RFI Note #007
Design and | mplementation of the Debuncher Bands 3 and 4 System Filters
C. Delbele

Abstrad: The Debuncher stochastic coaling system has appredable gain outside of

its individual bands. This gain interferes with the aility of the system to codl

antiprotonsin the time from shat to shat. Bandpessfilters were designed for bands

3and4toreged theout-of-bandsignal. Theparametersfor thesefiltersare presented

and measurements shown.
[. Introduction

The Deburcher at FNAL has sveral frequency bandsin its 4-8 GHz stochastic cooling
system.! Unfortunately, the dedronics, amplifiers, and surroundequipment adds an out-of-band
signal which deaeases the aadling rate and/or ability of the stochastic coaling system to cool
antiprotons. It was desired, therefore, to pacebandpessfilters on eat band as necessary.
Measurements on bands 1 and 2showed that these systems did nd requirefilters, however,
bands 3 and 4required filters. Thetopdogy of the filters will be described, parameters essential
to thefilter will be stated, and finally, measurements will be shown.
II. Design Criteria

The spedrum of the momentum system and betatron system for band 4was measured and
it was determined that a bandpessfilter having a start frequency at 6.4 GHz, ending at 8.6 GHz.
For band 3,it was determined that a bandpessfilter having a start frequency of 5.4 GHz, ending
at 7.5GHz. Previous experiencewith broadband steep skirt filters® has shown that using a

resonant couded li ne structure provides excdlent magnitude and phase resporse. The muded

!D. McGinnis, “4-8 GHz Deburcher Upgrade Array Impedance Resporse,” Pbar Note
#580,March 22 1998, tip://cosmo.fnal.gov/documents/pbarnotes/pdf_fil es’PB580PDF

’C. Deibele, “Design of Microwave BandpessFilters for the Debuncher Stochastic
Codling System, Pbar Note #650,January 24, 2001,
http://cosmo.fnal.gov/documents/pbarnotes/pdf_fil es/PB650PDF
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lines in this paper, however, are narrow band and the tracespadng was kept as wide & possble.
Additionally, the number of resonant couded lines was limited to four. The requirements for
thesefilters required narrow tracespadng and five resonant cougded lines. A picture of the
interior for the system filter number threeis srownin Fig. 1.

The designs were optimized using Agilent Techndogies® Series |V padage. Oncethe

Figurel. A sample of the assembled Band 4filter. The board isthreelayers, namely two
grounds sandwiched between two deledric layers, with atracelayer in the midde. The boards
are manufadured by Arlon,and are 2 az copper, LX-04503355.The conredors are Macom
2052161802. The duminum parts that conred to the cnredor were manufadured by FNAL,
and have adrawing numbers: 8035MB-375836and 8035MB-375835.

*nhttp://www.agilent.com
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design was optimized and parameters were robust, the design was eledromagneticdly simulated
using Ansoft’s Ensemble’ program. The final geometricd results from the dedromagnetic
optimization/simulation are presented in Table 1. A picture of the interior, or tracelayer, is
showninFig. 2.

Tablel.

W, |S |L [Wo|S |L [We|S |Ls [Wo|S |Ls [Ws|S |Ls

Band 3 | 337 | 6.0 247 539 | 6.0 306 56.7 | 6.0 277 528 | 6.0 280 337 | 6.0 302

Band4 | 337 | 6.0 257 | 475 | 6.0 240 537 | 6.0 250 | 448 | 6.0 251 337 | 6.0 243

The tracewidth, couded line separation, and length of ead couded line sedionfor thefilters.
All lengths are in mils.

The measurement results are shown in Figs. 3-6. The results are within expeded
tolerances of theinitial design
presented by Series|V.

[11. Conclusion

The production d the
systems 3 and 4filters went
smoathly. It took circaone

month from ign z:\projects\ systemfilter\ systernfilter\ systemJ3filter.pcb o o
orth from design to System Filter #3 Deibeie 30—Jan—200
b

Arlon #: 906807B323 Board #: 2

completion d thefina

Figure2. A picture of theinside of the system filter for band 3.
boards. The measurement of  Five couped resonant lines are put together for the bandpass
charaderistic. The serial number of the board stock from Arlon

the boards showed high isetched orto eat layer and orto ead baard. Thetop and
bottom boards are matched together. Additionaly, ndicethat at
reproducibility. the left and right edges, the tracebecomes ten mils smaller

(from 76 milsto 66mils) to acammodate and kroadband match
the SMA conredor.

*http://www.ansoft.com
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Figure 3. Thetransmission of the System 3
filter.
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Figure5. Thetransmission of the System 4
filter.
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Figure 4. The phase of the system 3 filter.
All filters experienced around 1 nsec of
delay.
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Figure 6. The phase of the System 4 filter
with ~1 nsec of delay removed.




