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 cglaratogntavesalsiy adwgitedr éspecpover stemedaridg f or safety
for | 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




29 July 2005 - 2 the discharge gap circuit. In other words, a distance
between the primary and secondary parts (conductors) of the cir 'ﬁgjébos
defined. Because of the standards for safety, the gap cannot be decreased
carel essly. The distance between the primry and secondary conductors,

whi ch conforms to the standards for safefy; contradicts wth a reduction
in the discharge gap to lower the Ilightning surge discharge start voltage.
BRI EF SUMVARY OF THE I NVENTION It is accordingly an object of the exanple
enbodi ments to provide a di scharge gap aﬁparatus that is,. capable of

decreasi ng a | gt A Ag"TiAYERi StHatde dPaPtPeRoPrEge hitHdG Peducing an
interval betwean primcy. Aa3eCAMIVLLALN 12hs |DoAGGAIARCEE W th 2

first aspect of the prese nvent 1 on, ere’1s provided a di scharge gap
apparatus conHeSkchgeuse dissabai@ged JEecaast i ®n thackughagrds st and second
conductive patterns arranged on an insulating substrate at regul ar
interval s and safkitvd dondiaet ceencpdia dearegsthgedet fesbon T€kose to the

first and second _condyctive patterns, a first gap bein ormed bet ween
the first and tHiSr8°cd Sele thatRerisY ahd %?%§?§8ﬁ8 < 4§9E8Fﬁg f or med

bet ween the S?gﬁ&g@hae&lmn{sd £60PEUCI I @A r BRT £ RYEeONNESTdAQ: Eeg M nal
sections provided 1n the second and third conductive patterns,

respectively andthl acaddad-tawayifirihin tdiechecondyagapp aowémttdreval bet ween
t he connecting term nal sections being
© 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




---------- - m------- s----------- - 29 July 2005 3 greater than the
second gap; and a capacitor connected between the connecting te@@ﬂE?ZNB
sections. In accordance with a second aspect of the present invention,
there is provided a discharge gap apparatus conprising: a primary termna
having a first discharge section; a secdndary terminal having a second

di scharge section and arranged at a given distance fromthe primary
terminal; athird termnal provided close to the first discharge section
and the second di scharge section and having third and fourth di scharge
sections opposetFeatsry Wiﬁh@tSaﬁﬂn%é¥%ﬁdaﬂg§%HﬁW@ElE%ﬁt?Qﬂﬂ?Ftﬁgspectiver,

a first gap behﬂgﬁéggngg q§ﬁ&%ggﬁ%€g§%5§§gl ggg{%?ggrd di scharge secti ons,

and a second gap being or e e second and fourth di scharge
sections; connecting LeeBtialcsSeathoASsdi defett dhenseppadary and
third termnals, respectively and | ocated away from the second gap, an

i nterval bet weemviehéiconndotrengs pervided asébidrongebgppgrpeEates t han t he
second gap; and a capacitor connected.beiwgen,the onneg{%&g t erm nal

sections. In acOOPIARERI Wit REAMERY rPrepadt "o 1%hE Sreskiti s FAvEnti on,
there is provided 3 i sehal9q4g ARRALAN U av SRS sakBgq & JHhbpBLy ternminal

having a first discharge section; a secondary term nal arranged at a given
di stance from thetpbhnmiy drefanpeal avnd giayh ngi e aseeondom dilschar ge secti on
opposed to the first discharge
: 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 floating-point term nal arranged between the first and second
di scharge sections and having third and 29 July 2005 3a fourthéyﬁ¥¥§5 e
sections opposed to the first and second di scharge sections, respectively,
a first gap being formed between the first and third discharge sections
and a second gap being forned between th& second and fourth discharge
sections; connecting termnals provided in the secondary term nal and the
floating-point termnal, respectively and | ocated away fromthe second
gap, an interval between the connecting termnals belng%greater t han t he

second gap; and WTtEapaRTRYiIec SRABLIEY BRLREENR HPecohfettd™My terminals. In
accordance wt f aur;t C : r . odnvent | reis

provi ded a di sc egcroélg 8%1%0 ap%ar %Fgélé or %Sgﬁgﬁ{gépl&i'ntgegP%%itgﬁg board,
conprising: a fudisly fpehe@mHetpabhetie ificsudang thifddr 8 schaefar ge section
having a plurality of pointed projections; a second primry pattern

i ncl udi ng a sectwtighschnd ge sscend o¥pr pavhagfermrdibarvesn dfhepoi nt ed
projections and formed at_ a given distance fromthe first primary pattern;
a secondary paﬁqcﬁgeﬁﬁan%ﬂlr# Qlﬁl‘?l%at%?cEEFFb?Hai’hé:OPP?%{mgand second
primary patterns,,aidahBchmediingqdi Raide QhcohBird raGhaE 96 FeGEl ONS Opposed
to the first and second ~ di scharge sections; a floating-point pattern
arranged betweBivatthegpss it repai hel Nseapdct heeSecaddasyatpat kern, and
including a pair of fourth discharge sections opposed to the first and
second dischard@xge@ppoﬁ%gond 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,




