29 July 2005 - | TITLE OF THE | NVENTI ON DI SCHARGE GAP APPARATUS
BACKGROUND OF THE I NVENTION 1. Field of the Invention 5 This | NVRINYL1OIh0s
relates to a discharge gap apparatus favorably adopted in a power
receiving section for receiving power particularly froma conmmercial AC
power supply in a printed circuit board used in TV sets, videotape
recorders, and electronic 10 equi pnent-such -as comuni cati ons equi pnent.
2. Description of the Related Art In a printed circuit board of prior art

el ectronic equipnent, a power receiving section includes a :
'|'i ghtni ng-stroke protection cirdit-E Ph $HE ERVENT Hiths 15 at rel easing

LLEBT?;R? Y?'taﬁfﬁﬁﬂ%gﬁg égpag%§§$%&gﬁl ant enna and supplying t he
: i ght ni \ a _ external commercial AC power supply.
2000- 69666, 20 The 11 ant i ng- ELeARa BB i TVERERN [l dee &
di scharge gap circuity, andeaqdh8Chid 06,831 iics;, di scharged when |ightning
strikes. Paying attention to the discharge gap circuit, it is preferable
to reduce 5the di scharge gapeationroplstdd glat i B@sshE g digcharge 25 start
voltage in order to snoothly discharge the discharge gap when |ightning
strikes. |Indivi Adpglaratus favorably adopted in a power receiving
| section for receiving power particularly from a
commercial AC power supply in a printed circuit board
'K-) used in TV sets, videotape recorders, and electronic
10 - equipment such as communications equipment.
| 2. Description of the Related Art
In a printed circuit board of prior art electronic
equipment, a power receiving section includes a
lightning—str{ke protection circuit. This circuit aims
15 at releasing é lightning voltage guided to an external
antenna and supplying the resultant lightning voltade
toward an external commercial AC power supply. This
Atechnique is discloéed in Jpn. Pat. Appln. KOKAI
) ' Publication No. 2000-69666.
20 ' The lightning-stroke protection cirCﬁifﬂincludes a
discharge gap circuit, and a discharge gap is
discharged when lightning strikes. Paying attention to
' the discharge gap circuit, it is preferable to reduce
the discharge gap and drop a lightning surge discharge
257 start voltage in order to smoothly discharge the

discharge gap when lightning strikes. Individual

" countries set their respective standards for safety for




countries set their respective standards for safety for 29 July 2005 - 2
the discharge gap circuit. In other words, a distance between thg piJIR5Y
and secondary parts (conductors) of the circuit is defined. Because "of the
standards for safety, the gap cannot be decreased carel essly. The

di stance between the primary and secondafy~conductors, which conforns to
the standards for safety, contradicts wth a reduction in the discharge
gap to lower the |I|ightning surge discharge start voltage. BRI EF SUMVARY OF
THE INVENTION It is_ accordingly anlﬁgiect of. the exanpl e .. enbodi ments to

provi de a di scHarge! SeiA s Arat G5 Thdt 18 CUHpaBiceddt Yt easrhg a
li ghtning _surg%eqhggga&gee %E%BE¥ o) ts%%%n&%lf)p?étrtrseqegﬁﬁgzt@}s') ngerval
an ary I n acc

bet ween primary Seco erm nal s. ordance wth a first aspect
of the present tHen¢enthomn,ist Berendd. Peawdedb B thieSebangerdaFoappar at us
conprising: a discharge gap section including first and second conductive
patterns arrangededn. amhd reswl aeimet bsublscreasedcarededaty i Mhérval s and a
third conductive attern arranged thereonﬂélose to the first and second

conduct i ve pat tEPHERCY B9 PELTGERE B W ¥ oP R o FERMBEN SIS CFEt and third
conductive pattgnng, 40 GsSe60orte GaRRehRgedOraRdbeturpnhecsecond and

third conductive patterns; connecting term nal sections provided in the
second and t hi rd teoaduediatd opat h et disespegd igspl yoahdwer the
| lightning surge discharge start voltage.
BRIEF SUMMARY OF THE INVENTION

It is accordingly an object of the example
embodiments to provide a discharge gap apparatus that is
capable of decreasing a lightning surge discharge start
voltage without reducing an interval between primary_
and secondary terminals.

In accordance with a first aspect of the present
invention, there is provided a discharge gap apparatus
comprising: a discharge gap section including first and
second conductive patterns arranged on an insulating
substrate at regular intervals and a third conductive
pattern arranged thereon close to the first and second
conductive patterns, a first gap being formed between
the first and third conductive patterns, and a second
gap being formed between the second and third conductive
patterns; connecting terminal sections provided in the
second and third conductive patterns, respectively and
located away from the second gap, an interval between

the connecting terminal sections being




| ocated away fromthe second gap, an interval between the connecting
termnal sections being ---------- R - 29 % 7395
3 greater than.the second gap; and a capacitor connected between the
connecting termnal sections. In accordance with a second aspect of the
present invention, there is provided a discharge gap apparatus
conprising: a primary termnal having a first discharge section; a
secondary term nal having a second discharge section and arranged at a
given distance fromthe primary termnal; a third term nal provided close
to the first dSEHEFgEPFRACORCEPR 19707 sBRDM TPECAEPHCTRECHBN  and

having third and.faurth di Oﬁl\t%%fr:ggngqﬁrirmg?glogeo%é%qs to the first and second

di scharge sections, respec gap ing formed between the
first and third di sghacgersecdd @sh anskadnseaspecgayr baengredfarured bet ween
t he second and fourth di scharge sections; connecting term nal sections
provi ded in thenyesdhdar ytheged 16 hpray itdednh ndl schargepder i ardaragnd | ocat ed

away from the second_gap, an i nterval be ween t he onnec({.i ng t erm nal
sections bei ng GrEat-&t"{hah ptrﬁgaﬁ%c‘beﬁ&llé‘aé) A9 & EapAkit S eERRect ed

e e " MERALRP § Ly RN nkh e getdenge thonoll o

apparat us - conpdciing: amd pIirAaGydt £ i Rakehavidignaef Erah whHeschar ge
primary terminal; a third terminal provided close to the
first discharge section and the second discharge secticn
and having third and fourth discharge sections opposed
to the first and second discharge sections,
respectively, a first gap being formed between the first
and third discharge sections, and a second gap being
formed between the second and fourth discharge sections;
connecting terminal sections provided in the secondary
and third terminals, respectively and located away from
the second gap, an interval between the connecting
terminal sections being greater than the second gap; and
a capacitor connected between the conhecting terminal
sections.

In accordance with a third'aspect of the present
invention, there is provided a discharge gap apparatus
comprising: a primary terminal having a.first discharge
section; a secondary terminal arranged at a given
distance from the primary terminal and having a second
discharge section opposed to the first discharge
section; a floating-point terminal arranged between the

‘first and second discharge sections and having third and




section; a secondary termnal arranged at a given distance fromthe
primary term nal and having a second discharge section opposed t0 ﬁg%ms
first discharge section; a floating-point term nal arranged betmeen

first and second dlscharge sections and having third and 29 July 2005 3a
fourth di scharge sections opposed to the3@iTst and second di scharge
sections, respectively, a first gap being fornmed between the first and
third discharge sections and a second gap being fornmed between the second
and fourth di scharge sections; conpectin termnal s EFOVIded in the

secondary terrn#ﬂﬂr nBEFRATH SEFFHP D PRESERr R e, THEShettd vel y and

| ocat ed away h ng i n necting
term nal s being grg§t§%§§ﬁ t%ggéﬂgg%dqégﬁg -ggéMegaE£0|tgggconnected

bet ween the comheGly Hgrhed Betaksn tie afﬁ&@tdametmmhdas&mg& aspect of the
present invention, there is provided a discharge gap apparatus formed on
a printed wiri mpdidand, al@f@)rﬁarﬂ@bh@ gEaﬁ foeing f@vrﬁe{ﬁabytpmm & including a
first discharge section ﬂaV| ﬂbs ura it oi nt ed ro ections; a

second pri mar Y $arferRdi H ?ﬁﬁ?oﬁﬁga?%% arge §ecton havi ng a

plurality of p%éﬁﬁﬂa@é%ﬁ&éfdﬁéeslﬁ%é% c@BHadty @exgl ¥en diptaace fromthe
first primary pattern; secondary pattern forned at a distance fromthe

first and secoﬂ’idaamlingapgflrpattte@fnmaand:elspebtlﬂvéﬂgy anpalocafed tlwayd di schar ge
sections opposed to the first and second

from the second gap, an interval between the connecting

terminals being greater than the second gap; and a

capacitor connected between the connecting terminals.

