Automatic programmable Zo matcher

In order to allow adesign to be dore & theimpedancelevel (design Zo) that yields the most
desirable parts values, a method must be provided to match this design impedanceto the needed load and
sourcelevel. Thismodue has been developed to dothisjobin a semi-automatic fashion.

Oncethe matching method (topdogy) has been chasen from the li st of options presented, afilter may
be designed at any impedancelevel, adjusted for center frequency or bandwidth and recdculated at will . The
matcher is then said to be "programmed”. Only in the event that the dhasen matching method becomes
invalid will it be necessary to speafy the matching set up again. Matching may be dore to any filter that falls
into ore of these two mgjor caegories:

(1) Paradl e inpu or output with adesign Zo GREATER than the needed load impedance
(2) Seriesinput or output with adesign Zo LOWER than the needed |oad impedance

Ead end d the network being matched is treaed separately and can be of either the series or parall el
inpu type. The ends are identified as LOAD and SOURCE. Sourceisthe end dsplayed at the bottom of the
schematic as drawn by the drcuit editor modue. The terminationendis at the top. Matching methods may
be mixed as desired.

All of the matching methods utili zed by this modue shoud be considered NARROW BAND IN
NATURE and will haveincreasingly detrimental eff eds on the pasdand return lossof afilter asits
bandwidth increases. In most designs however, this effed is of very littl e mnsequence These matching
circuits will aso have increasing effeds onthe skirts of afilter with widening bandwidth making the dhoice
of networks an additional tod in controlli ng stop kand performance

The desired load and sourceimpedances into which the filter must be matched are set onthe
parameters menu. The matching methodis seleded from a menu that will be presented after the initial
design (Calculate ammmand) if the matcher was reset at the main control menu, a if the seleded method
beammesinvalid. A seleded method could become invalid for many reasons. The users dedsionto use a
different type of filter withou resetting the matcher is one mmon and namal reason.

In order to kegp the operator informed as to the matching methodthat is
seleded, awindow is provided onthe main control that indicaes the status of the

» Matcher status <

Termination: F matcher.. The seledted matching methodis displayed for both the source and
Source: F termination ends of the design.
Programmed
=> Matcher status <= The sel ections wll be:
|  Termination: X | A-H or T indicates the matching nethod.
Source: X | X indicates that matching i s bypassed (none).
L Disabled ——M—1 ? (Question mark) indicates a reset condition.

L This will say: Disabled, Reset or Progranmed.



The matcher is controll ed by seleding the matcher option onthe main control menu a clicking the
mouse LEFT button whil e the mouse marker isin the status window. The adion taken when the seledionis
made will depend onthe status of the matcher at that time. The states will rotate between these three
condtions:

Reset: Source and termination seledions are set to question marks (?). This tell s the matcher to
present the li st of valid matching methods immediately after the design is done (after Calculate).

Disabled: Causes the matcher to bypassmatching on bah ends. The status window will show (X)
for both source and termination.

Programmed: Indicaes that the matcher is all set to quietly apply the previously chosen matching
networks to thefilter ead time the “Calculate” command is given. Only if some dhange in the parameters
causes a seleded matching methodto become invalid the matcher dialog box will regpea to present the
latest menu d valid matching options

The matcher can also be controll ed from the parameters menu in the same way except that only a
[maTcher] reset buttonis provided.

In addition to the semi-automatic operation d the matcher, either end d a network may be matched
manually from the utiliti es menu. When the matcher is cdled manualy, thelist of valid ogtionsis presented
withou resetting the matcher at the main menu. This also sets the matcher at that end.

Di spl ay System Bl ock di agram
> Mat cher status <
Term nation: ? Desi gn nodul e >| Mat cher > Done
Source: ? ‘ }—
Reset

Mat cher is ready to be progranmed froma nenu
of possi bl e matching nmethods for each end of the
network after the (*) Cal cul ate operation.

> Mat cher status <
E Term nation: A

Source: C Desi gn nodul e >| Mat cher > Done
Pr ogr anmed Mat cher progranmmed.
> Mat cher status <
Term nation: X L
Source: X Desi gn nodul e {Mat cher } > Done
Di sabl ed Mat cher bypassed.



The matching circuits provided are:
Parallel inpu options

Select an impedance matching method |

Source end impedance matching options

A c—> 58 CB> L—> 58
| | 323 7 »ra. | | 27.98" nuy.
L G 5.58 pFd. ¢ L 14.81 nHy.
<) c > 50 <Dy L > 58
| | 15770 Lra. | | 5.837 nHy.
L ¢ 16.43 pFd. ¢ L 5137  nHy.
CED 3.68  9.45  nHy.
C I > 50 0 ¢T> —— Tap or link
|| 1 > 5@ 1
%2 ? ?s ? 18.12 pFd. ? E A.5:1 turns
6.73 28.39 pFd.

(Sec. 2 was: ?7.45 nHy. #.38 pFd. >

Cs pFd. = IZI].3EI L nHy. = IH.dE Help |

Series options

Bypass Parallel options
’V E ) Nune_‘ ’7, ....... E E | Q | Q | E | I | ’7 E | E | H |

(A Series "C'

Series C

C C——>

| |
C L L C End section C

I N

This methodis very ned, simple and widely used. It will have the dfed of sharpening the lower skirt
of awideband design at the expense of the upper skirt as it adds and additional transmisson zero at DC.