respectively and a pair of fifth discharge sections opposed to the third

di scharge sections, respectively, a first gap being fornmed bet HQ%OS
first and second dlscharge sections and the fourth discharge sectio
------------------- 29 July 2005 - 3b and a second gap being forned
between the third discharge sections -antbthe fifth discharge sections;
connecting termnals provided in the secondary pattern and the
floati ng-point pattern, respectively and | ocated away fromthe second gap,
an interval between the connecting term nals belgg greater than the second

gap; and a di SERafg&eFIRG GAPnECtHp IS E%ﬁﬁ%%& epetiften the connecting
termnals. Wth..th ove t n I .primary and
disc aﬁge ssea ISE% %‘E{g th% £ dﬁYl% hQ%é %‘ct&%&

secondary termnals stan en under the

ci rcunst ances, co_tnfﬁece,a@gaed'etxﬁﬁnaray grdvfiidely ;ﬁnfﬂlﬂﬁtsbeﬂn@éry ndueeng
di scharge. The discharge start voltage may thus be |owered to obtain

snoot h dischargﬂmiZQeJtﬂqﬁtZ®©5poimt-SRKEErDESKﬁanﬁﬁtimhtfiéﬂdElSEvERAL VI EVB
OF THE DRAWNG FIG_ 1 is a diagram show ng a basic structure of a
di scharge gap &35 &FeR %SPHP?@ 3% ra 2P F%?eré’rﬂ}oaf?ﬁ’é?ﬁn % the present

nvention: 5 FlGy 2l gy i AgNaM e ot BRI HARAPPAL i nargegr ding to a

second enbodlnent 0 prese
and a dlscharge 1nc1ud1ng 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.




“invention; FIG 3 is a diagramof a charge gap apparatus according to a
third enbodi nent of the present 10 ' invention; FIG 4 is a circ%bg gkﬁggam
of a power receiving section to which the present invention is applred,
and FIGS. 5A to 5E are diagrans each showi ng anot her exanple of the
present invention. 15 DETAILED DESCRI PTI ON OF THE | NVENTI ON Enbodi nents of
the present invention wll now be described-with reference to the
acconpanying drawings. FIG 1 illustrates a basic structure of a discharge
gap apparatus according to a first enbodi nent 20 of the present invention.
In FIG 1, referebEENHESCRIPIOON Qi Tt SEVERMI NIEBHSWF | AgE HSWINGPr i mar y
and. secondary termnals 11 and 22 are printed by patternin on the
printed wiring board *#60. 1TAE prihaI¥AR ethAEL al?aﬁhﬁliﬁﬁﬁé£¥ﬁﬁﬂoﬁhﬁy
di schar ge secticgmé%h%%redischar e %gswhi%% tge gecoqganﬁzterniQ%] %2
i ncl udes a secondary o dts JRBr GRPRER DT T oFSHdi 52naryeS A FEHMTE  poi nt
termnal 33 is FHﬂ!HH%dpggsggthﬁyéﬁgﬁ ; 5 patterning between the primry
and secondary termnals 11 and 22. This termnal 33 has first and second

flpating-p@int dischqngg geggi@ngiggpﬁmdﬁsa @aa@ggi@$% gﬁgggg&ﬁﬁg t he
primary and secondary di scharge sections 5 1 and 2. ese sections 31 and
32 'are integratetcasiingnecconpanaid .embodiment of the present
invention;
FIG. 3 is a diagram of a charge gap apparatus
?;) 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




A capacitor 44 for connecting the floating-point termnal 33 and the
secondary termnal 22 is provided away fromthe |ine connectingzbq%lzoos
sections 1 and 2. 10 The capacitor 44 is located in a space having a’

di stance L3 (e.g., 7.5 nm) that is greater than the shortest distance
between the termnals 22 and 33. The termnals 22 and 33 have their
extended term nal ™ portions 24 and 34, tespectively. 15 The foregoing

di scharge gap apparatus has a two- stage discharge gap structure. In this
structure, a first discharge gap is formed between the primary di scharge
section 1 and trattiersing| batverp gdinrifagivsehdr gecwetanvie3nippdsa second

di scharge gap is_ 20 fornmed between the second floating-point discharge
sections 32 and & €eddndafyi i wrirgd Sechpdnt BrsanYSEEPPHed above, the

capacitor 44 (whi.ch.satisfies a. _standard for w thstand,voltages) is
connect ed bet vedn AT SsBRb e P TR 5o R | K 1 g BolRt 25

termnal 33 to lowelecRihlObholpoBHnIGdl SEhaRee: 5 Aicnaiold 3eridhe fact

that the circuit arrangenent of k e "above 29 Ju 6 ~ di scharge gap
appar at us sati sfii emda2destgasstandalghs Wil kndovs berdesardfrededThe total of
the first discharge gap L1 (e.g., 3.5 nm and the secon di scharge gap L2
(e.g., 3 M) isomempaponene. This 5 value satisfies standards for safety
(IEC, UL, CSA, and the Electrical Appliance and Material Control Law) that
- 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




