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COMBINATION COAXIAL SURGE ARRESTOR/POWER EXTRACTOR
1. Cross-Reference to Related Applications

This application is a continuation in part of

application Serial No. 08/687,229 filed July 25, 1996,
BACKGROUND OF THE INVENTION

1. Field of the Invéntion

.

The present invention relates to apparatus for
protecting coaxial transmission lines which carry both an RF
signal and AC power and for extracting the AC power from the

coaxial transmission lines.
2. Discussion of the Relevant Art

Kawanami U. S. Patent No. 4,544,984'issued October 1,
1985 (Kawanami '984) discloses a gas dischar&e tube surge
arrestor for a coaxial transmission line. According to the
Kawanami ‘984 patent, convenéional ga§-discharge tubes, while
suitable as surge arrestors for telephone lines, cannot be used
for high frequency coaxial transmission lines because (1) thé gas.
discharge tube has a considerable amount of capacitance and (2)
the nature of the required connection is such that it greatly
changes the impedance of the coaxial transmission line and causés
reflections in the transmission line. According to theiKawanami

984 patent, there has previously been no surge arrestor which



Kawanam U. S. Patent No. 4,544,984 issued October 1, 1985 (Kawanam '984)
di scl oses a~“gas discharge tube surge arrestor for a coaxial transm ssion
line. According to the Kawanam '984 patent, conventional gas discharge
tubes, while suitable as surge arrestors for tel ephone |Iines, cannot be
used for high frequency coaxial transm ssion |ines because (1) the gas

di scharge tube has a consi derabl e anbunt of capacitance and (2) the nature
of the required connection is such that jt greatly changes the inpedance
of the coaxial transnission |ine and causes nefl;ptions ip the

h
transmi ssFERA| BR U kR Qigh CREIRGREH AAXLadg kT BREBAES PRt has
previouSI¥cg§&anf Si{ééﬁé?ﬁ&?%@&uﬂﬂi%g *ine 4. could be used in a high
ne o

f requency *coaxi al transn1s$|on um ‘I, line 57 to colum 2, line
4). The deue@idnanit4 oBat gRtert WlRAVTe AEURgAl &LSdRoxr Wi Ch

connects a gas discharge tube between the inner and outer

which connects a gas discharge tube between the inner and outer
conductors of the coaxial transmission line in a direction
orthogonal to the direction of signal transmission. The unwanted
increased capacitance associated with the use of a gas discharge
tube in a coaxial transmission line is compensated for by
reducing the effective cross sectional area of'the inner
conductor at the place where the gas tube contacts the inner
conductor by cutting out a portion of the center conductor to
create a flat area on which the gas tube rests.

Kawanami U. S. Patent No. 4,509,090 issued on April 2,
1985 (Kawanami f090) also explains why conventional gas discharge
tubes have not been successfully employed as surge arrestors in
coaxial transmission lines and discloses the same type of
structure disclosed in the KXawanami ’984 patent, i.e., a device
which connects the gas discharge tube between the inner and outer
conductors of the coaxial transmissjon line in a direction
orthogonal to the direction of signalftransmission. In Figure 7
the Kawanami /090 patent provides information concerning the
impact of reducing the effective cross sectional area of the
center conductor at the place where it contacts the gas discharge
tube, showing that small dimensional changes on the order of 1 or

2 millimeters have a éignificant effect on the voltage standing

wave ratio (VSWR).



conductors of the coaxial transmssion line in a direction orthogonal to
the direction of signal transm ssion. The unwanted increased capacitance
associated with the use of a gas discharge tube in a coaxial transmn ssion
line is conpensated for by reducing the effective cross sectional area of
the inner conductor at the place where the gas tube contacts the inner
conductor by cutting out a portion of the center conductor to create a
flat area on which the gas tube rests. Kawanam U. S. Patent No.
4,509,090 issued on April 2, 1985 (Kawanam '090) al s0 expl ains why

conventional gas di 3GRREIEonIYLES, BALENROKoDEENESHTS8S Siskdea Pl Ooyed as
surge arrestors in coaxial transm ssion |lines and discl oses the sane type

of structpiceniesclzosedoss hiso kiiwdildses 284upgeeatrester ,far dewoarialhi ch
connects the gas discharge tube between the inner and outer conductors of
t he coaxi atrdnsmismsissi ddnei av vihich ¢i gast BdachargroBhal 18 camectrect i on

of signal transmission. In Figure 7 the Kawanan '890 gaten%ﬁgrov&des
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1 or 2 miilisiarsidiave thesheabiteaniawiftege o the mabkausosi@idicagis
that it is "simpler and less expensive to fabricate." Like the
Kawanami 7090 and ’984 patents, Mickelson uses a center conductor
which is flattened at the place where the gas ﬁube contacts the
center conductor. In addition to serving as a seat for the gas
tube, this flat area adjusté the inductance of the center
conductor to compensate for the distributed capacitance of the
gas tube. Chamfers are provided adjacent the flat area to match
the impedance of the surge arrestor to that of the transmission
line. It is well known that maximum power transfer occurs when
matched impedances are employed.

Cook GB 2,083,945A discloses a coaxial transmission
line gas discharge tube surge arrestor comprising a center
electrode 7, a cylindrical outer electrode 1 and insulating ends
3 and 5. The center conductor can be;“cranked" as shown in
Figure 2. A similar coaxial transmission;line surge arrestor is
shown in DE 3,212,684A1.

Published PCT application WO 95/21481 dated
August 10, 1995 discloses a coaxial surge arrestor which is
suitable for use in the combination coaxial surge arrestor/power

extractor of the present invention. The published PCT



wave ratio (VSWR). 3

M ckel son U. "S. Patent No. 4,633,359 issued on Decenber 30, 1986 also

di scl oses a surge arrestor for a coaxial transmssion line in which a gas
di scharge tube is connected between the inner and .outer conductors of the
transmssion line in a direction orthogonal to the direction of signal

transm ssion. The asserted advantage of the Mckel son device is that it is
“sinpler and | ess expensive to fabricate.” Like the Kawanam '090 and

' 984 patents, M ckelson uses a center cormductor which is flattened at the

pl ace whergppitcpaord Uke bagadash y fde s&QR1EeRoC0pgpLsPI34d resaddi tion to
serving as a seat for the gas tube, this flat area adjusts the inductance

of the cenfebruahductl®P4t endobpen s afloNot. hes@ds 51§ 6§t £l e paciehbag eg pf
the gas tube. Chanfers are provided adjacent the flat area to match the
i npedance 124 hdFUye Sar Pakebt N¥o- thHet056hevhighsareparentiine. It is

i curs when .
wel | knOWﬂaép {cggygngyggp%ﬁgrpéééiﬁﬂ‘Ebp §%ation. °'No claim for the

benefit of the filing dates of those two parent applications is
' made herein and the published PCT application is prior art to the
subject matter claimed in the present applicétion.

- The present invention is designed to work with coaxial
transmission lines which carry an RF signal and which also
provide AC power to electronic circuitry in a customer interface
unit mounted, for example, on the side of a building. The
coaxial transmission lines carry RF signals such as cable
television, videotelephone, digital data and the like in the
frequency range 5 MHz to 1 GHz. One way that AcC pover could be
provided to the electronic circuitry in the customer interface
unit is to use a hybrid cable comprising a coaxial cable and a
twisted pair of wires, the RF signal being carried by the coaxial
cable and the AC power being carried by the twisted pair. fThis
is sometimes referred to as a "siamese" cable. For safety
reasons, both the coaxial cable and tﬁe;twisted pair must be
protected by surge arrestors, meaning thdﬁ two surge arrestors
would be required. Also, this type of "siamese" coaxial cable is
expensive to install. At present, customer interface units only

allow for the "siamese" cable approach.



mat ched i npedances are enpl oyed. Cook GB 2,083, 945A di scl oses a
coaxi al” transm ssion |ine gas discharge tube surge arrestor conprising a
center electrode 7, a cylindrical outer electrode 1 and insulating ends 3
and 5. The center conductor can be "cranked" as shown in Figure 2. A
simlar coaxial transmission |line surge arrestor is shown in DE

3,212, 684ALl. Publ i shed PCT application WO 95/21481 dated

August 10, 1995 discloses a coaxial sur@e arrestor which is sui table for

use in the conbi nat}prassrdatceSULER BHd §HleehROWBent@¥h| agidde Qs t he
present invention. The published PCT

4 appl i capronided basenmisindtion Seakihl NourdB/ai¥2s868 /polved eXatmatary 7,
1994 and U.S. Serial No. 08/351,667 filed Decenber 8 1994, now U. S
Pat ent NoaPBaB&bu®5éhiehiRernits sxtvacting G paveanirom the praiak
applicatiggblgbwﬁ£ é@%ﬁé%iéiﬁ% overvoltage protection uéing a single
coaxial surge arrestor. This avoids using a "éiamese" coaxial
cable and the need for two surge protectors, one for the coaxial
cable and one for the twisted pair. The present invention
reduces cost because a conventional coaxial cable is less
expensive than a “siamese" cable and because oﬂly a single surge
arrestor is required. The dual functions of protection and power
extraction can now be accomplished with a single device. If
desired, the coaxial surge arrestor could be omitted, in which
case the device would only perform the function of extracting the

AC power from the combined RF signal and AC power being carried

by the coaxial transmission line.
SUMMARY OF THE INVENTION

The present invention comprises a éombination coaxial
surge arrestor/power extractor for extracting Ac power from a
coaxial transmission line carrying goph an RF signal and AC
power, while simultaneously protectiné the coaxial transmission
line from overvoltage conditions. The cémbination surge
arrestor/poﬁer extractor may comprise a conductive housing with
coaxial connectors on each end, the housing being adapted to be
connectéd in series with the coaxial transmission line. The

conductive housing contains a coaxial surge arrestor connected in



benefit .of the filing dates of those two parent applications is nmade
herein and the published PCT application is prior art to the subject
matter clained in the present application. The present invention
is designed to work with coaxial transm ssion |ines which carry an RF
signal and which also provide AC power to electronic circuitry in a
custoner interface wunit nmounted, for exanple, on the side of a building.
The coaxial transmi ssion lines carry RFgsignals such as cable television,

vi deot el ephone, di.,gital data _and the ||, | he frequency range 5 MHz to
1 GHz. OnERFS I’f’étq"lhAE%'S%eFx Bﬁ?tﬂl%’em‘%rggwr d to the electronic circuitry

in the custoner inteifAcRaxilhttisndillcdienal NErsr§abhLreaiay icohpeises
coaxial cable and a twi sted pair of wires, the RF signal being carried by

t he coaxi a3 herlde codiudtdvaChpastiig heiviiggc insudkat bipg t émds witsitobd spallr thahi s
is sonetines-referred to as a "siamese" cable. For safety reasons, both
the coaxi showsire andl mtiateinseadipent gess¥ibbinpkhecheesing. dr genter
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ceramic and the portions of the ceramic ends .contacting the
conductive housing and the central conductor may be metallized.
At least a portion of the inner surface of the conductive housing
and at least a portion of the outer surface the center conductor
may be roughened and enlarged to concentrate the electric fields
and -provide reliable operation of the gas discharge tube.
Matching the impedance of the coaxial surge arrestor to that of
the coaxial transmission line may be effected by varying the
ratio of the.inner diameter of the conductive housing to the
outer diameter of the center conductor along the length of the
center conductor and by varying the length of the active gas
discharge region of the device. The gas diséhgrge tube may be
fitted with a fail-safe mechanism employing a thermally sepsitive
electrical insulation which results in grounding of the coaxial
transmission line if the gas discharge tube overheats during the
course of its protective operation. In addition, the coaxial
surge arrestor of the present invention may-incorporate current
limiting and/or low voltage protection. The conductive housing
of the coaxial surge arrestor is electrically connected to the

conductive housing of the protector/power extractor.