In accordance with a fourth aspect of the present
invention, there is provided a discharge gap apparatus
formed on a printed wiring board, comprising: a first
primary pattern including a first discharge section
having a plurality of pointed projections; a second
primary pattern including a second discharge section
having a plurality of pointed projections and formed at
‘a given distance from the first primary pattern; a
secondary pattern formed at a distance from the first
and second primary patterns and including a pair of
third discharge sections opposed to the first and second
discharge sections; a floating-point pattern arranged
between the primary patterns and the secondary pattern,
and including a pair of fourth discharge sections
opposed to the first and second discharge sections,
respectively and a palr of fifth discharge sections
‘opposed to the third discharge sections, respectively, a

first gap being formed between the first and second

" discharge sections and the fourth discharge sections,




di scharge sections; a floating-point pattern arranged between the primary
patterns and the secondary pattern, and including a pair of four%dhul 2005
di scharge sections opposed to the first and second di scharge sec ior?é,
respectively and a pair of fifth discharge sections opposed to the third
di scharge sections, respectively, a fir¥t gap being forned between the
first and second discharge sections and the fourth di scharge sections,
------------------- 29 July 2005 - 3b and a second gap being forned
between the third discharge sections and the fifth discharge sections;
connecting ter AMaPsSPFRA del PRIIhe EEEBnBRT FIFatPer HI%hd t he

fioat ! ng- pol bt AALEED: JesReel! vel wands Loc i Buav. Jeamie second gap.

an interval between connecting termn ein reater than the second

gap; and a di schakge:hdadudingl £apasiiben conMeckedoheimeenttkhe connecting
termnals. Wth the above structure, an interval between the primary and
secondary ter mamal $heafledtingfyoite padttandar vssrfegtivaietand Epeateshder t he
ci rcunstances, the capacitor may fulfill a function of inducing

di scharge. The A¥chEPYESt GPEOVOI Tye 2Ryt HUE1bB T Eer'dd to obtain
smoot h di schar ge. .29 Il % 299814 1 BRGEG - DESCGRIRLLON, O R eSRYERAL VI EVB

OF THE DRAW NG

and a discharge-including capacitor connected between
the connecting terminals.

With the above structure, an interval between the
primary and secondary terminals may satisfy the
standards for safety. Even under the circumstances,
the capaciteor may fulfill a function of inducing
discharge. The discharge start voltage may thus be

lowered to obtaln smooth discharge.




"FIG 1 is a diagram showi ng a basic structure of a discharge gap apparatus
according to a first enbodi nent of the present invention; 5 FI 629%uf3/§06

di agram of a charge gap apparatus according to a second enbodi nent of tlile
present invention; FIG 3 is a diagramof a charge gap apparatus
according to a third enbodi nrent of the present 10 ' invention; FIG 4 is a
circuit diagramof a power receiving sectdonrto which the present
invention is applied; and FIGS. 5A to 5E are di agranms each show ng anot her
exanpl e of the present invention. 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Enmbodi ments of theRprled&RCRIFTEANT 6F Wil | SEVGR e VIBHES cP¥ bBIEE WWRAVWINGS er ence
to the acconpanying drawings. FIG 1 illustrates a basic structure of a

di scharge gap appar atid$-adcdPdfngl2dral rShstingnBobRfkhit SEEEOIrS K fresent

i nvention. In FI& cln,arr %f erence numer ala 109: i. ndi gt es a rieg%yeq%ivn\{i ring
board. Primary andc $&8ondaPy FRIH i & FPTEAg925° a7 ef i int vy patt erni ng
on the printed widiHpg BQ@%QH%OPHVJ Jy.imary termnal 11 includes a

' 1 tor

prinmary discharge section : di sc ar'_ge, 25 while the secondary term nal
22 includes a secondarny. di sehargeageqt icn aZCBQ&gélggﬁaéggg%ra‘kus

floating-point termnal 33 is printed by 29 July 20
: -according to a second embodiment of the present
invention;
FIG. 3 is a diagram of a charge gap apparatus
ﬁ;) according to a third embodiment of the present
10 * invention;
FIG. 4 is a circuit diagram of é power receiviﬁg
section to which the present invention is applied; and
FIGS. 5A to 5E are diagrams each showing another
example of the present inventiﬁn.
15 DETATTLED DESCRIPTION OF THE INVENTION
Embodiments of the present inveﬁtion will now be
described with reference to the accompanying drawings.
FIG. 1 illustrates a basic structure of a
iw) _ discharge gap apparatus according to a first embodiment
20 of the present invention. 1In FIG. 1, reference numeral
100 indicates a printed ﬁiring board. Primary and
secondary terminals 11 and 22 are printed by patterning
on the pfinted wiring beoard 100. The primary terminal
11 includes a primary discharge section 1 for discharge,
25 while the secondary terminal 22 includes a secondary
discharge section 2 for discharge.

‘A floating-point terminal 33 is printed by




patterning between the primary and secondary termnals 11 and 22. This
termnal 33 has first and second floating-point discharge secti9§§u§%gﬁ§d
32 on a line connecting the primary and secondary di scharge sections

and .2.. These sections 31 and 32 'are integrated as one conponent. A
capacitor 44 for connecting the floating-point termnal 33 and the
secondary termnal 22 is provided away friom-the |ine connecting the
sections 1 and 2. 10 The capacitor 44 is located in a space having a

di stance L3 (e.g., 7.5 mm that is greater than the shortest distance
between t he ter matdlesn2ngahgt@3en e pPrémariabed 29econiBY KQvrainpddr
extended term nal. portions 24 and 34, respectively. 15 The faregoing

di scharge gap apgar&fué?hasTRit rs3de 3di BeRaf 5P St55:0Pdre. In this

structure, a figst.dischat ap.is forned.bet n_t ri mary.di scharge
section 1 and tﬁgo a3 PPﬁgfiéEéﬁﬂﬁﬁ%? 5§¢ %g%ﬁgggéa‘£g¥$6ﬁlélxéﬁﬁ a second

di scharge gap i%on%%cftgﬁg‘agh@eﬁdﬁlﬁa}:yt %%dsggeaﬂd%}?a&gsg& jentcdi sghar ge

sections 32 and the secondary di scharge section escri bed above, the
capaci tor 44 (whi ghdgsatli sthese asetiangand kan vbthsd anetoydlatagesy is
connected between the secondary termnal 22 and the floating-point 25
termnal 33 to loawecompbhghtni ng surge discharge start voltage. The fact
that the circuit arrangenent of the above 29 July 2005
: A capacitor 44 for connecting the floating-point
terminal 33 and the secondary terminal 22 is provided
i“) away from the line connecting the sections 1 and 2.
19 The capacitor 44 is located in a space having a
distance L3 (e.g., 7.5 mm) that is ggéater than the
shortest distance between the terminals 22 and 33. The
terminals 22 and 33 have their extended terminal
portions 24 and 34, respectively.
15 ' .The foregoing -discharge gap apparatus has a two-
stage discharge gap structure. In this structure, a
first discharge gap is formed between the primary
discharge section 1Iand the first floating-point
3w) discharge section 31 and a second discharge gap is
20 formed between the second flcating-point discharge
sections 32 and the secondary discharge section 2. As
described above, the capacitor 44 (which satisfies a
standard for withstand voltages) is connected between
the secondary terminal 22 and the floating-point
25 - terminal 33 to lower a lightning surge discharge start
voltage.