define a gap between the primary and secondary conductors. In the nornal
operation, the UL, CSA and 10 Electrical Appliance and Materi al %%hpioolsaw
require that no di scharge occur when a withstand voltage betweent
primary and secondary termnals 11 and 22 is not higher than 1.0 kV
(r.ms. value) -* 1 kV X = 1.41 kV (0-peak) or no electrical breakdown be
NF2 15 produced. The I EC-65 requires that t¢ho-di scharge occur when the

wi t hstand voltage is not higher than 3.0 kV (r.ms. value) -* 3 kV X J2 =
4.4 kV (0-peak). In order to neet the requirenents, a given gap should be
set bet ween t he disichargeagieP sk tSélftn'riSﬁéEs a e capacptdr 44 is

connected between the secondary term nal and the fl pating-point
terminal 33 whi*dHlaPe¥sBparet edisbm g&@htBFﬁéro%’i}}? LiFEy of 3 mm

t her ebet ween. Trgje & aac!at or_44. conf or 2 % ndaredcsb fdor safety and
satisfies an insu ﬁa 2%2 ?ulh]ct orf ‘unde gt 5."°AS the capaci tor

44, ‘a line byp@sl% ap gl {po riy gahl €d 8 o CaPREIA0r) This adopt ed
to satisfy the stang 915 safge?fal n eack)l 29 J ‘%9 2005 7 country. Under

the | EC stmandar eb,alhaesgaﬂaﬁiégrsﬂaﬁlda@d%s&b&l edrasy | EG:3841114csagcand
edition, class Il. Under the UL and CSA standards, it is classified as |EC
348- 14, second edhet Bhactel@ss Apldrantleasatd! Matethdkercdntirnd Ebe¢t theal

Appliance and Material Control Law, it is classified as | EC 348-14, second
edition, class Hedine a gap between the primary and secondary

conductors.
LM) ' 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




class I'l. The design standard is therefore satisfied even though the
capacitor 44 is provided. A function of the two-stage di scharge g@gh ggbgh
10 is carried out when a lightning surge occurs, will now be de |g :
Since the capacitor 44 is connected between the floating-point termnal 33
and the secondary termnal 22, these termnals are insulated from each
other at 15 the sane potential in the early stage. If a lightning voltage
i s guided, discharge (a short circuit) is caused between the primry

di scharge section 1 of the } primary termnal 11 and the first

f1 oating-poi nt ‘ecdumdirgthafgdesetihe GIEQIsteindalrd, f Ebat tappidian itser mi nal 33
20 and then between the second floating-point discharge section 32 of the

f1oating- poi nt te¥aisdlied32andEE he84skborPsopddrdehbrige S62id df 2 of the
secondary termnal , 2 sequent]y,. th i mary.and, secondary t i nal s
are discharged.qggkﬁh%ﬁﬁgggpﬁ%aaﬁ%é %ﬁaqq%é%%reégnfsi?&%ﬁﬁ%é%ﬁéFﬁﬁe%%@
capacitor 44 all > 49 | LN i arg t vt ag rop when
~lightning striké§%§ q% Fggégﬁ ?%?H%%%UgPéﬁgb 5q°§ ?%%%Sigigh ?gﬁﬁgﬂs.

Assum ng now t hatnd he dRedancepef i addte HRPMGIEST afdch st &Sl Hdig fiel | owi ng

equation is given: Zc = (1/(err)C = (1/2(err)cfC = (1/2(err)C X (1/f)
5 where f is freqpencysamde€ s TERparig-dnGe sebohbeedtiapac, talashd I or
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




Since the lightning voltage has a high frequency, the capacitor 44 is
considered to be short-circuited when lightning strikes. This si ‘{fﬂf)jﬁ@Si S
equal to the 10 application of a lightning voltage only between the
primary termnal 11 and the floating-point term nal 33. The narrower the
gap, the lower the discharge start voltage. Thus, the discharge start
voltage in the above apparatus is |ower ttham that in an apparatus 15

havi ng no capacitors. Discharge nmeans that an insulator is punctured and
short-circuited. The short-circuited portion is |ocated between the
primary di schargehisedssi es fohhokd he Adfsumdngf hout thygt pdistimpesehgegefsecti on
31 and between 20 the second fl oating-point discharge section 32 and the
secondary di schadrtfe cagecibar 244 Gis citar f&ec Pt AT LIRY ov@E 24 odgh t he
short-circuited portion and not through the capacitor 44. This phenonenon
depends upon theé)lcvt?r’i’necti ng position of the capacitor 44. In other 25

words, the capacitor A4_i ﬁé:@@t ed (‘it/ﬂt fjcs)t a_n(lﬁé%w ih@lyfpe connecti ng

the primary and secondary arge ‘sections and connects the

secondary dli schapg 2% Jul Yr@?@eﬁqcﬁ argfel 1ancApaRdediee SECAME
fl oati ng-point discharge section 32 in a space whose wdth L3 is greater