I n accordance with the present invention, there is provided a conbination.
coaxi al surge arrestor/power extractor apparatus which pernits extracting
AC power fromthe coaxial cable while providing overvoltage protection
using a single coaxial surge arrestor. This avoids using a "sianese"
coaxial cable and the need for two surge protectors, one for the coaxial
cable and one for the twisted pair. The present invention reduces cost
because a conventional coaxial cable is | ess expensive than a "sianese"
cabl e and because only a single surge arrestor is required. The dual
functions of proteptThe Rewep@tractat raibtddryasonpribes aar dingivicshed wit h
a single devic desired, the coaxial suyrge arrestor could be omtted,

o
i n which EagﬁgFﬁ%SdEViEEﬁv&ﬂHHTtoRFytb%r?Qﬂﬁh h§uFﬂﬁc?F6ﬁSEﬁré&¥?gcting t he
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with the inductor. A capacitor is also connected to the output

of the surge arrestor for passing the RF signal. The values of
the inductance, resistance and capacitance are chosen such that
the inductor passes the AC power but not the RF signal and the
capacitor passes the RF signal but ﬁé%'the AC power.

The subject matter which we regard aé our invention is
particularly pointed out in the claims at the end of the
specification. The invention, including its method of operation
and its numerous advantages, may best be uﬁderstood by reference
to the following description taken in connection with the

accompanying drawings wherein like reference characters refer to

like componernts.

BRIEF DESCRIPTION OF THE DRAWING
i

In order that the invention may be more fully
understood, it will now be described, by way of non-limiting
examples, with reference to the accomﬁanying drawings, in which:

Figure 1 is a cross-sectional view taken along the
longitudinal axis of one embodiment of a gas disqharge tube

according to the principles of the present invention;



The present invention conprises a conbination coaxial surge arrestor/power
extractor for extracting AC power froma coaxial transm ssion |line
~carrying both an RF signal and AC power, while sinultaneously protecting

t he coaxial transm ssion |line fromovervoltage conditions. The conbination
surge arrestor/power extractor .may conprise a conductive housing with
coaxi al connectors on each end, the housing being adapted to be connected
in series with the coaxial transm ssion line. The <onductive housing
contains a coaxial surge arrestor connecte® in - series with

power extraction Cirpight¥ 2 is an end vib§ £RRINadiHTH TREOHeVidlE SUrge
arrestor conprises a hollow conductive housing having insulating ends .

whi ch seal shlogn houBiggrentl; mai ntain an inert gas within the housing. A
center conductor extends axially through the conductive housing in the
direction of signal FLreRERi 3si®rd thke PRABUVEEV éidnhdtheargpviss removed,

partially broken away, of a gas discharge tube inserted within a
housing having'a pair of coaxial connectors affixed thereto;

Figure 4 is a side view in elevation, partially broken
away, of the housing shown with the gas discharge tube disposed
therein;

Figure 5 is a perspective view of a éround clip;

Figure 6 is a perspective view of a mounting clip used
to hold the gas discharge tube within the housing;

Figure 7 is a perspective pictorial representation of
the thermally sensitive insulation utilized between the gas
discharge tube and the mounting clips;

Figure 8 is a cross-sectional view in elevation of an
alternate embodiment of the gas discharge tube according to the
principles of the invention; |

Figure 9 is an end view in elevation .of the device
shown in Figure 8;

Figure 10 is a top plan view ‘with the cover removed,
partially broken away, of the gas discharée tube as shown in
Figure 8, mounted in the housing; |

Figure 11 is a pictorial representation, partially

broken away, of the apparatus shown in Figure 10;



ceram c.and the portions of the ceram c ends contacting the conductive
housi ng and the central conductor may be netallized. At |east a portion of
the inner surface of the conductive housing and at |east a portion of the
outer surface the center conductor nay be roughened and enlarged to
concentrate the electric fields and provide reliable operation of the gas
di scharge tube. WMatching the inpedance of the coaxial surge arrestor to
that of the coaxial transmission |ine may be effected by varying the
ratio of the inner dianeter of the condugtive housing to the outer
di aneter of the center conductor along the length of .the center conductor
and by varying the |Rigpde 32 tiscaatopvelajaviesi wikhr fher egvean manoved of
devi ce. The gas discharge tube may be fitted with a fail-safe mechani sm
enpl oyi ng anthEreRENINA VS RaUSIRg apPaEbie Hithn$hiracppReaheEeh anpsakisgi on
groundi ng of %he]%%axi tra %%?skon line if the gas discharge tube

s

over heat s ﬁFl?ﬁf & VTS < B?%&?%ﬁive operation. In addition, the

coaxial surge arre%IiQ{uz@ 1BNG PLASERE +IMENt @ e%)ﬁibﬂcefpa{é‘%%u%%ﬁem
limting and/or | ow vol tage protection. The conductive housing o e

coaxi al suapgpardatestsiiowrs igl #digireallpy connected to the conductive housing
of the protector/power extractor. )

Figure 14 is a cross-sectional view of another
alternate embodiment of the gas discharge tube of the present
invention; ’ |

Figure 15A is an end view of a printed circuit boarad
coaxial connector embodying the gas discharge tube of the present
invention; ‘

Figures 15B and 15C are cross-sectional views of two
variations of the coaxial connector of Figure 15A;

Figure 16A is an end view of an in-line coaxial
connector embodying the gas discharge tube of the presenf
invention;

Figure 16B is a cross-sectional view of the coaxial
connector of Figure 16A;

Figure 17A is an end view of a right angle coaxial
connector embodying the gas dischargé tube of the present
invention;

Figure 17B is a cross-sectional view of the coaxial
connector of Figure 17A;

Figure 18 is a schematic diagram of a coaxial surge
arrestor in accordance with the present invention including

current limiting and low voltage protection;



7

The power extractor circuitry conprises an inductor connected

to the Sutpuf of the coaxial surge arrestor for extracting the AC power.

resi stor

may be connected in parallel wth the inductor. A capacitor is

al so connected to the output of the surge arrestor. for passing the RF

si gnal .

The val ues of the inductance, resistance and capacitance are

chosen such that the inductor passes the AC power but not the RF signal

and t he

capaci tor passes the RF signal but not the AC power. :

The subject matter which we regard as ourldnvention is particularly

pointed out in the Ci‘f{?tb]feaiQ tihe 2 BPofE- 440 i HRAC HileRRIUF0R. cdBR1dN\RREEON,
of operation and its nunerous advantages, nay best be

under st oodwiyhr ef nakececaxinl orinekckoni ingealgraratyimicothicalas 8hsaomect i on

acconpanyi ng drawi ngs wherein |ike reference characters refer to

I ncluding its nmethod

with the

| i ke conpoifkesof the present inventipms BMOESCRI PTI ON OF THE DRAW NG

Figure 20 is a cross-sectional view of a female-female
coaxial connector having an integral surge arrestor.

Figure 21 is a plan view of a network interface
apparatus according to the present invention.which includes
apparatus for terminating coaxial transmission lines and
apparatus for terminating conventional telephone lines while
providing overvoltage protection for both.

Figure 22 is a partial schematic diagram of a coaxial
transmission line splitter with a coaxial transmission line surge
arrestor for use in a network interface apparatus.

Figure 23 is a side view of apparatus for terminating
coaxial transmission lines within a network interface apparatus

using a coaxial transmission line surge arrestor and coaxial

" connectors mounted on a printed circuit board.

Figure 24 is a cross sectional view of another
alternate embodiment of the gas diécharge tube of the present
invention with fail short protection. -

Figure 25 is an end view of the embodiment depicted in
Figure 24. - |

Figure 26 is a cross sectional view of another
embodiment of the gas discharge tube of the present invention

with both fail short protection and a backup airgap.

A



In order that the invention may be nore fully wunderstood, it will now be
descri bed, by way of non-limting exanples, with reference to the
acconpanyi ng drawi ngs, in which: Figure 1 is a cross-sectional
vi ew taken along the |l|ongitudinal axis of one enbodi mrent of a gas

di scharge tube according to the principles of the present invention;
Figure 2 is an end viewin elevation of the device shown in Figure 1;
Figure 3 is atop plan vieww th the coyer renoved, partially broken away,
of a gas discharge tube inserted within a housing having a pair of coaxi al
connectors affixed Fhouzeo27 is an end vipyue® the sembedyieni &F in

el evation, partially broken away, of the housing shown with the gas

di schar ge Rigb&edr®posed therein: Figure 5 is a perspective view

of a ground ?llp; Figure 28 is a cross sectional view of a further

embodiment of the gas discharge tube of the present invention
with both fail short protection and a backup airgap.

| Figure 29 is an end view of the embodiment of
Figure 28.

Figure 30 is a cross sectional view of a coaxial
connector embodying the gas discharge tube of fhe present
invention with fail short protection.

Figure 31 is a top plan view of an enclosure with the
cover removed showing the coaxial surge arrestor and fusible
link.

Figure 32 is a side view of the same enclosure but with
the cover in place.

Figure 33 is a cross sectional view of a combination
coaxial surge arrestor/power extractor accorging to the preseht

invention.

’

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Figures 1 and ‘2, there is shown a gas
discharge tube 10, accordiné to the principles of the presént
invention, which has an elongated hollow enclosure 12 that is
cylinérically shaped and made of electrically conductive
material. The inner circumferential wall 14 is preferably

roughened for more reliable performance, as shown by the thread-



Figure 6 is a perspective view of a mounting clip used to hold the gas

di scharge tube within the housing; Figure 7 is a perspective
pictorial representation of the thermally sensitive insulation utilized
bet ween the gas discharge tube and the nounting clips; Figure 8

Is a cross-sectional viewin elevation of an alternate enbodi nent of the
gas di scharge tube according to the principles of the invention;

Figure 9 is an end view in elevation of ége device shown in Figure 8;
Figure 10 is a top plan viewwith the covér renoved, . partially broken

away, Of thgedaerdasgbasgent rguAs 15hawich colddnitratie tiuieledtiictftela
housi ng; Figure 11 1s a pictorial representation, partially
broken awayn thfe tliechppgeayas. sFowelionghtgdrelddtrically conductive
- electrode 16 extends from one end 18 to the other end 20 of
enclosure 12.

' Electrode 16 is provided with outwardly extending
portions 22 and 24 which extend beyond the ends 18 and 20 of the
enclosure 12 and are centrally disposed withih apertures 26
provided in ceramic (nonconducting) sealing members 28 and 30
inserted in the ends 18 and 20 of the enclosuré 12. Ledges 32
and 34 are provided proximate the ends 18 and 20 within the
enclosure 12 so that the sealing members 28 and 30 may be
acdhrately seated therein. The electrode 16 is also roughened
along its outer circumference, as shown by the serrations in
Figure 1, in order to provide reliable firing of the gas
discharge tube. Once the pieces of the gas discharge tube
described above are assembled, the unit is fired in a
conventional manner to allow a complete sealing of the gas 36
within the enclosure 12. The gas 36 utilized is inert and
typical of that usea in conventionail overvoltage breakover tubes.

