Appendix D
Couped Triplets

The drcuit editor is equipped to convert many conventional transmisson zero networks into couded
triplet networks which utili ze muging between alternate "resonators’ to producethe zeros. The muded

triplet networks look like this:
Wth | unped conponent Wth transm ssion line
resonat or: resonat or:

X

X
X X
P — =]
X
X

X may be either L or C

The alitor command for the wugded triplet transformationis[M1S1:] Triplet followed by the
branch number of the single shurt comporent, a shorted stub "resonator” or the lowest branch number of a
shunt L-C "tank resonator" pair.

On networks having aparal el L and C, an impedancetransformation can be spedfied to scde the
network impedance from the "triplet" through to the termination. The prompt will | ook li ke this after the
Triplet commandis given:

(Cr=1.0 Impedanceratio at triplet?

The same alitor command (Triplet) will allow the values in the shunt "resonator” of the triplet
network itself (in "triplet” form) to be forced to any desired value. Some situations will result in negative
values however.

The posshble mnventional networks that are cmpatible with the couged triplet are shown below. In
al cases when performing these transformations you must spedfy the branch number marked by the arow.
Note that this transformation can na be reversed later. It can be undore by using the "oops' command
however. Oops will undothe last 10 commands. If you are not comfortable with the transformations that are
to follow andwould like to be aleto bad up dredly to apoint before the Triplet command, you can aso
use the Save command to save the network before the Triplet commandis given. You can recdl it | ater
using the Recall command. Triplet equivalents invalving a series inductor:

O

Thi s net wor k R This network ==becones==> This network
| |
L L
-> L > X
© L ¢ L
1
L C L X
______ > L
C
—— —— X
L C L C
| |
--> C ---> X X may be L or C
L
L
L |
|




Triplet equivaentsinvolving a series capadtor:

Thi s net wor k R This network ==becones==> This network
| |
C C
- > C ---> X
) L'__|C C
1
L C L X
______ > L
C
—— —— X
L C L C
| |
.. L ---> X X may be L or C
C
C
C |
|

Triplet equivalentsinvolving shurt notches:

Thi s net wor k R This network ==becones==> This network
| |
C C C
‘ C
- C L o> L - | ====== > L
C C —l C C
| C
C C
| |
| |
L L L
‘ L
---> C L --e> L= | ====== > L
L C 1 L C
| L
L L
| |

Triplet shunt value transform

The two arrows in the L-C triplet network shown below identify the shurt L-C "tank" comporents. In several cases, ore
or the other of these two parts will be ax open comporent that can simply be left out of the redization. That is, a huge inductor or
atiny cgpadtor. In ather cases, it is possble to dredly spedfy the value of either of these two parts. The Triplet commandis
also used for this function. Spedfy the branch number of the part whose value isto be forced. The program will prompt you for
the value you want. The other will be aljusted to compensate. The impedance of atransmisson line resonator may be forced as
well.

C X
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*kk Exarnple 1 *kk

Design = Basic dired scded bandpass(Using the referencelowpassplace)
passband Ri pple (0=Butt. dB) 0.05

arithnmetic Fo. MHz. 1000
Bandwi dt h MHz. 50

design Zo. 5
Sour ce zo. 50
Term nation zo. 50

conflg: Ser. Par. Tee Delta S
t Ype: 1=sing 2=doub 3=ratio 2
--- PCLE PLACER DATA ---
Zeros at Infinity = 3
Finite transm ssion zero frequencies:
1. 500
Finite transm ssion zero sequence: 1
Pl acer specification nask:

Lowpass reference used:

R | 1
L 1. 01903
C ! 1. 13056

L C 1.18953 0.37363 f = 1.5

C \_'_‘ 1.13056

|
L 1. 01903
|
|

R 1

Theresulting bandpassis $rown below. Note that the matcher was used to match the 5 Ohm design impedanceto 500hms
before entering the drcuit editor.
0

Term nati on — 50 Chns
1 C 9. 5523 pFd
2 L 16. 218 nHy.
|
3 C 1. 8326 pFd.
4 C 719. 74 pFd.
5 L 0. 035216 nHy.
1
6. L C 0.051282 nHy. 458.53 pFd. Fx = 1037.9 MHz.
8. L C 0.055277 nHy. 494. 25 pFd. Fx = 962.89 MHz.
|
10 C 719. 74 pFd.
11 L 0. 035216 nHy.
12 C 1. 8326 pFd.
|
13 L 16. 218 nHy.
14 C 9. 5523 pKd
15 Source — 50 Ghns

16 Fc = 999.69 M.



[NORT:] Xform branch 12
Preset ratio = 1.0000
What ratio ? 50

0 Term nati on —
1 C
2 L
|
3 C
4 C
5 L
1
6. L C
8. L C
L1
10 C
11 L
12 C
13 C
14 L
15 C
16 Source —
17 Fc = 999.69 MHz.

Next, prepare the network for atriplet by getting rid of the cgadtor at branch 10.