than the shortesipa@iisbanee. L2. The advantages of the present invention are
5 summari zed as follows: (1) The lightning surge discharge start voltage
: Since the lightning voltage has a high frequency,
the capacitor 44 is considered to be short-circuited
) : 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




between the primary and secondary termnals can be |owered w thout

narrow ng a gap between these, termnals (the lightning surge diﬁﬁﬁﬁr%5

. start voltage can be 10 | owered though the gap is the sane as a C0 n-one-
stage di scharge gap). (2) The discharge gap apparatus of the present

i nvention can be manufactured at | ow cost because it can be achieved by
addi ng pattern design (floating 15 point Berminal) 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 skgsieas?|gndehsbisgicrad fopabnatiwiditsiar§argap appar at us
of the present invention. . (4) Since no parts are connected between the
primary and sec&REEFGDt 3F mithdl SPaT6 WBIRAGELTHE rehtls iGFeRrEESeE o

capaci tance i ncrease 0_.,0i.s propagat es, no power-supply radiation
varies, or no 5 epSﬁgF???%sdlés%as - (Eg) Si nce discharge is caused by only

the. discharge gap, QhEOQH@é}?E%]ge(sO%CfV:‘tﬂ%d PRsthe Suhsividhehre29 July 2005
scC

10 whose lightning surge di arge withstand voltage is |ow can be used.
When an i nt ervakpyhgkweeddthe i1y and secondary terminals is determ ned

in the substrate. pattern, the lower Iimt (small value) of standards for 5
safety can be sel ect ¢dl) ahlge t hisgrameagokutrbe dubstamie steat Feltadeaced.
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-
i5 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)




(6) Since no lightning surge discharge current flows through the
capacitor, the capacitor increases in lightning discharge wt hStZt@n.l% 200
voltage and in lifetinme 10 and inproves in durability. (7) Eventh Jrg%l g
di scharge section for A-pole and B-pole of a comercial AC power supply is
provided at the primary termnal, one capacitor has only to be used, as
w Il be described later. 15 (8) The di schdfge—-gap circuit can be conforned
to the standards for safety of individual countries by adjusting the gap
l engths LI and L2. (9) As will be described later, an opening is forned in
the board in the'hotatliishdndnat ferge i Megghaaes withsbeodderltatiesdifar ge gaps.
Therefore, no carbon is adhered to gap portions _during the discharge, and
the sanme di sch§% @R V5PHage "B 13RI TR RE BEFYTeR tHhfe PTOfMe e next

di scharge can st \ nerated. FIG. 2 jllustrates charge .qa
apparatus 25 aca?%% dslelrolcgmt%%rg g%ﬁ%ﬁ%alesnblosdidr?ecr?tmépefjhjéng?leesesr#St%ﬁggnti on.

The constituting, 8Nt $nef 15her appRsat Usha 1 1WHhEN %fﬁegr&éﬂde tepgse of
the first errbodgpnent, will 29 Juilfy 2005 &?ﬂall t?e ggscri ed wth the sane

reference huner dsfassicgnete LOBECE® drd fhe aZeal et etgicapytRRal 100
indicates a printed wiring board on which termnals (described below) are
printed by patteran hge redRebdrence nunmeral 51 denotes a plug connected to a
comer ci al AC power su6ppl y. One line (A pole) of the _ '
{(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




plug is connected to an A-pole primary termnal 1la and the other line (B
pole) thereof is connected to a B} pole primary term nal 11b. TQ?J@BR&%?
primary termnal 10 1l1la includes a primary di scharge section | a‘for

di scharge, while a secondary termnal 22 includes a secondary discharge
section 2a for discharge. The B- pole primary termnal 11b includes a

. primary discharge section Ib for dischar@gé, while the secondary term na

15 22 includes a secondary di scharge section 2b for discharge. The prinmary
termnals 1la and 11b are arranged in }} parallel with and i ndependently
of each other. Ae [desatiihgdpeivh the rdamsl r88ersnpe i minaray gasiepafing 20
between the primary termnals 1la and Il b and the secondary term nal 22.

The terminal 33 §hsdt@es a7 FIF st f GG For et MYt g@2EétF6n231a and

a second floating-point.discharge, sectiaon,32a_on | i connecting the
p B s (esiqhlt

primry and secdhdary dl'sEhas ¢& T 58 FEEH? 76 “di"SChar ge

sections 3la ang,323)aLe. Lpiearat £QR§ aQMponent . The term nal 33 al so
includes a first f oét%ns-%o%nt dﬁggﬁgﬁbe séc ron 31b 29 July 2005 12 and

a second fd oati ng- poirRlFea-568ah e SECTI 0RFR 8Na dp L hd NELHRVIREL ikBJat he
primary and secondary discharge sections |b and 2b. The di scharge sections
31b and 32b ar edmnieegtal elC asowe agyignentneSbSlmeaffagdien 44 tbe
connecting the secondary termnal 22 and the floating-point termnal 33 is
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
7 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