In some cases the net capadty as sen by thefilter through the load can be greder than the cgaadty
of the filter being loaded, in this event, the sedion capadty required becmes negative. If this happens, this

methodinvalid andis not displayed.
(B) Series "L"

Series L

c L—>

% + é + End section L
| | | |

Series inductanceloading is best used in awide bandwidth cgpadtively coupged noce filter having
only afew pades. It tendsto skew the stopband in the oppasite diredion than the series C method, thus
squaring up the sloppy upper skirt of that type design. This method can cause excessve insertionlossin
narrow bandwidth appli cations usually making series C the better choice Aswith series C loading, negative
values will sometimes appea making this methodinvalid. This method adds a transmisson zero at infinite

frequency.




(O Capaci tive Divider
- — >

C C
] a
C L L C

This methodwill show rather large values of cgpadty at the shurt pasition (Cb) with narrow
bandwidths, bu seansto have very littl e dfed on the passand o wider bandwidth designs making it a
goodchoicefor dired scaded designs such as dlli ptic filters. Under certain condtions, an imaginary root
condtion can developin its design equations making the methodinvalid.

(D) I nducti ve Divider
C L
D ]
C L C L Lb

The performance of this methodis virtually identicd to cgpadtive divider matching except that it
provides a DC path to ground.

>

(E) Tubul ar end section or "K inverter"
coupling
C L >
’ Ser. L ’
tank CC L C Shunt C Loadi ng cap.

Thismethod wsesa"K" inverter to transform the last sedion into a series tuned circuit. The
impedance d the inpu to this sries sdionwill be dhasen lessthan the desired load impedance so that it
may be further converted badk upto the desired Zo by a"shurt C" cgpadtor marked "Loading cap" abowve.

Initialy the (E) option presents the values

(E> 3.082 18.68 nHy. cdculated to make the seriesinductor (Ser. L) equal to
| | - | - > 58 8%  the other inductors in the network. The values of the
L2 C Cs G 17.87 pFd. series inductor and the second shurt capadtor (Cs) are
6.21 16.85 pFd. presented in edit boxes which allow to the dhange the

(Sec. 2 was: 18.68 nHy. 7.3%  pFd.> 560 whatever you real, most likely a standard

Cs pFd. = |1E.35 L nHy. = |1I].EI] cegpadtor value for Cs.

Onceyou have keyed in the value you want for
either Csor for the seriesinductor, pressthe (E)

(E> 2.81 11.37 nHy. . ) .
. C | L "Vee a ¢ button again. The display will present the new network
L2 ¢ Ce C 16.39 pFd. with al of the mmporents recdculated t.o
— - - acommodate the value you have keyed in. In the
6.41 15.88 pFd.

(Sec. 2 was: 18.68 nHy. 2.39 pFd.> example shown here, the 16.85 f-d shurt cgpadtor

(Cs) has been forced to a standard 15 pg=d. Capadtor.
Leplbe. = I1 5.00 L mitki = I1 1.37 Pressthe (E) button again and the matching is

complete for this particular end d thefilter.



(X - Done) - BypassNo matching
This option dsables the matching on ore end d the network. Use it on bdh ends to take the matcher

off linewithou disabling it at the main control menu.Y oumay also bypassmatching on ore end orly by

this method.

(T) Tap or Transforner Tr ansf or ner

- 1
O
[

C L c L~

In designs where atoroid core woundwith many turns of wireis used for the sedioninductor, it is
convenient to tap or link the winding making a simple transformer. If this methodis desired, it may be

considered to have no effed whatever on the performance of the filter.

Seriesinpu options

Note that the matcher is compatible with filters that have EITHER of the foll owing topdogies at
|

Select an impedance matching method

Source end impedance matching options
28.39 nHy.

4.38 pFd.
(F» —(C—L > 58 G ——C—L > 50 1
% 12.23 nHy.

Cs pFd. = I L nHy. = I Help |

Bypass Parallel options Series options
either end.
- C L C L—‘ — C ’ C ’ L
C R

Shunt L or C coupling Pi C coupling



(F) Shunt "C'
Section C

C L ’ C L >

C C Shunt C

Thismethodis clealy the method d choicefor most designs. It hasllittl e dfed on pasand, bu
tends to sharpen the upper skirt at the expense of the lower. In some caes, the net cagpadty seen by thefilter
can cause the end sedion series cgpadtor to become huge or even negative.

In the event the sedion cgpadty becomestoo kg, or goes negative, the best thing to doisto redesign
thefilter with adifferent design Zo.

(0 Shunt "L"

Secti on i nductance
C |

- — = C L ’ C L >

C L Shunt L

Shurt L is best used when a DC path to groundis desired for compatibility with external circuits. It
can aso be used to increase atenuation slightly in the lower stopband at the expense of the upper one.

(H "Pi end slug"

- - — C
Y

L ’ C ’ >

The"Pi end slug" is primarily for use with very narrow bandwidth coaxia tubuar filtersto reduce
the size of the large end slug associated with the "Shurt C" matching method. It can also be used with L-C
designs.