2500 Chns
0.19105 pFd.

nHy.
pFd.

810. 92
0. 036653

14. 395
1. 7608

pFd.
nHy.

2.5641 nHy.

2. 7638 nHy.

pFd.
nHy.

pFd.

14. 172
1. 7608

0. 25918

1. 5735 pFd.

nHy.

9. 5523 pFd.
50 Chns

16. 218

[NORT:] Interchange branches 10,11
[NORT:] Pi-T at branch 12

= O

10
11
12

Term nati on —

o akr w N

C
L
|
C
C
L
1
L C
L C
L
L
C
C

2500 Chns
0.19105 pFd.

nHy.
pFd.

810. 92
0. 036653

14. 395
1.7608

pFd.
nHy.

2.5641 nHy.

2.7638 nHy.
nHy.

pFd.

1.7608
16. 766

101. 79 pFd.

9.1706 pFd.

9. 8849 pFd.

9.1706 pFd.

9. 8849 pFd.

Fx

Fx

Fx

Fx

Thefirst step isto raise the impedance d the series "trap" pair to get better cgpadtor values.

1037.9 MHz.

962. 89 MHz.

1037.9 MHz.

962. 89 MHz.



13
14
15
17

= O

22

|
C
|
L

Cc

Source ——
Fc = 999. 69 MHz.

1.8614
16. 218

9. 5523
50

pFd.

nHy.

pFd.
Chns

The network between branches 8 and 11is now realy to be mnverted to a cuged triplet using theTriplet command.
[MIS1:] Triplet at branch 10

Term nati on —

C
L
|
C
C
L
1
L C
L |
L
L
e
L
L
C
C
C
C
|
L
C
Source ——

Fc = 999.69 M1z.

2500 Chrrs

0. 19105
810. 92
0. 036653

14. 395
1. 7608

2. 5641
4. 7473

pFd.
nHy.
pFd.

pFd.
nHy.

nHy. 9.1706 pFd. Fx = 1037.9 M.

nHy.

Fx = 962.89 MHz.

6.2186
93. 682
2.7989

le-10
10. 547

101. 79
1.8614
16. 218

9. 5523
50

pFd.
nHy.
nHy.
pFd.
pFd.

pFd.
pFd.
nHy.

pFd.
Chns

The L-C resonator at branches 14 and 15must be modified by forcing some lower
value inductor at branch 14 Asthe network isnow, the cgaator at branch 15isan open
circuit, which the "L C to stub generator” that will be used next, can't handle. The value of 1
nHy was picked ony becauseit islessthan what isthere now. Thiswill ensure areasonable
cgpadtor value & branch 15



[MISL:] Triplet at branch 14

(Cr) toabort * What isnew value (nHy.) ? 1

0 Term nati on
1 il

C
2 L
|
3 C
4 C
5 L
1
6. L C
L |
8 L
L
9. r C
12 L
14 L
15 C
13 C
17 C
18 C
|
19 L
20 C
21 Source ——
22 Fc = 999.69 MHz.

2500 Chrrs

0. 19105
810. 92
0. 036653

14. 395
1. 7608

2.5641
4.9123

pFd.
nHy.
pFd.

pFd.
nHy.

nHy.

nHy

9.1706 pFd.

FXx = 962.89 M.

6.2186
56. 329

1
11. 632
17.541

94. 792
1.8614
16. 218

9. 5523
50

pFd.
nHy.
nHy.
pFd.
pFd.

pFd.
pFd.
nHy.

pFd.
Chns

Fx = 1037.9 MHz.

Next, the L-C resonator will be replacel by a shorted stub resonator. The "L C to stub
generator" must first be programmed using the >PScommand. Seled option"V" onthe stub
generator menu. The acdual replacanent of the L-C network by a stubisdore using the

Stub command.

St ub (Sel ect option "V' on the stub generator
menu and exit)
L |
8! [ C _ ! > V! :—r—:====J 90°
|
[MIS3:] Stub at branch 14
0 — Term nation 2500 Chns
1 _w Ref. freq. = 999.687 Miz.
2 C ‘ 0. 19105 pFd
3 L 810. 92 nHy.
|
4 C 0. 036653 pFd.
5 C 14. 395 pFd.
6 L 1. 7608 nHy.
1
7 L C 2.5641 nHy. 9. 1706 pFd
9 L | 4.9123 nHy.

L/C
L/C
L/C
L/C

(7
>l (V)

0. 00
0. 00
0. 00
0. 00

T 90.00 °

Fx =

1037.9 MHz.



10.