provi ded at a distance fromthe primary di scharge sections la and |Ib and
‘the secondary di scharge sections 2a and 2b. The capacitor 44 is E@qﬁfqgwgn
a space 10 having a distance L3 (e.g., 7.5 mm) that is greater han The
shortest distance between the termnals 22 and 33. Thus, the termnals 22
and 33 have their extended termnal portions 24 and 34, respectively. .
The secondary term nal 22 has a notch 2531such 15 that a portion 251 of
the term nal 22, which is connected to the capacitor 44, separates from an
edge 252 of the secondary term nal 22 through which a discharge current
is easy to flowanthe metaohd2tBoatsinegefbéoti dbschapyevesttiiog d28i sghar ge
current from20 flowing into the capacitor 44 when lightning strikes. The

board 100 has a ldkiet cPRRechpeni Hip F5imgny apdsepery@vedlis6hsPg, | b, 3la,
32a, 31b, 32b, 2a and 2b each have pai.r of pointed projections.toward a
di schar ge. gap. ?ﬁ§t§888nﬁbeﬁ%ﬁ&ﬂhenﬁ%ﬁuaFPFbgr %es%%ﬁ&§%ﬁ53ﬁ%néPaoﬁ§%s t hat
of the first enhodi nept descri bed ahbove, n though two di scharge

sections are prggfdéagg?ri e%Lﬁ%(ﬁﬁhE%mﬁgng¥ﬁé primary termnal for A and

B-poles ofg a commer ChabapAG; POV s SHIP|bnn@RE 1 AEPELE L iRt 9Nl Y 1O be
used. Since the opening 55 is fornmed in the board in the |[|o0cations of the

primary and seceerdah)ali 32hadgegafloabifNg-paikontdsniatiieediko the gap
portions during the discharge, with the result that the same di scharge
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, 31a, 32a, 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




start voltage as that in the early stage of the next discharge can stably
be generated. Since, noreover, each discharge section has a pai rzg%l 2005
poi nted 10 projections, discharge can be caused from one of the y
proj ections even though the other projection is broken. D stance L4
between the A-pole and B-pole primary terminals Ila and Ilb is, for
exanple, 3.5 mmor nore so as to satisfyiBhe-standard of an AC i nput
section. 15 FIG 3 depicts a charge gap apparatus according to a third
enbodi nent of the present invention. The constituting elenents of the
appar at us, whi ctthecprimgpgntetmindlos@of-t hedsBepoteenbodi memneraisl be
described wth the same reference nunerals assigned 20 thereto. In the
third enbodi nentAC BRWAIpERBPLY NP8t caPagiigrshap soebnnetted u6%a pri mary

connect ed 1o angtRER BEPS L hd® OBMorata Tre merd pRt fen 62, a fuse
63, a printed patiers 6, o8Ntk a 25, LUPGL MLLECAT. TG ShfiSk chapent s are

al nost the sanme™ as those o apparatus shown |

di scharge ssecti @RS chabohPis3ddhe 20 t3Re 32B ?gﬁtﬁ&gs ZhiriWgy +3805 14 2b

are thickened because solder is attached there Thus, the discharge
sections can naidisehargbei witklwmabiddsuy tevaatt bhagkamhdeyi sathargat by
di scharge. Wile the thickness of a printed wiring patternis 35 5
m crons, that ofstelé vhitkestasdilgdr ipotheonaolyesitdge difsdhar gexsection is.
about 0.5 mm _
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 1l1b 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
{w> 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




FIG 4 is a circuit diagramsinply showing a power receiving section to
whi ch the present invention is applied. The constituents correse&q%iqugo
t hose of 10 the above enbodi nents are denoted by the sane reference Y
nunerals. In the 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 capacitoer ¥4 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. Nuneral 74 indicates

a transforner fdP @r&nsheekened dedamst spddesges attachediitdergtge sections

75 and 76 that the regent_i vention 20 is applied to. The present
invention is not' 45 8§ HoSthr HbAREL198Se FRBBR BT <. According to

the, embodi rment s q.,Lhe 14 5oharge AAR,ARPALALYS Lee PLOYIARG gnca printed

W ring board havin receiving se on and secondary term na

integrally as Oﬁﬁzﬂ%”ﬁ%ggﬁickﬂ'@é@\b@ a iptriiréeaeﬁﬁfféf Ja 33y Ghagsthe
i

el ements as shown in FIGS. 1, 2 and 3 can be cons uted as a 29 July 2005

15 singl & conpaediestonsl.ethas eXplr ntrdickkanceoWoet yeeiidrhefpenary and
secondary termnals 11 and 22 each constituting a discharge section under
t he standards ofditsmbaEhectecttiadn 5sApplouandeSamd. Mat eri al Control Law, UL,
CSA and | EG-65.© The distance Wis 2.0 nmor |onger under the standard
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




of the Electrical Appliance and Material Control Law, 3.2 nmmor |onger
under the UL standard, 3.0 mmor |onger under the CSA standard, 2@']ﬁly620%5mn
or longer 10 under the I EC-65 standard. Providing a floating-point

termnal 33 as in the present invention, its position has to be determ ned
so as to satisfy the distance W In other words, distance WL shoul d be set
between the discharge sections 1 and 31 I8nd -so shoul d be distance 15 W
bet ween the di scharge sections 32 and 2. The follow ng are all owabl e val ues
of the distances W and W2. Under the standard of the Electrical _

