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| GROUNDING SYSTEM FOR IC CARDS

Field of the Invention
This invention generally relates to the art of IC

cards and, partioularly, to an improved grounding system
for an IC card. :

5 Background of the Invention

Generally, IC cards or packs, such as memory
cards, are data input devices which are electrically
connacted to an electronic apparatus or storage device,
such as a word processor, personal conmputer or other

ig electronic apparatus., The data stored in the IC card is
transferred to the electronic apparatus. Memory cards are
portable instruments which are readily inserted and
extracted from a connector which may be used with the IC
card for removably coupling the IC card to a printed
15 circuit board, for instanca.

An IC card may iziclude a frame which usually is
generally rectangular and includes an opening in either a
top. surface or a bottom surface thereof or, in some
constructions, in both surfaces. The opening receives a

20 circuit substrate, and a cover closes the opening and
encloses the circuit substrate within the frame. In other
IC cards, a separate frame is not used, and the circuit
substrate simply is sandwiched between a pair of cover
mnembers. Thia assembly is typically held together by an
25 adnesive material.

The IC card conventionally comprises a printed
circuit board assembly including a generally planar
substrate with at least one electrical component mounted
thereon. The electrical component(s) way include seni-

39 conductor devices, integrated circuits, batteries or the
| like. The components are typically surface mounted to the
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This invention generally relates to the art of IC car{isyag@HEBRHASCBERN Iy,
to dn inproved grounding systemfor an IC card. = Bacffar ourREREAGER -

i nvention General ly, 1 C cards <@~ packs, sucht y—cards, are
data input devices which are electrically connected to an el ectronic
apparatus or storage device, such as a word processor personal conput er or
ot her electronic apparatus. The data stored in the IC card is transferred

to the el ectroRiBnaHAIREEEAtaV: 68 PneapYsbotl mistasmtheriees: podendse vibs ch
are readily inerét @@rfdfe mount nature of the components, can be vacuum

- orx robotically "picked and placed" for completely automated
assembly of the IC card. "Because of its portable nature,
-] it is important for the IC card to remain lightweight and
compact. Thus, all components, both structural and
elactrical, must remain small (i.e. occupying minimal
substrate real estate). _

Due to the fact that the assembled card generally

10 is a portable instrument and oftan carried on 2 human body,
one problem typically associated with IC cards involves the
. build-up of electrical charges during handling. Wwhen a
card bearing charges is inserted inte an electronic
apparatus or the connector thereof, the charges flow to the
is electronic apparatus through the connecting terminals of
the connector. The charges, commonly referred to as
electrostatic discharge, or ESD, can result in damage to or
ultimate failure of the integrated circuits or other
circuit elements on the card as well as the electronic

20 apparatus itself.

Consequently, structures have been embodied in IC
cards and/or their mating connectors for removing static
elactrical charges stored in the cards. The card typically
includes a grounding circnit which is connected to the

28 ground of tho elastronis appasalua. PFur lastance, ground
clips may be incorporated in an IC card frame and coupled
to a grounding circuit location on the edge of the internal
circuit substrate. The clip then is exposed at a
predetermined location on the outside of the frame to

30 engage a grounding contact within a card-receiving
connector at a corresponding 1location therein. Such
configurations, because of the predetermined location of
the clip and corresponding ground terminal on the
connector, do not allow much flexibility in the design of
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extracted froma connector which may be used with the |
coupling the ICcard to a printed circuit board, for in
tC card may include a frame which usualldgL i s generally —
i ncludes an opening in either a top surface or a bottomsurface thereof or,
I n some constructions, in both surfaces. The opening receives a circuit-
substrate, and a cover closes the opening and encl oses the circuit
substrat.e wit hthet pé¢réuitesubstrater ih Cternssof alseasing etheageoifidl ﬁ?

