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Dielectric

Increasing to -10 dBc IBOC provides a challenge

Situation becomes more complex when comb stations into one transmitting system
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Review Dielectric

Shorter pulse durations require higher amounts of voltage

Defined the critical pulse widt

TFM —mode mp?2

Breakdown vol

No de-rating factor can be used for short pulse duration in FM IBOC



Review Dielectric

Defined the voltage breakdown condition as the point where
to a level exceeding the PAPR’s used in the powe

oltages coincide
ndling calculations

Whe

If 1 event

But what if the number of probable events is less then 1 in a 100 year period?



Review Dielectric

obability of
in 100 years

Handling voltage additions
exceedance is |

Guideline:

When combining multiple stations and the total
probability of exceedance drops below the 1 in 100 year
ence, the PAPR’s used in voltage handling
s should be reduced such that the voltages
will produce the defined 1 in 100 year

criteria.
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FM-IBOC Combining Dielectric

3 Methods of producing the IBOC hybrid FM signal
* Low level combining

* High level combining
e Space combining
Benefits of low level co

e Reduces numb
* Reduces floor sg

arate transmitters

S
} Minimizes impact to broadcaster

Advances in crest factor reduction allows the peaks of the HD carriers to
be moved to the FM analog space

PAPR for given IBOC level
-20dBc | -14dBc | -10dBc
Separate Tx 5.5dB 5.5dB
CommonTx | 1.3dB | 3.5dB

So what does this mean to our voltage addition guideline?
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stations that must be taken into account with full PAPR in voltage handling

calculations ar breakdown event probability before using the PAPR reduction guideline

When using common amplification, the PAPR reduction guideline for voltage handling
calculations does not come into play
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The voltage and power handling calculations for combined

CANNOT take advantage of

* PAPR reduction factors
e Short pulse reduction fac

enna design must rely on:
Breakdown prevention methods
iques to boost the voltage safety factor



Antenna Bandwidth Dle e(}tI‘iC

Co-located multi-station combining with -10 dBc IBO
* High power
* High voltage
e Broad bandwidth

Broad bandwidth is necessary

energy store

average power disipated

Low Q is req

le the extra power and high voltages
associated with - [

high safety margin




Antenna Bandwidth Dle eCtI'iC

It can be shown that the maximum achievable bandwidth of a ci
antenna radiator fitting within an oblong bounded regi
practical matching techniques for a desire

e bandwidth of the antenna is purely a function of size.

requirements.
' 0% bandwidth) with a 1.15:1 VSWR specification

 Define the mi
* For full band
 a=19" (38" diam
 b=11" (22" height)




Antenna Bandwidth Dle eCtI'iC

The antenna radiator should be as large as possibl
e To handle the extra power
* \Voltage stack-up associate ned stations with -10 dBc IBOC
Increasing the size beyond th um requirement unnecessarily increases
* Wind load

* Cost

to increase power handling and decrease the probability of voltage breakdown
etrical considerations




Geometrical Considerations — Sharp Edge Factor Dle GCtI'iC

The electric field intensity near a conductor is inverse o the radius of

curvature (r)

Em

Q

Sharp edges have a greater poteftial for breakdown and sparking

. Vpeak RF
: ZZQPavg—analog i Z? \/ZZOPavg—IBOCPAPR)CVSWR

SF

Assuming all sta sing IBOC at the same level and same PAPR

SF(Vp—analog + VP—IBOC) VS

1
Therefore: Nmax X T In (1 + —>

nmax r

The maximum number of stations that can safely be combined is proportional to the
radius of curvature through a natural log function



Geometrical Considerations — Sharp Edge Factor Dle eCtI'iC
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The number of stations that can bined can be increased by a factor of

4 by removing any sharp edges and usin iuses




Pressurization Factor Dle e(}tI’iC

Peak power and voltage ratings can be increased with pr ry air or nitrogen

Paschen’s law (1889)

* Verified experimentally for dc br _ apd
e Does notinclude frequency a e width " In(pd) + b
accurate approach
yi-analytical method
3/16
E . )1/2 10" + 6.4x10* + 20 / pP=P 27
= . X Ax — =Poso5 L+
p szeffz pr 273 + TO

Air ionization threshold can in terms of the frequency, pulse width and pressure




Pressurization Factor Dle e(}tI'iC
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The number of stations tha combined can be increased by a factor of

2 by adding 15 psi of pressure




IBOC Level Increase vs. Voltage Breakdown Dle ectric

PAPR (dB)

If the goal is not to add more stations
but to increase from -20 dBc to -10 dBc
IBOC then approximately 30% increase
in breakdown voltage is needed




Geometry and Pressure Factors Dle ectric

Summary
* Eliminating sharp edges and usi iuses has a theoretical
limit of voltage breakdown i of 4X

e Adding 15 psi of pressure i ses the voltage breakdown by 2X

Employing both techniques
stations that can be safely co

theoretically increase the total number of
bined into an antenna system by 8X

oal is not to add more stations but to increase from -20 dBc to -10 dBc
pproximately 30% increase in breakdown voltage is needed
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Practical Application of

eoretical analysis helps with initial design criteria but
ler accuracy is required for specific situations



Determining peak voltage and power handling ])1e e(:tric

Accepted method:

 Perform DC Hi-Pot
e Determine DC breakdown level
 Relate DC breakdown to RF bre

t RF breakdown voltage has been experimentally

DC to RF factor is based
cepted value of 29 kV/cm

measured at 22.8 kV/cm instea




Practical Applications Dle e()tI‘iC

DC Hi-Pot experiments conducted on
three types of FM antenna tap points

[
o

— Results from this example
indicate the combined channel
— capacity of this style antenna

(kV)

8

can be increased by a factor of
3.2 through carful design and
pressurization of the tap point

DC Breakdown Voltz

o [0,]
I ]




Validating Theory Dle eCtI'iC

* For full band FM operation (20% bandwidth) with a 1.15:

* a=19" (38” diameter) :
e b=11" (22" height) Capable of handllng (8) 20kw

stations all with -10 dB IBOC

cation

Frequency (MHz)

Optimized for the cha
————— Optimized for the full FM band

erest (94 MHz to 107 MHz under 1.06:1 VSWR
to 108 MHz under 1.15:1 VSWR

(d
O

Broadband — Multi channel DCR-U FM antenna for Miami



Conclusion Dle eCtI'iC

e Voltage breakdown is one of the major limitations i ulti-channel

FM-IBOC transmission system design
* Due to the long pulse duration o
determining the probability of.
* Lower PAPR’s associated wi
using a PAPR reduction f.
combined stations
* Antenna voltage breakdown prevention methods can be summarized
e Use large bandwidth radiators to reduce stored energy
Reduce the field strength in gaps by avoiding sharp edges and using
ounded corners
ploy pressurization

o de-rating factors can be used in
breakdown

mmon amplification eliminate the possibility of
r in the voltage and power handling calculations for

pplying the combination of analysis, test and experience
ly designed to handle the extra power,
jated with an increase to -10 dBc IBOC

Following these
allows FM antennas t
bandwidth and voltage addi
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