Figure 3 shows a conductivefhéusing 38 into which is
placed the gas discharge tube 10 in a manher which will be
explained hereinafter. Housing 38 includes threaded inputland
output connectors 40 and 42 which are adapted to receive
conventional threaded F~type coaxial connectors 44 and 46,

although other conventional coaxial connectors such as BNC

connectors may be employed. The coaxial connectors are aligned



Figure 12 is a top plan view with the cover renoved of an alternative
housi ng apparatus with the connectors appearing on different surfaces of
t he housi ng; Figure 13 is an end view in elevation of the
housi ng apparatus shown in Figure 12; Figure 14 is a
cross-sectional view of another alternate enbodi nent of the gas discharge
tube of the present invention; Figure 15A is an end view of a
printed circuit board coaxial connector enbodying the gas di scharge tube
of the present invention; Fildures 15B and 15C are

Cross- sectimrale dimestdont of tyaiswilssdoa. of Eddie walbx | @édnoarteectinclodedigur e
15A; _ Figure 16A is an end view of an in-line coaxial  connector
enbodyi ng tireagesd dwerasheliupe id Ee ippubahing iprikien B0 having a

LU 108 e aesonshoul e B Uheoelalo- RITER O L FL
connect or caRoQV| 1S e H3p FhSShARPE N HBEeOdet i1 PLESPdurd RV ENTI ON;

Clip 54 has a second feceptacie portion 56 adapted to
receive and removably hold therein the extending portions 22 and
24 of gas discharge tube 10. Clip 54 also has 'a plurality of
fingers 58, 60, 62 and 64, which are curved and adapted to
receive gas discharge tube 10 therein. |

In order to insure the isolation of the conducting
electrode 16 of gas discharge tube 10 so that it is not in
electrically conductive contact with the clip 54, a thermally
sensitive material 66 such as FEP is placed between the base
portion 68 of clip 54 so that it extends over the fingers 58, 60,
62 and 64 to prevent electrically conductive contact with the
metallic enclosure 12 of gas discharge tube 10.

Figure 7 discloses the configuratiqgn of the FEP
insulator 66. Two apertures 70 and 72 are provided in insulator
66 so that the fingers 74 and 76 of’'ground clip 78 (shown in
Figure 5) may come into electrically conductive contact with the
metallic electrically conductive surface of the enclosure 12.
Ground clip 78 is affixed to the conductive housing 38 in é
conventional manner and thus, is in electrically conductive
contact therewith and with the ground. portion of connectors 40
and 42 and also, the conneétors 44 and 46 affixed thereon

completing the ground integrity of the system.



Figure 17B is a cross-sectional view of the coaxial connector of Figure
17A; Figure 18 is a schematic diagram of a coaxi al surge
arrestor in accordance with the present invention including current
limting and | ow vol tage protection;

10 _ Figure 19 is a cross-sectional view of a coaxial cable with a
mal e coaxi al connector incorporating the gas discharge tube of the present
i nvention; and Figure 20 is cross-sectional view of a

femal e-femal e coaxi al connector having an integral surge arrest

Figure 21 is a pl anFigunest8 Andiuihevi AdeRH et 9“&%‘&&% %o the

[r anam ssBan AiABUSEHE ChBRabar JERET TTELI AR A SRES BLPoY of ephone

| i.nes whi le%c1_8r58¥ladh99tﬂ¥gr $OLESAS Y AeCehbPicd©da B9 fehree separate
pieces. The enclosure 82 includes a first portion 84 preferably
fabricated from an insulating material (ceramic), a second
central electrically conductive portion 86, generally referred to
as the ground terminal, and a third portion 88, which is
identical to the first portion 84. Each of the three pieces is
generally tubular shaped and hollow. The inner'surface 90 of the
conductive portion 86 may also be roughened in order to achieve
more reliable performance of the gas discharge tube in a manner
similar to that set forth with regard to Figure 1.

Centrally located within the hollow opening 92 of the
enclosure 82 is electrically conductive electrode 94 which is
fabricated in three sections. The first and third sections 96
and 98 have the same structure and are connected together by an
electrically conductive bridging pin 100 which forms the third
section. Thus, electrically conductive contact. is continuous
from the first end 102 to the other end 104, via the bridging pin
100. End caps 106 and 108 provide the seal so that the gas 106
may be retained in the space provided between the electrically
conductive electrode 94 and the enclosure 82. The end caps 106
and 108 are in electrically conductive contact with the
conductive electrode 94, thus providing a continuous conducting
medium from one end to the other, maintaining a continuous path

therethrough.



Figure 22 is a partial schematic diagramof a coaxial transm ssion |line
splitter with a coaxial transmission line surge arrestor for use in a
network interface apparat us. Figure 23 is a side view of
apparatus for termnating coaxial transm ssion lines within a network

I nterface apparatus using a coaxial transm ssion |line surge arrestor and
coaxial connectors nounted on a printed circuit board.. Fi gure
24 is a cross sectional view of another alternate enbodi nent of the gas
di scharge tube of the present invention wi¥h fail short protection
Figure 25 is an endﬁg w_of t?e enpodi nent _depi cte

Figure 26 is a cross Soeti onatSvRehPR P HbIHE °§n%&é’?ﬁ8§%gﬁéeﬁaﬁi‘ad&§g

di schar ge ‘tHBe, Pt L Sbodi RURLL 6P EnNdalt RAERNES e 08E e P 1HREHLQD

and a backup airgap.
therein and with one of the coaxial connectors 46 removed from
the connector 42 on the housing 38. The other connector 44 is
connected to the female connector 40 on the housing 38. The clip
54 shown in Figure 6 is modified somewhat by replacing receptacle
portion 56 with a pair of fingers 110 and 1lé suitable for
grasping the end caps 106 and 108 of the gas discharge tube 80.
The remaining portion of clip 54 remains the same. Here again,
an insulator 66 formed from a thermally sensitive material such
as FEP is utilized to electrically insulate the end caps 106 and
108 from the electrically conductive material from which the clip
54 is fabricated.

Figure 11 is a side view in elevation of the housing 38
partially in cross-section with the cover 114 in place to
completely seal the housing 38. The ground clip 78 in Figure 11
is identical to the ground clip 78 in Figure;s.

The surge arrestor shown in Figures 12 and 13 may
utilize either gas discharge tube Ib or gas discharge tube 80,
with the clip 54 being slightly modified from that shown in
Figure 6, since the receptacle portion 52’ of clip 54 is bent at
right angles so that it may accommodate female connectors 40 and
42 appearing on the same surface of the housing 38.
Alternatively, a connector 116 may be placed on the opposite wall
of the housing 38 for convenience, if desired, with the clip 54

being modified as necessary and shown in the broken lines.



Figure 27 is an end view of the enbodi nent of Figure 26. - Figure
28 is a cross sectional view of a further enbodinent of the gas discharge
tube of the present invention wth both fail short protection and a backup
ai r gap. Figure 29 is an end view of the enbodiment of Figure
28. Figure 30 is a cross sectional view of a coaxial connector
enbodyi ng the gas discharge tube of the present invention with fail short
protection. Figure 31 is a top plan view of an enclosure with
the cover renoved show ng the coaxial surge arrestor.’and fusible [Iink.
Figure 32 Mouatingeesrewld’ anfk lanwithcapsuingrdsutl2d tand ti2d mayese i n

pl ace. ' IS, a cross sectional view of a conbination

) . Fi 33
coaxi al supﬁgvéfifagslf’glrjﬁgﬁv%?&%&gr 38t &6p atteyt divry r"toémctl‘l‘é‘%ft@@_eh?usiﬂﬁ/éﬁt i on.
DESCRI PTI Wn%nggﬁgRgggggﬁ#;NBO] VENTS Referring now to
, 1

Figures 1 and' ere I's shown a gas
In operation, the parts of the gas discharge tube may

be assembled and fired in a conventional manner sealing the gas
within the enclosure. Thereafter, the assembly is placed in the
housing utilizing the FEP insulator, mounting and ground clips so
that the unit is ready for use in the field.

Figure 14 discloses another aiternative embodiment of
the gas discharge tube of the present invention which is suitable
for use in a coaxial transmission line surge arrestor. The gas
discharge tube 200 comprises a conductive housing 202, inéulating
ends 204 and a center conductor 206 extending through housing
202. The RF signal flows axially through the gas discharge tube
200. Although shown projecting beyond ends 204, center conductor
206 could terminate at ends 204 and external conductors could be
attached thereto. . As with the embodiment shown in Figure 1, the
insulating ends 204 are preferably formed from.a ceramic material
and seal the housing and an inert gas within the housing. 1In
conventional gas discharge tubes the .inert gas is a mixture of
hydrogen and argon to provide a breakdowﬁ'voltage of 250 to 350
volts DC. In a preferred embodimept of the present invention the
inert gas is a mixture of neon and argon which provides a

breakdown voltage of about 100 volts DC.



di scharge tube 10, according to the principles of the present I nventi on,
whi ch has an el ongated holl ow encl osure 12 that is cylindrically shaped
and made of electrically conductive material. The inner circunferenti al
wall 14 is preferably roughened for nore reliable performance, as shown
by the thread- 12 like
serrations in Figure 1, which concentrate the electric field 1in the

di scharge gap. An elongated electrically conductive electrode 16 extends
fromone end 18 to the other end 20 of !énclosure 12.- El ectrode

16 i s provided wit t ext ending,.,poLt i , i t end
beyond the ends 18h%§% %ﬁgéﬂéﬁﬁﬁ§:%g§8|ggﬁr%r%££§%§3§F§3€g%#%ﬁ?i%g%ﬁébosed

wWithin apepbUutegidhs PEOWKIBLL Hhes @hART EohHAE Ml ddritdicti®al hogswmpbers 28

and 30 inserted in the ends 18 and 20 of the enclosure 12. Ledges 32 and
34 are pr@ozdedTheoknsulatime ends 208 and @Dsoipiefendiely metallized in

the regions 210 where the ends contact center conductor 206. It
is also preferred that the insulating ends have annular recesses
212 in the exterior faces 205 thereof in the regions where
conductor 206 projects through ends 204. Thése annular recesses
are also preferably metallized.

The annular recesses facilitate the ﬁetallization step
in the manufacturing operation. Thus, the entire outer surface
of the insulating end 204 containing the annular recess can be
metallized and the metallization can be removed in the area
outside the annular recess by grinding down the outer surface of
the insulating end.

As shown in Figure 14, a portion of the interior
surface 214 of conductive housing 202 and a portion of the
exterior surface 216 of center conductor 206 ,are roughened, for
example by threads or other forms of serration, to concentrate
the electric field and increase the’reliability of the gas
discharge tube operation. In additioh, as with conventional gas
discharge tubes, the surfaces 214 and 216 are preferakly coated
with a low work functi&n material to reduce the breakdown Qoltage
and enhance the firing characteristics of the gas discharge tube.
The gas discharge occurs in the region "G" between surfaces 214

and 216. Region "G" is the active discharge region.



encl osure 12 so that the sealing nmenbers 28 and 30 may be accurately
seated therein. The electrode 16 is al so roughened along its outer

ci rcunference, as shown by the serrations in Figure 1, in order to provide
reliable firing of the gas discharge tube. Once the pieces of the gas

di scharge tube described above are assenbled, the unit is fired in a
conventional manner to allow a conplete sealing of the gas 36 wthin the
encl osure 12. The gas 36 utilized is i nerjlg and typical of that used in

conventi onal overvol tage breakover tubes. - Figure 3 shows a
conducti ve housi ng 28 aadbtidn o iceatphacar-fiavesgad4diendhatge itubds 10 in a
manher which will be explained hereinafter. Housing 38 i ncl udes, threaded

i nput and prefepableokncenpley AFtaiaing" wi (ﬂ%‘earfé’r&‘d t'é&dfﬁlr%’ﬁé?’\?‘é’u ar
Ot O LSS AP S o RSB S Ll s P A e
The CoaxjEgdfa%%%%CEﬁESa€E§v§JdiEEH%rge region "G." This "striping" helps

té initiéte the voltage breakdown for fast rising surges.

As also shown in Figure 14, the distance between the
inner surface of the cylindrical conductive housing 202 and the
outer surface of the center conductor 206 varigs along the length
of the center conductor. Put another way, the.ratio of the
inside diameter D of housing 202 to the outside diameter d of
center conductor 206 varies along the length of the center
conductor. The ratio D/d may vary by a factor of 2:1, 2.5:1,
3:1, 3.5:1, 4:1, 4.5:1, 5:1, 5.5:1, 6:1 or more between the
insulating ends 204. For example, the ratio D/d may be 2:1 in
the region "G" and 7:1 in the region "I" so that the ratio D/d
varies by 7:1}2:1 or 3.5:1 between the insulating ends 204. This
variation in the ratio D/d is used to adjust the impedance of the
gas discharge tube to bettér match the impedance of the surge
arrestor in which the gas discharge 'tube is located to that of
the coaxial transmission line to which the surge arrestor is
attached.