cover_ mmers. Eodpi SRLSHFILE Syittond pHLARHEE O bl ek,

c
mat eri al . on the flnally assem d card. Furthermore, in the case
: where the cover members are fabricated substantially of
5 conductive material, unless the cover members are

electrically coupled to one another and to the grounding
circuit, the IC card may act more like an antenna than a
shield, and consequently cause further interference with
the electrical functioning of the card and the undetlying
10 apparatus. :
The present invention is directed to solving the
. above prablems by providing a simple stamped and formed
grounding terminal which is soldered to a ground pad aof the
internal circuit substrate and resiliently coupled directly
15 to one or both cover members of the IC card, which are at
least partially conductive. The grounding terminal
provides increased design flexibility by allowing the
terminal and the corresponding ground pad to be located
anywhere on the circuit substrate. Both cover members of
20 the IC card may be fabricated entirely of metal and théreby
provide an enclosure which offers increased ? EMI
capabilities and improved grounding functions. As few as
one grounding terminal may be used, or one or two terminals
way be used on each side of the substrate to both improve
25 EMI performance and to act as a shock absorber within the
IC card assembly. Such a design reduces costs, improves
grounding capabilities and increases design flexibility.
All of these advantages are not afforded by prior art IC
card designs.

30 Summary of the Invention .
An object, therefore, of the invention is to
provide a new and improved IC card of the charécter
described above and including a novel grounding systeﬁ.
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‘The 1 C card conventionally conprises a printed circuit board assenbly -

including a generally planar substrate with at |least o =1
conponent nounted thereon. The el ectri gl conponent(s) nﬁvﬁﬁ$M§@h@A§§ﬁﬁN ,
conduct or devices, integrated circui'ts, batteries or | i kKBEPEAGED -

conponents are.typically surface nounted to the

In the exemplary embodiment, the invention is
incorporated in an IC card assembly comprising a printed
circuit board assembly which includes a ganerally planar
circuit substrate with electrical components nmounted

5 thereon. A receptacle connector, having receptacle
tarminals, is mounted at an edge of the circuit substrate.
A pair of cover members sandwich the circuit substrate
therebetween and leave at least a mating face of the
receptacle connector exposed for connaction to an

1o appropriate wmating electrical apparatus.
The invention contemplates that at least a
. portion of one of the cover members on one side of the

circuit substrate be fabricated of conductive material for
electrically connecting to a correspoending ground on the
15 mating electrical apparatus. An electrical circuit,
including a ground circuit, is provided on the one surface
of the circuit substrate, typically via printed conductive
traces. A grounding terminal is adapted to electrically
connact the ground aircuit to the conductive portion of the
20 cover member.
As disclosed herein, the grounding terminal is a
stamped and formed sheet métal component in the form of a
generally C-shaped spring clip spring loaded between the
circuit substrate, and specifically the ground ecircuit, and
25 the conductive portion of the cover member. The spring
clip includes a first end or base portion soldered to the
ground circuit, and a second end, defining a contact area,
adapted to engage the cover member. The contact area
provides a high praessure connection between the substrate
30 and cover. The spring loaded clip may also provide a shock
absorbing means for the internal printed circuit board
assembly. The grounding terminal may be positioned on the
circuit substrate at any point along the ground circuit.
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- 2- _ planar substrate, on one or both sides thereof a ‘E,T,.g%g_'EQﬂH' € BEEN |
surface noune=nature of the conponents, can be vacuum r b {glpi ' ‘

“pi cked and pl aced" for conpletely autagated assenbly TS mY |
Because of its portable nature, it is inportant for the I1C card to remain

4o
o i e

| i ghtwei ght and conpact. "Thus, all conponents, both structural and -
electrical, nmust remain small (i.e. occupying mninmal substrate real
estate). . Due HBothhe fepyert hatmempermssemalyed dee d gfateridated s a

portabl e instryEitantih 19l SRLEAETY &k 20nAuBLIHE DALY ial, and a ground
circuit may be ‘printed on each surface of the circuit
substrate. One of the grounding terminals is provided
between each ground c¢ircuit and the respective cover member
on the respective surface of the circuit substrate. Again,
the grounding terminals are spring clips that are spring
loaded betwean the circuit substrate and the respective
cover menber to provide shock absorber means for the
lg eircuit substrate. P

