SPECI FI CATI ON ELECTRI CAL CONNECTOR W TH LOW | NDUCTANCE TERM NAL STRUCTURE
Background of the Invention The present invention relates to the art of

el ectrical connectors and particularly to the termnal structure of a card
edge connector. Card edge connectors are widely used in el ectronic devices
utilizing circuit boards. Typically, such connectors are used for nounting
a daughter circuit board or an interface card to a primary circuit board.
The connector includes an elongated insulative housing which forns a sl ot

di rensi oned to receive an edge of the daughter circuit board. The daughter
circuit board may be, for exanple, a nenory nodule, interface card, or sone
other auxiliary circuit card. The rSEEGCHECABEONdes a plurality of conductive
terminals with contact portions |located in the slot for contacting
correspondi ngly located contact pads on the daughter circuit board. The
housing is nmounted to the prEEECW j y . at tail ends of the
conductive termnals I C using, are held in
el ectrical contact mntwqgégggg ot

circuit board. The term nals of such knomn connectors have been made from a
sheet, whereby the. contact portions are formed to have a V-shaped bend.

Each of t he Bhekeng : ottoded to resiliently contact against a the

circuit board at a ex .of he V- shaped bﬁad Unfortunatelqv)],J these
conventional type @FHY?&F‘B“FW‘?H@ °%H ettHFal CRERESIN AR Ailyh

I nductive re I frequencies. Mre

speci ficall y?oct%lﬁ eS| Idgﬁchﬁe{%‘f‘erl st c | s attributable to the bent
fh""ﬁeh"f the ter rrcaﬁt c&tgewbaisetm grecAdéll ukdibinteddctioniz| @vitasutdiAneatasit t ot al
enpt

boards. Typically, such connectors are used for mounting a daughter circuit board or
an interface card to a primary circuit board. The connector includes an elongated
insulative housing which forms a slot dimensioned to receive an edge of the daughter
circuit board. The daughter circuit board may be, for example, a memory module,
interface card, or some other auxiliary circuit card.

The housing includes a plurality of conductive terminals with contact portions
located in the slot for contacting correspondingly located contact pads on the daughter
circuit board. The housing is mountied to the primary circuit board so that tail ends of
the conductive terminals, which extend from a bottom of the housing, are heid in
electrical contact with respective electrical contacts on the primary circuit board.

The terminals of such known connectors have been made from a sheet,

|\~{.

whereby the contact portions are formed to have a V-shaped bend. Each of the
terminals is intended to resiliently contact against a the circuit board at the apex of the
V-shaped bend. Unfortunately, these conventional types of terminals in such
connectors have exhibited high inductive reactance, especially for high signal
frequencies. More specifically, this undesirable characteristic is attributable to the
bent shape of the terminals, whereby each of the terminals has a greater total length
than its height dimension within the slot. Connectors with such known terminal
structures may be unsuitable for high frequency applications.

It is desirable to provtde a connector that exhibits low inductance and which is

suitable for high frequency applications.



than its height dinmension within the slot. Connectors with such known
termnal structures may be unsuitable for high frequency applications. It
is desirable to provide a connector that exhibits | ow inductance and which
is suitable for high frequency applications. 1 Summary of the Invention The
present invention provides an inproved connector that has |ow inductance
characteristics. As a result, a connector according to the invention can
advant ageously be used in high frequency applications, In an enbodi-nent, an
el ectrical connector is provided for connecting an electrical conponent to
a primary ci Bamivarpefthe InvehAtolgonnect or includes a housing having a

hori zontal base, a plurality of walls extending fromthe base and defining a
| ongi t udi nal sl ot Theprepant itvention prowidss an impreutd emnpaorthat hasHewurductanterr t her

defining a plurality of termnal cavities adjacent to.the slot. The

connect or fu&%@?eqshgﬁ'dg‘égreé%’ ?)?Wﬁ?tPEVCB'Fia“bé)W GIVERIQNGEY nal s, each of
the conducti Y& hekbd R3YEDg; b tdafBneXt ending fromthe base and -
a resilient cont agt Lg’gjr‘t%l onatlﬂgltgﬂd%ﬁe%ngyﬁgﬁtrl%sigis in a respective one of
the term nal cavi id asembalinent, agelecirionl cdanedr ivprovided ifvenheqing ant he cont act

portion has a generally planar body which, in_an unmated condition, .extends
gener al | y veflefEigel cpmponent jo a pEmagy eireyal boged, i The conpecsor inladesghtansingpor t i on

has a bunp forned,in the,bod hat. projects i nwardly.into t |ot. In an
enbodi nment , E‘%Vé“%ﬁ%n%osm ibs eoéé’h“%‘étgrﬁglﬁﬁﬁﬁ’g@‘ﬂ%ho@mf ﬁgsegaxﬁ{%g gﬁort I on.
I'n a rel at edjghedhaBt for B tRBURCEleRAEL icOMpbRknl URE & aBs Afihel 8dnidg AL, the
contact portion being bent on one side of the slit to formthe bunp. In one

exenpl ary sphmalityofterhingl edvitiestagjacentdo s shtl dhe aonneptos furthed imfudeba cont act
i h
porkion so t pﬁ[ralﬁ}rr] of conductive terminals, each of the conductive terminals having a tail

portion extending from the base and a resilient contact portion that generally resides
in a respective one of the terminal cavities. According to an aspect of the invention,.
the contact portion has a generally planar body which, in an unmated condition,
extends generally vertically within the terminal cavity, Also, the contact portion has a
bump formed in the body that projects inwardly into the slot.

In an embodiment, the bump is disposed near an upper end of the contact
portion. In arelated embodiment, the contact portion includes a vertical slit, the
contact portion being bent on one side of the slit to form the bump. In one exemplary
structure, the slit terminates below an upper end of the contact portion so that an

/, upper end of the bump is unitarily connected to a flat side opposite the slit. In another
exemplary structure, the slit extends to an upper end of the contact portion so that an
upper end of the bump is free relative to the flat side opposite the slit.