The impedance of a coaxial transmission line is
proportional to the logarithm of (D/K)/d, where "D" is the inside
diameter of the outer conductor, "d" is the outsid? diameter of
the inner conductor and "K" is the dielectric constant of the

medium between the inner and outer conductors. In the case of



13 in the direction of transm ssion. Each nmale connector includes a

t hreaded outer shell 48 and an insulating portion 50 having a centrally

di sposed conductor 51 that is inserted into receptacle portion 52 of clip
54 shown in nore detail in Figure 6. Clip 54 has a second
receptacle portion 56 adapted to receive and renovably hold therein the
extendi ng portions 22 and 24 of gas discharge tube 10. dip 54 also has a
plurality of fingers 58, 60, 62 and 6439wWhich are curved and adapted to
receive g tube 1Q ther Lo order, to,insure the

%g di schgt ge. ein, .

[ sol ati ontBE BAE GORGUETIRGIURS EEVBL TGS it G BLIR 3D 1967 Eha
it is not i s et fi I &fg%ggl ] |} a thermally
sensitiveghgtgﬁﬁg %%ggéc 1as iégﬁggggggﬁ%$$%§ﬁ£¥hg&ﬁggeéé%brtion 68 of
clip 54 senekaktokrk, cxhendpayficd B¢ thoofs di%cHitge FhrRNGabled LRGNt
electrically conductive contact with the netallic enclosure 12 of gas

di schar gethebéngQlating ends ad-itduer dogaditgol asfie $Heheraddf Dgdr at i 2 mefteishe
FEP insulator 66. Two apertures 70 and 72 are provided in insulator 66 so
that the PRK&EPE¥.7Ehgndnselating Andg P4 Ry REEfRHRRLY cergwie #d may cone

into electrically,condugtiye contact with the tallig electricall
conduct i v&SEGPFScB351 ot éegﬁ%ﬁﬁﬁﬁnggnfggn@ o' Snd eignt.” By varfin&lthe,
ratio D/d along the length of center conductor 206 one can

compensate for changes in impedance caused by, .inter alia, the

dielectric constants of the insulating ends 204. The portion of
gas discharge tube 200 that is used for impedance matching is
designated by the letter "I", to distinguish it from the active
discharge region "GV,

- In addition to adjusting the ratio D/d within the gas
discharge tube, it is also possible to adjust the length of the
active gas discharge region "G" relative to the length of the
impedance matching region "I" to match the impedance of the gas
discharge tube to .that of the coaxial transmission line. Thus,
for a 50 ohm coaxial transmission line the ratio of the region
“G" to the region "IY may be on the:order of one to one_whereas,
for a 75 ohm coaxial transmission liné, ,the ratio of the region
“G" to the region "I" may be on the ordef:of one to two.

Some typical dimensions for the miniature coaxial
transmission line gas discharge tube 200 shown in Figure 14 are:
(1) overéll length of center conductor 206 - approximately one
inch; (2) length of conductive housing 202 - approximately 0.32

inches; (3) outer diameter of gas discharge tube 200 -



Gound clip 78 is affixed to the conductive housing 38 in a conventional
manner ‘and thus, is in electrically conductive contact therewith and with
t he ground portion of connectors 40 and 42 and al so, the connectors 44 and
46 affixed thereon conpleting the ground integrity of the system

14 Figures 8 and 9 show an alternative enbodi nent of the gas

di scharge tube 80, which includes an el ongated hollow enclosure 82 that
preferably is fabricated in three separgﬁe pi eces. The encl osure 82
includes a first portion 84 preferably abricated froman insul ating
materi al @appraminatedysecdhdinahest;r §4) ebwrlr iddamegeropducenter porduehobb,
generally referred to as the ground ternmnal, and a third portion 88,

whi ch is 208edn EBe ¥egiee T1't st apprexbrrtRly ©a@RS5ofinchest hfek Pitdres i s

oeneral |y dulBular poeed a bl tolhe Jpan 3uel5e,%0 iy he
approximately 0.112 inches; (6) inner diameter of conductive
housing 202 in the region "IM - approximately 0.23 inches; and
(7) inner diameter of the conductive housing 202 in the region
nGh" —~ approximately 0.186 inches.

Thus, for these typical dimensions, the ratio D/d in
the region "G" is 0.186/0.112 or 1.66:1, while the ratio D/d in
the region I is 0.23/.035 or 6:57:1. Therefore, the ratio D/4d
varies by 6.57/1.66 or 3.95:1 between the insulating ends 204.

Figures 15A through 15C show a coaxial surge arrestor
220 which incorporates the gas discharge tube 200 of Figure 14.
Surge arrestor 220 is designed to connect between a coaxial
transmission "line using F-type coaxial connectors and a printed
circuit board. Thus,'one end 222 of surge arrestor 220 is
threaded and is designed to receive a convengional male F-type
coaxial conneétor, while the other ends has conductors projecting
therefrom and is designed to be mounted on a printed circuit
board or similar substrate.

In Figure 15B the impedance matching section "I" of gas
discharge tube 200 is located to the left of the gas discharge
gap “G", whereas in Figure 15C the impedance matching section "I"
is located to the right of the gas discharge gap "G". 1In Figure
15C the distance by which the center conductor 206 projects

beyond the insulating end of gas discharge tube 200 may not be



more reliable performance of the gas discharge tube in a manner simlar to
that set forth with regard to Figure 1. Centrally |l ocated within
t he hol | ow opening 92 of the enclosure 82 is electrically conductive

el ectrode 94 which is fabricated in three sections. The first and third
sections 96 and 98 have the same structure and are connected together by
an electrically conductive bridging pin 100 which fornms the third

section. Thus, electrically conductive contact, is continuous fromthe
first end 102 to the other end 104, via the bridging pin 100. End caps 106
and 108 provide the seal so that the gas 20106 may be'retained in the space

provi ded Qak%&gehhetel ﬁ&f:ﬁi@%dnmeceeﬂgua&é Wirgkeaitadeod 4Gl Beintea

encl osure 82. The end caps 106 and are in“electrically conductive
contact wciilbcthie boandycinwahiddleeieatea®baditisnploebdtingter @2at iBuous

conducting nediumfromone end to the other, maintaining a continuous path
therethro@gployed which is electrically connected to center conductor 206.

As also shown in Figures 15B and 15C,. the surge
arrestor 220 has a cavity 226 located behind the gas discharge
tube 200. This cavity can also be used for matching the
impedance of the surge arrestor to that of the coaxial
transmission line by appropriately dimensioning the cavity 226
and/or by filling the cavity with a material having a suitable

" dielectric constant.

Figures 16A and 16B show another coaxial transmission
line surge arrestor 230 which incorporates the gas discharge tube
200 of Figure 14. The surge arrestor of Figures 16A and 16B is
an in-line device designed to be connected between two coaxial
transmission lines having male F-type coaxial connectors. The
gas discharge tube 200 is secured within surge arrestor 230 by
means of a set screw 232.

Figures 17A and i7B show another coaxial transmission
line surge arrestor 240 which incorporates the gas discharge tube
200 shown in Figure 14. The surge ar;estgr of Figures 17A and
17B is a right angle device designed to 5é connected between two
coaxial transmission lines having male F-type coaxial connsctors.
As shown in Figure 17B, the length of the center conductor 206
projecting from gas discharge tube 200 is insufficient and,

therefore, it has been extended by electrically connecting a

second center conductor 242 thereto. Surge arrestor 240 also has



15 Figure 10 is a top plan view of the housing 38 having the

al ternative enbodi nent of the gas di scharge tube 80 inserted therein and
wi th one of the coaxial connectors 46 renoved from the connector 42 on the
housi ng 38. The ot her connector 44 is connected to the femal e connector 40
on the housing 38. The clip 54 shown in Figure 6 is nodified sonewhat by
repl aci ng receptacle portion 56 with a pair of fingers 110 and 112
suitable for grasping the end caps 106 and 108 of the gas discharge tube
80. The remaining portion of clip 54 remains the sane. Here again, an
insulator 66 formed froma thermally sengetive material such as FEP is

utilized 4 ccgbBg) ricalnidnsidhabe RSN GARent@6naddandPsr friameah@ith
el ectrically conductive material fromwhich the clip 54 i1s fabricated.

Fi gure 11a|¢1enenthaqunamen1aalématmamcmﬁnqlhhehompedgnse ofaswdgd |y in
cross-section with the cover 114 in place to conpletely seal the housing
38. The g?mt@h%ﬁe?st‘? thety@fethe c?%x#ﬂeﬁtrla@ﬁln‘lﬁﬁlf’ﬁelgﬁﬁund clip 78 in

i1 ze el ther gas HEUTRe TRuBe o0 S or A e & CBBCE0L  with {

gas uBe va &i§@ﬂb?ge % GB8*80, with the

clip 54 belogeridofdh V1 imdidu,@d LLoBLELAIRAQM s accordance with the
present invention. Figure 18 shows an RF transmission line
having an input 250, an output 252 and a ground 254. ILocated in
series in the RF transmission line is a gas discharge tube 256 in
accordance with the present invention. As can be Seen from
Figure 18, the RF signal flows through the gas discharge tube 256
which may be any embodiment of the present invention including,
without limitation, the embodiments 10, 80 and 200 shown,.
respectively, in'Figures 1, 8 and 14.

The schematic diagram of Figure 18 shows the presence

of a fail short protective device at 258 which may utilize a
ground clip and FEP film as previously disclosed. Also shown is
an inductor 260 and a resistor 262 for limiting the current which
flows to the output 254 of the surge arrestor. In addition, a
ferrite bead 264 and an avalanche diode{zas are connected between
the center conductor and ground for 1o§'voltage protection. The
ferrite bead 264 permits low frequency (e.g. 10 MHz and below)
signalé to go to ground but prevents high frequency (e.qg. 56 MHz
to 1 GHz) signals from going to ground. - Avalanche diode 266

clamps low frequency signals to a voltage of, for example, five

to ten volts.



Figure 6, since the receptacle portion 52 of clip 54 is bent at right
angl es 'so that it may accommodate femal e connectors 40 and 42 appearing on
the sane surface of the housing 38. Alternatively, a connector 116 may be
pl aced on the opposite wall of the housing 38 for convenience, if desired,
with the clip 54 being nodified as necessary and shown in the broken

i nes. 16 Mounting ears 118 and
120 with apertures 122 and 124 nay be provided on the housing 38 to all ow
for mounting the housing 38 in various |ocations. I n operation,
the parts of the gas discharge tube may 23e assenbled and fired in a

asserbly 15 placed TIETHE thatendysnePhes: P e, St aheal Bromohstine  ng
and groungdoahiPsisg aldddxide dilile 250" RAMNd U MR 'd?:at:Jiﬁlf t&hdbctor
Figure 14 8 E Foses anot her alternative enbodi nent of the gas di scharge
tube of tkeg2paesashed nvaiétm. Widhinecsos U2 atantains ‘gas discharge tube
200. The center conductor 206 of the gas discharge tube projects
from the.end of the male connector 272. The various parts of gas
discharge tube 200 are as shown in Figure 14 -and described
earlier.

Figure 20 shows another embodiment of the invention
which comprises a surge arrestor 280 having back-to-back female
coaxial connectors 282 and 284. A gas discharge tube 200 is
located between coaxial connectors 282 and 284. The embodiment
shown in Figure 20 differs from the embodiments shown in Figures
15B, 15C, 16B, 17B and 19 in that the conductive housing 202 is
an integral part of the conductive outer body of the coaxial
surge arrestor. As also shown in Figure 20, the female coaxial
connectors 282 and 284 have solid dielectric materials 286 and
288 located on either side of the gas discharge tube 200 which
positions the gas discharge tube iq,the middle of the coaxial
surge arrestor 280.

