - The inserted lowpassfilter may be replacal with a highpassfilter. This will change the passhand
charaderistics of the notch from that of a lowpassto a highpass The choice of a highpassversus a lowpass
passand will aso alow the dhoice of which way the resporse of the notch will skew.

Pasdandtype (H=HpL=Lp)L

3- Two Hybrid options all ows the aldition d 1/4 wave seriestransmissonlines between ead "sedion”.
conflg: Ser Par hybrid: AB A

Below isthe spedficaionsfor apradicd 500MHz notch having only a4% relative width and ahighpass

passand.
File name = GEFFEl
Desi gn = Narrow band notch

order N 3
passband Ri pple (0=Butt. dB) 0.05
Define pass / stop (dB) 3
arithmetic Fo. MHz. 500
Bandwi dt h MHz. 20
design Zo. 50

conflg: Ser Par hybrid: ABP
t Ype: 1=sing 2=doub 3=ratio 2
Passband type (H=Hp L=Lp) H

The [CALCULATE] button krings up this dialog box. The parts value spread and passhand cutoff (of
the inserted highpasy is displayed.

Because the passhand limit i s st by the aitoff of the lowpassor highpassfilter used to transform it, you
are given the option to change this parameter from that chasen by the iteration if the passhand is unsatisfadory.
With some designs, the passand upger limit may adually fall within the notch itself. If this happens, awarning
will show indicating that the passbandislimited. Y ou may a so return to the minimum spread iterated passand
edge frequency using the (M) command.
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*» Transformed Marrow band Hotch <
Inductance range = 28.3933 to 68.685%2 nHy.
Capacity range = b6.44435 to 21.6794 pFd.
Value spread = 3.3641 = 1
Approximate passbhand edge = 67.3 HH=.

(Crr—exit (M>-Minimum spread (MHz.>-new Fc?

ok |

0 — Term nation — 50 Chns

1. — 0 20. 393 nHy.

2 C L 6. 4478 pFd. 68. 605 nHy.
[

4, L 20. 404 nHy.
|

5 cC C 6. 4444 pFd. 21.679 pFd.
|

7. —— n 20. 393 nHy.

8 C L 6. 4478 pFd. 68. 605 nHy.

10 Source — 50 Chns

11 Fc = 499.9 M.
The "Hybrid" notch

The "Hybrid" notch simply adds 1/4 wave transmisson li nes between sedions of the transformed nach
causing ead series dionto beinverted to aparallel one. The procedureis alittl e diff erent when designing the
"Hybrid" type"A" notch becaise the pasand shaping adion d the transforming highpassor lowpassis masked
by the seriesline inverters. In this case, the pasdand edge can be ajusted at will to get the L/C ratio you want
withou regard to the pasdand performance The adua passandis aff eded mostly by the dioiceof highpassor
lowpasstransformation. Network analysis shoud be used to monitor the passand performance athe aitoff is
changed havever asit isalso affeded by the atoff to some degree

With asingle dhange to the "conflg:" parameter:

conflg: Ser Par hybrid: AB A

The same design becmes:

0 — Term nation — 50 Chms

1 Ref. freq. = 499.9 Miz.

2. —— L B 20. 393 nHy.

3 C L 6. 4478 pFd. 68. 605 nHy.

5. +++ ++ + + | 50 Ohns 90 Deg.

7. —cC . 8.1617 pFd.

8 L L 16. 111 nHy. 54.199 nHy.
10| ++ ++ + + + | 50 Chns 90 Deg.
12, —— B 20. 393 nHy.

13 C L 6. 4478 pFd. 68. 605 nHy.
15 Source — 50 Chms

16 Fc = 499.9 M.
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Notethat thetransmisgonlinesthat form theinverters may consist of L-C 90 degreephase shifterstaking
theformof a3 ar 5 element artificial line or alowpassfilter. Thismakesthe "Hybrid" notch configuration usable
at extremely low frequencies with even lower parts value spread than the series or parall €l input type.

Hybrid type "B" notch / bandpass

An additi onal type of notchisprovided which isuseful asan upper or lower sideband bandpessfilter. This
isdore by setting the passdhand edge very close to the notch. Simply ignore the warning message telli ng you that
the pasdand isrestricted. Thistype filter uses the cnwversion lowpass(or highpasg cutoff fr equency to control
the skewing of the notch shapeto form abandpasswith orevery sharp skirt on oreside of thefilter. TheL/Cratio
isSNOT affeded by thelowpasscutoff fr equency asit iswith the other designsof thistype, therefore, the minimum
sprea iterationis bypasd.

The sample design shown below has the conversion lowpass passand edge set at 2000MHz with the
notch at 2250MHz. Thiswouldimply that thenotchisoutsidethe passand d the cnwversionlowpass The adual
passand limit will be quite different from the theoreticd cutoff of the cnversionlowpass The adua passand
limits must be determined by analysis.