. "The fact that the circuit arrangement of the above




6 discharge gap apparatus satisfies a design standard w1l now be

descri bed. The total of the first discharge gap L1 (e.g., 3.5 n'@gﬂlﬁgzddge
second discharge gap L2 (e.g., 3 mm is 6 mmor nore. This 5 value
satisfies standards for safety (I1EC, UL, CSA, and the Electrical Appliance
‘and Material Control Law) that  define a gap between the primary and
secondary conductors. In the normal operdion, the UL, CSA and 10

El ectrical Appliance and Material Control Law require that no discharge
occur when a withstand voltage between the prinmary and secondary term nals
11 and 22 is nctisghgher ghpmrOpOr&kY samisfieal aedeskgn spgn®asd], 41 kV
(0-peak) or no electrical breakdown be NF2 15 produced. The | EC 65
requires that ndidils@R¥rfe BeIerRAen The WEASt 3hd“RAOITEFE is not higher
than 3.0 kV (r.ms, value) -* 3 kV X J2.= 4.4 k 0-peak).. In order to
meet the requi réimrlr‘esr?glg,rgg %%P/e lg%ep'%‘Hoél'é %‘) %%%{ '%)}é? V\S/eeecr?)ntdhe primary and
secondary term nal The . capagd t or I ofely] enot.k
secondary term %IS%%gggﬁdQ%ﬁeﬁ?l géa'tglo'rfgfﬁggllhzt gtgegﬁrlﬁ{;lg?r t?tg%ar\@evi/hi ghmgr e

separat ed § rom eagheobheisMéd scHRRHs £3rMBuELEy epaieen,, The,capacitor
44 conforms to the standards for safety and satisfies an insulating 25
function under tthe Slantaidsl Hsplimmceapad Matedilal Lortima bhypasshaapaci t or
(popularly called a Y capacitor) is adopted to satisfy the standards for

safety in each define a gap between the primary and secondary
conductors.,
i;) ' In the normal operation, the UL, CSA and
10 Electrical Appliance and Material Control Law reguire
that no discharge occur when a withstand voltage
between the primary and secondary terminals 11 and
22 is not higher than 1.0 kV {(r.m.s. value) — 1 kv X
N2 = 1.41 kv (0-peak} or no electrical breakdown be
15 produced. The IEC~65 reguires that no discharge occur
when the withstand voltage is not higher than 3.0 kV
(r.m.s. value) — 3 kV X -JE = 4.4 kV (0-peak). In

order to meet the requirements, a given gap should be

R

set between the primary and secondaryrterminals.

20 © °  The capacitor 44 is connected between the
secondary terminal 22 and the floating-point terminal
33 which are separated from each other with a gap of
3 mm therebetween. The capacitor 44 conforms to the
standards for safety and satisfies an insulating

25 function under the standards. As the capacitor 44, a
line bypass capacitor {(popularly called a Y capacitor)

is adopted to satisfy the standards for safety in each




29 July 2005 7 country. Under the I EC standard, the capacitor is
classified as | EC 384-14, second edition, class Il. Under the U?g%ﬂf&&%é
standards, it is classified as | EC 348-14, second edition, clas$ I’ ¢
class I1). Under 5 the Electrical Appliance and Material Control Law, it

is classified as | EC 348-14, second edition, class | or <class Il. The
design standard is therefore satisfied -even -though the capacitor 44 is
provi ded. ‘A function of the two-stage di scharge gap, which 10 is carried
out when a lightning surge occurs, will now be described. Since the
capacitor 44 is comegt.edUbdeneene t 1RC Ftagaleirdg- pbé ntapa¢iiaialis33 and t he
secondary term nal these termnals are insulated fromeach other at 15

22
the same potenti@aisifing aar F5Cstédeldq rSegomPgReAFARR. volasydi-s gui ded,
di scharge (a shaott  circui IS sed between.the prjmry.dischar
section 1 of theﬁﬁdﬁﬁiﬁégryit@?ﬂii_ ﬁ5?§§%f hel%i?gtc#?%%:?ﬁﬁfﬁﬁﬁ%%8‘-J
di schar ge sect ofydh Of LREAG! 8L 119 POLM.d of Tioaly 33, 2 andyddaen bet ween
~the second floating-pdint discharge ’'section 32 of the floating-point

termi nal 38 and ¢he £150¢0Rda1 Yash SEhFJame Materi g1 Ofor theo B ataydary
termnal 22. Consequently, the primary and secondary termnals are

di scharged. 25 |is tdlesappacat us DiC t3vs{riesercondventit oo, tdlmsscdpaei t or 44
allows a lightning surge discharge start
class II. The design standard is therefore satisfied
even though the capacitor 44 is provided.
: t;) A function of the two-stage discharge gap, which
10 * 1is carried out when a lightning sufge occurs, will now
be described.
Since the capacitor 44 is connected between the
floating-point terminal 33 and the secondary terminal
22, these terminals are insulated from each other at
15 | the same potential in the early stage. If a lightning
voltage is guided, discharge {(a short circuit) is
caused between the primary discharge section 1 of the
primary terminal 11 and the first floating-point
.iw) discharge section 31 of the floating-point terminal 33
~ 20 and then between the second floating-point discharge
section 32 of the floating-point terminal 33 and the
secondary discharge section 2 of the secondary terminal
22. Consequently, the primary and secondary terminals
are discharged.
25 In the apparatus of the present invention, the
Capécitor 44 allows a lightning surge discharge start

voltage to drdp when lightning strikes. The reason for




voltage to drop when lightning strikes. The reason for 29 July 2005 g this
is as follows. Assumi ng now that the inpedance of the capacitor 2@4[111)520%‘3
the follow ng equation is given: Zc = (1/(err)C = (1/2(err)cfC =
(1/2(err)C) X (1/f) 5 where f is frequency and C is capacitance of the
capacitor 44. Since the lightning voltage has a high frequency, the
capacitor 44 is considered to be short-<ircui-ted when lightning strikes.
This situation is equal to the 10 application of a lightning voltage only
between the primary termnal 11 and the floating-point termnal 33. The
narrower the gap;hitshdésl emefolhewsli sdtwamgengt apy that tidye inhedancehef

di scharge start voltage in the above apparatus is |lower than that in an
appar atus 15 havilfy Gieacapati $driss To-sdhgr §elheuhrd t ¥ E® dsul ator is
punctured and short-circuited. The short-circuited portion is |ocated
bet ween the pri far{ "di scharge section 1 and the first floating-point

di scharge section 312%ng gg?$ﬁ§n=2q1y5q3§qﬁogg(ﬁggqgépgxp@ipf)discharge

section 32 and the seco i scharge section Di'scharge current flows
through the shorfirbids guiiked, - p@RdiOn AR ek EhpQughahde ocaprei tor 44. This

phenonenon depends upon the connecting position of the capacitor 44. In
ot her 25 words, ddimcaapacutor 44 is located at a distance from
| Since the lightning voltage has a high frequency,
the capacitor 44 is considered to be short-circuited
ﬂ;} : when lightning strikes. This situation is equal to the
- 10 application of a lightning voltage only between the
primary terminal 11 and the floating—point terminal 33.
The narrower the gap, the lower the discharge start
voltage. Thus, the discharge start voltage in the
above apparatus is lower than that in an apparatus
15 having no capacitors.