Figure 21 shows a network interface apparatus 300
comprising a housing 302 which has a cover (not shown) to protect
the contents of fhe housing from the elements. There are éwo
inconing coaxial transmission lines, 304 and 306, and three
subscriber coaxial transmission lineg, 308, 310 and 312. The
five coaxial transmission lines have coaxial connectors 314, 316,

318, 320 and 322. Located between coaxial connectors 314 and 318



for use in a coaxial transmssion line surge arrestor. The gas discharge
t ube 200 conprises a conductive housing 202, insulating ends 204 and a
center conductor 206 extendi ng through hou5|ng 202. The RF signal flows
axi ally through the gas discharge tube 200. Although shown projecting
beyond ends 204, center conductor 206 could term nate at ends 204 and
external conductors could be attached thereto. As with the enbodi nent
shown in Figure 1, the insulating ends 204 are preferably forned froma
ceramic material and seal the housing and an inert gas w thin the housing.
In conventional gas discharge tubes theusi nert gas is a m xture of

P or ot 3P BaeaRB e BT et 38, FUra AACR e ETarhols RpeeRebly ™

U‘Of‘i ure Ofof”’EﬂQ £PHe 200N MY FLRIRVHESS Phe tﬁ&ﬁl&%qwiﬂ:%:‘é%hﬁ%d}f 1%&2‘“ 100

insul ati neueadSaEQésabﬁ Ps ederirfditedghakbt z&sl batween the center
conductors of the incoming and subscriber coaxial transmission
lines. ﬂocated between coaxial connector 316 and coaxial
connectors 320 and 322 is a splitter module 324 which splits the
incoming coaxial transmission line into two subscriber coaxial
transmission lines. Located within module 324 is a coaxial
transmission line surge arrestor which is preferably of the type
shown in Figure 14. Figure 22 is a partial schematic diagram of
the splitter arrangement showing the coaxial transmission line
surge arrestor 200 of Figure 14.

As shown in Figure 21, housing 302 also contains
modules 330 and 332 for connecting telephone company lines with
subscriber lines. The telephone company lines and subscriber
lines are copper wires rather than coaxial transmission lines.
Suitable modules are shown in U. S. patent application 08/245,974
filed May 19, 1994 in the ﬁame of Qarl H. Meyerhoefer et al. and
assigned to TII Industries, Inc. and in, U. S. Patent
No. 4,979,209 issued to Thomas J. Collins et al on December 18,
1990, the disclosure of which is incorporated herein by
reference. Also mounted in housing 302 is an overvoltage
protection device 334 which may contain a gas discharge tube of
the type shown in Napiorkowski U. S. Patent No. 4,212,047 issued
July 8, 1980. Device 334 has screw terminals 336, 338 for

connection to the telephone company line and ground terminal 340.



the regions 208 where the ends contact the conductive housing 202. The

i nsul ating ends 204 are also preferably netallized in the regions 210
where the ends contact center conductor 206. It is also preferred that the
i nsul ati ng ends have annul ar recesses 212 in the exterior faces 205
thereof in the regions where conductor 206 projects through ends 204.
These annul ar recesses are also preferably netallized. The
annular recesses facilitate the netallization step 1in the manufacturing
operation. Thus, the entire outer surface of the insulating end 204
containing the annul ar recess can be n#tallized and the netallization can
be renoved in the area outside the annular recess ri.ndi ng do t he
outer surfERe %‘fer‘fcfﬁ:qgﬁs@’lrgf;faﬁb?%'h(fe"me protecgisgg%g%bﬁ%%eﬁui\gniﬂ, a
portion of, | [4OT, r L VEn NONS| n

portion of l{‘ @é g(‘t%edri?c?rf ?&r %g%g"%%%% c%gﬁtg{g?&%oﬁ%uct or@%) arng ?8 g%r}a\yned,
for exanpiendy.threads or other forns of serration, to concentrate the
electric field and increase the reliability of the gas discharge tube
operation. |In addi tGrmndsgninhtsemetncrinahtgufacedi apharaus 398sist he

surfaces 214 and 216 are preferably coated with a | ow work function
mat eri al t 8epRELReA (PRLQF-cakBoRAT R IERJRA 301 is brought into the

enclosure at the time of installation. The earth ground is
connected to coax ground 303 and voice ground 305 at binding post
307. This also provides the grounding for coax connectors 314
and 318 which are mounted on metal flange 309. The coax ground
303 is connected to coax splitter module 324, while fhe voice
ground 305 is connected to voice ground strap 311 to which ground
terminal 340 of overvoltage protection device 334 is connected.
As shown in Figure 21, the coax ground 303 is connected directly
to earth ground 301 at the time of installation which eliminates
the need for a separate ground bus such as ground bus 71 shown in
Figure 1 of Schneider et al U. S. Patent No. 5,394,466. The
elimination of the ground bus for grounding goax module 324
simplifies the construction of enclosure 300, reduces costs and
provides for a more flexible arrangement of the components within
enclosure 302.

Figure 23 shows an alternative apparatus for connecting
incoming and subscriber coaxial transmission liﬁes. An inéoming
coaxial transmission line 350 is connected to a right angle
coaxial connector 352 which is mounted on printed circuit board
354. Subscriber coaxial transmission line 356 is connected to

another right angle coaxial connector 358, which is also mounted



and enhance the firing characteristics of the gas discharge tube. The gas:
di scharge occurs in the region "G' between surfaces 214 and 216. Regi on
"G' is the active discharge region

18 In addition to coating surfaces 214 and 216, it is

preferable to enploy "striping” in the formof radial or circular graphite
lines on the interior surface of the insulating end 204 adjacent the
active discharge region "G " This "striping" helps to initiate the voltage
breakdown for fast rising surges. As al so shown in Figure 14,

t he di stance between the inner surfa&®& of the cylindrical conductive

housi ng 'zga g?ﬂﬁg@ c STt BUHRACSsP! s eRitleRr iﬁoe@ﬁberbéaﬁeé@;éﬁs al ong

t he | engt e center conductor. Put another way, the ratio o e
i nsi de di geater cowdudiossd if e HAcdhEnPHrRl dRibdicRiiBieer cdagial cent er

conductor 206 varies along the length of the center conductor. The ratio

D'd may vérgnbpissiemtbines iz B cRagigl transmission line surge arrestor
360, which is preferably of the type shown in Figure 14. The
printed circuit board with the coaxial connector and coaxial
transnission line surge arrestor is suitably mounted in housing
302. The coaxial connectors and the coaxial transmission lipe'
surge arrestor are connected to ground bus 303.

Figures 24 and 25 show another embodiment of the
coaxial transmission line gas discharge tube of the present
invention which includes fail short protection. The gas
discharge tube 400 comprises a conductive housing 402, insulating
ends 404 and a center conductor 406 extending axially through the
interior of the housing 402. The RF signal flows axially through
the gas discharge tube 400. The insulating ends 404 are
preferably formed from a ceramic material and seal the housing
and an inert gas within the housing. The insulating ends 404 are
preferably metallized in the regiong 408 where the ends 404
contact the housing 402. The insulating ends 204 are also
preferably metallized in the regions 410 and 412 where the ends
404 contact the center conductor 406. Thé regions 408 and 412 of
ends 404 are preferably raised relative to the remainder of the

ends to facilitate the metallizing process.



3:1, 3.5:1, 4:1, 4.5:1, 5:1, 5.5:1, 6:1 or nore between the insulating
ends 204. For exanple, the ratio Dd nay be 2:1 in the region "G and 7:1
in the region "I" so that the ratio Dd varies by 7:1/2:1 or 3.5:1 between
the insulating ends 204. This variation in the ratio Dd is used to adjust
the i npedance of the gas discharge tube to better match the inpedance of
the surge arrestor in which the gas discharge tube is |ocated to that of
the coaxial transmission line to which the surge arrestor is attached.

The i npedance of a coaxial transmission line is proportional to the
logarithmof (D/K)/d, where "D' is the Phside dianeter of the outer
conductor, "d" is the outside dianmeter of the |nner_ conductor ,and "K" is
the dielectric consPSnEhEFT: AR FHRMQRtheR RBREIPR PhnEhe AitFeSdPEr

conduct or s. t he 19 the
%ﬁf% ofﬂg%%d%ctl e h°%§ﬁ§? 40ﬁeanddau%$rtlon of the exter%%ﬁch

gas di schaf s ow b an 1 ner gas
has a dielggt#dse w%@tce%eﬁpee%a&trewsoafe preferably roughened, for

exaﬁple by threads or serrations, to concentrate the electric
field and increase the reliability of the gas. discharge tube
operation. In addition, as with conventional gas discharge
tubes, the roughened surfaces are preferably coated with a low
work function material to reduce the breakdown voltage and
enhance the firing characteristics of the gas discharge tube.
The gas discharge occurs in the region "“G" between roughened
surfaces. The region "G" is the active discharge region.

In addition to coating the roughened surfaces with a
low work function material, it is preferable to employ "striping®
in the form of radial graphite lines on the interior surfaces of
the insulating end 404 adjacent the active discharge region "G.
This "striping" helps to initiate the voltage. breakdown.

As also shown in Figure 24, the distance between the
inner surface of the cylindrical copducéive housing 402 and the
~outer surface of the center conductor 406 varies along the length

of the center conductor between the iﬁsulgting ends. This
variation may take the same form as explained earlier in
connection with Figure 14.

As shown in Figures 24 and 25, the gas discharge tube
400 has a fail short mechanism comprising conductor 414 and
insulator 416 which covers at least a portion of conductor 414.

Conductor 414 is in electrical contact with conductive housing
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t he i npedance of the gas di scharge tube varies between the
g ends as the logarithmof the ratio D/ d. As noted earlier,
g ends 204 are preferably ceramc and ceramc has a dielectric
of about eight. By varying the. ratio D/'d along the |ength of
nduct or 206 one can conpensate for changes in inpedance caused
alia, the dielectric constants of the insulating ends 204. Th

portion of gas discharge tube 200 that ts used for inpedance nmatching i
designated by the letter "I", to distinguish it fromthe active dischar
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insulated from housing 402. As a further alternative, insulator

416 could cover all of conductor 414. Insulator 416 is made from

a heat sensitive material such as a thermoplastic material and is
preferably made from a polyester material such as Mylar or from
FEP. If the gas discharge tube overheats, insulator 416 will
melt and short conductor 406 to housing 402. In operation
housing 402 is connected to ground. As shown in Figure 25;
conductor 414 is preferably arcuate in shape and preferably rests
within an annular recess 418 in housing 402.

Figure 26 shows a gas discharge tube similar to that
shown in Figure 24. The device shown in Figure 26 differs from
that shown in Figure 24 in that the device shown in Figure 26
includes both a fail short mechanisy and a backup airgap in the
form of a perforated heat sensitive insulating sleeve 430
surrounding the portion of center condﬁcto; 406 which contacts
conductor 414. When the voltage between conductor 406 and
housing 402 exceeds a predetermined level, there is a dischérge
between conductor 414'énd conductor 406 through the airgap formed
by the holes in insulating sleéve 430. The perforated sleeve 430
may be made from a heat sensitive material such as a

thermoplastic material and is preferably made from a polyester



(1) overall length of center conductor 206 - approxinmately one inch; (2)

| ength of conductive housing 202 - approximately 0.32 inches; (3) outer

di anet er of gas di scharge tube 200 -

20 approximately 0.33 inches; (4) outer dianeter of center conductor 206
in the region "1" - approximtely 0.035 inches; (5) outer dianeter of the
center conductor 206 in the region "G' - approximately 0.112 inches; (6)
i nner di aneter of conductive housing 202 in the region "I" - approximtely
0.23 inches; and (7) inner dianeter of the conductive housing 202 in the
region "G' - approxinately 0. 186 inches. . Thus, for these

typi cal di nensions, Fe ratio DDd in the region "G _ig 0.186/0.112 or
1.66: 1, whaAtsTiRd FYCR2E WYIRE hdXeRgFER: | 0w e 37 3§52pren giey of
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surge arreduding 402, conductor 414, conductor 406 and perforated
insulating sleeve 430.