Appl i ance and Mategialc@mtnepit-Law, distance WL is 1.0 nrmto 2.8 mm
(preferably 2.0 nm and distance 20 W2 is 1.0 mmto 2.1 mng referably 1.5
m). The standard of€t & BRIP4 SABPFE af e afrf M Er PAI™ %Sn‘?l? | Law is

therefore satisfied en di st.ance IS or .l o . he UL
- standard, distaRce®Wats CeLT NSt 3.a%grr$n§n(%arce}? é;ﬁgl%htg?gg% and di st ance
W is 25 1.0 ref y 5 el a i&1
. therefore sati g??%ghﬁ%n%étﬁgﬁcghe\/@%st%? ZS{n?ch%aorm4?g ir_hﬁir% %ﬁ%g?rthe CSA

st andar d, sdi Staﬁﬁ%ﬂnéé and MEWe292utynlPOb LakE o 3s3 ana(prefeyably 2.0
mm) and di stance is 1.OmMm to 2.0 mm (preferably 1.5 nm. The CSA
standard is thehefdtsaatd $f iied2wienmdost BnopeMWinsled. Ohenstanda Bl mm
Under the I EC-65 standard, distance WL is 3.0 nmto 5 4.5 mm (preferably
3.5 M) and di seéntlke W4 ricelnirpdiancs and MaterdpabfonBrol v, The

| EC-65 standard_is
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



t herefore satisfied when distance Wis 6.0 nmto 8.0 mm The pattern of the

di scharge gap apparatus of the present invention is not linmted 2T99uf %s
shown in 10 FIGS. 1 to 3. The apparatus can be constituted in thé pé’t ns
as illustrated in FIGS. 5A to 5E. In the pattern depicted in FIG 5A, the
primary terminal 11, secondary termnal 22 and floating-point termnal 33
are arranged linearly. Termnal portiors 16 24 and 34 are |located at a

di stance froma gap forned between discharge sections 2 and 32. The
interval between the termnal portions 24 and 34 is greater than the gap.
In the pattern depi3cBedmi pFGrd8B,y tthd se¢onddr gislihderWd nal 122 and t he

floating-point termnal 33 are arranged in parallel with a given gap
t her ebet ween.  Ti¥e 2-8r RtnAPT pERTFONIS 124 &MY - 34The eCPbosttantlagd a4s di st ance

froma gap for bet ween the djscharge ., .sections 2 and 32. The interval
between the ter & T98SpdrtTd Jsecng’ahfgﬂ diptpacg, Batdr 3t Rafmtte Ydb ™n t he

pattern depicted, in F _ tween. _the dischar ectigns 1 and 31
%nd%ﬁekgg g%#yga%%%nl We gls%ance R ng(fﬂmaga 32 are

and a gap between t "drscharge sections

di splaced gip and down (brome £AGHy of ehun) THRA! 8% 81 Adbe RPS LIODS 024naRd 34 are
| ocated at a distance fromthe dap fornmed between the discharge sections 2

and 32. The i nt ar.salmbeprecsrddie, B .toemal) nal TRer tEonss 24 anthraddiks greater
than the gap. In the pattern depicted in FIG 5D, a term nal
therefore 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




portion 14 is provided at the primary termnal 11 and a capacitor 44 is
connected between the termnal portion 14 and the term nal port%&quﬁqﬂﬁ%
the floating-point 10 termnal 33. The term nal portions 14 and are

| ocated at a distance froma gap fornmed between the discharge sections 1
and 31. The interval between the termnal portions 14 and 34 is greater

. than the gap. In the pattern depicted in EFG -5E, the primary 15 and
secondary termnals 11 and 22 are arranged up and down, and a '
floating-point termnal 33 is provided opposite to the discharge sections
1 and 2. D schardjeschsegti east Bdnar a3@ &2e afrer dkdpatcédieit ema daln33 so as
to face the discharge sections 1 and 2. In this 20 pattern, too, the

term nal portiordsomeasl share Thydtegminadi ppahtens rfmaadgdpg Roened

bet ween the di char%e sectiops 2 and 32, and the interval between the

termnal portion®S48ndt33 FLESHRER dFOPh&Ret BRP gEprsA WS Ro bl fi cat i ons

to the above-desgr] 2 tter ca e e. .29 July.2005 - 18 WHAT
IS CLAINED |'S: T S&?%?g%hg?g@l%%sp%ﬁgf a:f’?usn?g HEP Rt Gse aF}é% gap

section ingluding fiihsh Rf: 8&EON, _a%%n%wﬁ%vgﬁeéﬁéffﬂ% 'fhanged on an

insul ating substrate 5 at regular interva d a third conductive pattern
arranged thereon cl ogge taet petfdFstasidteeCcandrreonsitictd e panhkerns, a

first gap being forned between the first and third conductive patterns,
and a second 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.sQ as

KJ) ' 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.



gap being fornmed between the second and third 10 conductive patterns;
connecting term nal sections provided in the second and third c qﬂ?%ﬂ%ﬁ
patterns, respectively and |ocated away fromthe second gap, an interva
between the connecting term nal sections being greater than the 15 second
gap; and a capacitor connected between the connecting term nal sections.