In an embodiment, the bump is press-formed with bend angies that provide a
low moment arm from a crest or apex of the bump relative to a lower bend of the
bump. As a result, the bump is relatively rigid, deflecting little relative to the
remainder of the generally flat terminal during use. By comparison, the planar portion
of the contact portion extending from the base of the.terminal is relatively resilient
and deflectable. When an electrical component such as an interface card is inserted ‘
into the connector slot, the bump engages the contact on the circuit card, and the

contact portion deflects outwardly from the slot. The resilient contact portion exerts a
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upper end of the bunp is unitarily connected to a flat side opposite the
slit. In another exenplary structure, the slit extends to an upper end of
the contact portion so that an upper end of the bunp is free relative to
the flat side opposite the slit. In an enbodi nent, the bunp is press-forned
wi th bend angles that provide a |ow nonent armfroma crest or apex of the
bunmp relative to a | ower bend of the bunp. As a result, the bunp is
relatively rigid, deflecting little relative to the renainder of the
generally flat termnal during use. By conparison, the planar portion of
the contact bp@rfbicenganstahstdid td exbitd gvodRafRctaind tth Secufty thie Radd ih he fbtat i vel y
resilient and defl ectable. Wien an el ectrical conponent such as an interface

card i s i nsdhegdanar, vegicaheonfignration of thelcontact peztidnupnovisies aghertenid cementact on
the circuit car nd t he ont.act .portion,deflegts outwardly fromthe slot.
The resili et?ta&'c'g‘;‘wzlﬁ‘?db‘ﬁﬂ? 19 %ﬁtaéﬁ%?r{lgn’&f“is rﬁfll_‘a‘:é“%’ﬂﬁﬁcé%ai nst the card to
ensure good cont agd o Withab0 oPRE PrehiIAvaRbA id B friiad b mproliPeiBALA"
vertical configuration of the contact portion provides a shortened current

path from t kendseear fooretdieingainlelqeaidal eympdnatis reduci ng i nduct ance. An
advant age of the present invention is to provide an inproved el ectrical
connector for recwoihargduantagesdithe prasent Bryypainans to poyidean elasitigel age of t he

present invention i 0 _provide an el.ectrigcal connector that has | ow
i nduct ance a?ﬂan‘?ﬁtﬁﬁﬁaé#f &%H@??tawefaﬂpm}cfﬁﬁ\‘?ﬁ%‘age of the present invention
IS to provide an glgfiet hdintagt 0P R Gréent i1dntio s 1¥rYwiae ah lebfrRRST €r hi gh
frequency signals. Yet another advantage of the present invention is to
provi de an ebandctorcbdt can benssdttotranfet high frefuqucy signalsi nexpensi ve to
manuf acture. A still f%rther advapéja e of .the present invention i.s to
provi de an el ect rYet apother advantage o e%resent invention 1s to provide an electnical
connector that is simple and inexpensive to manufacture.
A still further advantage of the present invention is to provide an electrical
connector having conductive terminals with reduced amounts of material.
Other features and advantages of the present invention are described in, and

will be apparent from, the following description, the claims, and the Figures.



connector having conductive termnals with reduced anounts of material.

O her features and advantages of the present invention are described in, and
will be apparent from the follow ng description, the clainms, and the
Figures. 3 Brief Description of the Drawings FIGS. 1 and 2 illustrate a
prior art connector. FIG 1 is a perspective view of a prior art connector
illustrating in section a portion of the connector with term nals expl oded

therefrom a remainder of a housing of the connector being illustrated in
phantom The ternminals are shown prior to renoval froma strip that remains
of a bl ank fB5&fescemtionef the DRWIIES nay be nanufactured. FIG 2 is a

sectional view of : prioy.art connector of FIG 1. FIGS. 3-5 illustrate a
connector and ter%_hﬁi'lls&g‘gb%&a tagggo ﬂ? ?ﬂf&"ﬂt]oﬁent of the invention. FIG 3
is a perspective ¥IGW Rfa persRRRRGHOW oﬁ&?ﬂéﬂd:ﬂ@mh@ct@f‘ilﬁ@ﬁﬁigﬁﬁ@écti&hat he
invention illustrating in section a portion of the connector wth termnals
expl oded t hpomibn@ifithexconpemomdith tehimalshapkided ttefeftdne, acomamdensf dleiusmg
illustrated ip phantom . The termnals are shown prior to rempval from a

strip that r&htesenRacior bgingiRustyatd n phantem; Hoetanynalais shaymn PEOT®Nuf act ur ed.
FIG 4is a. 1l V.e Vi : L dy ggl 1] caor di to an
enbodi nent o?%ﬁ%?%%@s%%#b%&\;gn iﬁgsné.) léﬁl&j | &@E@h&@éﬁ]ﬁ?é&&{ﬁﬁe ter m nal
of FIG 4. FhfagnufachSed sectional view of a connector according to an

enbodi nent of the present invention wherein termnals of the type
illustrated in Fl &85 Bisk sgetdoriahyiewt ofdhe prior art connector of FIG. 1.

FIGS. 3-5 illustrate a connector and terminals according to an embodiment of

the invention.

FIG. 3 is a perspective view of a connector according to an embodiment of the
invention illustrating in section a portion of the connector with terminals exploded
therefrom, a remainder of a housing of the connector being illustrated in phantom.
The terminals are shown prior to removal from a strip that remains of a blank from
which the terminals may be manufactured.

FIG. 4 is a perspective view of an individual terminal according to an
embodiment of the present invention.

FIG. 5 is a side view of the terminal of FIG. 4.

FIG. 6 is a sectional view of a connector according to an embodiment of the
present invention wherein terminals of the type illustrated in FIGS. 3-5 are installed.

FIGS. 7-10 illustrate a connector and terminals according to another
embodiment of the invention.

FIG. 7 is a perspective view of a connector according to an embodiment of the
invention illustrating, in section, an end portion of the connector with terminals
exploded therefrom, a remainder of a housing of the connector being illustrated in
phantom. The terminals are shown prior to removal from a strip that remains of a
blank from which the terminals may be manufactured.

FIG. 8 is a perspective view of an individual terminal according to an
embodiment of the present invention.