Other éhjects, features and advantaées of the
. invention will be apparent from the following detailed
description taken in connection with the accompanying draw-

ings.

n
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one problemtypically associated wwth | C cards involves f
_electrical charges during handling. Wen.a card bearin ;% ET 'ES%EEN
i‘nserted into an el ectroni c apparatus ofé+he connector t ereo LA Pharnp-

flow to the el

connect or. The char ges,
or ESD, can resulprln danage to or
circuits or ot M > :

ectroni c. apparatus through the connecting fermnals of the
commonly referred to as el ectrostatic discharge,

ultimate failure of the integrated

apparatus itself. hemé@”'bkfhhﬁérﬂ%ifﬁ%nh@ﬂfcﬂ %@a&@»@ﬁ in

| C cards and/or_ .t

char ges stored ﬁonggh’éo%%ﬂr T’ﬁ& ﬁ?ﬁhtwrbzﬁalr);w“l

-

conngctors for remvi ng sLlart il.n tneectrlcg
ri append-

ed claims, The invention, together with its objects and
the advantages thereof, may be best understood by reference
to the following description taken in conjunction with the

accompanying drawings, in which like reference numerals

identify like elements in the figures and in which:

FIGURE 1 is an exploded perspective view of an IC
card embodying the concepts of the invention;

FIGURE 2 is an isclated perspective view of one
of the grounding terminals secured to a ground circuit on
the circuit substrate;

FIGURE 3 is a side elevational view of the
grounding terminal of Figure 2, locking in the direction of
line 3-3 in Figure 2;

FIGURE 4 is a side elevational viaw showing two
grounding terminals on opposite sides of the circuit
substrate, with the terminals spring loaded between the two
cover members;

FIGURE 5 is a perspective view of a second
embodiment of the grounding terminal;

FIGURE 6 i3 a side elevational view, of the
grounding terminal of Fig. 5; .

FIGURE 7 is a perspective view of a third
enbodiment of the grounding terminal; :

FIGURE 8 is a side elevational view of the
grounding terminal of Fig. 7;

FIGURE 9 is a perspective view of a fourth
enbodiment of the grounding terminal; and '

FIGURE 10 is a side elevational view of the
grounding terminal of Figure 9.

e Drawingg as well as the electronic
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i ncl.udes a grounding circuit which is connected to th zgﬂ?ﬂ:ﬁﬁ:“cﬁ WEE;T
el ectroni c apparatus. For instance, ground clips may b T &b %“

1 C card frame and coupled to a groundlng-m rcuit locatjjon o &N

the internal circuit: substrate.. -The clip then . is—exposed at a _
predeterm ned | ocation on the outside of the frame to engage .a grounding

contact wthi n a. card recel Vi ng connector at a correspondl ng |ocation
t her ei n. Su < _ 3 2k 2y : ‘

the clip and COfresPQ&QhW;nSr@é'nﬁxe tcﬁrd%h"x’@s :.ﬁ”gré@'@aﬁod'é@ipranﬁo not
al low nuch fl ef(l bltl Ittoy r'13u52619et5ﬁ§” nvention is embodied in an IC card
assembly, generally designated 10, which is provided as a
5 data input device, such as a memory card, for connection to
an electronic apparatus, such ag a word processor, personal
computer or othaer elsctronic apparatus (not shown). The
data stored in memory card 10 is transferred to the
electronic apparatus through receptacle terminals within
190 elongated receptacle connector 12 which is edge mounted to
a circuit substrate, generally designated 16.
N Receptacle connector 12 is elongated and mounts
a plurality of receptacle input terminals 18. The
teminals mechanically and electrically engage contact pads
15 20 on circuit substrate 16. Receptacle input terminals 18
may include a pair of receptacle ground terminals 18a for
elactrically coupling to a pair of ground pads 20a, as