13
15
14
18
19
20
21

23

C
C
|
L
C
Source —

Fc = 999.69 MHz.

Fx = 962.89 M.
6.2186 pFd.
56. 329 nHy.
5.9383 Chns 62. 911 Deg.
17. 541 pFd.

94. 792 pFd.
1. 8614 pFd.
16. 218 nHy.

9. 5523 pFd.
50 Chns

The final impedance of the stub resonator will be set later. For now we will use the
Triplet commandto preset it to 100hms (which isrougHy the impedance of a quarter
wave ceamic resonator) to verify that the values are within acceptable range.

[MIS1:] Triplet at branch 15
(Cr) toabort * What is new value (Ohms) ? 10

0
1
2

oo M~ W

N

10.

13
15
14
18
19
20
21

23

— Termnation —

C
L
|
C
C
L
—
L
L
L
L
—_r— —
C
L
C
C
|
L
C
Source —

Fc = 999.69 MHz.

N

ol

2500 Chns
Ref. freq. = 999.687 Miz.
0.19105 pFd.
810. 92 nHy.
0. 036653 pFd.

14. 395 pFd.
1. 7608 nHy.

2.5641 nHy. 9.1706 pFd. Fx = 1037.9 M.
4.8409 nHy.

Fx = 962.89 M.

6.2186 pFd.

67. 808 nHy.

9.9999 Chns 53. 301 Deg.

14.572 pFd.

97. 762 pFd.

1. 8614 pFd.

16. 218 nHy.

9. 5523 pFd.
50 Chns

It isadvisable to have a c@adtor to ground rext to the inductor at branch 9to absorb
its distributed cgpadty andto provide abinding pcst to conned the adjacent comporents. A
Norton transform at the secondseries "trap" will generate this cgpadtor. Theratio can be

D-7



any value greaer than 1.0 to ensure apasitive value.

[NORT:] Xform at branch 7
Preset ratio = 1.0000

What ratio ? 2
0 — Term nation 5000 Chns
1 —‘ Ref. freq. = 999.687 Miz.
2 C ‘ 0. 095523 pFd.
3 L 1621. 8 nHy.
|
4 C 0. 018326 pFd.
5 C 5.2981 pFd.
6 L 4.9214 nHy.
1
7. C L 6. 4846 pFd. 3.6262 nHy. Fx = 1037.9 MHz.
[
9 C 2. 686 pFd.
10 L 3.1172 nHy.
L Fx = 962.89 MHz.
11. r C 6.2186 pFd.
14 L 67.808 nHy.
16 —— 1 — 9. 9999 Chms 53. 301 Deg.
15 C 14. 572 pFKd.
L
19 C 97. 762 pFd.
20 C 1.8614 pFKd.
|
21 L 16. 218 nHy.
22 C 9. 5523 pFd.
23 Source — 50 Chms
24 Fc = 999.69 MHz.

At this paint, we will neal to bring the termination impedance badk to 50 olms. To
dothis, the Ratio command will be used to set the "preset ratio" to that of the sourceto
termination. Oncethisratio is %t, a Norton transform will restore the termination
impedance. Note that <Enter> instructsthe program to use the "Preset ratio” just

establi shed with the Ratio command a simply seled the [OK] button.

[NORT:] Ratio of branches 23,0
[NORT:] Xform at branch 4

Preset ratio = .005
What ratio ? <Enter> (Use preset ratio)

0
1
2

3
4

— Termnation — 50 Chms
Ref. freq. = 999.687 Miz.
c 9. 5523 pFKd.
L 16. 218 nHy.
c 1. 6494 pFd.




22

23
24

C
C
L
1
C L
L |
C
L
L
¢
L
S —
C
L
C
C
|
L
C
L Source —

25 Fc=999.69MHz.

» ol B w NP O

25

0. 18326

pFd.

5. 1332
4.9214

pFd.
nHy.

6. 4846 pFd.
2.686 pFd.
3.1172 nHy.
Fx = 962.89 M.
6.2186 pFd.
67.808 nHy.
9.9999 Chns
14.572 pFd.

97. 762 pFd.

1. 8614 pFd.

nHy.

pFd.
Chns

16. 218

9. 5523
50

3.6262 nHy. Fx = 1037.9 Miz.

53. 301 Deg.

The Pi configuration rext to the second series trap will be cmnverted to ateeto adjust the topdogy for the last triplet.
[NORT:] Pi-T at branch 5

— Termnation —

C
L
|
C
C
C
L
1
C L
L |
C
L
L
¢
L
— = —
L
C
C
|
L
C
Source ——
Fc = 999. 69 MHz.

Ref .

50 Chns
freq.

9. 5523 pFd.

nHy.
pFd.