Discharge means that an insulator is punctured and
short-circuited. The short-circuited portion is |
located between the primary discharge section 1 and the

{Q) . first. floating-point discharge section 31 and between

20 the second floating-point discharge section 32 and the
secondary discharge section 2. Discharge current flows
through the short-circuited portion and not through the
capacitor 44. This phenomenon depends upon the
connecting position of the capacitor 44. 1In other

25 words, the capacitor 44 is located at a distance from
the line connecting the primary and secondary discharge

sections 1 and 2, and connects the secondary discharge




the line connecting the primary and secondary di scharge sections 1 and 2,
and connects the secondary discharge 29 July 2005 9 section 2 %ﬁq 05
. second floating-point discharge section 32 in a space whose w dt el
greater than the shortest distance L2. The advantages of the present
invention are 5 summarized as follows: (1) The lightning surge discharge
start voltage between the primary and-se@ondary term nals can be | owered
wi t hout narrowi ng a gap between these, termnals (the |ightning surge
di scharge start voltage can be 10 | owered though the gap is the sane as a
common one- stagectiistharafed gdyy) secendThéodt sedrargjartgad sappagat us of the
present invention ¢can be manufactured at | ow cost because it . can be
achi eved by addPRGLHEPt &f nUesiHAEr FBAPE A5 doi ritS G&FATRAl FP3hd one
capacitor to a %gnveﬂtggnaé fg schargg_gap apparatus.” (3) The capacitor in
a é

: S (5 nce . .
use conforns to thestan S Or 'saféty. No special parts are required.

The. standards for sgggtgdggghégggsd%a§hgy%ggséggzgﬁgg%gfyh 32Qct he di scharge

gap apparatus of the present 1nvention. Since no parts are connected
between the prisiRmYrapdd secaanysterm nals, no | eakage current

i ncreases, NnoO capacitance increases, Nno noise propagates, no power-supply
radi ation varies, or (hp The lightning surge discharge start voltage
between the primary and secondary terminals can be

lowered without narrowing a gap between these terminals

{;) {the lightning surge discharge start voltage can be

10 lowered though the gap is the same as a common one-
stage discharge gap).
(2) The discharge gap apparatus of the present
invention can be manufactured at low cost because it
- can be achieved by adding pattern design {floating-
15 point terminal) and one capacitor to a conventional
discharge gap apparatus.
(3) The capacitor in use conforms to the standards
for'safety. No special parts are required. The
{“) standards for safety can thus easily be obtained for
20 the discharge gap apparatus of the present invention.
(4) Since no parts are connected between the
primary and secondary terminals, no leakage current
increases, no capacitance increases, no noise
propagates, no power-supply radiation %aries, or no
25 | polarities exist.
{5} Since discharge is caused by only the

discharge gap, a component (provided on the substrate)




25 polarities exist. (5) Since discharge is caused by only the discharge
gap, a conponent (provided on the substrate)' 29 July 2005 10
i ghtning surge discharge withstand voltage is |ow can be used.
interval between the primary and secondary termnals is determned in the
substrate pattern, the lower {imt (small value) of standards for 5 safety
can be selected and the area of the substd8te- can be reduced. (6) Since no
| i ght ni ng surge discharge current flows through the capacitor, the
capacitor increases in lightning discharge withstand voltage and in
lifetime 10 and’hofst Madhtnangusabié i dischargeEvénhehanghval tdiaschar ge
section for A—pq{e and B—pg%g of a commercial AC power supply .is provided

at the primary t8f fidfaPe YR&%capist G HALETRY PEEBRCusHY PHIARYI | be
described | ater. 8) The. dischar a i.rcui.t can be conforned to the
standards for sé?é$y£%#°ﬁd%é¥v?%ﬁ%.“%ﬁ%nm%ﬂ%é%eﬁﬁlnséjh%p?%% %W%§ﬁi%%elengths
LI and L2. (9) AsatMdidn bendesehibeddal efomaan 9RE0ENTot St drired ied t he
board in the |l ocations of the primary anémlzo secondary di scharge gaps.
Therefore,5n0 cagdhmty Taadber 6l éOt GRMURPHOBFcdULENEhd hauhtsehtar ge, and
the sane discharge start voltage as that in the early stage of the next
di scharge can stehl ypebereganedat ed.

v 28

(6) Since no lightning surge discharge current

flows through the capacitor, the cepacitof increases in
QM) lightning discharge withstand voltage and in lifetime
10 and improves in durability.

(7) Even though a discharge section for A-pole and
B-pole of a commercial AC power supply is provided at
the primary terminal, one capacitor has only to be used,
as will be described later.

15 {8} The discharge gap circuit can be conformed to

the standards for safety of individual countries by
‘adjusting the gap lengths L1 and LZ2.

{(9) As will be.described later, an opening is

5") formed in the beoard in the locations of the primary and
‘20 secondary discharge gaps. Therefore, no carbon is

adhered to gap portions during the discharge, and the
same discharge start voltage as that in the early stage
of the next discharge can stably be generated.

FIG. 2 illustrates a charge gap apparatus

25 according to a second embodiment of the present

invention. The constituting elements of the apparatus,

which correspond to those of the first embodiment, will




FIG 2 illustrates a charge gap apparatus 25 according to a second

enbodi ment of the present invention. The constituting el ements gﬁjﬁggw 5
apparatus, which correspond to those of the first enbodi nent, w1l 9u
2005 - 11 be described with the sane reference nuneral s assi gned
thereto. In FIG 2, reference nuneral 100 indicates a printed wiring board
. on which termnals (described below arelprinted by patterning. 5

Ref erence nuneral 51 denotes a plug connected to a commercial AC power
supply. One line (A pole) of the plug is connected to an A-pole primary
termnal 1la ande tdescoihed Vit B poine) refleredte i susnmiecteeédioned B )
pole primary termnal 11b. The Azpole rimary termpal 10 l1la includes a
primary di schar Jé'e&&&C onraft%r 2 e preerh Kb omdEs teEr fti nal 22
i ncludes a secaqndary discharge section.2a for_discharge. Th - pole
primary term nalprﬂ%)éfingﬁﬁﬁ%%g%oaprrcfr%} ;)"h&icgcﬁsptgllenagsec |eosr(1:rllg’egor

di scharge, whil g,4Hhg sg¢an ?{M%&fﬁgiE%ht%QngaglnC|“des a secondary

di scharge section 2b for I scharg e primary termnals 1la and 11b are

arranged iz }} paralRegerehtl agterddependentey of peaghcdimitedito a
floating-point termnal 33 is printed by patterning 20 between the primry

termnals 1la antnnelcantl Abepovsecangqrly.t eOnenaln®2(A Tha )erfi hak 33
includes a first floating-point discharge section 31la and a second
plug is connected to an A-pole primary terminal 1la and
the other line (B pole) therecf is connected to a B-
' i;) pole primary terminal 1lb. The A-pole primary terminal
10 lla includes a primary discharge section la for
discharge, while a secondary terminal 22 includeé a
secondary discharge section 2a for discharge. The B-
pole primary terminal 1lb includes a primary discharge
section ib for discharge, while the secondary terminal
15 22 includes a secondary discharge section 2b for
discharge. |
The primary terminals lla and 1lb are arranged in
parallel with and iﬁdependently of each other. &
{;) floating-point terminal 33 is printed by patterning
20 between the primary terminals 1la and 11lb and the
secondary terminal 22. The terminal 33 includes a
first floating-point discharge section 3la and a second
floating-point discharge section 32a on a line
connecting the primary and secondary discharge sections
25 la and 2a. The discharge sections 31la and 32a are
integrated as one component. The terminal 33 also

includes a first floating-point discharge section 31b




fl oati ng-point discharge section 32a on a line connecting the primary and
.secondary discharge sections 25 |la and 2a. The di scharge sectiona %%ﬁ;ﬂﬁﬁ
32a are integrated as one conponent. The term nal 33 al so incluges)%
first floating-point discharge section 31b 29 July 2005 12 and a second
fl oati ng-point discharge section 32b on a |ine connecting the primary and
secondary di scharge sections |Ib and 2b. The di scharge sections 31b and 32b
are integrated as one conponent. 5 A capacitor 44 for connecting the
secondary termnal 22 and the floating-point terminal 33 is provided at a
di stance from t kedpri racyndi Stdmrige-peéoti dhschar@ndsdds iamd 32heosegondary
di scharge sections 2a and 2b. The capacitor 44 is |located in a space 10
havi ng a di st anddne3cpengeting Sthmpriaryi sngr eaterdarhgi sChé rdfior t est
di stance between the term nal 2 an 3. Thus, the term_nals 22_and 33