Figure 28 shows a gas discharge tube similar to that
shown in Figure 26 in that both devices include both a fail short
mechanism and a backup airgap. In Figure 28 the perforated
insulating material 430 is annular in shape and is located inside
housing 402. It insulates conductor 414 from housing 402.
Conductor 414 is in electrical contact with conductor 406. In
the event of an overvoltage condition, a discharge can occur
between conductor 414 and housing 422 through the holes in
perforated insulator 430. Figure 29 is an end view of the device
shown in Figure 28 and shows the relationship among housing 402,
perforated insulator 430, conductor 414 and conductor 406.

Figure 30 discloses a gas discharge . tube 450 of the
type disclosed in Figure 14. Tube 450 has a center electrode'452
extending axially through the tube. - The center electrode engages
a female coaxial conductor 454 at one,end and a maie coaxial
connector 456 at the other end. Surroﬁnding gas discharge tube
450 is & conductive sleeve 458 which is iﬁ contact with the
conductive housing of the gas discharge tube. Coaxial conﬁectors
454 and 456 are mounted in sleeve 458. Also mounted in sleeve
450 is a fail short device 460 which preferably has the same
construction as the fail short device comprising conductor 414

and thermally sensitive insulator 416 shown in Figure 25. As



220 whi ch incorporates the gas di scharge tube 200 of Figure 14. Surge
arrestor 220 is designed to connect between a coaxial transnission [ine
usi ng F-type coaxial connectors and a printed circuit board. Thus, one end
222 of surge arrestor 220 is threaded and is designed to receive a
conventional nale F-type coaxial connector, while the other ends has
conductors projecting therefromand is designed to be nounted on a printed
circuit board or simlar substrate. In Figure 15B the inpedance
mat chi ng section "I" of gas discharge tube 200 is located to the left of
the gas discharge gap "G', whereas ig Fi gure 15C the inpedance matching
section "I" is |located to the right P the gas discharge gap "G'. In
Figure 1&EH thedifatidnsboby Qévide tsﬂmwmerhne‘f‘i@mm@ﬁortIEOEfaﬁﬁ.ojsmfs beyond
the insulating end of gas discharge tube 200 nay not be
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1nsglator on the center conductor, (2} may have the thermally
sensitive insulator.extend Sver the entire length of the arcuate
conductof or (3) may have the arcuate conductor in electrical
contact with the center conductor and insulated from sleeve 458.
As shown in Figure 30, fail short device 460 is preferably
mounted in an annular recess in sleeve 458.

Figures 31 and 32 show the coaxial surge arrestor and
fusible link éf the present inyention. An enclosure having
hinged top and bottom portions 500 and 502 contains a fusible
link 504 electrically connected in series with a coaxial surge
arrestor 506. The coaxial surge arrestor may be of the type
previously described herein and ié preferably a Model E1105-1
made by TII Industries, Inc. The fusible link is a section of
coaxial transmission line having a solid center conductor. The
coaxial transmission line is preferably RG59 (U and the center
conductor is preferably 22-AWG copper having a diameter of
approximately 0.025 inches. A solid center conductor made from a
material having an equivalent current carrying capacity can also
be employed. Further, although a 22 AWG solid copper center
conductor is preferred, a 24 AWG solid copper center conduétor
could also be used, or a material having an equivalent current

carrying capacity. Also, although the fusible.link is preferably



circuit board, in which event an additional conductor 224 is enployed
which is electrlcally connected to center conductor 206. As al so
shown in Fi-gures 15B and 15C, the surge arrestor 220 has a cavity 226

| ocat ed behind the gas discharge tube 200. This cavity can al so be used
for matching the inpedance of the surge arrestor to that of the coaxi al
transm ssion line by appropriately dinensioning the cavity 226 and/or by
filling the cavity with a material having a suitable dielectric constant.
Fi gures 16A and 16B show anot her coaxial transmission |ine surge arrestor
230 which incorporates the gas dlscharge:nube 200 of . Figure 14. The surge
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arrestor 230 by neans of a set scre

show anot heowroaxiiaichiesaantdi 931 OAchdd NOngULES BErp8éPér WatGBen about
i ncorporates the gas discharge tube 200 shown in Figure I4. The surge

arrest or of0 Firngivess ahfA18ndnch@8 leng anidght mogéeprdeferablesibgnediz o be
connected petween two coaxial transm ssion |lines having male F-type
coaxi al coHdaHreng.

The fusible link is connected by coaxial connectors 508
and 510 mounted on each end. These connectors are preferably
F-type coaxial connectors and preferably have low insertion loss
(less than 0.1 dB) and high return (more than -304B) over the
spectrum of signal transmission. While F-type connectors are
preferred, other types of coaxial connectors may be employed.

A ground bracket 512 is mounted in the enclosed and a
ground wire 514 is shown being brought into the enclosure. The
incoming coaxial transmission line 516 may be type RGll/U or
RG6/U. A suitable coaxial connector 518 is used to connect the
incoming coaxial transmission line 516 with the fusible 1link 504.
The outgoing coaxial transmission line 520 may also be type |
RG6/U or RG11/U and is connected to.the coaxial surge arrestor by
means of a suitable coaxial connector 522.

Figure 33 shows an embodiment of the combination
coaxial surge arrestor/power éxtractor 600 of the present
invention. The combined RF signal and AC power carried by é
coaxial transmission line (not shown) enters through a female
F-type coaxial connector 602. The RF signal exits through a male

F-type coaxial connector 604, while the AC power exits through



As shown in Figure 17B, the length of the center conductor 206 projecting .
from gas di scharge tube 200 is insufficient and, therefore, it has been
extended by electrically connecting a second center conductor 242 thereto.
Surge arrestor 240 al so has

22 a cavity 206 which may be suitably dinensioned and/or filled with a
dielectric material for matching the inpedance of surge arrestor 240 to
that of the coaxial transm ssion |line. Figure 18 is a schematic
di agram of a coaxial transm ssion |line surge arrestor systemin accordance
with the present invention Figure 18 oms an RF transm ssion |ine

h nd a round 254. ated in. series in
ol 2 o0 RBRRLER0 o7, UL % e S RS BB bRBRL O Tacke IR,
the presenhgay@nﬁsorbuﬁ% e@,eofe@&,zfaqmcoﬁhgeesré&na&hﬁeF%Fséd gnal flows
t hrough the gas dlscharge ta

The surge arrestor/power extractor 600 comprises a .
conéuctive housing 606 in which is located a coaxial surge
arrestor 608 having a conductive body which is maintained in
electrical contact with conductive housing 606 by means of
conductors 610, 612 projecting from the surge arrestor. The
surge arrestor 608 is preferably a coaxial surge arrestor of the
type shown in Figures 14 and 24 through 30 having a fail short
mechanism and a backup airgap as previously described. The
coaxial surge arrestor protects against overvoltage conditions
vhich might occur on the coaxial transmission line carrying the
RF signal and the AC power.

The surge arrestor/power extractor 600 also contains
circuitry for separating the RF signal from the AC power,
including inductor 614, resistor 615 and capacitor, 616 contained
within conductive housing 606. Inductor 614, resistor 615 and
capacitor 616 are éonnected to the output of coaxial surge
arrestor 608. Inductor 614 and parallel resistor 615 extract the
AC power being carried by the coaxial'trgnsmission line. The AC
power is brought out of conductive housing on conductor 622 which
passes through a ferrite inductor 620 which acts as an insﬁlator
and RF shield. Capacitor 616 extracts the RF signal being

carried by the coaxial transmission line. Capacitor 616



which may be any enbodi nent of the present invention including, wthout

i mtation, the enbodi nents 10, 80 and 200 shown, respectively, in Figures
1, 8 and 14. The schematic di agram of Figure 18 shows the
presence of a fail short protective device at 258 which may utilize a
ground clip and FEP filmas previously disclosed. Also shown is an

I nductor 260 and a resistor 262 for limting the current which flows to

t he out put 254 of the surge arrestor. |In addition, a ferrite bead 264 and
an aval anche di ode 266 are connected between the center conductor and
ground for |ow voltage protection. The 33errite bead-264 pernmits |ow

frequency dieciritRihiZ cBfiflefet Me oRitB0R! 51 1CoARIAD iRy hiriebtBE CYFIL S
hi gh frequency (e.g. 50 MHz to 1 GHz) signals fromgoing to ground.

Aval anche wlitdd&h26centeanpendiuvtdr efuenayxisl goahisetton ¢®i.t agapaéitdor
exanple, five to ten volts.
616 is preferably mounted on an insulator 618.

As noted above, the values for inductor 614, resistor
615 and capacifor 616 are chosen so that capacitor 616 can pass
the RF signal and inductor 614 and resistor 615 can extract the
AC power from the combined RF signal/AC power being carried on
the coaxial transmission lines. For example, for an RF frequency
of 5 MHz and a capacitive reactance of 3.0 ohms, the value of
capacitor 616 is calculated using the formula: X, = 1/27nfC.
Therefore, 3.0 = 1/27 x 5 x 10°C and C = 1.061 x 10-® or
approximately 0.01 pF. At higher frequencies, the capacitive
reactance will be even lower. Similarly, if the inductive
reactance is 60 ohms at S5MHz, then, using the fofmula X, = 2nfL,
the value of 'L is 60/27 x 5 x 10° or approximately 2.0 pH.

In the example, the capacitive reactance was 3.0 ohms
and the inductive reactance was 60 ohms at 5 MHz. Thus, the
ratio of the capacitive reactance to the inductive reactance at 5
MHz was 20 to one. In accordance with the present invention, the
ratio of the capacitive reactanée to the inductive reactance at 5
MHz should be at least 20 to one and is preferably at least 40 to
one and is more preferably at least 60 to one and is still.more
preferably at least 80 to one. The values of the inductance
should be selected such that the ﬁF signal content of the

extracted AC power should be less than minus 40dB and preferably

less than minus 60dB and more preferably less than minus 80dB.



23 ~ Figure 19 shows another enbodi ment of the invention
conprising a coaxial cable 270 having a nal e coaxi al connector 272
attached thereto. Connector 272 contains gas discharge tube 200. The
center conductor 206 of the gas discharge tube projects fromthe end of
the mal e connector 272. The various parts of gas discharge tube 200 are as
shown in Figure 14 and described earlier. Fi gure 20 shows

anot her enbodi ment of the invention which conprises a surge arrestor 280
havi ng back-to-back femal e coaxial connectors 282 and 284. A gas di scharge
tube 200 is |ocated between coaxial conm@éctors 282 and 284. The enbodi nent

shown in Figure 20 differs.fro he .enbodi_.nen shown in Figures 15B, 15C,
16B, 17B -and 19 in %ﬁrﬁﬁi&c@o%ﬁ%t‘ﬁ%eﬁoaﬁnf;ﬁ‘io%a?%"lg%“‘? ntaé’gr al part of

the conduﬂﬂ%ﬁﬁn&grwmdsﬁe% kBepL oA Rl eaSYLURCRI LGS Bl MEStALRRLERAWN 1N

Fi gure 20, |'e coaxial connectors 282 and 284 have solid dieléctric

mat er i al ss2O1 Wy, Al |iagricafdcencei fieiccakiel ofutrye grseskarekhdngenkae 200
which positions the gas discharge tube in,the mddle of the coaxial surge
arrestor B80be adjusted asFieppleinedsikove onehaprk Fhatrthe cinpsdangeust 300

the combination surge arrestor/power extractor matches that of
the coaxial transmission line. Values for the capacitance may be
in the range of 0.005 uF to 0.1 uF and are preferably in the
range of 0.005 puF to 0.05 uF and more preferably in the range of
0.005 pF to 0.01 pF. Values for the inductance may be in the
range of 0.5 pH to 50 pH and are preferably in the range 1.0 uH
to 10 pH. Values for the resistance may be in the range of 100
to 1000 ochms and are preferably in the range of 200 to 500 ohms.
Satisfactory results have been obtained with an inductance of
4.7 pH, a resistance of 360 ohms and a capacitance of 0.01 pF.