16. 218
1. 8915
52. 981 pFd.

5. 8868 pFd.

nHy.
pFd.

4.9214
6. 4846

2.686 pFd.
3.1172 nHy.
Fx = 962.89 M.
6.2186 pFd.
67.808 nHy.
9.9999 Chns
14.572 pFd.

97. 762 pFd.

1. 8614 pFd.

nHy.

pFd.
Chns

16. 218

9. 5523
50

= 999. 687 MHz.

3.6262 nHy. Fx = 1037.9 MHz.

53. 301 Deg.



[MIS1:] Triplet at branch 7

0 — Termnation — 50 Chns
1 Ref. freq. = 999.687 M.
2 C 9. 5523 pFd.
3 L 16. 218 nHy.

|
4 C 1. 8915 pFd.
5 C 52.981 pFd.

L Fx = 1037.9 MHz.
6. r C 3. 0856 pFd.
9 C 2.8011 pFd.
11 L 10. 343 nHy.
12 C le-10 pFd.
10 L 85. 029 nHy.

L

14 C 2.686 pFd.
15 L 2.3402 nHy.

L Fx = 962.89 MHz.
16. r C 6.2186 pFd.
19 L 67.808 nHy.
21 fb— 1 — 9. 9999 Ohns 53. 301 Deg.
20 C 14. 572 pFd.

L

24 C 97.762 pFd.
25 C 1. 8614 pFd.

|
26 L 16. 218 nHy.
27 C 9. 5523 pFd.
28 Source — 50 Chns

29 Fc = 999.69 M.

Aswith thefirst triplet, the open cgpadtor at branch 12must be brought upto
something redistic. Thistime we will forceit diredly to 2 @=d.

[MIS1] Triplet at branch 12
(Cr) to abort * What isnew value (pFd.) ? 2
0

— Termnation — 50 Chms
1 Ref. freq. = 999.687 Miz.
2 Cc 9. 5523 pFKd.
3 L 16. 218 nHy.
|
4 Cc 1. 8915 pFd.
5 c 51. 631 pFd.
L Fx = 1037.9 MHz.
6 C 3. 0856 pFd.
9 Cc 4.1508 pFd.
11 L 4.5309 nHy.
12 c 2 pFd.
10 L 57.381 nHy.
14 Cc 2.686 pFd.



15 L ' 2.3717 nHy.
Fx = 962.89 MHz.
16. C 6.2186 pFd.
19 L 67.808 nHy.
21 fb— 1 — 9. 9999 Ohns 53. 301 Deg.
20 C 14. 572 pFd.
L
24 C 97.762 pFd.
25 C 1. 8614 pFd.
|
26 L 16. 218 nHy.
27 C 9. 5523 pFd.
28 Source — 50 Ghns

29 Fc = 999.69 M.

The"LCtostub generator will still beprogrammed fromitsfirst use. The L-C resonator
can now be converted to a shorted stub wsing the Stub command.

[M1S3:] Stub at branch 11

0 — Term nation 50 Chms
1 —‘ Ref. freq. = 999.687 Miz.
2 C ‘ 9. 5523 pFd.
3 L 16. 218 nHy.

|
4 C 1. 8915 pKd.
5 C 51. 631 pFd.

L Fx = 1037.9 MHz.
6. r C 3. 0856 pFd.
9 C 4. 1508 pFd.
11— 1 — 29.911 GChms 55. 974 Deg.
10 L 57.381 nHy.

L

14 C 2. 686 pFd.
15 L 2.3717 nHy.

L Fx = 962.89 MHz.
16. r C 6.2186 pFd.
19 L 67.808 nHy.
21 b— 1 — 9. 9999 Chms 53. 301 Deg.
20 C 14. 572 pFKd.

L

24 C 97. 762 pFd.
25 C 1.8614 pFKd.

|
26 L 16. 218 nHy.
27 C 9. 5523 pFd.
28 Source — 50 Chms

29 Fc = 999.69 M1z.



The distributed cgpadty at the "hot nodes' between branches 3, 4 and lranches 25, 26
to groundcan be @sorbed by shurt cgpadtors that can be added by transforming the entire
triplet network up slightly in impedance and then badk down with two Norton transforms,
one on either side of thetriplet pair. Theratio is picked just high enoughto generate
cgpaators with good \alues. 1.25anditsreaprocd of .8 will be used.