2. The discharge gap apparatus according t6 <€laiml1l, wherein a total of
the first gap and the 20 second gap is set to satisfy an insulation
standard. 3. The di scharge gap apparatus according to claim1l1, wherein the
first conductive pattern is connéddedi? cClgl¢Ebmrélei al AC power supply
constituting a primary circuit and the second conductive pattern is 25
connected to a connedti oR PdPREAEIC LR AFMF&RFUE FeOPFLising: The di scharge
gap apparat us accordgn%.to claim1l, erein t?e thirg.conduc ive %gttern
is 29 July 2005 19 Pprovi88E9Bel eI e iPSLuidonduttie & "End t he
second conducti . i e _gap._a r.di to
claim 4, mhereiE§¥ﬁ§k%?&gtpgggégﬁaq% e ?%%oﬁg ggpﬁgggghgﬁgf%gﬁsggggﬁnearIy.
6. A discharge gapappakat UstEARPId 0 *hREENMBENAE&F IFddathavhng a first

di scharge section
arranged thereon close to the first and second
conductive patterns, a first gap being formed between
the first and third conduétiVe patterns, and a second
) gap being formed between the second and third
10 conductive patterns;
connecting términal 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




a secondary term nal having a second discharge 10, section and arranged at
a given distance fromthe primary termnal; a third term nal pr% d2005
close to the first discharge section and the second di scharge secti onand
having third and fourth di scharge sections opposed to 15 the first and
second di scharge sections, respectively, a first gap being forned between
the first and third discharge sections, amd -a second gap being forned

bet ween the second and fourth discharge sections; connecting term nal
sections provided in the 20 secondary and third term nals, respectively and
| ocated away f panwvtibHedskeomekgame adrisnt eonahcbetovgerttiche aadnneet i ng

term nal sections being greater than the second gap; and a capacitor
connect ed bet weescrhe condective pa%erarm nal sections. 7. The discharge
gap apparatus according to c¢laim®6, wherein the primary termnal, the
secondary 29 July 2085 3B €:7tharde 838 BRBAEATYE 3EFHHAI &Pe printed on
a printed vm'rirg:q Ql%atrld. 1§ Thetis ar ge ggp acgp rat us a%cordi n? to claim
6, wherein a totaf 0f "t he 175t aep and -t 5*%%cohd S&é:ﬁnl s 98Bt 219 sati sfy
an insul at§ on standardy 18,.J08&, di scharge gap apparatus according to claim
6, wherein the-primafy termnal” is connected to a commercial AC power

supply constituting 8,prAn®¥charge 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 first 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



circuit and the secondary termnal is connected to a .10 connection point

of a secondary circuit. 10. The di scharge gap apparatus accordlnggjoﬁiﬁbgim
6, wherein solder is attached to the first, second, third and f&art

di scharge sections. 11. The di scharge gap apparatus according to 15 claim
6, wherein the discharge sections opposed to each other each have a
plurality of pointed projections. 12. Thexa@i scharge gap apparatus accordi ng
to claim6, wherein a slit is formed in a lower part of at |east one of
the first and second gaps. 20 13. The discharge gap apparatus according to
claim 6, wherei newhénal henditist tdepd seVbisanl diwe prsiededdogap is W2, WL =
3.0 M to 4.5 mm (preferably 3.5 nm, W = 2.0 nmto 4.5 nn1(preferab|y 3.0
m), and W + PEintedowiwin®d ®@aFdvm 25 14. The discharge gap apparatus

according to claim@g, wherein when the first gap is W. and the second gap
is Vv, W =1.0 nmt8-2. %h?nﬁﬁﬁfar@reasﬁy é@pamvamorﬁfngzte my, W =

1-0'”V‘t° 2.1 clggﬁe%eragly:u1 ”%%al 9 the fivg:ﬁﬁ%}gpﬁnkﬁennnre ;5

The di scharge gap appa?a us" geedr |ng t3" elaim the first

gap is WLsand thecgng %955‘0'159%*& S8t Y7 dn & LU0 dactl%n s'EHh&Qf&f erably 2.0
m), W =1.0 nmto mm (preferably 1 % .2 mmto
4.0 nm 16. The d|scbarggh@apuappa@@tgspaﬁﬁﬁﬁﬁhﬁubtébcordlng 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 oppoéed to each
other each have a plurality of pointed projections.
12, The discparge gap apparatus according to
claim 6, wherein a slit is formed in a lower part of at
3a) 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
3.5mm), 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§