B g‘?% '33§|9“§.3 e

have their exterf§E41OL&r HP Nt ASGHATE2, STESEE |

secondary terni%%g %%tgagagego§§h1%§ o%ﬁ%ﬂen%? that a portion 251 of the

termnal 22, which is onnected 1o the“capacitor 44, separates from an

edge 252 pf the secandaryc iesm MalrA2 HRRAUEMYNE LY SecdlidGRAr ge current
is easy to flow The notch 253 is effective in preventing a discharge

current from 20 tkkrawhay 20tond hehL et ag-g4imbernetnmigtdinizagist ri kes. The
board 100 has a slit-1like opening 55. The
provided at a distance from the primary discharge
sections la and 1b and the secondary discharge sections
} Z2a and 2b.7 The capacitor 44 is located in a space
10 | having a distance L3 (e.g., 7.5 mm) that is greater
than the shortést distance bhetween the terminals 22 and
33. Thus, the terminals 22 and 33 have their extended
terminal portions 24 and 34, respectively.
The secondary terminal 22 has a notch 253 such
- 15 that a portion 251 of the terminal 22, which is
connected to the capacitor 44, separates from an edge
252 of the secondary terminal 22 through which a
discharge current is easy to flow. The notch 253 is
iw). : effective in preventing a discharge current from
20 flowing into the capacitor 44 when lightning strikes.
The board 100 has a slit-like opening 55. The
discharge sections la, 1b, 31la, 3Za, 31b, 32b, 2a and
2b each have a pair of pointed projections toward a
discharge gap. The second embodiment fulfills the same
25 function as that of the first embodiment described
above.

Even though two discharge sections are provided at




di scharge sections la, Ib, 31la, 32a, 31b, 32b, 2a and 2b each have a pair
of pointed projections toward a discharge.gap. The second enbomigﬁﬁyz(ﬁ
fulfills the sane 25 function as that of the first enbodi nent destcri ed)
above. Even though two di scharge sections are provided at 29 July 2005 13
the primary termnal for A and B-poles of a commercial AC power supply,
one capacitor has only to be used. SinceiBhe-opening 55 is fornmed in the
board in the |locations of the primary and secondary di scharge gaps, 5 no
carbon is adhered to the gap portions during the discharge, with the
result that the tdenprdingchategenistlarfforvél-t agd Bspohat oh a lremeartyast age of
t he next discharge can stably be generated. Since, noreover, each

di scharge secti &% Bay¥es pEPPLYDS P rmaedciGopr BRecPibnste diss&5&Fge can be

broken. | DSt ancanCE EBPWBBH {15 T g & CHI-BY BoT e griTHA y'* LBFm nal s 1 a
an AC input sectioarireel e T R 5ol sPRehdaBP ARIOh o F0B3H Al no o
a third enpodi mppf @fpbhe: Br&aeiied RERHOBap IP6rt £OS Idurilign@ne! ement s of
t he apparatus, which correspond to those of the second enbodi nent, will be
described with thiecsamge} efefienas: nemnal shasstgoeshd dihemheatrge I n the
third enbodi nent, an A-pole line of a
‘ - start voltage as that in the early stage of the next
discharge can stably be generated. Since, moreover,
{n) each discharge section has a pair of pointed
10 projections, discharge can be caused from one-of'the
projections even though the other projection is broken.
Distance L4 between the A-pole and B-pole primary
terminals 1la and 11k is, for example, 3.5 mm or more
s0 as to éatisfy the standard of an AC input section.
15 FIG. 3 depicts a charge gap apparatus according to
a third embodiment of the present invention. The
constituting elements of the apparatus, which
correspond to those of the second embodiment, willrbe
{M> described with the same reference numerals assigned
20 thereto. In the third embodiment, an A-pole line of a
plug 51 is connected to a primary terminal 1lla via a
printed pattern 61, while a B-pole line thereof is
connected to another primary terminal 1lb via a printed
pattern 62, a fuse 63, a printed pattern 64, and a
.25 jumper wire 65. The other elements are almost the same

as those of the apparatus shown in FIG. 2. Each of

discharge sections 1a, 1b, 31la, 32a, 31b, 32b, 2a and




plug 51 is connected to a primary termnal 1la via a printed pattern 61,
while a B-pole line thereof is connected to another primary ter@%yﬂ i%%
via a printed pattern 62, a fuse 63, a printed pattern 64, and 4 gjfu er
wire 65. The other elenents are al nost the sane as those of the apparatus
shown in FIG 2. Each of discharge sections la, |b, 31a, 32a, 31b, 32b, 2a
and 29 July 2005 14 2b are thickened-betéuse solder is attached thereto.
Thus, the discharge sections can maintain their durability even though
they are cut by discharge. Wile the thickness of a printed wiring pattern
is 35 5 mcrons,?h g shickenediksasssglodeerpdst abrrafeeddrediPschar ge

section is. about 0.5 E 4 is acircuit diagramsinply showi ng a
power receivin&ﬂﬁﬁthgE]Fbsé%RQQ?tﬁﬁ?ﬁﬁ9§§eﬁ?niﬂ%%9ﬁ?%ﬂ1WQ?l appl i ed. The

constituents COQﬂE%QRQ?%ggeQQntQP%F o%h£0 g@g 999%9 %ﬂ%&gkr nts are denot ed
by the sane reference 'n nerals.(1ﬁﬂ%he Hbmer recel%ing sect’ion, an A-pole

of ~a power |ingqi;gcCcoRREEHEMAL A JH IanednRakbt 1P ] PAdan Bspake thereof
is connected to another printed pattern 62. A capacitor 71 is an

i nsul ati ng capaciilddontd €banest ethdbhehirddsA- pet8eanshb iR ofl eaes. D odes
72 and 73 are connected in series between these |lines as protection
circuits. Nuneraischargdi sattesora ity absluar Geb fwr transform ng an i nput
voltage. It is - discharge sections 75 and 76 that the present invention
FiG. 4 is a circuit diagram simply showing a power
receiving section to which the present invention is
aw) ' applied. The constituents corresponding to those of
10 the above embodiments are denoted by the same reference
numerals. In fhe power receiving section, an A-pole of
a power line is connected to a printed pattern 61 and a
B-pole thereof is connected to another printed pattern
62. A capacitor 71 is an insulating capacitor
15 connected between A-pole and B-pole lines. Diodes 72
and 73 are connected in series between these lines as
protection circuits. Numeral 74 indicates a
transformer for transforming an input voltage. It is
lw) discharge sections 75 and 76 that the present invention
20 is applied to.
| The present invention is not limited to the above-
described embodiments. According to the embodiments,
the discharge gap apparatus is provided on a printed
wiring board having a power receiving section and a
25 secondary terminal integrally as one component.