described in more detail below. Various electrical
components or circuit elements 24 are surface mounted on
20 substrate 15§, along with circuit traces 26 leading to

contact pads 20 located near the leading or front edge 28
of the substrate. This edge is coupled to receptacle.
connector 12, and the receptacle connector is
interconnectable with an electrical connector, such as a
258 header connector, mounted on a printed circuit board of the
electronic apparatus to which data stored in the nemory
card is transferrable. For purposes to be described in
greater detail hereinafter, an electrical circuit is
provided on the surface of the substrate 16. The
30 electrical circuit includes a ground circuit to ground the
substrate to the underlying apparatus. The ground circuit
includes a pair of ground pads 30, which may be
electrically couplad to ground traces 32, and which may
include ground pads 20a to be engageable by ground

SRS
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3 the circuit substrate in terms of locating the gr Lﬁlﬁgg ﬁAQrBBEhEa,
cirCuit substrate or locating the grounding area on tfhe fﬁmenbl
.card.” Furthernore, in the case where thg-cover nenber

~substantially of conductive material, unless the cover nenbers are
el ectrically coupled to one another. and to the

terminals 18a of receptacle 12. The ground circuit will be
described in more detail below. e
The above description of circuit substrate 16 is
generally conventional, except for the particular ground
5 circuit, and, consequently, the depiction of the circuit
substrate is not in complete detail. However, it should be
understood that electrical components or circuit elements
24 may comprise semi-conductor devices, batteries, and
other parts of integrated circuits from which stored data
10 is transferred ta the electronic apparatus.
Still referring to Figure 1, IC card assembly 10
~ includes a pair of cover members 34 and 36 which sandwich
c¢ircuit substrate-lﬁ therebetween. The cover members may
have integral peripheral flanges 38 which space the panels
15 from circuit substrate 16, along with open areas 40 at the
front of the panels for accommodating receptacle connector
12, or the substrate assembly may be accepted within a
frame member (not shown) arocund which cover menbers are
mounted. In either configuration, a mating face 42 of the
20 receptacle is exposed for connection to the corresponding
mating electronic apparatus, by wvay of a header connector
or the like. Although the invention contemplates that a
portion of cover members 34 and 36 may be of conductive
material for engaging the grounding terminal of the
25 invention, described hereinaftaer, the preferrsd embodiment
of the invention contemplates that cover members 34 and 36
be substantially entiraely fabricated of conductive
material, This provides a shielding enclosure about the
circuit substrate and, therefore, offers increased EMI
30 capabilities.
The invention contemplates the provision of at
least one grounding terwminal (two are shown in Fig. 1),
generally designated 50, which is generally C-shaped and
which is secured betwaeen the ground pad 30 and at least one
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groundi ng circu'it, the IC card may act nore like an i
and ‘consequent |y cause further interference with the , é’t‘isr@é%ﬁ\“ég

EE

of t-he card and the underlying apparat Uga. EP- REFLAS

is for exanple known an I C nenory card which when mserted mto a slot of

an el ectroni c device discharges any static electric charge on the card
prior to mating of card and device contacts. The card has a frane with

opposi te si desof itdie kavernmémbers izas (oli)l.e Iﬁ@rﬁsxﬂu beNufdéiest s dat

groundi ng terrg

The present inven

e

%IOI’] |§Qa|€€®?% r{%t%% fs’ﬁg 3% Sﬁgobliséﬁ:snig&ifg\ﬂ"& ng a

si npl e st anpedsigdel Gfoﬁh&dcg-rcuﬁul sighstratealorwai phuralivy et e;raunc‘a.ngr ound