[NORT:] Xform at branch 25
Preset ratio = .005

What ratio ? 1.25
0 — Term nation 62.5 Chns
1 —‘ Ref. freq. = 999.687 Miz.
2 C ‘ 7.6418 pFd.
3 L 20. 273 nHy.
|
4 C 1.5132 pFd.
5 C 41. 305 pFd.
L Fx = 1037.9 MHz.
6. r C 2. 4685 pFd.
9 C 3. 3207 pFd.
11— 1 — 37.389 Chms 55. 974 Deg.
10 L 71.727 nHy.
L
14 C 2.1488 pFd.
15 L 2.9646 nHy.
L Fx = 962.89 MHz.
16. r C 4.9748 pFd.
19 L 84. 761 nHy.
21 fb— 1 — 12.5 Ohns 53. 301 Deg.
20 C 11. 657 pFKd.
L
24 C 78. 034 pFd.
25 C 1. 6649 pFd.
26 C 0. 19652 pFd.
27 L 16. 218 nHy.
28 C 9. 5523 pFd.
29 Source — 50 Chms

30 Fc = 999.69 M1z.

[NORT:] Xform at branch 4
Preset ratio = .005
What ratio ? .8 (.8istheinverseof 1.25)

0 — Termnation — 50 Chns

1 Ref. freq. = 999.687 M.
2 c 9. 5523 pFd.

3 L 16. 218 nHy.

4 c 0. 19969 pFd.




5 C 1. 6918 pFd.
6 C 41.126 pFd.
L Fx = 1037.9 MHz.
7. r C 2. 4685 pFd.
10 C 3. 3207 pFd.
12 P — =] 37.389 Ohns 55. 974 Deg.
11 L 71.727 nHy.
L
15 C 2.1488 pFd.
16 L 2.9646 nHy.
L Fx = 962.89 MHz.
17. r C 4.9748 pFd.
20 L 84.761 nHy.
22 fb—— 1 — 12. 5 Chns 53. 301 Deg.
21 C 11. 657 pFd.
L
25 C 78. 034 pFd.
26 C 1. 6649 pFd.
27 C 0. 19652 pFd.
28 L 16. 218 nHy.
29 C 9. 5523 pFd.
30 Source — 50 Chns

31 Fc = 999.69 M1z.

As the last step, both resonators will be forced to the assumed 10 Ohms impedance
nealed for ceramic resonators.

[MISL:] Triplet 12
(Cr) toabort * What isnew value (Ohms) ? 10
[MISL:] Triplet 22
(Cr) toabort * What isnew value (Ohms) ? 10

0 — Termnation — 50 Chns
1 Ref. freq. = 999.687 Miz.
2 Cc 9. 5523 pFd.
3 L 16. 218 nHy.
4 C 0.19969 pFd.
5 C 1. 6918 pFd.
6 C 38. 75 pKd.
L Fx = 1037.9 M.

7. r C 2. 4685 pFd.
10 C 5. 6965 pFd.
12— 1 — — 9.9999 Chns 73. 16 Deg.
11 L 41. 811 nHy.

L
15 C 2. 1488 pFd.
16 L 3.0636 nHy.




Fx = 962.89 MHz.
17. C 4. 9748 pFd.
20 L 78. 629 nHy.
22 b—— 1 — 10 Ohns 57. 669 Deg.
21 C 12. 566 pFd.
L
25 C 77.125 pFd.
26 C 1. 6649 pFd.
27 C 0. 19652 pFd.
28 L 16. 218 nHy.
29 C 9. 5523 pKd.
30 Source — 50 Chns

31 Fc = 999.69 MHz.

«** Example 2 ***

This example will ill ustrate how afully pole place filter can be @mnverted for couded triplets. It will dso ill ustrate
some of the things that might go wrong as you dothe transformations.
Desi gn = Conventional pol e placer
passband Ri pple (0=Butt. dB) 0.05
MHz .

arithnmetic Fo. 1000
Bandwi dt h MHz. 150
desi gn Zo. 200

t Ype: 1=sing 2=doub 3=ratio 2
--- PCOLE PLACER DATA ---

Zeros at zero (Dc.) =5

Zeros at Infinity =1

Finite transm ssion zero frequencies:
870. 000 1100. 000

Finite transm ssion zero sequence: 1 2

Pl acer specification nask:

0 Term nati on — 200 Chmrs

1 L 4.7136 nHy.

2 C 5.8227 pFd.

3. C L 18. 358 pFd. 1.8229 nHy. Fx = 870 MHz.
5 C 60. 574 pFd.

1

6. C L 156. 95 pFd. 0.13338 nHy. Fx = 1100 MHz.
8 C 19. 25 pFd.

9 C 253. 74 pFd.
10 L 0. 094789 nHy.
11 C 4. 2045 pFd.
12 L 6. 1623 nHy.
13 Source — 261. 47 Chns

14 Fc = 997.18 MHz.



Thefirst step isto reverse thefilter end-for-end.
[main:] Reverse

0 Term nati on — 261. 47 Chns

1 L 6. 1623 nHy.

2 C 4. 2045 pFd.

3 L . 094789 nHy.

4 C 253. 74 pFd.

5 C 19. 25 pFd.

6. C L 156. 95 pFd. 0.13338 nHy. Fx = 1100 MHz.
L1

8 C 60. 574 pFd.

9. C L 18. 358 pFd. 1.8229 nHy. Fx = 870 MHz.

11 C 5. 8227 pFd.

12 L 4.7136 nHy.

13 Source — 200 Chns

14 Fc = 997.18 WVHz.

At thispaint, a cgadtor isnealed in parall el with the inductor at branch 12 It isalso
goingto be necessary to raise the impedance of the network. A Norton transform at branch