However, it is needless to say that the elements as

shown in FIGS. 1, 2 and 3 can be constituted as a




20 is applied to. The present invention is not linted to the above-
descri bed enbodi nents. According to the enbodi nents, the di scharzgqug,%%
apparatus is provided on a printed wring board having a power récerving
section and a 25 secondary termnal integrally as one conponent. However,
it is needless to say that the elenents as shown in FIGS. 1, 2 and 3 can
be constituted as a 29 July 2005 15 -sindl e-—conponent. Let us explain

di stance Wbhetween the primary and secondary termnals 11 and 22 each
constituting a discharge section under the standards of the Electrical 5
Appl i ance and Mategialca@manepit-Law, UL, CSA and | EC-65. The distance Wis
2.0 mm or |onger under the standard,K of the EI ectri cab@Aﬁ | i ance and
Material Control Lawtet 39 erﬁﬁlﬁrer Sﬁééﬁnﬁ'ﬁdﬁr ?WéeelﬂL gé‘i“ﬂryisa nm or

| onger under the CSA,sta dard r r he | EC- 65

- standard. Providf ﬁan%aﬂo e[mr%&a SI %? a?g]rTéana %ns%?tﬁ?ﬂ%& pCIF esent

vention, its posiflon. dasibel BRAUP el Dthaf s ckorRatkalyt Lhe i stance

. W In ot her wor W e set between the discharge
sections } and Zipanghed showadebeadi sbanesl Uy \Worhetpmeand hepchaghar ge
sections 32 and 2. The followi ng are all owabl e values of the distances W
and W2. Under t heesdancarat of ithe.0BEmecodr i Talgappindemc ehangt Medard al

Control Law, distance
of the Electrical Appliance and Material Control Law,

3.2 mm or longer under the UL standard, 3.0 mm or
{%) longer under the CSA standard, and 6.0 mm or longer

10 under the IEC-65 standard.  Providing a floating-point
terminal 33 as in the present invention, its.position
has to be determined so as to satisfy the distance W.
In other words, distance Wl should be set between the
discharge sections 1 and 31 and so should be distance

15 W2 between the discharge sections 32 and 2.

The following are allowable values of the

distances Wl and W2. Under the standard of the
Electrical Appliance and Material Control Law, distance
i‘) . Wl is 1.0 mm to 2.8 mm (preferably 2.0 mm} and distance
20 W2 is 1.0 mm to 2.1 mm (preferably 1.5 mm). 'The
standard of the Electrical Appliance and Material
Control Law is therefore satisfied when distance W is
2 mm or longer. Under the UL standard, distance Wl is
i.O mm to 3.5 mm {preferably 2.0 mm) and distance W2 is
25 1.0 mm to 2.0 mm (preferably 1.5 mm). The UL standard
is therefore satisfied when distance W is 3.2 mm to

4.0 mm. Under the CSA standard, distance W1l is 1.0 mm



W is 1.O nmto 2.8 nm (preferably 2.0 mm and distance 20 W is 1.0 mmto

2.1 mm (preferably 1.5 mm). The standard of the Electrical Appli@r}ﬁfeﬁrag
Material Control Law is therefore satisfied when distance Wis f M Gt

| onger. Under the UL standard, distance W is 1.0 mnmto 3.5 mm (preferably
2.0 M) and distance W2 is 25 1.0 nmto 2.0 mm (preferably 1.5 nm. The UL
standard is therefore satisfied when distaace-Wis 3.2 mto 4.0 mm Under
the CSA standard, distance WL is 1.0 nm 29 July 2005 16 to 3.3 nm
(preferably 2.0 nm and distance W2 is 1.0 mm to 2.0 mm (preferably 1.5
my). The CSA stdnrdar@ ma (phefefably Satli sin) edndhénsdistarite iW 1s03m@ M to
4.0 mm Under the | EC- 65 standard, distance WL is 3.0 nmmto 5 4.5 mm
(preferably 3.5 %y -EnbindilBrafrebiy ils S2mm) mm The 495K siandseef éfably 3.0

. The 1EC-65 standard is ,therefqre satisfied when_distance Wjis 6.0 mm
th?8. 0 mm The 6%@%8 ﬁrSfS?Wasg’r% dab2RGFalFatfis30f Thet° pf ¢k &t

invention is not, lJim those. s in.10_Fl 1.t The appar at us
can be consti tuEUéléfelgpnrtﬁ%eEB%aggeS%nasn%%\g&l’I Plljg ?3?%”% nl"lq:?jé H?A%?o 5E. In

the pattery depigtedn RpFb&rafyy (NS BE)MBRY aisEMORIndlis SeRopfary
termnal 22 and floating-point ‘termnal 33 are arranged linearly. Term nal

portions 15 24 and a4 apeefocabvd AW amdi St aneerfcoss asigapiairar Fed  bet ween
di scharge sections 2 and 32. The interval between the term nal portions 24
and 34 is great éhetrhfinre satisfied when distance W is 6.0 mm to 8.0 mm.
The pattern of the discharge gap apparatus of the
{') present invention is not limited to those shown in
10 "FIGS. 1 to 3. The apparatus can bé constituted in the
patterns as illustrated in FIGS. 5A to 5E.
In the pattern depicted in FIG. 5A, the primary
terminal 11, secondary terminal 22 and floating-point
terminal 33 are arranged linearly. Terminal portions
15 24 and 34 are located at a distance from a gap formed

between discharge sections 2 and 32. The interval

between the terminal portions 24 and 34 is greater than

the gap.
iV) In the pattern depicted in FIG. 5B, the secondary
20 terminal 22 and the floating-point terminal 33 are

arranged in parallel with a given gap therebetween.
The terminal portions 24 and 34 are located at a
distance from a gap formed between the discharge
'sections 2 and 32. The interval between the terminal
25 portions 24 and 34 is greater than the gap.
In the pattern depicted in FIG. 5C, a gap between

the discharge sections 1 and 31 and a gap between the




the gap. In the pattern depicted in FIG 5B, the seecondary 20 term nal 22
and the floating-point termnal 33 are arranged in parallel V\ﬁtfkg%ugjjlo%@
gap therebetween. The term nal portions 24 and 34 are | ocated at

di stance froma gap -forned between the discharge sections 2 and 32. The
interval between the termnal 25 portions 24 and 34 is greater than the

. gap.. In the pattern depicted in FIG 5€C a7gap between the discharge
sections.1l and 31 and a gap between the 29 July 2005 17 discharge
sections 2 and 32 are displaced up and down from each other. The term nal
portions 24 and 34dwegel seatechat? ardi SPance i spl ddxed gap ahar iednbet ween
the discharge sections 2 and 32. The interval between the 5 term nal
portions 24 and 3% gaghegtbert hafha Hergdpal parthenpatd emd dépketed in
FIG 5D, a term.nal . portion 14 is provided at the primary term pal 11 and

a capacitor 44 %93E6natt @adhetanssn TeE t8enPRRl f%%?‘eici‘ T E¥EETaRBSt he
t er m nal ti . f the f t 1 ng-poj 10 1 nal 33, The t 1 nal
ermnal_portio %%h%rg% gec{;:%i d rtgé_j%o 5. Tg?e};?%‘ggrxbaglp ]:*e-Ew%e e%ﬁ" na

portions 14 and are” | ocated at I stdnce or ITe et ween t he

di schar ge secti Qs nafd 31y i dhe Jnt.grval, bet Lhe  ferpnglportions 14
and 34 is greater tmhgn tﬁe ggp. I'n tahe patter)r%ﬁggtb%ctete ri?n EIEPSE, t he

primary 15 and secondatyiet papidad deblicted 322 are. aspangedanand down,
and a floating-point termnal 33 is provided
portion 14 is provided at the primary terminal 11 and a
capacitor 44 is connected.between the terminal portion
i ) 14 and the terminal portion 34 of the floating-point
10 terminal 33. The termina; portions'14 and 34 are
located at a distance from a gap formed between the
discharge sections 1 and 31. The interval between the
terminal portions 14 and 34 is greater than the gap.
In the pattern depicted in FIG. 5E, the primary
i5 and secondary terminals 11 and 22 are arranged up and
down, and a floating-point terminal 33 is provided
opposite to the discharge sections 1 and 2. Discharge
sections 31 and 32 are formed at the terminal 33 so as
id) ' to face the discharge sections 1 and 2. In this
20 pattern, too, the terminal portions 24 and 34 are
located a distance from a gap formed between the
discharge sections 2 and 32, and the interval between
the terminal portions 24 and 34 is greater than the gap.