pad of the TNternal iy cuel M4 Bnande! Al SPidde OpEPl BeEll to

one or both cover ers
conduct i ¥e. Th%“@ﬁ

card, are at [eas par

~allowing the termnal as the first embodiment of the invention, and

referring first to Figures 2 and 3 in conjunction with
Figure 1, each grounding terminal 50 includes a first end
defining a generally flat base portion 50a which is
soldered or otherwise mechanically secured to a respective
ground pad 30. An arm portion 50b projects upwardly and
back over base portion S50a in a cantilevered fashion, and
the arm portion terminates in a second end which includes
a reverse-bend lip or hook portion 50c and which defines a
curved or rounded contact area 50d generally above base
portion 50a and adapted to engagye one of the cover members.
The curved contact area 50d provides a high pressure
connection between the ground circ¢uit and the cover members
and ensures an adequate grounding path therebetween.

The invention further contemplates that each
grounding terminal 50 be a spring clip that is spring
loaded between the circuit substrate and the respective
cover member to provide a shock absorbing means for the
circuit substrate. Therefore, the spring c¢lips can be
conveniently stamped and formed of sheet metal material so
that arm portions 50b of the terminals are deflectable
relative to base portions S0a which are secured to ground
pads 30.

Figure 4 shows cne grounding terminal 50 mounted
on each opposite surface of circuit substrate 16. The
grounding terminals, again, are secured to respective
ground pads 30 of ground circuit 32. Cover members 34 and
36 are shown in assembled condition relative to substrate
16, whereby grounding terminals 50 are spring loaded and
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correspondlng ground pad to be | ocated anywhere on theg “i“l Ht—S St ratrey
Bot ' cover nmenbers of the IC card may be fabricated eniin$ SHEET MASHBEEM
t hereby provi de an encl osure which Offeié i ncreased E capeﬂﬁﬁh&qs&s and .
i nproved groundi ng functions. As few aS~bne groundi ng ar ey pbe used,

or one or two termnals may be used on each side of the substrate to both
I nprove EM perfornmance and to act as a shock absorber within the IC card

~assenbl y. Suchhﬁsséddﬁétﬁaeﬁe‘iﬂﬁe (i:‘&‘éxtl% éﬁese ag\%%{ agggwagggn .HéolrSZd

and increases n fI
by prior art I%D P ns %ﬁmﬁ’?”opet Vht femparing groupding ect
t heref ore, of thm:.mmt 5on irs tleeiy ogpeng llewdaad dordieied |dhow diof t he

character desciigfle 3P WEH the Jeblfi il O Hlald 14" Thad S Yais  ectea
S condition shown in Figures 2 and 3. As stated above, one

or a plurality of the grounding terminals may be pravided

oh one or both sides of the circuit substrate. By

providing at least one grounding terminal on each side of

the circuit substrate, an effective shock absorbing means

1o can be provided.
Figures 5 and é show a second embodiment of a
- grounding terminal 50' substantially equivalent to the

grounding terminal shown in Figs. 1-4 but which includes a
stabilizing 1leg 50e' for soldering or otherwise being
15 retained within a hole 52 of circuit substrate 16. The leg
provides increased mechanical retention of the grounding
terminal with respect to the circuit substrate 186.
Referring now to Figures 7 through 108, two
additional embodiments are shown which are adapted for
20 automated assembly of an IC card or other circuit substrate
assembly., Specifically, Figures 7 and 8 show a grounding
terminal 50" similar to grounding terminals 50 and 50' but
with a horizontal section along a segment of arm portion
50b" which defines a gripping surface 50f" for picking and
25 placing the grounding terminal by a vacuum or automated
means, since an inclined surface would not easily be
gripped by a standard downwardly extending vacuum head.
Similarly, Figures 9 and 10 show a fourth
enmbodiment of a grounding terminal 50''' with a horizontal
30 section which extends from contact area 504''' and which
defines a gripping surface S0f''' for picking and placing
the grounding terminal by a vacuum head. Grounding
terminal 50''' further includes a surface mount tab 50g'‘'!’
adapted to be soldered to the surface of the circuit
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4 ~In the exenplary enbodi nent, the invention ' I A
an 1C card assenbly conprising a printed circuit. board asf:rr%s)%?{ |? et

tncludes a generally planar circuit subgjLate with electr .:E‘zeA—_:ﬁ&maﬁB&B?QL__

nount ed - :

substrate for increased stability and retention of the
grounding terminal to the circuit substrate.