1 claim6, wherein when the first gap is d the 10 second gap is W2,
W.=1.0 mmto 3.3 mm (preferably 2.0 nm, W =1.0 nmmto 2.0 Mg July 2005
(preferably 1.5 nm, and W + W = O mMmto 4.0 nm 17. The dischaﬁbe gap
apparatus according to claim6, wherein the primary term nal includes a
pair 15 of terminals each having a prinary discharge section, the
secondary termnal includes a pair of secpnd -di scharge sections, and the
third termnal includes pairs of third and fourth discharge sections. 18.
The di scharge gap apparatus according to 20 claim 17, wherein an interval
bet ween t he teri.fakg) of W2tHhel pF immrhe LeAnmmalprefestblat 13 Srmmop ande. 19.
A di scharge gap apparatus conprising: a primary termnal having a first

di scharge sectifon* ¥3 3 3e@dH&ry Ma&eni nal arranged at a given distance
fromthe primry teagina& and, havi ng a second di scharge secti on opposed to
the first di scharge'Sectiph; S5 RIS 98852PP2rat 3 135495 FolRt t er mi nal

arranged betwee - d second di.scharge secti.ons and _having third
and fourth discﬁg%gg géc??%ﬂ%ﬂbﬁbégé %Fo?%ﬁggf ?%tliiﬂ ?€8c8ﬁ8 di scharge
sections, gespeglicsglygag {4 w4, 9AP510ei ng Lor yed hetueencthe) first and
third discharge sections and a second gap being forned between the second
and fourth di sckkangem$ecl? oAsL, (CaRnect bNg Al (hraf S ap1Qvildedmnn, t Hgd
secondary :

p
0
3.

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;




term nal and the floating-point termnal, respectively 10 and | ocated
away-fromthe second gap, an interval between the connecting tenggﬁﬂs 05
bei ng greater than the second gap; and a capacitor connected betmeeﬁy%%e
.connecting termnals. 15 20. The di scharge gap apparatus according to
claim 19, wherein the first gap and the second gap are arranged linearly.
21. A discharge gap apparatus fornmed on-agwinted wring board,
conprising: 20 a first primary pattern including a first discharge section
having a plurality of pointed projections; a second primary pattern

i ncluding a second d&sthmrtgegseotinontbavi mgl aaplangald bytekepotid ed 25
projections and fornmed at a given distance fromthe first primary pattern;
a secondary patté&thsk aiifedesond diischntee feorhidie 20dJbryiR@othinz8  first
and second prinarg%p tterns .and including a pair of third discharge

sections opposed® U ALEChRGIC sBROMPH HResge Secthenkirgt and
floating-point p rr ed between the 5 primary patterns and the
GRASLT ACHINEE BELETEN . e R eR AV S cRat o Seta ons

secondary pattern, and rng-apair

opposed tg the fifsi RihesLHARHLhSENABE SeClIORRs ra’ §50E5LEYE! Y and a

pair of fifth discharge sections
sections 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




opposed to the third di scharge sections, respectively, 10 a first gap being
formed between the first and second discharge sections and the E@gngMOS
di scharge sections, and a second gap being forned between the thir y

di scharge sections and the fifth discharge sections; connecting term nals
provided in the secondary 15 pattern and the floating-point pattern,
respectively and |ocated away fromthe sggond gap, an interval between
the connecting term nals being greater than the second gap; and a

di scharge-induci ng capacitor connected between 20 the connecting
termnals. 22. Tesdi sabasgeogappapRaiabpus taesor shdgid@ udingl @ gdirwherein
aslit is fornmed in the board where at |east one of the first gap and the
second gap is ldcahedd @bs@BarJhesditsonar gergapd appartat USiratcendi ng to
claim21, wherein a total of the first gap and the second gap is set to
satisfy an insulS8ccsf SLaREAFEC TTFTANF2005 24 24. The discharge gap
apparatus according to_.claim?2l, wherein solder is attached to the first,
second, third, fourtf §ﬁaaF?F?FP?H%&HR%E&?IQeEFf%ﬁg?d2@%%%@Q§T THE

DI SCLOSURE _ DI SOHARGE GAP, APDARATUS A BLLIREY. b eriiinal | ngluding a primary
di scharge ~sectiron 10 I SCharge and a Secondar er m nd

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.



~including a secondary di scharge section for discharge are arranged on a
board at a distance fromeach other to satisfy an insulation st%@qibgzqg
floating-point termnal is provided between the prinmary term nal "an q e
secondary termnal. A capacitor is connected between the floating-point
term nal and the secondary termnal at a distance fromthe discharge
sections. The interval at which the capagétor is connected is greater
than the shortest distance between the secondary term nal and the
floating-point termnal so as to satisfy the insulation standard. Fig. 1
24, The discharge gap apparatus according to

claim 21, wherein solder is attached to the first,

second, third, fourth and fifth discharge sections.

e