FIG. 9 is a side view of the terminal of FIG. 8.
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FIGS. 7-10 illustrate a connector and term nals according to anot her
enbodi nent of the invention. FIG 7 is a perspective view of a connector

according to an enbodi nent of the invention illustrating, in section, an
end porti.on of the connector with term nals exploded therefrom a remainder
of a housing of the connector being illustrated in phantom The term nals

are shown prior to renoval froma strip that remains of a blank from which
the termnals may be nmanufactured. FIG 8 is a perspective view of an

i ndi vidual term nal according to an enbodi nment of the present i nvention.
FIG 9 is a side viewaof the termnal of FIG 8. 4 FIG 10 is a sectional
vi ew of a connectBIG al@d%?é?‘-‘r\’@n%]o‘”%}ﬁ of A ERAEKIOR pceording to mp?l@%@hmemrﬁféh% i on

Dot il od peobPept i rhbeh Erndah e bbb AGH 7.0 BRIRARE, .

wherein |Ii ke nuneral s designate |ike conponents, FIGS. 1 and 2 ilTustrate a
conventional card edge connector 20 configured to receive a daughter
circuit board (not shown), otherwi se referred to herein as a circuit card or
interface card. As is known, such a card has a plurality of contact pads

di sposed al ong both sides of an edge thereof. Although the enbodi nents
herein are directed to a card edge connector, it is contenplated that the
sanme termnal structure can be applied to other types of electrical
connectors such as a connector that receives a portion of a second
connector therein. The conventional connector 20 includes a housing 22, a
base 24, a plurality of upright walls 26 formng a central insertion slot 28
extfnding



| engthwi se in the housing 22, and a plurality of evenly-spaced term nal
cavities 30 recessed into the walls 28 along both sides of the central
insertion slot 28. The conventional connector 20 includes a plurality of
conductive termnals 32. To accommpdate the term nals 32, the connector 20
has a plurality of through holes 34 extending through the base 24 froma
bott om of the housing 22. Each of the termnal cavities 30 and through
holes 34 is shaped to receive a respective one of the termnals 32, as
shown in FIG u tlve termnals 32 are made from a
met al sheet. S a plurallty of the termnals

32 still unitaril - nmet al
sheet stock. As |ﬁﬁﬁ]] e%F?gﬁI% ‘gg&éff éméﬁ oier'ﬂ{?e ﬁ%&ﬁgl S is
formed to inBiGRla @drzeﬁlubmah cOvEnticial Bﬁﬂtadgﬂccﬁﬁle&bﬁm@donﬂgﬁﬁ‘ecﬂo rcesheped

bend 40. The termnals 32 are cut free of the S”'E 37 when nounted to the
housi ng 22. @Eh@@nxrqutbwﬂtnqsmhw)eg@mse fefasreddo hierein 3sor cifcait ca38l 91 xed| y

nounted to the_base ,24 and exten ou ol 4. . The V— haped bend
70" T's " convent NG F5rdr AT ATPHEHIEh E HPTEE & Bieits ot Saract by Sieotad ABRE,

angl ed -l eg 4gotﬁ(§1de§ BP&n E% thé‘r@&? rl@l'tho%ﬁh PR BRI ERS hérSh ir@ﬁirédté‘cﬂfo £OR act
behavi or, Particularl nthe tail portion 38 of the termnal 32 Is
nount ed, as sdgz\mnnectcﬁfl 1Bis @nterhpladéd sl fiecsamedentrdnl spactiteosand@ appliedies an

i nner position away froman _inner wall_ of the slot 28.  \Wen an |nterface
card is i nsePtheptypes of qlw@%qlsm@stor%%h%ae?m@ﬁ@r&wreesw&@aamon@ aresi | i ent

tact t f t 6
Forque ar ount bR ColtRriof Biefeih TRE SRPRIGP ot PR Fcfia S bl 2E . (™
bask 24. Thebadeaas gluyality OF 8 #H Svafe d6 48nihe hb@m\éi%ﬁaﬁi%ﬁ st B RgtenBREt | ON 36
contacts the correspondl ng contact pads on the circuit card.

lengthwise in the housing 22, and a plurality of evenly-spaced terminal cavities 30

recessed into the walls 28 along both sides of the central insertion slot 28,

The conveﬁtional connector 20 includes a plurality of conductive terminals 32.
To accommodate the terminals 32, the connector 20 has a plurality of through holes
34 extending through the base 24 from a bottom of the housing 22, Each of the
terminal cavities 30 and through holes 34 is shaped to receive a respective one of the
terminals 32, as shown in FIG. 2.

The conventional conductive terminals 32 are made from a metal sheet. The
illustration in FIG. 2 shows a plurality of the terminals 32 still unitarily attached to a
strip 37 remaining from original metal sheet stock. As iliustrated in FIGS. 1 and 2,
each of the terminals is formed to include a resilient contact portion 36 shaped with a
V-shaped bend 40. The terminals 32 are cut free of the strip 37 when mounted to the
housing 22. The contact portion 36 extends from a tail portion 38 fixedly mounted to
the base 24 and extending through the hole 34. The V-shaped bend 40 is
conventionally formed in the contact portion 36 to define a lower, angled leg 42 so
that the terminal 32 provides desired resilient contact behavior. Particularly, when the
tail portion 38 of the terminal 32 is mounted, as shown in FIG. 2, the V-shaped
contact portion 36 assumes an inner position away from an inner wall of the slot 28.
When an interface card is inserted into the slot 28, the lower angled leg 42 of the

resilient contact portion 36 deflects to accommodate the interface card, creating a
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The V-shaped contact portion 36 of the conventional term nal 32 has a | onger
total current path length than its height dinension due in part to the
relatively large height H and depth D, of the displacenent of the angled

| eg -42. béet ween the apex of the projecting bend 40 and the vertical part 44
of the tail portion 38. This total current  path length increases the

I nduct ance and signal delay through the termnal 32. It has been found that
the inductive reactance is particularly large at high signal transm ssion
speeds. Therefore, the connector having this conventional type of term nal
structure catordue apouxli thaidrocd] partHidgif thier ted perion 3&8ppduntat toahsbaseefeMhieng now
to FIGS. 3 to 10, twy exenpl ary _emhodj ments of the present invention wll
be descri bed™Wardly peyecting 5B AR Af thesV-shapsA comtagtperiongitrontacts the second

enbodi nent i S, .J : ' I -10. . First referring to FIGS. 3, 6, 7
and 10, a CO%%#%@%?%B&&@&)%T% rtactaédd having a term nal structure

according to a preheVishepAdaticiBottionBs bifcRbARANbnal itEMBRAL1I32 has Ilrtﬁ]giapnnector
100 includes an el ongate housing 102 having a base 104 and a plurality of

wal Its I10_6 ex@?ﬂdhﬂg}tw{aﬂ?pw@ tlifmdts!hemllt ﬂm@smg@ue;ﬁlhpam_ mt:fl?] relﬂﬁiel)qlafg'engza o
central insertion.s . ext endi ongi in i n the housing , e
slot 108 beli“?ﬂg’trs}'ﬁzfﬂgdleﬁ’%%léﬁéﬁlgsggce@? Pé' g angled C 8REXAH edge of
the circuit AT . ' . t as a
ool ity o e BiSleing HRHE1H Shd HeVpiical PRRELor ADBATIANALN S8, Pl tothl difend) 52

al ong bot h spaik $ength inbeases tiar indictaice tahié sighhlaleiadABrougih heaomiiggltay 1404 shown
in FIGS. 3-6 includes a plurality of conductive termnals 112. Each of the
co_\%guctive t egenifpandsthatithe slyctive isagenceiiypartipganly begaatdigh ggmadi on 114 and a
| ower tail portion.l16. The.contac ortion. 114 .s generally flat or planar
i1 Shape.  EAGRPBRoNGTLBeen Thraory be Baimes i pavine bt AENERGmlgpe6s. ° n The

terminal structure can be unsuitable for high frequency applications.