11 will accomplish bah requirements. The needed impedanceratio hereis guesswork since
you dort know what part values will be generated by the secondtriplet that will provide the

finite zeo above the pasdand. Let's pick avalue of 10.

[NORT:] Xform 11
Preset ratio = 1.00
What ratio ? 10

0 Term nati on — 2614.7 Chns

1 L 61. 623 nHy.

2 C 0. 42045 pFd.

3 L 0. 94789 nHy.

4 C 25. 374 pFd.

5 C 1. 925 pFd.

6. C L 15. 695 pFd. 1.3338 nHy. Fx = 1100 MHz.
|

8 C 4.7983 pFd.

9. C L 1. 8358 pFd. 18.229 nHy. Fx = 870 MHz.

11 C 1.8413 pFd.

12 C 3.9814 pFd.

13 L 4.7136 nHy.

14 Source — 200 Chns

15 Fc = 997.18 M.



In order to form a network compatible with a cuged triplet at the shurt notch "trap” at branch 9,the
series cgpadtor at branch 5 must be moved to the other side of the series notch "tank” at branch 6. This will
also make the network at branches 2, 3and 4ready to accept atriplet for the high side finite zero.

[NORT:] Movebranch 5
Position them after what branch number ? 6

O

[MIS1:] Triplet at branch 3

Term nati on —

g hw N

Fc = 997.18 MHz.

L
C
L
C
1
C L
C
C
C L
C
C
L
Source ——

2614.7 Ohrs
61. 623 nHy.

0. 42045 pFd.

0.94789 nHy.
25. 374 pFd.

15. 695 pFKd. 1.3338 nHy. Fx

1100 MHz.

1. 925 pFd.

4.7983 pFd.
1. 8358 pFd. 18.229 nHy. Fx

870 Mz.
1. 8413 pFd.
3. 9814 pFd.

4.7136 nHy.
200 Ohms

Sincethe impedanceratio of 10 that was used to raise the impedance of the network ealier may not
be corred, we will convert the sedion at branch 2to atriplet to seewhat values are generated before
generating the triplet at branch 8.

When the triplet command is used at a network having both aparalel L and C, as exist at branches 3
and 4,you have the option to seled an impedanceratio that will scde the network from the triplet through to
the termination. A ratio of .2 was chosen to bring the termination impedance down.

Impedanceratio at triplet ? .2

— Term nation —

~NoOmOW NRFO

L
c
-
¢
c |
L
c
C
L
L
C
C
C

522.87 Chns
12. 323 nHy.
1. 7255 pFd.
Fx = 1100 MHz.
0. 39059 pFd.
-0. 013622 pFd. <
2639. 9 nHy.
le-10 pFd.
0. 02233 pFd.

NEGATI VE!

2.2817 nHy. <
9. 4022 pFd.

X, for now.

1. 925 pFd.
4.7983 pFd.



15. C L 1. 8358 pFd. 18.229 nHy. Fx = 870 MHz.
17 C 1.8413 pKd.
18 C 3.9814 pFd.
19 L 4.7136 nHy.
20 Source — 200 Chmrs

21 Fc = 997.18 MHz.

Theresultsindicae that theratio of 10 pcked ealier for the Norton transform at the source end was
ok sincethe values at branches 11 and 12are reasonable. A different ratio will producedifferent values. The
triplet equivalent itself has a negative value however. Thereasonfor thisis usually becaise the series
cgpaator at branch 2 (before the triplet command) was too small. This can be gotten around ty splitti ng this
cgpadtor into two cgpsin series, ore cgadtor can be larger than the other. The large one will be placed
next to the triplet. To dothis, badk up wsing the OOps feaure, split the series cgpadtor with orevalue set to
5 pFd, then interchange the two.