Various modifications to the above-described

25 patterns can be made.




opposite to the discharge sections 1 and 2. Discharge sections 31 and 32
are formed at the termnal 33 so as to face the discharge SeCti%&%ﬁﬂ:ﬂE@
2. In this 20 pattern, too, the termnal portions 24 and 34 are ocated a
di stance froma gap forned between the discharge sections 2 and 32, and
the interval between the termnal portions 24 and 34 is greater than the
gap. Various nodifications to the above-deéscri+bed 25 patterns can be nade. -
29 July 2005 - 18 WHAT IS CLAIMED IS: 1. A discharge gap apparatus
conprising: a discharge gap section including first and second conductive
patterns arranged on an insul ati ngH8TbE? rdiFdMEBD d6:regular intervals and a
third conductive pattern_arranged thereon close to the first and second
conductive patterns, la fﬁrgﬁsﬁgﬁr%%iQEPfﬁﬂﬂﬁﬁﬂtﬁétﬁéﬁﬂrl%¥ﬁ9¥irst and third

duct i tt , d d bei f d bet t d and
[hi 7 10" conauct | ve' fatC8PRETSRORMRCTTig orAFHI S8ct e JFbIFaghcl n ¢ ne
second and t hi rd. copdugLLy agf?é&% rh?araﬁlgq%@g%' }:{‘{?: Yn A0 ¢ al%h%@t%%é from

t he second gap, an Interval between 't nnecting term sect1ons being

greater than thet kegaesendngapiaBNthi GARASHHOE-LARREGEE G Rekwaen the
connecting term nal "sections.
arranged thereon close to the first and second

conductive patterns, a first gap being formed between
the first and third conductive patterns, and a second

) gap being formed between the second and third

10 conductive patterns;
connecting terminal sections provided in the

second and third conductive patterns, respectively and

located away from the second gap, an interval between

the connecting terminal sections being greater than the
15 second gap; and

a qapacitor connected between the connecting
terminal sections.

2. The discharge gap apparatus according to

1\3 , claim 1, wherein a total of the first gap and the
20 | second gap is set to satisfy an insulaﬁion standard.

3. The discharge gap appafatus according to
claim 1, wherein the first conductive pattern is
connected to a commercial AC power supply constituting
a primary circuit and the second conductive pattern is

25 connected to a connection point of a secondary circuit.

4. The discharge gap apparatus according to

claim 1, wherein the third conductive pattern is



2. The di scharge gap apparatus according to claiml1, wherein a total of
the first gap and the 20 second gap is set to satisfy an insula&%ﬁﬂh 200
standard. 3. The di scharge gap apparatus according to claim1, &in ?he
first conductive pattern is connected to a comrercial AC power supply
constituting a primary circuit and the second conductive pattern is 25
connected to a connection point of a secopglary circuit. 4. The discharge
gap apparatus according to claiml, wherein the third conductive pattern
is 29 July 2005 19 provided between the first conductive pattern and the
second conduct i yeopatitér betbeerl thadifdchar gengapt apparattesnaaadr dheag to
claim4, wherein the first gap and the second gap are 5 arranged linearly.
6. A discharge @gapcagparadust conmatdieng: a primary terminal having a first
di scharge section; a secondary term nal having a second discharge 10,
section and arranged’at a'§i YeIFhAIaNeR PPBATRRHES 3HGRIY% &Pni nal ; a

third term nal %&g{&dgd &éosgitqgfh .fi%st digf@ﬂ%ge section and the
second di scharge~secti bn and tha Ehglfﬁiraa%H31 0 ﬁ%ﬁqgghgﬁseag%ctions

opposed tg 15 the, f} fpgsggﬁgnd di scharge sections, respectively, a
first gap being ?5rné%&betmeen the first and third
6

A discharge gap apparatus comprising:

a primary terminal having a first discharge

section;
i;} a- secondary terminal having a second discharge
10~ section and arranged at a given distance from the

‘primary terminal;

a third terminal provided close to the first
discharge section and the second discharge section and
having third and fourth discharge sections opposed to

15 the firét and secend discharge sections, respectively,
a first gap being formed between the first and third
discharge sections, and a second gap being formed
between the second and fourth discharge sections;

ﬂu)- | connecting terminal sections provided in the

20 | gsecondary and third terminals, respectively and located
away from the second gap, an interval between the
connecting terminal sections being greater than the
second gap; and

a capacitor connected between the connecting

25 terminal sections.
7. The discharge gap apparatus according to

claim 6, wherein the primary terminal, the secondary




di scharge sections, and a second gap being fornmed between the second and
fourth di scharge sections; connecting term nal sections providedzbg ﬁhﬁogo
secondary and third term nals, respectively and | ocated away frémtRe
second gap, an interval between the connecting term nal sections being
greater than the second gap; and a capacitor connected between the
connecting 25 termnal sections. 7. The #j scharge gap apparatus- according
to claim6, wherein the primary termnal, the secondary 29 July 2005 20
termnal and the third termnal are printed on a printed wiring board. 8.
The di scharge gaprappalaimns tdecatdindgtbonichdhiand,pniereel nnaat ot al of the
first gap and the 5 second gap is set to satisfy an insul ation standard.

9. The di schar g®réapedpph¥ lrauda@dcording to claim6, wherein the primary

termnal is connected to a conmmercial AC power supply canstituting a
primary circuit and®t heTR@cHERF He FAPNAPPE2 Lo s ¥ ditd 5°. 10

connection point_,of a.secondary circuit, 10. The q{schar appar at us
according to clceluarlnm6§' Cheerreeilrgsaoltggraii gfagt%%c ed (96%8%& ?@ , second,

third and s ourt @egbﬁﬁh%éxgei§e§éti ‘%%ssa;:}.sf%h& di RGNAGR 93P ARRAS at US

according to 15 claim®, wherein the discharge sections opposed to each
9. The discharge gap apparatus according to

claim 6, wherein the primary terminal is connected to a
commercial AC power suppily constituting a primary
{H) circuit and the secondary terminal is connected to a
10 connection point of a  secondary circuit.
10. The discharge gap apparatus according to
claim 6, wherein solder is attached to the first,
second, third and fourth discharge sections.
11. The discharge gap apparatus according to
15 claim 6, wherein the discharge sections opposed to each
other each have a plurality of pointed projections.
12, The discﬁarge gap apparatus according to
claim 6, wherein a slit is formed in a lower part of at
3ﬁ) least one of the first and second gaps.

20 ' 13. The discharge gap apparatus according to
claim 6, wherein when the first gap is Wl and the
second gap is W2, W1 = 3.0 mm to 4.5 mm (preferably
3.5 mm), W2 = 2.0 mm to 4.5 mm (preferably 3.0 mm), and
WL + W2 = 6.0 mm to 8.0 mm.

25 ' 14. The discharge gap apparatus according to
claim 6, wherein when the first gap is W1l and the

- second gap is W2, Wl = 1.0 mm to 2.8 mm (preferabl§




ot her each have a plurality of pointed projections. 12. The di scharge gap
apparatus according to claim6, wherein a slit is forned in a IowﬁthaﬂkBof
at least one of the first and second gaps. 20 13. The di scharge gapy
apparatus according to claim®6, wherein when the first gap is W and the
second gap is W, WL = 3.0 nmto 4.5 mm (preferably 3.5 m), W2 = 2.0 nmto
4.5 mm (preferably 3.0 m, and W + W z16.9 mmto 8.0 mm 25 14. The
dirscharge gap apparatus according to claim®6, wherein when the first gap
is W and the second gap is W, W = 1.0 nmto 2.8 mm (preferably 29 July
2005 21 2.0 m®.0 v+ W20=nmq onR.th @mi( prefprafdyakllyd ImF) mmandandd + W2
= 2.0 mmor nore. 15. The di scharge gap apparatus according to claim®,
wher ei n when t h&f ifr ¥2 gap- P smeramprche 5 second gap is W2, W = 1.0 mmto