Referring now to FIGS. 3 to 10, two exemplary embodiments of the present
invention will be described. A first embodiment is shown in FIGS. 3-6, and a second
embodiment is illustrated in FIGS. 7-10.

First referring to FIGS. 3, 6, 7 and 10, a connector 100, 200 is illustrated
having a terminal structure according to a preferred embodiment of the preSent
invention. The connector 100 includes an elongate housing 102 having a base 104
and 2 plurality of walls 106 extending upwardly from the base 104. The walls 106 .
define a central insertion slot 108 extending longitudinally in the housing 102, the slot

) 108 being shaped to receive an electrical component such as an edge of the circuat
card or daughter circuit board. The housing 102 further has a plurality of terminal
cavities 110 defined by recesses in the walls 106 along both sides of the interior of the
slot 108.

The connector 100 shown in FIGS. 3-6 inciudcs a plurality of conductive
terminals 112. Each of the conductive terminals 112 has a respective upper contact
portion 114 and a lower tail portion 116. The contact portion 114 is generally flat or
planar in shape. Each of the terminals 112 is mounted to the housing 102. In the
illustrated embodiment, the terminals 112 may include a pair of oppositely-extending
projections 134 forming a downwardly-facing edge to securely retain the terminal 112

in the housing 102.



Il lustrated enbodi nent, the termnals 112 may include a pair of

oppositel y-extending projections 134 form ng a downwardly-facing edge to
securely retain the terminal 112 in the housing 102. 7 Mre particularly,
as shown in FIG 6, the tail portion 116 extends through a through hole 120
in the base 104 of the housing 102, the tail portion 116 being securely
fixed therein. Furthernore, in the illustrated enbodi nent, each of the tai
portions 116 is bent outwardly to extend in a generally right angle for
connection to the surface of a primary circuit board (not shown) such as by
sol deri ng. Howeve¥iprapasticularly, apshowmnim FiGy 6 ahe trilgortom] tdhedegis-thohigh a

Verti cal 1y HIOHER Haler B0 B e SibobRe bREstRE I3 i Gl 9EROIOPEBE | n an
enmbodi nent , B/q?}% | ) . . ..and faor from a
nmetal sheet. g [ Hg{lérgtﬁl g%@r@%@gé%%&g%ﬁgﬁglﬁye&% gfﬁ’g WEr i nal s
112 still  yrfiensi 1% iebémebsehrdly 18 esfehd i 4 déherARa1 ght RepIE F&tBoaectibh % nal

metal sheet. The terminals 112 are cut free of the strip 118 prior to
assenbl y wi tthe stréachof 8iprignanpoircuitshoaribimot shownys@h asdyaotiiebing: Hewever, thet

portion 114 extends general ly. vertical|y.fromithe fail ortion 116, For
contacting a® BP&@E&%W&%P@%%&‘E‘@PS@%OlWHQE@BF?Q-c%QChd%‘Gﬁ%@m%QBWBFSt he
termnals 114 : @&Eﬁ : . neral |y
pl anar contlglgtleggrt o(rilla'hl1 EQHI'F%%;‘GE% 12 %Pg?%ﬁ@%%%.%@@%ﬁﬁ ]tqﬁét, when

the ternminal 11Znizn émbodimemgat kemiuetiverndinalsdn? atdwabpepaniXBrmesires
slightly wiwthin the slot 108,  as shown in FIG 6. In the exenpl ar.i/
enbodi ment o metabgheer The iusteation dn FIG) 3 shows £ plerafiyrafdbe termingls 112stitlact

porki on 114. .y, B RS dofp RISRRAMhE Folitart HRR ndlshb" The bl
112 are cut free of the strip 118 prior to assembly with the housing 102. As shown in
FIGS. 5 and 6, the contact portion 114 extends generally vertically from the tail
portion 116,

For contacting a comresponding contact on the electrical device, each of the
terminals 112 includes a bump 122 formed in an upper part of the generally plénar
contact portion 114. The bump 122 projects inwardly such that, when the terminal
112 is in an undeflected condition, the bump 122 resides slightly within the slot 108,
as shown in FIG. 6.

In the exemplary embodiment of FIGS. 3-6, a vertical slit 124 is formed in the

) contact portion 114. A curved bend is pressed in the contact portion 114 on one side
of the slit 124 to form the bump 122. The bump includes a lower leg 125 and an
upper leg 127. Opposite the slit 124 from the bump 122, the contact portion 114 has a
planar side 126. The slit 124 terminates below an upper end of the contact portion
114 so that an upper end of the bump 122 is integral with the upper end of the planar
side 126 of the contact portion 114 opposite the slit 124. The terminal 112 provides a
primary current path "A" which goes down the lower leg 125 of the bump 122,
through the contact portion 114 and down the tail portion 116. The unitary

connection at the upper end of the terminal 112 between the bump 122 and the planar

side 126 provides a secondary current path "B" up the upper leg 127 of the bump 122,



l
of the slit 124 to formthe bunp 122. The bunp includes a | ower |eg 125 and
an upper leg 127. Qpposite the slit 124 fromthe bunp 122, the contact
portion 114 has a planar side 126. The slit 124 term nates bel ow an upper
end of the contact portion 114 so that an upper end of the bunmp 122 is
integral with the upper end of the planar side 126 of the contact portion
114 opposite the slit 124. The termnal 112 provides a primary current path
"A" which goes down the |lower |leg 125 of the bunp 122, through the contact
portion 114 and down the tail portion 116. The unitary connection at the
upper end of the termnal 112 between the bunp 122 and the planar side 126
provi des a sdowntimplarcansiden26 xatdugh Bie dontdchgortipp €14 hepddva theftail peribynp 122,
8 down the planar side 126, through the contact portion 114 and down the
tail portionllé.1Ehe sprendascgtrat path wpeaes topredicothe industancoof the tarmindhe