File name = TYPE B
Desi gn = Narrow band notch

order N 3
passband Ri pple (0=Butt. dB) 0.05
Define pass / stop (dB) 3
arithmetic Fo. MHz. 2250
Bandwi dt h MHz. 1200
design Zo. 50

conflg: Ser Par hybridi AB B <--- hybrid type "B"
t Ype: 1=sing 2=doub 3=ratio 2
Passband type (H=Hp L=Lp) L

0 — Term nation — 50 Chms

1 Ref. freq. = 2168.52 Miz.

2 C 2.1151 pFd.

3. L C 4.99 nHy. 1.0795 pFd. Fx = 2168.5 M.
5. +++ ++ + + | 50 Ohns 90 Deg.

7 Cc 2. 6773 pFd.

8. L C 3.9421 nHy. 1.3664 pFd. Fx = 2168.5 MHz.
10| + + ++ + + + | 50 Chns 90 Deg.

12 C 2.1151 pFd.

13. L C 4.99 nHy. 1.0795 pFd. Fx = 2168.5 M.
15 Source — 50 Chms

16 Fc = 2168.5 M.
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By programming the L-C to stub generator (from the Utiliti es menu) the transmissonline version shown
below can bemade. By using thedipadetransform feaure ([M1S3:] Dipadle) of the arcuit editor and by controlli ng
the L-C to stub generator from within the editor many variations are possble. The physicd dimensions of the
transmissonlinesmay bemonitored simultaneously for microstrip by doingthe entiredesign from themedanicd
dimensions and spadng menu (also from the Utiliti es menu).

The width of the notch will determine the impedance of the 90 Degree"z" stubs whil e the impedance of
the open stubs forming the shurnt cgpaators can be set diredly onthe L-C to stub generator menu. The length is
afunction d the pasdband cutoff. A filter with a highpassresporse will have shorted stubsin paceof the open
stubsin this example.

0 — Term nation — 50 Chms

1 Ref. freq. = 2168.52 Miz.

2, =—= —_— 20 Chmrs 29. 958 Deg.
4, —r Z | =—— 135. 98 Chns 90 Deg.
6. +++ + + + + 50 Ohns 90 Deg.
8. —  — 20 Chirs 36. 114 Deg.
10. —= 7 |=—— 107. 42 Chns 90 Deg.
2. ++ ++ + + + 50 Chns 90 Deg.
14, ——— —_— 20 Chms 29. 958 Deg.
16. — z : 135. 98 Chns 90 Deg.
18 Source — 50 Chms

19 Fc = 2168.5 M.

An implementation which allows all the line impedancesto be spedfied can also be dore by a different
setting of the L-C to stub generator. Lumped componrent cgpadtors are required with this variation.

0 — Term nation — 50 Chms

1 Ref. freq. = 2168.52 Miz.

2. — : 20 Chms 29. 958 Deg.

4, — —— =—=*—CH 100 Chms 34.212 Deg. 1. 0795 pFd.
7. ++++++ + | 50 Ohns 90 Deg.

9. —=—: : 20 Chms 36. 114 Deg.

11, — —— =—*"—C— 100 Chmrs 28. 241 Deg. 1. 3664 pFd.
4. | ++++ ++ + | 50 Chns 90 Deg.

16. — : 20 Chms 29. 958 Deg.

18. —= —: =—=*-C 100 Chms 34.212 Deg. 1. 0795 pFd.
21 Source — 50 Chmrs

22 Fc = 2168.5 Mt
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Elli ptic function rarrow band ndch

In addition to conwverting an all-pde dired scded notch by inserting a highpassor lowpass an €lli ptic
functiondirea scded nach may be mnwverted in the same way. The resulting notch will not have equal rgjedion
aaossthebottom asisnormally the cae with elli ptic filtersbut rather hasa"tilt" that must be acceted. Thistilt
will have oppasite slope with ahighpasspasdandthanit will have with alowpasspassand. Below isan elli ptic
version d the same notch filter used as an example ealier in this sdion:

The dhoiceof dliptic resporse is made on the reference values menu:

Reference values |
" calc Chev or Butt Design file: ELLIP-N
¢ external 'K - q' values (Ig)trez;?n; Nar r ow band notch 2
& icalc Elliptic function: passband Ripple (0=Butt. dB) 0.05
‘ : Define pass / stop (dB) 3
" eXternal free format Ip requi red Attenuation (dB) 30
arithmetic Fo. MHz. 500
" lowpass Pole placer Bandwi dt h MHz. 20
. design Zo. 50
" external 'G' values conflg: Ser Par hybrid: AB P
. t Ype: 1=sing 2=doub 3="C 2
 standard Library Ip Passband type (H=Hp L=Lp) H
Ok 3ﬂ1ﬂp| Cancﬂq
0O — Termination — 50 Chms
1. —— n 14. 541 nHy.
2 C L 8. 5687 pFd. 63. 425 nHy.
[
4, L 14. 979 nHy.
|
5 C C 8. 2871 pFd. 40. 988 pFd.
7. L 12. 83 nHy.
|
8 cC C 9. 6425 pFd. 39. 633 pFd.
[
10. —— n 14. 541 nHy.
11 C L 8. 5687 pFd. 63. 425 nHy.
13 Source —— 50 Chmrs