Oops (Mouse right button)

[NORT:] Split branch 2

(Pressa mouse button or Cr for both equal)
Valueof 1 part (pFd.) ?5

[NORT:] Interchange branches 2,3

0 Term nati on — 2614.7 Chns

1 L 61. 623 nHy.

2 C 0. 45905 pFd.

|

3 C 5 pFd.

4 L 0. 94789 nHy.

5 C 25. 374 pFd.

1

6. C L 15. 695 pFd. 1.3338 nHy. Fx = 1100 MHz.
8 C 1. 925 pFd.

9 C 4.7983 pKd.

10. C L 1. 8358 pFd. 18.229 nHy. Fx = 870 MHz.
12 C 1.8413 pKd.

13 C 3.9814 pFd.

14 L 4.7136 nHy.

15 Source — 200 Chnmrs

16 Fc = 997.18 M.
Now we can try again to get the triplet.
[MISL1:] Triplet at branch 4
(Pressamouse button or Cr = 1.0) Impedanceratio at triplet ? .2

0 r— Term nati on —1 522.94 Chns
1 L ‘ 12. 325 nHy.
2 C 2.2953 pFd.



3 C 18. 478 pFd.
L Fx = 1100 MHz.
4, r C 3. 809 pFd.
7 C 2. 7133 pFd.
9 L 13. 596 nHy.
10 C le-10 pFd.
8 L 30. 544 nHy.
L
12 L 2.4061 nHy.
13 C 6. 5391 pFd.
14 C 1. 925 pFd.
15 C 4.7983 pFd.
16. C L 1. 8358 pFd. 18.229 nHy. Fx = 870 MHz.
18 C 1.8413 pFd.
19 C 3.9814 pFd.
20 L 4,7136 nHy.
21 Source — 200 Chns

22 Fc = 997.18 MHz.

With the triplet inserted, we can proceed to generate a cpadtor in paralel with the inductor at
branch 1 by applying a Norton transform at branch 2. A ratio of .5 will return the termination to where it was
and generate the neaded capadtor.

[NORT:] Xform at branch 2
Preset ratio=1.00
What ratio ?.5

0 — Term nation — 261. 47 Chns
1 L 6. 1623 nHy.
2 C 1. 3445 pFd.
3 C 3. 246 pFd.
4 C 17. 527 pFd.
L Fx = 1100 MHz.
5 r C 3. 809 pFd.
8 C 2. 7133 pFd.
10 L 13. 596 nHy.
11 C le-10 pFd.
9 L 30. 544 nHy.
L

13 L 2.4061 nHy.
14 C 6. 5391 pFd.
15 C 1. 925 pFd.
16 C 4.7983 pFd.
17. C L 1. 8358 pFd. 18.229 nHy. Fx = 870 MHz.
19 C 1. 8413 pFd.
20 C 3.9814 pFd.
21 L 4,.7136 nHy.
22 L— Source — 200 Chns




23 Fc = 997.18 MHz.
Now, the finite zero generated by the "trap" at branch 16can be mnverted to atriplet.

[MISL1:] Triplet at branch 16

0 — Term nation — 261. 47 Chns
1 L 6. 1623 nHy.
2 C 1. 3445 pFd.
3 C 3. 246 pFd.
4 C 17. 527 pFd.
L Fx = 1100 WVHz.
5 r C 3. 809 pFd.
8 C 2.7133 pFd.
10 L 13. 596 nHy.
11 C le-10 pFd.
9 L 30. 544 nHy.
L
13 L 2.4061 nHy.
14 C 6. 5391 pFd.
L Fx = 870 MHz.
15. r C 0. 3408 pFd.
18 C 1.2279 pFd.
20 L 1. 3959 nHy.
21 C 17. 34 pFd.
19 C 1.1745 pFd.
L
23 C 3.9814 pFd.
24 L 4.7136 nHy.
25 Source — 200 Chnmrs

26 Fc = 997.18 MHz.

Next, we would like to have values at the shurt "resonators" inside the triplets that are within arange
that can be mnwverted to shorted stub resonators. The values at branches 20 and 21are ok asis. We will use
the CT command again to make the values at the other triplet reasonable. Let's force2 nHy. at branch 10.

[MISL1:] Triplet at branch 10
(Cr) toabort * What isnew value (nHy.) ? 2

0 — Term nation — 261. 47 Chns
1 L 6. 1623 nHy.
2 C 1. 3445 pFd.
3 C 3. 246 pFd.
4 C 13. 923 pFd.
L Fx = 1100 WHz.
5. C 3. 809 pFd.
8 C 6.3176 pFd.
10 L 2 nHy.
11 C 8. 3921 pKd.
9 L 13. 118 nHy.




13 L 2. 6873 nHy.
14 C 6. 5391 pFd.
L Fx = 870 MHz.
15. r C 0. 3408 pFd.
18 C 1. 2279 pFd.
20 L 1. 3959 nHy.
21 C 17. 34 pFd.
19 C 1.1745 pFd.
L
23 C 3.9814 pFd.
24 L 4,7136 nHy.
25 Source — 200 Chns

26 Fc = 997.18 MHz.

Now we can usethe "LC to stub generator" to convert the L-C resonators inside bath triplets to
shorted stubs. Use the Prog Stuber command and choase the "V" option from the stub generator menu. Exit
and wse the Stub command to dothe mnwversion.