As ‘shown in Figure 33, there is a fail safe mechanism
624 located at the input side of the coaxial surge arrestor.
This fail safe mechanism may take the form shown in Figures 24
through 27 as well as the alternatives describeé as part of the
description of Figures 24 through 27. The coaxial surge arrestor

may also include a backup air gap as disclosed in Figures 26 and

27 and described above.



conprising a housing 302 which has a cover (not shown) to protect the
content’s of "the housing fromthe el ements. There are two incom ng coaxi al
transm ssion lines, 304 and 306, and three subscriber coaxial transm ssion
| ines, 308, 310 and 312. The five coaxial transm ssion |ines have coaxi al
connectors 314, 316, 318, 320 and 322. Located between coaxial connectors
314 and 318 24 is a coaxi al
transm ssion line surge arrestor which is preferably of the type shown in
Figure 14. The coaxial transm ssion line surge arrestor is connected in
series between the center conductors of #he inconing and subscri ber
coaxi al transm ssio Locat ed between coaxial caonnector 316 and

o5 Fhit,

| .nes
poaxial.,connectors U}gﬁqb§zﬁé %F_ v?ﬁﬁﬁﬂﬁé quﬁﬁi&ﬂ Fits the
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transm ssion |1 nes. Located w thin nodul e 4 is a coaxia ansm ssi on

line surgewdidiediaie Melen heteph edesaiiedoand hfl lygrated in order to
expiain the nature of the invention may be made by those skilled
in the art without departing from the principles and scope of the

instant invention.



shown in Figure 14. Figure 22 is a partial schematic diagramof the
splitter arrangement showi ng the coaxial transmission |line surge arrestor
200 of .Figure 14, As shown in Figure 21, housing 302 al so
contai-ns nodul es 330 and 332 for connecting tel ephone conpany lines with
subscriber lines. The tel ephone conpanyski nes and subscriber lines are
copper wires rather than coaxial transm ssion |ines. Suitable nodules are
shown in U S. patent application 08/ 74 filed May 19, 1994 in the
name of Carl H Meyerhoefer et al. and - assigned to TII Industries, Inc.
and in U S. Patent 1,No.Cohbdination ceaxial taurfieomxsestoCoRNANBO¥EY al on
Decenber 18, 1990, the disclosure of which is incorporated herein by
reference.e%&nantﬁnnﬂ&ypdnnthau§DﬁgPBGQi¢anu¢W9ﬁMQL§aség§r°EPSF£@¥iEﬁFdkvice

334 which may contain a gas discharge tupe of  the e,sho
Napi or konsaeaxials transadssion 4ine Camnying hafh An 5515530 apd AG Poser
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the apparatus comprising:

(2) a coaxial surée arrastor comprising a gas
discharge tube having an input and an output, the input of the
gas discharge tube being adapted to be connected to the canter
conductor of the coaxial transmission line, the gas discharge
tube comprising:

(1) =2 hollow conductive bedy,

(2) 4insulating ends a@apted to seal the body,

(3) an inert gas sealed in the body,

(4) a center-conductﬁr extending through the body, the

conductor having a longitudinal axis oriented in a

direction parallel to the direction of signal

transmission, and

(5) the diameter of the center conductor being varied

along at least a portion of its length betwsen the

insulating ends for matching the impedance of the surge
arrestor to that of ths coaxigl transmission line;

(b) an inductor connected to the output of the gas
discharge tube for passing the AC power but not the RF signal;

(c) a capacitor connected to the output of the gas

discharge tube for passing the RF signal but not the AC power.

e



25 The overvoltage protection device protects the subscriber lines in the
event of am overvoltage condition on the tel ephone conpany |ines.
Gounding in the network interface apparatus 300 is described bel ow. An
earth ground 301 is brought into the enclosure at the tine of

installation. The earth ground is connected to coax ground 303 and voice
ground 305 at binding post 307. This ahgp provi des the groundi ng for coax
connectors 314 and 318 which are nount on netal flange 309. The coax
ground 303 is conn@tedThe epparapis tafercladuul ewhereinhthe surgevoi ce
ground 305 is connected to voice ground strap 311 to mhlch ground - term nal
340 of ov&rraateFe fyrshert PGHPE%W%@ Fal §h€5hn'é%$]é€m sMLOFh GROURALRY gur e

21, the coax ground 303 _.i s, connected directl to ou 301 at the
time of i %eaheancmﬁeﬁ teF; af the Loaxdaln Eﬂn?‘& %g&%g £4tBBnd bus

Noo 5 30480 RezeeteRnSWrhdaedt NS oround bus ?ﬁi ar oundi ng goax. modul e
324 sinplifies theseonS&ﬁucabﬁ&ﬁuaew 23dif BOPher&fN e GRRLE and
arrastor further comprises a backup airgap which permits an
electrical discharge to occur between the center conductor of the
coaxial transmission line and ground in the event of an
overvoltage condition if the gas discharge tube has v@nted.

4. The apparatus of claim 1 further including a
conductive housing for containing the surge arrestor, the
inductor and the capacitor, the gas discharge tube being in
electrical contacﬁ with the conductive housing.

5, The apparatus of-élaim 4 further_inclﬁding at
least one coaxial connector located on the conductive housing and
adapted to be connected to the coaxial transmission line,

6, The apparatus of claim 1 wherein the exterior
surface of fhe center conductor and the interior surface of the
hollow body are symmetrical around the longitudinal axis of the
center conductor.

7. The apparatus of claim 6 wherein the ratio of the
inner diameter D of the conductive housing to the outer diameter
a of-the cehter conductor is varied along at least a portion of
the center conductor between the insulating ends for matching the

impedance of the surge arrestor to the impedance of the

transmission line.
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provi des, for ,a nore flexible arrangenent of the conmponents within

encl osure 302. Figure 23 shows an alternative apparatus for
connecting incom ng and subscriber coaxial transmi ssion lines. An incon ng
coaxi al transm ssion line 350 is connected to a right angle coaxial
conneetor 352 which is nounted on printesgcircuit board 354. Subscri ber

coaxi al transni sﬁmiﬁm:éﬁ%dﬁu{ig.gB%ﬁ&ﬁdi.ﬁéhsﬁ&?}?gﬁsﬁi $ip e coaxial

connector 358, which is al so noun X

26 on printed circuit board 3&HsTIGmMert edEi prSEerosmPet ween the center
conductor's of the incom ng and subscriber coaxial transmission lines is a

coaxial transm ssion line surge arrestor 360, which is preferably of the
type shown i n Fi gur €onpingidomcoprial unas Brivestdrwand pheex aavtiralktion

connector and cqaxi t ransni.ssi on Iinle sur%e arrestor is suitably nounted
in housi ngaPPara uS Ior providing overvoltage protection for a coaxial

transmission line carrying both an RF signal and Ac power and for
extracting AC power from the coaxial transmission line. The
surge arrestor comprises a coaxial gas discharge tube with a
center conductor and a conductive body. The apparatus includes
an inductor for extracting the AC power, the inductor having a
high reactance at the frequency of the RF signal and a low
reactance at the frequency of the AC power, and a capacitor for
passing the RF signal, the capacitor having a low reacﬁance at
the freguency of the RF signal and a high reactance at the

frequency of the AC power.



302. The coaxial connectors and the coaxial transm ssion |ine surge
arrestor are connected to ground bus 303. Fi gures 24 and 25 show
anot her enbodi nent of the coaxial transm ssion |ine gas discharge tube of
the present invention which includes fail short protection. The gas

di scharge tube 400 conprises a conductive housing 402, insulating ends 404
and a center conductor 406 extending axially through the interior of the
housi ng 402. The RF signal flows axially through the gas discharge tube
400. The insul ating ends. 404 are prefé#ébly formed froma ceramc materi al
and seal the housing and an inert gas within the housing. The insulating
ends 404 are preferably netallized in the regions 408 where the ends 404
contact the housing 402. Th insalating ends] 04 arg3 | so prefer 10
netallized in thﬁgregions 410 an ﬁ412 wher e en 404 cont g t he
center conductor 4064 f e~ e ably

raised relative to th et al 1i zi ng
process. ///ga
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27 - As shown in Figure 24, a portion of the interior surface of
conducti ve hou5|ng 402 and a portlon of the exterior surface of the center
conductor 406 are preferably roughened, for exanple by threads or
serrations, to concentrate the electric field and increase the reliability
of the gas discharge tube operation. In addition, as wth conventional gas
di scharge tubes, the roughened surfaces dﬂ@7preferably coated with a | ow

work function material to reduce the breakdo vol tage and enhance the
firing characterlstlcs of the gas dlscharge tY The gas di scharge occurs
in the region "G between rogghs g 2 re 4¢3 is the active
di scharge region. a4 s ad ?t[ n to (® Eyi er ughened surfaces
with a |ow work functl n~ i 16F —s—prefery oy "striping"
in the form of 'ne§ hﬁntuv e c off T
i nsul ati nd, end {404 {adjjatgnt ‘e di schaf e\hkn ' Thils 3
"striping" S ta—ridi K Q
shown in Figure 24, the"Ti ncje : faedy surface of the
cylindrical conductive hougi@®dd a \5@5\ outér>§4face of the center
conduct or 406 varies along the | 60,64 FlG 3
a0 52 565862 ,6064 42
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of the center conductor between the insulating ends. This variation my
take the sane formas explained earlier in connection with Figure 14.

As shown in Figures 24 and 25, the gas discharge tube 400 has a fail short
mechani sm conpri si ng conductor 414 and insulator 416 which covers at | east
a portion of conductor 414. Conductor 414 is in electrical contact with
conductive housing : 28 402,
whil e insulator 416 contacts center conductor 406 and normally prevents

el ectrical contact between conductor 413/bhd conductor 406. Alternatively,
i nsul ator 416 could be |ocated on center conductor 406. As anot her
alternative, conductor 414 could be in conductive contact wth center
conductor 406 and insulated fromh ing 402. As a further alternative,
insulator 416 could gover aBf of ¢ uc 414. Insulgigor 416 is made from
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a heat sensitive material such as a thernoplastic material and is
preferably made froma pol yester material such as Mylar or from FEP. If

t he gas discharge tube overheats, insulator 416 will nelt and short
conductor 406 to housing 402. In operation housing 402 is connected to
ground. As shown in Figure 25, conductor 414 is preferably arcuate in
shape and preferably rests wthin an annﬂa recess 418 in housing 402.
Figure 26 shows a gas di scharge tube si m" to that shown in Figure 24.
The device shown in Figure 26 differs f th:’ilé shown in Figure 24 in that
t he devi ce shown in Figur 02 I ncl udes ' ail short nechani smand a
backup airgap in_ the fé? 52a]|gerf89 af ¢ 359 sensitive insulating sleeve
430 surrounding tloz oftceontlor ot 4@ whi ch contaggs

conductor 41 Lega_bei\Ee ndjjctor 406 and i ng 402
exceeds a ede.er i ned] | ; rers 'sc | > __bet %’tﬁ' 4
and conductbr 4 r FIres Al 0 b ﬂ hol®s—iiIn| | pqul ati np

sl eeve 430. "Thé"p‘er'f LeX 0 made from a SeRSH--
material such as a thdrbpl N ' id is preferably made from a
pol yest er 106 Hz2 g2 \ 54
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29 material such as Mylar or fromFEP. Figure 27 is an end view of th

devi ce shown in Figure 26 and shows t
conductor 414, conductor 406 and perf
Figure 28 shows a gas di scharge tube
t hat both devices include both a fai