3.5 mm (preferably 0 ) = 1.0 fMmto 2.0 nm (preferably 1.5 mm, and
W + W = 3.2 nn1to%§:0nﬂ%? %%%Chﬁﬁgedﬁ§8h3P§@rﬁﬁﬁ3é%ﬁﬁ?ﬁ?ﬁ§ éecording to 1
claim6, wherei n:.th st gap i .and the . 10Q..secaqn ap is W, W
= 1.0 mMmto 3_3Qﬁ#?§pﬁéf§?%£§§“jgﬁghﬁ%?w%ériglgﬁpnﬁigg' P% %ﬁg(preferably
1.5m), and WsetoW8 gag- Hs WD, %140 1M mdh/eo THEs i Chal-g8 raBPyappar at us

according to claimbé, erein'the primary termnal 1ncludes a pair
2.0 mm), W2 = 1.0 mm to 2.0 mm (preferably 1.5 mm)}, and
Wl + W2 = 3.2 mm to 4.0 mm. |
l6. The discharge gap apparatus according to
K;) claim 6, wherein when the first gap is W1l and the
10 second gap is W2, Wl = 1.0 mm to 3.3 mm (preferably
2.0mm), W2 = 1.0 mm to 2.0 mm (preferébly 1.5 mm}, and
W1l + W2 = 3.0 mm to 4.0 mm.
17. The discharge gap apparatus according to
~¢laim 6, wherein the priﬁary terminal includes a pair
15 of terminals each having a primary discharge section,
the secondary terminal includes a pair of second
discharge sections, and the third terminal includes
pairs of third and fburth discharge sections.
f;) 18. The discharge gap apparatus according to
20 claim 17, wherein an.interval between the terminals of
the primary terminal is set at 3 mm or more.
19. A discharge gap apparatus comprising:
a primafy terminal having a first discharge
section;
25 - a secondary terminal arranged at a given distance
- from the primary terminal and having a second discharge -

section opposed to the first discharge section;




15 of terminals each having a primary di scharge section, the secondary
termnal includes a pair of second discharge sections, and the t%gg{ug 005
termnal includes pairs of third and fourth di scharge sections. : yl%e
-di scharge gap apparatus according to 20 claim 17, wherein an interval
between-the termnals of the primary ternminal is set at 3 mmor nore. 19.
A di scharge gap apparatus conprising: a prdavary term nal having a first

di scharge - section; 25 a secondary term nal arranged at a given di stance
fromthe primary term nal and having a second di scharge section opposed to
the first discharge sectimahimnOpdihy P8OHIinZ? amrdrigealt bagwpenhnthé er m nal
arranged between the first and second di scharge sections and having third
and fourth di schhtget sttt isssengppodsebarer tirctfianst aaddhageeanthididchar ge

sections, respecti%eﬁ/, fj.rst gap 5 being formed between the first and
third di scharge *3%c Lb?’fgl FCRagde o g hARRGy Ser Fdthet ikett ta second

Cecondary  ter m Ao AnL IS FEa P PR BT e TBHACAAE Tt cBpbEL TU I 10 and
located awsy-fromide £66RAILERRecANAOILIMAl DAL WREDLL §EsLRINGCT I NY
term nals being greater than the second gap; and a capacitor tonnected
bet ween the conneettiitths and a second gap being formed between the
| _second and fourth discharge sections;
connecting terminals provided in the secondary
i;} terminal and the floating-point terminal, respectively

10 - and located away-from the second gap; an interval
between the connecting terminals being greater than the
second gap; and

a capacitor connected between the connecting
terminals.

15 20. The discharge gap apparatus according to
claim 19, wherein the first gap and the second gap are
arranged linearly.

21. A discharge gap apparatus formed on a printed
fm) wiring board, comprising:

20 ' a first primary pattern including a first
discharge section having a plurality of pointed
projections; |

a second primary pattern including a second
discharge section having a plurality of pointed

25 projections and formed at a given distance from the
first primary pattern;

~a secondary pattern formed at a distance from the




termnals. 15 20. The di scharge gap apparatus according to claim 19,
wherein the first gap and the second gap are arranged Iinearly.z‘%]quA‘ZG

di scharge gap apparatus fornmed on a printed wring board, conprisinaf ?8 a
first primary pattern including a first discharge section having a
plurality of pointed - projections; a second primary pattern including a
second discharge section having a plural pgy of pointed 25 projections and
formed at a given distance fromthe first primary pattern; a secondary
pattern formed at a distance fromthe 29 July 2005 23 first and second
primary patternsiant kaal Bdcdgd pPaidry ehttbihd ghechargriisechi pasropposed
to the first and second di scharge sections; a floating-point pattern
arranged betweerft ibir8 gisobayopatdadriossandpthed see ordariyi neat tedn, and
including a pair of fourth discharge sections opposed to the first and
second di schar g&es€8e] GASChaFeR pRIGIAMSYy and a pair of fifth di scharge

sections opposed to tgﬁ third di scharge sections, r§$ ectively, 10 a first
gap being forned bet fednCRhaNETP GRf FELEna TaRdEH {kﬁ%ﬁﬂnﬁ@§ns and the

fourth di sehar 0¢,SGELOPgeceAS M FG5Nd98REE) NGal OLTB] et vieen the third

including a pair of fourth discharge sections opposed

to the first and second discharge sections,

respectively and a palr of fifth discharge sections
{H) opposed to the third discharge sections, respectively,

10 a first gap being formed between the first and second

discharge sections and the fourth discharge sections,

and a second gap being formed between the third
discharge sections and the fifth discharge sections;
connecting terminals provided in the secondary

15 pattern and the flecating-point pattern, respectively

and located away from the second gap, an interval

- between the connecting terminals being greater than the
second gap; and
E») . a discharge—-inducing capacitor connected between
20 the connecting terminals.

22. The discharge gap apparatus according to
claim 21, wherein a slit is formed in the board where
at least one of the first gap and the second gap is
located.

25 23. The discharge gap apparatus according to
claim 21, wherein a total of the first gap and the

second gap is set to satisfy an insulation standard.



- di scharge sections and the fifth di scharge sections; connecting terninals
provided in the secondary 15 pattern and the floatlng poi nt patt 2005
respectively and |ocated away fromthe second gap, an interval tﬁ%

the connecting term nals being greater than the second gap; and a

di scharge-induci ng capacitor connected between 20 the connecting
termnals. 22. The di scharge gap apparatus4aceording to claim21l, wherein
aslit is formed in the board where at |east one of the first gap and the
second gap is located. 25 23. The discharge gap apparatus according to
claim 21, wherein a2éot aThefdidmharigestyapapppadathe assoalichggap is set to
satisfy an insulation standard. 29 July 2005 24 24. The discharge gap
appar at us accor dilagnt 81, cy¥kersix saojifereiis abtadehed stattthecHddsto the first,
second, third, fourth and fifth discharge, sections. ABSTRACT OF THE

DI SCLOSURE =~ DI SEARREE EAF APEARA aﬂdpfﬁﬁﬁ?yd%%ﬁbﬁFﬁﬁ S95¢HG8Fng a primary
di scharge section for discharge and a secondary term nal including a
secondary di scharge section for discharge are arranged on a board at a

di stance fromeach other to satisfy an insulation standard. A

fl oati ng- poi nt

e




term nal
termnal. A capacitor is connected between the floating-point te@@
termnal at a distance fromthe di scharge sections.

t he secondary
greater than the shortest

interval at which the capacitor is connected is
di stance between the secondary term nal and the floating-point term nal

I's provided between the primary termnal and the secondary

A

as to satisfy the insulation standard. - FE&5. -1

10

15

ABSTRACT OF THE DISCLOSURE
DISCHARGE GAP APPARATUS

A primary terminal including a primary discharge
section for discharge and a secondary terminal
including a secondary discharge section for discharge
are arranged on a board at a distance from each other
to satisfy an insulation standard. A floating-point
terminal is provided between the primary terminal and
the secondary terminal. A capacitor is connected
between the floating-point terminal rand the secondary
terminal at a distance from the discharge sections.
The interval at which the capacitor is connected is
greater than the shortest distance between the
secondary terminal and the floating-point terminal so

as to satisfy the insulation standard.

Fig. 1