[M1S:3] Program stuber (Pick option " V" on the menu)

[MIS3:] Stub at branch 10

[MIS3:] Stub at branch 21 (Thiswas branch 20 kefore the reference frequency branch was added by the
stuber when branch 10 was converted)

0 — Term nation — 261. 47 Chns
1 Ref. freq. = 997.184 M1z. <-- added by stub generator.
2 L 6. 1623 nHy.
3 C 1. 3445 pKd.
4 C 3. 246 pFKd.
5 C 13. 923 pFKd.
L Fx = 1100 MHz.
6 r C 3. 809 pFKd.
9 C 6. 3176 pFd.
11— 1 — — 10. 816 Chns 73. 595 Deg.
10 L 13. 118 nHy.
L
14 L 2.6873 nHy.
15 C 6. 5391 pFd.
L Fx = 870 Mz.
16 r C 0. 3408 pFd.
19 C 1.2279 pFd.
21 —— 1 — 6. 5388 Chirs 87.868 Deg.
20 C 1.1745 pFd.
L
24 C 3.9814 pFd.
25 L 4.7136 nHy.
26 Source — 200 Chns

27 Fc = 997.18 MHz.

If quarter-wave ceamic dieledric resonators are to be used for the resonators, the @rred impedance
for these can be forced naw by using the Tripet command again. This example as3umes the resonators are
10 0Ohms. The adua value will be speafied by the manufadurer of the resonators. They are usually between
8 and 120hms,



[MISL1:] Triplet at branch 11
(Cr) toabort * What is new value (Ohms) ? 10

0 — Term nation — 261. 47 Chns
1 Ref. freq. = 997.184 Miz.
2 L 6.1623 nHy.
3 Cc 1. 3445 pFd.
4 Cc 3. 246 pFd.
5 Cc 13. 702 pFd.

L Fx = 1100 MHz.
6 r Cc 3. 809 pFd.
9 Cc 6. 5381 pFd.
11 — — —] 10 Ohns 74.272 Deg.
10 L 12. 676 nHy.

L

14 L 2.7066 nHy
15 Cc 6. 5391 pFd

L Fx = 870 MHz
16. r Cc 0. 3408 pFd
19 Cc 1. 2279 pFd.
21 — 11— 6. 5388 Chmrs 87.868 Deg.
20 c 1.1745 pFd.

L

24 c 3.9814 pKd.
25 L 4.7136 nHy.
26 Source — 200 Onns

27 Fc = 997.18 MHz.

[MISL:] Triplet at branch 21
(Cr) toabort * What is new value (Ohms) ? 10

The impedance matcher can be used nawv to match the load and sourceimpedanceto 500hms. It isa
goodideato save the network using the Save command kefore doing the impedance matching. Thisisthe
only way to badk up after the filter has been source or load matched.

Two dfferent matching networks were dhosen at ead end (option A and C). Asit happened, the
series C matching network if used onthe source end (option A) would result in too small of a cgadtor
value acossthe termination end inductor. A cgpadtor of any value desired could be generated aaossthe
inductor at branch 4 by applying Norton transforms at branches 5 and 3to lower the impedance 4 the
inductor. Theratios would haveto be N and 1.0/ N to maintain the 50 Ohm termination impedance

0 — Termnation — 50 Chns

1 Ref. freq. = 997.184 Miz.
2 c 1.1012 pFd.

3 Cc 1.9228 pFd.

4 L 6.1623 nHy. <

5 Cc 3. 246 pFd.

6 c 13. 702 pFd.




,—tﬁ Fx = 1100 M.
7. C 3. 809 pFd.
10 C 6. 5381 pFd.
12— 1 — — 10 Ohns 74.272 Deg.
11 L 12. 676 nHy.

L
15 L 2.7066 nHy.
16 C 6. 7712 pFd.

- Fx = 870 M.

17. C 0. 3408 pFd.
20 C 0. 99582 pFd.
22 b—— 1 — 10 Ohns 86. 537 Deg.
21 C 0. 95252 pKd.

L
25 L 4.7136 nHy.
26 C 2.8212 pFd.
27 C 1. 843 pFd.
28 Sour ce J 50 Chns

29 Fc = 997.18 MHz.

A much better solutionwould be to recdl the network saved before matching was applied and reduce
the termination impedanceto abou 180 Ohms with a Norton transform at branch 3,then try the matching
operation again. A series cgpadtor matching network would then yield acceptable values and fewer parts as
well.
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