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Overview

" HD Radio signal (IBOC)
" Options to implement HD Radio
" FM combiner types

" Options that can be used with existing
combiners

" \WWhat are the concerns? solutions?
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Presenter
Presentation Notes
Adding the HD Radio signal means adding two groups of digitally modulated carrier signals next to the FM signal.
The HD Radio Power is 20dB down, 1/100 of the FM Power.
Important to note the increased BW of the signal

OFDM signal



HD Radio Implementation

Options

" Low Level Combined (common
amplification)

" High Level Combined (10dB Hybrid)

= Split Level Combined

" Separate Antennas (space combined)



Presenter
Presentation Notes
These are the methods to combine the HD Radio with the FM signal
10dB Hybrid – also called an injector.  Need 10% Headroom in Existing FM Transmitter.
Split Level is a kind of Combination of High and Low Level combined. Don’t need the extra 10% Headroom. One transmitter operates in Hybrid HD & FM mode, the other transmitter FM only.
Separate Antennas – also Includes Interleaved antennas, Dual Input Antennas
Not going to get into the advantages or disadvantages of these different approaches.
What problems can we run into when combined HD-FM signal is applied to an existing FM Combiner?


FM Multi-Channel
Combiners

= Starpoint (Branched)
" Constant Impedance



Presenter
Presentation Notes
Some may have a combination of the two.
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FM Multi-Channel
Combiners

" Constant Impedance
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Multi-Channel FM Combiner
HD Radio Options

" Which HD Radio implementation
options can be used with existing FM
combiners?

" Any of the above. If certain criteria met.



Multi-Channel FM Combiner
HD Radio Options

" Can use the existing combiner to feed a
common antenna




Multi-Channel FM Combiner
HD Radio Options
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Presenter
Presentation Notes
Here we’ve combined each FM with it’s corresponding HD Radio Signal using the Low Level, High Level or Split Level methods.
This combined signal is then fed into the existing FM combiner.


Multi-Channel FM Combiner
HD Radio Options

" Can also Back-Feed an existing constant
Impedance combiner




Multi-Channel FM Combiner
HD Radio Options

= “Back Fed”
" Separate Antennas
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Presenter
Presentation Notes
Separate FM and HD Transmitters Solution
Reject Loads are removed and HD Radio plugged in
Directional nature of the constant impedance combiner causes the HD signal to flow in the opposite direction.


What are the Concerns?

" Bandwidth

" Peak Power Ratings

" Group Delay Variation
" |solation



Bandwidth

" Typical FM combiner spec + 150kHz
= HD Radio signal requires + 198kHz
" Many existing combiners compatible



Presenter
Presentation Notes
1st issue
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Presenter
Presentation Notes
 - VSWR Plot for a combiner with 2MHz minimum channel spacing
Markers at 150kHz
Can see VSWR would be fine out to 200kHz
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Presenter
Presentation Notes
 - IL Plot for the same combiner Markers at 150kHz
Can see IL would be fine out to 200kHz


Bandwidth

" Close-Spaced (1 MHz or less) combiners
may be a problem

" Solution — Replace filters



Presenter
Presentation Notes
VSWR at the band edges may be unacceptable.

Example -  narrow-tuned 3 section filters could be replaced with 4-section filters - allowing a wider passband while maintaining the required isolation between channels.


Peak Power Handling

" Added HD Radio average power rarely a
concern

" HD Radio has 6dB crest factor (PAR)

" In a combined system Peak Power
Increases rapidly as multiple HD Radio
signals are added



Presenter
Presentation Notes
* NEXT ISSUE
* HD Radio Avg Power is 20dB down, 1/100 of the FM Power.
 Crest Factor is the peak-to-RMS Voltage ratio
Ppk=Pavg*10^CF/10





Peak Power Handling

" 7x TkW EM combiner with 3-1/8”
Output

" Avg Pwr = 49kW < 50kW Rating
" Pk Pwr = 343kW Pk < 440kW Pk Rating



Presenter
Presentation Notes
EXAMPLE


Peak Power Handling

" Now add 7x 70W HD Radio to FM
combiner

" Avg Pwr= 49.49kW < 50kW Rating

" Pk Pwr = 493.5kW Pk > 440kW Pk
Rating

" Solution: Replace under-rated
components in combining system


Presenter
Presentation Notes
Also Note: Peak power concerns will apply to the feed line and antenna components as well.



Group Delay Variation

" IBiquity Spec = 600ns peak to peak
over + 200kHz

" Typically only a problem in closely
spaced combiners (< 1 MHz)

" What are the sources of Group Delay
Variation?
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Presentation Notes
NEXT ISSUE
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Presenter
Presentation Notes
Simulated group delay of a filter for a 1.0MHz spaced combining system
Max peak to peak variation is 100ns


Group Delay Variation
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Presenter
Presentation Notes
Adjacent 1MHz spaced frequency.

Max peak to peak variation is 180ns



Group Delay Variation

" Combination of passing through filters
and passing by modules

" Solution: Pre-correction in transmitter
OR add group delay compensation
module for HD Radio input


Presenter
Presentation Notes
In the above 1MHz spaced scenario. If a signal passed through its own combiner module and then past the adjacent frequency’s module the combined Group delay (<280 ns) would be far below the 600ns

In the rare cases where it is a problem…


|solation

" > 40dB desired

" Can be a concern If back feeding
constant impedance combiners

" Typical isolation 30 to 35dB

= Solution: Isolator on HD input adds
>20dB


Presenter
Presentation Notes
FINAL ISSUE
Ferrite Isolator – returned power is absorbed in a 50ohm Load


Conclusion

" Adding HD Radio to combined FM
systems requires extra attention.

" Closely spaced freguencies
" 4 or more frequencies combined


Presenter
Presentation Notes
When do I really need to worry my combiner is inadequate?

Closely spaced frequencies. Large number of frequencies, 4 or more.
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Conclusion

" Consult original

manufacturer early In

the planning process

" Theoretical com

ponent performance

can give rough estimate of possible

changes needec

" Verify with com
measurements

nlete combiner
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Thank You

Aaron Callahan
Jampro Antennas
916 383-1177

Callahan@Jampro.com
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