I nduct ance of the rmonal . Upon insertion of an jnterface card or other
el ectri cal corrpongﬁﬁni"}‘f 2R an%F#?cglcagf%to%%g%ch?i?oé@q%ﬂmc@ﬁt act
portions 114cduh g6t 1080 inearedlivnrbbohBbbdribns 118'd8RER louRtiily ithih theACCOmMoDdat e

i i
the thickness of the card or conponent. Myre speci |caiﬂ|ty , the resilient
contact’ 114 fomirabravitiesdaatcoemodatathe 1HiZkmebed bfthe sardporomiposaitt Mate of t he

el ectrical conpopent, biasing the bunp 122 in engagenent agai nst the
cor r espondi n§PE %tthe ’Hﬁﬁleflg?‘?ﬁtq?élu‘bawif’? ekeachdcrrand 1612;51158%% W9 ned

| at eral dept . - 6).d 8. [ on e n,th I nal
112 and the &ﬁﬁ%ﬁﬁ?&ﬁé}é@%%go%lﬁ%e&glb%hn ithn‘Lgowa_ Ilaﬁgbg}%‘%@ﬂg r%aggﬂ‘éﬁ {léenction
of the cont agérrdapoidigfcdntsetOThé RRmida@tavial 1 1dhdvé B pAdeRithindd Thtétal ®ptH ON,
away fromthe slot 108. The height H2 and depth of the |lower leg 125

beléween an apesh tha@ gap 126 £FKu ) 151 formedbetwetothe teryinal 112 3mdahe inner sueface cal
pl gnar region. of .the caontac rtion.1 s significantly, | an hei ght
FL Pand dent h gy of 8 Gaire By 18H0 pfbicrtientor aidha sontsr pptignd 13 of B

terminal 112 in an outward direction, away from the slot 108, The height H; and

depth D, of the lower leg 125 between an apex 130 of the bump 122 and a lower bend
132 at the vertical planar region of the contact portion 114 is significantly less than
height H, and depth Dy respectively, of the angled leg 42 in Figure 2.

In order to concentrate the resilient bending on the planar portion of the
terminal, it is noted that the apex 130 of the bump 122 is close to the lower bend 132
at a junction of the bump 122 and the planar region of the contact portion 114. The
lower bend 132 preferably has an angle such that the apex 130 exerts a low moment
arm around the lower bend 132, thereby avoiding much deflection of the bump 122

' ) relative to the planar region of the contact portion 114. Accordingly, the bump 122
will not undesirably deflect, thereby ensuring that the terminal_ 112 contacts the
electrical component at the bump 122. Moreover, the biased contact force of the
collective bumps 122 against the circuit card exert a retaining force on the card in the
slot 108.

Another exemplary embodiment is illustrated in FIGS. 7-10. As shown in
FIGS. 7 and 10, a connector 200 is provided which includes a housing 102 that is
substantially as described above in connection with housing 102 of FIGS. 3-6. The
connector 200 also includes a plurality of conductive terminals 212, which have many
features similar to the terminal 112 described above. Each of the conductive terminals

212 has a respective upper contact portion 214 and a lower tail portion 216. The
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In order to concentrate the resilient bending on the planar portion of the
termnal, it is noted that the apex 130 of the bunp 122 is close to the
| ower bend 132 at a junction of the bunp 122 and the planar region of the
contact portion 114. The |ower bend 132 preferably has an angl e such that
t he apex 130 exerts a |ow nmonent armaround the | ower bend 132, thereby
avoi di ng nuch deflection of the bunp 122 relative to the planar regi on of
the contact portion 114. Accordingly, the bunp 122 w |l not undesirably
defl ect, thereby ensuring that the termnal 112 contacts the electrical

corrponent at . Jet)
collective bu&#pk%tﬁ%g;gggg%ﬁs ey?aF%ﬂ?n%g?gﬁgxer h&t % Dﬁlgf%l l(s,e on the
card in the msm&dﬂd)ﬂiehémﬁglmz exenpl ary enbodi nent | s ill ust rated in FIGS.

7-10. As shown in FIGS. 7 and to, a connector 200 is provided which
i ncl udes a housi nkp thedlushated embodiment, se terhingl 8 mesincluded pabiofe i n

t th 102 Th 2 0 al | ud
D ural ity of CRAGSHRIL B FECiRE PROFEHOLS 214 Poriiech e néa%’fns@ Bl | ar to
the terninal rei&@ﬂﬂqa%mquqﬂ%qmuﬁgggo . W@@ﬁaﬂsﬁ% &&ﬁmmﬁg 212 has

a respective upper contact portion ower ta| port'1.0 The 9

contact por tihemaiPieitions 2 P eeerdsl thropi thedtoleol Zniarthé bass hepend Saeturelly fixed
termnals 212 is munted to the hou5| ng 102. In the ill ustrated enbodi nent ,

t he termi nal nthohousing M2 Juethgrpere inghe i %d@@b%ﬂl@%femﬂwéﬂpﬂf@}lectlons 234
f d | t 12 th
houst ng. 102 PREPAT S s BEbTEPGEE b YRBRH F rtherdi A ahglf SriempBiop o ' 0,6
ext ends t hr oggRudfae di@h@pr%aﬁyldﬂnﬁ;hsoaa ﬁ‘otisﬁéwﬁmbrle&aﬁﬁwyedovdehh ed in the

h093| ng 102. Furthernore, in'the |IIustrat ed enbodi ment, “each of the tail
However, the tail pomons 216 could have a through-hole conﬁgurauon Each of the

contact portions 214 resides generally vertically within a respective one of the
terminal cavities 110,

In an embodiment, the conductive terminals 212 are stamped and formed from
a metal sheet. The illustration in FIG. 7 shows a plurality of the terminals 212 still
unitarily attached to a strip 218 remaining from the original metal sheet. The
terminals are cut free of the strip 218 prior to assembly with the housing 102. As
shown in FIGS. 9 and 10, the contact portion 214 extends generally vértica.lly from
the tail portion 216.