In Figure 28 the perforated
and is | ocated inside housing 403.
402. Conductor 414 is in electridgal

event of an overvoltage condition,| a
414 and housi ng 422 through the hqdl es
29 is an end view of the device
rel ati onshi p anong housi ng 402, fderf
and conduct or 406. yre
of the type disclosed in Figure\34.

i nsul ati
ﬁ

ghow

————

he rel ati onship anong housi ng 402,
orated insulating sleeve 430.
simlar to that shown in Figure 26 in
short mechani sm and a backup airgap.
ng gyifrial 430 is annul ar in shape

i nsul ates conductor 414 from housi ng
contact with conductor 406. In the
ﬁischarge can occur
in

bet ween conduct or
perforated insulator 430. Figure

h in Figure 28 and shows the

pbrat ed i nsul ator 430, conductor 414

BO di scl oses a gas di scharge, tube 450

Tube 450 has a center el ectrode 452
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extending axially through the tube. The center el ectrode engages a fenale
coaxi al conductor 454 at oneend and a nmal e coaxial connector 456 at the

ot her end. Surroundi ng gas di scharge tube 450 is a conductive sl eeve 458
which is in contact with the conductive housing of. the gas discharge tube.
Coaxi al connectors 454 and 456 are nounted in sleeve 458. Al so nounted in
sleeve 450 is a fail short device 460 ®hlTh preferably has the sane
construction as the fail short device conprising conductor 414 and
thermally sensitive insuk@?@r 416 shown in Figure 231 As

30 with the fail short e shown ggoFi gure 25, tlhe f,a?loghort devi ce
shown i n Fi gie—26—f may have the ther RSKN K syla+=R2®n t he

center condyig may hav ' \ 3 BpQr extend
h of the e neye t he
el ectrica M A <08

over the ent
NN NN
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contact W th_ the center conductor and insulated from sl eeve 458. As shown
in Figure 30, fail short device 460 is preferably nmounted in an annul ar
recess in sleeve 458. Figures 31 and 32 show the coaxi a

surge
arrestor and fusible link of the present invention. An enclosure having
hi nged top and bottom portions 500 and SOi/ ontains a fusible 1link 504
electrically connected in series with a c

ial surge arrestor 506. The
coaxi al surge arrestor nay, he of the type previously described herein and
is preferably a Model Elld5J1 made by TII Industries, Inc. The fusible
link is a section of coaxfal transnmission line having a solid center
conductor. The coaxialqlransnission line is preferably RG9/U and the
center conductor is prgfe

rably 22 AWG copper having a di aneter of
approxi mately 0.025 inchés| |

p solid center conductor made froma nmateri al
havi ng an equi val ent cur M

nt, carryl ng capaqity can also be enployed. .
Further, although a 22 AW sblid copper center conductor is preferred,
24 AWG sol id copper center cbnductor coul di al so be used, or a nateri al

havi ng an equi val ent curre+t. carrying capacity. Al so, although the fusible
link is preferably ! ’

a
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o . _\\\\
31 RG59/ U coaxial cable, other coaxial cable may be used. The coaxi al
transm ssion line fermng the fusible |ink may be between about 6 inches
and 24 inches long and is preferably between about 10 inches and 18 i nches
long and is nore preferably about 12 inches |ong. : The fusible
link is connected by coaxial connectors 508 and 510 nounted on each end.
These connectors are preferably F-type coaxial connectors and preferably
have |l ow insertion loss (less than 0.1 dB) and high return (nore than
-30dB) over the spectrum of signal transm ssion. Wile F-type connectors
are preferred, other types of coaxial confddfors may be enpl oyed.
A ground bracket 512 is nmounted in the enclosed and a ground wire 514 is
shown bei ng brought into the enclosure. The incom ng coaxial transn ssion
line 516 may be type RGL1/U or RG5/U. A suitable coaxial connector 518 is
used to connect the incom ng coaxial transmssion |ine 516 with the
fusible link 504. The outgoing coaxial transmssion |ine 520 nay al so be

type
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RG6/ U or RGL1/U and is connected tothe coaxial surge arrestor by neans of
a suitabl e toaxial connector 522. Fi gure 33 shows an enbodi nent
of the conbination coaxial surge arrestor/power extractor 600 of the
present invention. The conbi ned RF signal and AC power carried by a
coaxial transm ssion |line (not shown) enters through a female F-type
coaxi al connector 602. The RF signal exits through a male F-type coaxi al
connector 604, while the AC power exits through

32 conductor 622. Although F-type coagif} connectors are shown in Figure
33, other types of coaxial connectors ﬁay be used. The surge
arrestor/power extractor 600 conprises a conductive housing 606 in which
is located a coaxial surge arrestor 608 having a conductive body which is
mai ntained in electrical contact with conductive housing 606 by neans of
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conductars 610, 612 projecting fromthe surge arrestor. The surge arrestor
608 is preferably a coaxial surge arrestor of the type shown in Figures 14
and 24 through 30 having a fail short nechanismand a backup airgap as
previ ously described. The coaxial surge arrestor protects against

overvol tage conditions which mght occur on the coaxial transm ssion |line

carrying the RF signal and the AC power. The surge
arrestor/power extractor 600 also contains circuitry for separating the RF
signal fromthe AC power, including inductor 614, resistor 615 and

capacitor, 616 contained wthin conductive housing 606. |nductor 614,
resistor 615 and capacitor 616 are connected to the output of coaxial
surge arrestor 608. Inductor 614 and pdP&M el resistor 615 extract the AC
power being carried by the coaxial transm ssion |line. The AC power is
brought out of conductive housing on conductor 622 which passes through a
ferrite inductor 620 which acts as an insulator and RF shield. Capacitor
616 extracts the RF signal being carried by the coaxial transm ssion |ine.
Capacitor 616
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33 electrically connects the output of coaxial surge arrestor 608 wth the
center conductor of coaxial connector 604. Capacitor 616 is preferably
nmount ed on an insul ator 618. As noted above, the values for

i nductor 614, resistor 615 and capacitor 616 are chosen so that capacitor
616 can pass the RF signal and inductor 614 and resistor 615 can extract
the AC power fromthe conbi ned RF signal/AC power being carried on the
coaxi al transm ssion |lines. For exanplel,1 gfr an RF frequency of 5 MHz and
a capacitive reactance of 3.0 ohns, the { ue of capacitor 616 is
calculated using the fornmula: Xerr] = 1/2[err]fC. Therefore, 3.0 =
1/2[err] x 5 x 10[err]C and C = 1.061 x 10[err] or approximately 0.01
[err]F. At higher frequencies, the capacitive reactance will be even
lower. Simlarly, if the inducti reactance is 60 ohns at 5MHz, then,
using the formula Xerr] = the value of L is 60/2[err] x 5 x
10[ err] or approximately 2. . In the exanple, the
capacitive reactance was 3.0 0h Ind t he i nductive reactance was 60 ohns
at 5 MHz. Thus, the ratio of thHe g¢apacitive reactance to the inductive
reactance at 5 -
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MHz was 20 to ene. In accordance with, the present invention, the ratio
of the capacitive reactance to the inductive reactance at 5 MHz shoul d be
at least 20 to one and is preferably at least 40 to one and is nore
preferably at |least 60 to one and is still nmore preferably at least 80 to
one. The values of the inductance -should be selected such that the RF
signal content of the extractgqd}AC power should be | ess than m nus 40dB
and preferably |ess than m nug ¢0dB and nd2élpreferably | ess than minus
80dB. 34 In
practice, the values for the cép&citance and inductance will need to be
adjusted to achieve the best rgsults. simlarly, the inpedance of the
coaxial surge arrestor will negd} to be adjusted as expl ained above to
ensure that the inpedance of tihe¢ conbi nati on surge arrestor/ power
extractor matches that of (4 he |cpaxial transmission line. Values for the
capaci tance may be in thgyandgefof 0.005 [err]F to 0.1 [err]F and are
preferably in the < '
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range of “0.005 [err]F to 0.05 pF and nore preferably in the range of 0.005
[err]F to 0.01 [err]F. Values for the inductance may be in the range of
0.5 [err]Hto 50 [err]H and are preferably in the range 1.0 [err]H to 10
[err]H Values for the resistance may be in the range of 100 to 1000 ohns
and are preferably in the range of 200 to 500 ohns. Satisfactory results
have been obtained with an inductance oft3/¥ 7 pH, a resistance of 360 ohns
and a capacitance of 0.01 [err]F. As shown in Figure 33, there
is a fail safe nmechanism 624 |ocated at ftijhe i nput si'de of the coaxial
surge arrestor. This fail safe nechani sjmjmay take the form shown in
Figures 24 through 27 as well as the altdrnatives described as part of the
description of Figures 24 through 27. The [coaxial surge arrestor may al so
i nclude a backup air gap as disclosed injHi gures 26 and 27 and descri bed

above. 35
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It will =pe upderstood that various changes in the details, materials,
arrangenent of parts and operating conditions which have been herein
described and illustrated in order to explain the nature of the invention
may be made by those skilled in the art without departing fromthe
principles and scope of the instant invention.

36 Clains 14/17 1. Conbi nati on coaxi al
surge arrestor and power extraction apparatus for providing overvoltage
protection for a coaxial transm ssion~line carrying both an RF signal and
AC power and for extracting AC power omthe coaxial transm ssion |line,

t he apparatus conpri sing: ( a coaxial surge arrestor
conprising a gas discharge @%be havi ng{an i nput and an output, the input
of the gas discharge tube ber adapted to be connected to the center
conductor of the coaxial transm 3gion |ine, the gas discharge tube

conpri si ng: '
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(1) a hal l.ow_conductive body, (2) insulating ends adapted to
seal the body, . (3) an inert gas sealed in the body,
(4) a center conductor extending through the body, the

conduct or
having a longitudinal axis oriented in a direction parallel to
the direction of signal transm ssi on, and (5) the

di aneter of the center conductor being varied al ong at |l east a

portion of its {fngth bet ween t he i nsul ating ends for matching
t he inpedance(ggghe surge arrl@étdr to that of the coaxial

transm ssion |ine, (b) an inductor connected to the output of
the gas discharnge t™ge for passing the AC power but not the RF signal;
(c) .a capacitor connected to the output of the gas discharge tube for
passi ng the RF signal butNgot the AC power.

37 2. The appalqtus of claim1 wherein the surge arrestor:

or i nechanism for grounding
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t he center conductor of the coaxial transmssion line if the surge
arrestor “over heat s. 3. The apparatus of claim1l wherein the
surge arrestor further conprises a backup airgap which permts an
el ectrical discharge to occur between the center conductor of the coaxi al
transm ssion line and ground in the event of an overvoltage condition if
the gas di scharge tube has vented. 4, The apparatus of claiml
further including a conductive housing for containing the surge arrestor,
the inductor and the capacitor, the g®dldi scharge tube being in
el ectrical contact wth the conductive housing. 5. The
apparatus of claim4 further including at |east one coaxial connector
| ocat ed on the conductive housing and adapted to be connected to the
coaxi al transm ssion |ine. 6. The apparatus of claim 1l wherein
the exterior surface of the center conductor and the interior surface of
the hollow body are symmetrical around the |ongitudinal axis of the
center conductor. 7. The apparatus of claim6 wherein the
ratio of the inner dianmeter D of the conductive housing to the outer
di aneter ~d of the center condgctor s varied @long at |east agportion of
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Yy, e

the center- conductor between the insul ati ng ends for matching the
| npedance of the surge arrestor to the inpedance of the transm ssion |ine.

17/17
—
<t
prd
O
g
S )
© b
(0
wnH [
5 -
(s 0] 1 l N
© - ) i
\: \N %
\n LR FK o a
< N <
(o] \\ \I
5 N g
2\ N8
~ [N N -
‘_// .
(e-. o N N N
< O ¥ .
0" | 5 © &
3 N ' o
N

soi\
524/

Ca
o ol e e e e

\\ /
tL l’
S ©
w O
(o)

R.F. SIGNAL/
AC POWER