14 Fc = 499.9 M.

Note that the "hybrid A or B" topdogy isaso avail able for €lli ptic notch filters. Below isthe samefilter
dore using the type "A" conflg:
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0 — Term nation — 50 Chms

1 Ref. freq. = 499.9 Miz.

2. —— L B 14. 541 nHy.

3 Cc L 8. 5687 pFd. 63. 425 nHy.
5. +++ +++ + | 50 Ohns 90 Deg.
U B 20.718 nHy.

8 C L 5.9915 pFd. 102. 47 nHy.
10. — B 24,106 nHy.

11 C L 5. 132 pKd. 99. 082 nHy.
3. ++++ + + + | 50 Ohns 90 Deg.
15, —— B 14. 541 nHy.

16 C L 8. 5687 pFd. 63. 425 nHy.
18 Source — 50 Chms

19 Fc = 499.9 M.

Dual dipdle transformed narrow notch

For dliptic notch filters that are somewhat wider than those described for the Geffe transformation a doule dipole
transformation can be gplied. The example below showsthe dement valuesfor adired scded nach 1% wide. Theinductor at branch
6 is large but manageale. The dements at branches 3 and 4 havever are not. By applying a dipde transformation onthe parts at
branches 3,4and 5,then splitti ng out one of the cgadtors to make two, asemnd dpadletransformation can be doreto acually force
theinductor at branch 4to be whatever value you like.

Design file: NOTCH2 ... Design paraneters
Design = Basic direct scal ed notch
order N 3
passband Ri pple (0=Butt. dB) 0.05
Define pass / stop (dB) 1
required Attenuation (dB) 40
arithmetic Fo. MHz. 500
Bandwi dt h MHz. 50
desi gn Zo. 50
conflg: Ser Par T D Narrow T

t Ype: 1=sing 2=doub 3="C 2

Date / tinme = Wed May 24 17:57:22 2006

Design file: NOTCH2 ... Schematic di agram

0 — Termination 50 Chns

1. C L 58. 926 pFd. 1.7238 nHy. Fx = 499.37 M1z.
L

3.—C 1 1080. 9 pFd.

4 L C—-L 0. 093973 nHy. 0.86159 pFd. 117.89 nHy.
1

7. C L 58. 926 pFd. 1.7238 nHy. Fx = 499.37 M.

9 Sour ce j 50 Chms

10 Fc = 499.37 M.
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So that the value of the seoondinductor can be @ntrolled an

design Zo. w0 additional parameter will appea whenthe*config:” parameter is st to
conflg: Ser Par T D Narrow T — “N”. Thiswill sets the ratio of the secondinductor to the large value
t¥pe: 1=sing 2=doub 3="C" I that appgasat brgnch 6inthedired scded netv_vork. Thenormal \(alue
— for thisinductor is abou .5. Smaller values will alow the sssociated
Internal scaler [about .5] 0.5 == .
cgpadtorsto be mme larger.

Hereisthe resulting filter:

Design file: NOTCH2 ... Schematic di agram
0 — Termnation 50 Chns
1. C L 58. 926 pFd. 1.7238 nHy. Fx = 499.37 M1z.
L
3.— L 1 58. 946 nHy.
4 - C C 1.6902 pFd. 0. 034401 pFd.
6 ——— C 1 L — 0. 82719 pFKd. 117.89 nHy.
1
8. C L 58. 926 pFd. 1.7238 nHy. Fx = 499.37 M1z.
10 Sour ce j 50 Chns
11 Fc = 499.37 M.

The cgpadtor at branch 5isvery small but isnat criticd. Reducing the scde fador to .1resultsin these
values:

Design file: NOTCH2 ... Schematic di agram
0 — Term nation 50 Chms
1. C L 58. 926 pFd. 1.7238 nHy. Fx = 499.37 Miz.
L1
3.~ L 1 11. 789 nHy.
4 — C C 8. 5459 pFd. 0. 076924 pFd.
6 —— C 1 L — 0. 78467 pFd. 117. 89 nHy.
1
8 C L 58. 926 pFd. 1.7238 nHy. Fx = 499.37 Miz.
10 Sour ce j 50 Chms
11 Fc = 499.37 M.
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