For contacting a corresponding contact on the electrical device, each of the

) terminals 212 includes a bump 222 formed in an upper part of the generally planar
contact portion 214. The bump 222 projects inwardly such that, when -the terminal
212 is in an undeflected condition, the bump 222 resides slightly within the slot 208,
as shown in FIG. 10. The bump includes lower leg 225 and upper leg 227.

The terminal 212 of FIGS. 7-10 operates in generally the same manner as the
terminal 112 of FIGS. 3-6. The main difference between the terminal 212 from
terminal 112 is that terminal 212 includes a slit 224 which extends to the upper end of
the terminal 212. More particularly, the slit 224 separates free upper ends of the
bump 222 and planar side 226 of the contact portion 214 opposite the slit 222.

Upon insertion of an interface card or other electrical component into the

central slot 108, the resilient contact portions 214 deflect outwardly within the
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portions 216 is bent outwardly to extend in a generally right angle for
connection to the surface of the primary circuit board (not shown), for
exanpl e by soldering. However, the tail portions 216 could have a

t hrough- hol e configuration. Each of the contact portions 214 resides
generally vertically within a respective one of the termnal cavities 110.
In an enbodi nent, the conductive termnals 212 are stanped and forned from
a nmetal sheet. The illustrationin FIG 7 shows a plurality of the term nals
212 still unitarily attached to a strip 218 renmaining fromthe original

nmetal sheet. . The i 0 assenbly
with the hOUtSI ng a&%ﬂﬁ&géh%?ggmﬁoﬁkg%%@%%g éfﬁ'ﬁigﬁ&o E%Ifégct %ﬁ't lon 214
ext ends genegpatifically;ithe @silient dohtuat 2 14 gortien bf 46k tdrRinad 262 dEﬂHctsCLﬁi&haCt' ng a
correspondi ng contact on the electrical device, each of the termnals 212

i ncl udes a biagtiopef ﬂ@ﬁiﬂﬁmmhcmqmpbblapmgﬁhwmm&bmmt ggap'isaﬁmr cont act
portion 214. The bu ects. | dly ch that, when fhe term nal

212 is in an® W&E‘?q(’g& %"&gnﬁ“ﬂ%‘ﬁm ‘Ff’ém!ﬁﬁr}ﬁagé‘??%f]?JMFql thdegit hin t he
sl ot 208, e l?&?? I I gnhd upper

| eg 227. The tcgrm ngaﬂé%ﬁgg%{)& é]%{)%%éé@a@%géﬁflr@gg{nze aﬁ? E’ﬁe same _

nmanner as t haurfacel 07 ofdhe hddsing whll 36 tSpémifidefictiinofdhé é@ftﬁn@eniaﬁtz\mem t he
termnal 212 from termnal 112 is that terminal 212 includes a slit 224

whi ch ext end$ietermir 24p e ephyart direction. ayayifram thesiot 1081 e Thaheipltlicandy, the
P (220, SoRAER B3 o URToHEIEL ) P B o RGP B P ©
T oo ot anhetdntpiag sl ruareanar ouph ol MgSaRAS catsk, 100 the
height H, and depth D,, respectively, of the angled leg 42 in F1gure 2
Referring to FIG. 9, to provide the desired rigidity to the bump 222, and in
order to concentrate the resilient bending on the planar portion of the terminal 212, it
is noted that an apex 230 of the bump 222 is close to the lower bend 232 at a junction
of the bump 122 and the planar region of the contact portion 214. The lower bend
232 preferably has an angle such that the apex 230 exerts a low moment arm around
the lower bend 232, thereby avoiding much deflection of the bump 222 relative to the
planar region of the contact portion 214. Accordingly, the bump 222 will not
undesirably deflect, thereby ensuring that the terminal 212 contacts the card at the
bump 222. Moreover, the biased contact force of the collective bumps 222 against the
} circuit card exert a retaining force on the component in the slot 108 (FIGS. 7, 10).
According to the invention, the generally planar configuration of the contact
portion 114 (FIGS. 3-6), 214 (FIGS. 7-10) of the terminal 112 (FIGS. 306), 212
(FIGS. 7-10) has less total length in comparison to the conventional terminal 32 that
has a long angled contact portion, as described in connection with FIGS. 1 and 2
above (for a given vertical height dimension). This reduction in total length provides
a shorter current path for a signal transmission, resulting in a lower inductance
through the terminal 112, 212 constructed in accordance with the invention. Any
additional length of the horizontal section of the tail portions 116, 216 need not affect

the current path length because the innermost point of the junction between the solder

joint (not shown) and the tail portion 116, 216 may be moved inwardly. Therefore,
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termnal cavities to accommpdate the thickness of the card or conponent.
More specifically, the resilient contact 214 portion of each term nal 212
defl ects upon insertion of the electrical conponent, biasing the bunp 222
in contact against the corresponding contact. The term nal cavities 110
have a predeterm ned | ateral depth such that a gap 128 (FIG 10) is fornmed
between the termnal 212 and the inner surface 107 of the housing wall 106
to permt deflection of the contact portion 214 of the termnal 212 in an
outward direction, away fromthe slot 108. The height H3 and depth D3 of

the | I ' 3 2 f.the b 22 I bend 232
at the verti dsimproNe SRt 20R sl rplp vt PR e Cane 1
| ess than hepgebtol oREIGSEBLE), 0 (m@smeqn'? et 16 mé¥e shittbi@fe hech fréfhefidy i N
Figure 2. Referring to FIG 9, to prOV|de he desired rigidity to the bunp

222, and in applgetionso concentrate the resilient bending on the planar

portion of the termnal, 212, it . is noted that an ex 23Q_of the bunmp 222
is close to the Ié\r}&é?u@e P???Entd{“’eé‘“]oﬁﬁ?&st]i"’(?ﬁadeﬁﬂanag‘“MEC@??fS’ﬁch Re pl anar
region of tNGfanARlnRBhLLOherebt i FIPhd AR RRNHar G fnvBREH PR Mol an
angl e such that the apex 30 exer'ts a | ow nonent arm around -the | ower. bend
232, ther ebyiatheispicific flatibesddfthee patitult ehbedibienn. A22iouehstitiochaide

pl anar region of the contact portion 214. Accordingly, the bump 222 will not
undesi rabl y awdifications tadheprgsent snventien wihbe apparengtothase skilled iptheabt s t he
card at the b 222.. Moreover.. the biased cont.act force of t col.] ective
bunps. 222 agSPHL PSS EPRL IR PTG oS HE P QY A par Greceo e Fa
conponent i nghdl 5'00?13 F thkGivenEibfSAclordih@ly, all S6GCRBEMESE dndSnddiliStioneBre t he
gedkrally pl anar configuration of the contact portion 114 (FIGS. 3-6), 214
(FIGS. 7-10) iménded¢o beembraatd Fithin(tht¢ @Spe 30 G, inPdkdion @sHefhedin 1) appesdddess
total length jn conparison to the conventional termnal 32 that has a |ong
angl ed contaEkHB%rtion, as described in connection with FIGS. 1 and 2

12



above (for a given vertical height dinmension). This reduction in total

| ength provides a shorter current path for a signal transm ssion, resulting
in a lower inductance through the termnal 112, 212 constructed in
accordance with the invention. Any additional |length of the horizontal
section of the tail portions 116, 216 need not affect the current path

| engt h because the innernost point of the junction between the saolder joint
(not shown) and the tail portion 116, 216 naybe noved inwardly. Therefore,
11 the inproved termnal 112, 114 results in inproved performnce, and
results in a¥hagaglmedisnoo (FIGS. 3, 6), 200 (FIGS. 7, 10) that is nore

has boen descri bet w (AL Eipbior] aphin QMR 2004 oF Ut E P ERRRRN e o
thereof, it d¥nidonB tyaPSRPERcUifWard, e n%dﬁéieabﬂ@go,iﬁ)ow%mbﬁém ed to the

specific features of those particul ar enbodi nen Various substitutions and
nmodi fi cati ons to aespgd3eithavingeritariznntat base (E4pppinstlity owalkedd86)xki | | ed in

h . h subsf i ' di fi ' b i th '
Fom the. spi SRR SEi RS 0P A1 YR oM LA EAEERH Aok DI OP) FPositmthe

om t he spi F44yoeliem S | '_ FestEahe
cope of t N RUGA PRSI (P RRIHIDE FRERARRL, PRAFPLEERISH ke "°

claimed is: 110ARj&epgcoiskidalotgbdB)ect or (100, 200) for connecting an
el ectrical conponent to a primary circuit board, the connector (100, 200)

conprising: a housplurpligy oPgondustivegemninge ( @n2 bd), ersbof theaeopductivel ural ity of
valls (100) Sxbandl P U5 aY Sull3Rtid 01 Sl A iaRab 10l i 920 o1 o
_ : resilient contact portion (114, 214) residing generally within a respective one of said
terminal cavities (110), wherein the contact portion (114, 214) has a generally planar
body which, in an unmated condition, extends generally vertically within saﬁd
terminal cavity, the contact portion {114, 214) including a bump (122, 222) formed in
said body which projects into said slot (108).

2. An electrical connector (100, 200) according to claim 1, wherein said
bump (122, 222) is disposed near an upper end of said contact portion (114, 214).

3. An electrical connector (100, 200) according to claim 1, wherein 2
vertical slit (124, 224) is formed in said contact portion (114, 214), the contact portion
(114, 214) being bent on one side of said slit (124, 224) to form said bump (122, 222),
the contact portion (114, 214) having a planar side (126, 226) opposite said slit (124,
224) relative to said bump (122, 222). '

4. An electrical connector (100) according to claim 3, wherein the slit
(124) terminates below an upper end of the contact portion (114) so that an upper end
of said bump (122) is integral with a side of the contact portion (114) opposite the
split, the contact portion (114) having a planar side (126) opposite said slit (124)
relative to said bump (122).
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el ectrical conponent, the walls (106) further defining a plurality of
termnal cavities (110) adjacent to said slot (108); a plurality of
conductive termnals (112, 212), each of the conductive termnals (112,
212) having a tail portion (116) extending from said base (104) and a
resilient contact portion (114, 214) residing generally within a respective
one of said termnal cavities (110), wherein the contact portion (114, 214)
has a generally planar body which, in an unmated condition, extends
generally vertically within said termnal cavity, the contact portion (114,
214) including a bunp 122, 222) formed in sajd body which pro ects into
said slot (108), 2. Iet?@fﬂqabﬁqﬂn@@ﬁh@@pbﬂccem toxgdam hodsrenthe 86 cl aim 1,

wh d d_of t act
port Lon ?"1‘34@2%%%%%%% op o AP ABR AR P10 P Bl R et ARG el e
1, wherein abuﬂiﬁuzzqq)dﬁ-géllelau@é%salggﬂ}laﬂsﬁef @eeed in said contact portion
(114 214), the contact portion 4, 214) being bent on one side of said

slit (124, 224) to formsaid bump (122, 222), the contact portion (114,

214) havi I d 126, 226 I 1 | ati

o bai'd bunp. (1226 222 ekcises! ghgichior LD, SURABEFOIE(a SOy Jckbraneko ol ai m
3, wh int I I

5, ier e 1, Pk iipda A4 101 AR HE ARSI AbcAaBRRAE,

si de of the d@ﬁhﬁﬁfﬂl}pﬁbm éshbék):taﬂpcnssdsp@cntvbeemﬁﬁﬂlhﬁ thetHage (104} gftthe por t i on
(114) having a planar side (126) opposite said slit (124) relative to said
bunp (122). heusing AA2k| ectrical connector (200) according to claim3,
wherein the slit (224) extends to an upper end of the contact portion (214)
o X hat an upper end of said

7. An electrical connector (100, 200) according to claim 1, wherein the

contact portion (114, 214) is spaced apart from an adjacent one of said plurality of
walls (106) of the housing (102).
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bump (222) is free relative to said planar side (226). 6. An electrica
connector (100, 200) according to claiml1l, wherein each of the termnals
(112, 212) includes a pair of oppositely extending projections formng
downwar dl y-faci ng edges to retain the respective termnal in the base (104)
of the housing (102). 7. An electrical connector (100, 200) according to
claim1, wherein the contact portion (114, 214) is spaced apart from an
adj acent one of said plurality of walls (106) of the housing (102). 14 8.
An el ectrical connector (100, 200) for connecting an electrical conponent

to a primary cirduit biaplgctricseonpiadi e, 20800r cousstingmelrdriea): a housing
(108) Tor raobbofs«aaBobiaty frosfFhont biobnisler AOF2oRFEHIHE) T ur t her
defining a pluralAdusin@f(16B iR dhe & PUirhlit§ D Wwhit®)1 08§ HSEARL a IhedRiaBIRt

(108); and a plurality of generalTy planar, resilient conhductlve termnals

(112, 212), (@e&)Hor mreiving aqmmdercof the coraponengltlse ¢all(10Q)Rythevadeafimingsa r esi | i ent
contact portion (114, 214) and zn g‘fposi te tail gljortion (116); wherein the
tail portioPlualig)oids [72wties Hd 0} atissenblosadisiot (199pandext ends from to the

rousi 19 (102) 20, WISy GAPAIS PSR e 4oty o

In respective termna ereln

(114, 214) iof theqmaactivanamiinils 02, DE2)wakingafredilient RonatttoridO@) 450 n
unmat ed condition, extends generally vertically within said term nal
cavity. 9. Andeneoppesitedsil pominadi®; (100, 200) according to claim8, wherein

ggﬁ? a ct(:) f pE)Pt(:a i E)ﬁr n&l[l]e%lei% cltjaﬁ’po?hlo%)(lilﬁcclf"égcehso tt‘.) "ijerlrglin(a}szﬁ’IZ,%% eafctgrrlcige I}In said
to the housing (102) and the corresponding contact portions (114, 214) are mounted in
respective terminal cavities (110), and wherein the contact portion (114, 214) is
spaced apart from the wall of the housing (102) and in unmated condition, extends

generally vertically within said terminal cavity.

9. An electrical connector (100, 200) according to claim 8, wherein each
o of the terminals (112, 212) includes a bump {122, 222) formed in said contact portion
(114, 214) which projects into said slot (108).

10.  An electrical connector (100, 200) according to claim 9, wherein said
bump (122, 222) is disposed near an upper end of said contact portion (114, 214).

11.  An electrical connector (100, 200) according to claim 9, wherein a
vertical slit (124, 224) is formed in said contact portion {114, 214), the contact portion
(114, 214) being bent on one side of said slit (124, 224) to form said bump (122, 222),
the contact portion (114, 214) having a planar side (126, 226) opposite said slit (124,
224) relative to said bump (122, 222),

15



(114, 214) which projects into said slot (108). 10. An electrical connector
(100, 200) according to claim9, wherein said bunp (122, 222) is disposed
near an upper end of said contact portion (114, 214). 11. An electrical
connector (100, 200) according to claim9, wherein a vertical slit (124,
224) is formed in said contact portion (114, 214), the contact portion
(114, 214) being bent on one side of said slit (124, 224) to formsaid bunp
(122, 222), the contact portion (114, 214) having a planar side (126, 226)
opposite said slit (124, 224) relative to said bunp (122, 222). 15 12, An
el ectrical connector (100) according to claim 10, wherein the slit (124)

term nates bel owan u%?leglc&q&gggnﬁeeﬁhf%g&%r%gé E# a@ﬁﬁ%ﬁ‘%@@?%@an upper

end of said bunmp (12 I's ITntegra ion (114)
opposi t e t he1243 pdridinatés 10 bl apperead bf e codthdpotidt (194 Psathat @ uppefiénd 126)
opposite said slit (124) relative to said bunp (122). 13. An electrical
connect or (20683id uwpdiZZdgs integrtlavich a side afthe spriactiportion (1 14) oupepitetheends to an

upper end of the contact port.i 214 0 that upper. en f id bunp
(555) £ v sy eBnlsR Rosighl 3ppdind il S5079 PRttt} (et cn
connector ( 108ve28QidiRinpr@pegcting an el ectrical conponent to a primary
circuit board, the connector (100, 200) conprising: a housing (102) having a

hori zontal base (104), a plurality of walls (106) extending from said base
(104) and definin sl ot the electrical

a | ongi t udi_nal 108) for receivin (
conponent, the vvégl s ﬂb%?cmﬁﬁlt"ﬁ@?‘ccﬂ’éﬁéﬂ) AeCOSdIBE iR elpim QOdth‘tI@Flﬁ]i‘%%ﬁ cavities
(224) extends to an upper end of the contact portion (214) so that an upper end of said
) bump (222) is free relative to said planar side (226). |
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(110) adjacent to said slot (108); a plurality of conductive termnals (112,
212), each of the conductive termnals (112, 212) having a tail portion
(116) extending fromsaid base (104) and a resilient contact portion (114,
214) residing generally within a respective one of said termnal cavities
(110); wherein the contact portion (114, 214) has a generally planar body
whi ch, in an unmated condition, extends generally vertically within said
termnal cavity, the contact portion (114, 214) including a bunmp (122, 222)
formed in said body which projects into said slot (108) wherein a verti cal
slit (124, 224) is formed in said contact portion (114, 214), the contact
portion (114, 214%. bemlmalGmnegm(@Od@(gffblsmme@irigtM(elmdca?M) to form

(326, bSS‘Ié Sett ia pitas R ba B Qonsc iy 100 200\ campathes (325, S‘ﬁ%e_
(226, [ _ . >al :
n electri calahsaeﬂﬂgglzogﬁ héif ahzﬁ%mmﬁ&r@ggnrgg?%g%ﬁg@agre' n the

contact portion (114, I s spaced apart f f said
plurality okxtemdihg srofil£¥ bask (10v) aho defimgg & ldigitudihel slér(168)fot receiringahanect or

o £ ok aleciipal btnponent, the walis (108) Aot defining a plarality of terman] cavities
(110) adjacent to said slot (108);
a plurality of conductive terminals (112, 212}, each of the conductive
terminals (112, 212) having a tail portion (116) extending from said base (104) and a
) resilient contact portion (114, 214) residing generally within a respective one of said
terminal cavities (110), wherein the contact portion (114, 214) has a generally planar
body which, in an unmated condition, extends generally vertically within said
terminal cavity, the contact portion (114, 214) including a bump (122, 222) formed in
said body which projects into said slot (108) wherein a vertical slit (124, 224) is
formed in said contact portion {114, 214), the contact portion (114, 214) being bent on
one side of said slit (124, 224) to form said bump (122, 222), the contact portion (114,
214) having a planar side (126, 226) opposite said slit (124, 224) relative to said bump
(122, 222).

15.  An electrical connector (100, 200) according to claim 14, wherein the
) contact portion (114, 214) is spaced apart from an adjacent one of said plurality of

walls (106) of the housing (102).

16.  An electrical connector (100, 200) according to claim 14, wherein the

electrical component is circuit card.
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