During assembly of the IC card, due to the

general shape of the grounding terminal, and specifically

5 the relative positioning of the arm portion 50b with

respect to the base portion 50a, the grounding terminal may

be mounted to the substrate during the processing of the

substrate without additional fixturing or secondary

attachment components or methods. That is to say,

10 grounding terminal 50 is stabilized by base portion 50a and

can stand alone during reflow soldering of the substrate

. assembly. After assembly of the components to the

electrical circuit of substrate 16 and, specifically, of

grounding terminals 5350 to ground@ pads 230, receptacle

15 connector 12 is mounted to the circuit substrate and cover

nembers 34 and 36 are assembled to the circuit substrate,

about the receptacle connector, to bias grounding terminals

50 into their spring locaded condition. The cover members

are secured together adhesively or by other appropriate

20 means, IC card 10 then is in assembled condition for

insertion into an appropriate mating electrical apparatus,

such as a header connector of a known configuration (not

shown), and conductive cover menmbars 34 and 36 can engage

a corresponding grounding element on the mating electrical

28 apparatus. For instance, as is well known in the art, IC

card 10 is insertable into a header connector with the side

edges of the IC card riding within a pair of slots or

channels facing inwardly at opposite sides of the header

connector. It is known to provide grounding contacts

a0 within these channels and with which the conductive cover

~ membaers may be engageable. Therefore, the ground circuit

of circuit substrate 16 can be electrically connected

through at least one grounding terminal, through the

corresponding conductive cover members, and through the
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t her eon. A receptacle connector, having "récept'acl RS _
nounted at an edge of the circuit substrate. A pair of cpvietiS SEkEEHAS BEEN
sandwi ch the circuit substrate therebetygen and |eave atj|| eastREPLAREhg

face of the receptacle connector exposed for connectiomr to _an
appropriate mating el ectrical apparatus. - The invention as
claimed contenpl ates that at |east a portion of one of the cover nenbers

on one side of grbandinguicontdets’ A e f ABALEA! *bnnakeeendyrt A Ve raREAT i al

for electrical Ly g30peql N uads [yitig Oenfe'cqgroq{i%unadpparatus. In the
alternativa, or in addition to the above grounding
arrangement, as discussed above, the ground circuit may

5 include grounding traces 32 which are electrically coupled
to ground pads 20a which, in turn, are engageable by
receptacle ground terminals 18a and which are adapted to be
electrically coupled to corresponding ground terminals on
the mating header connector. In this arrangement, the

10 ground circuit on the circuit substrate is therefore
connected to the grounding circuit of the underlying

. apparatus through the mating interface of the IC card and
the mating header connector, i.e. between the receptacle
and header connectors. Note .that the engagement of the

15 receptacle ground terminals 18a to the corresponding ground
terminals of the mating header connector should be made
prior to the engagement of the input terminals 18 to the
corresponding input terminals of the mating header
connector so that electrically static charges may ke

20 discharged prior to mating the input connectors. To
achieve this function, ground terminals 18a may be made
longer than input terminals 18 so that the IC card is
grounded to the mating header connector prior to engagement
of the respective input terminals.

25 From the foregeing, it can be understood that
grounding terminal 50 performs dual functions within the
structure of IC card assembly 10, namely: (1) facilitating
grounding of the IC card to remove static electrical
charges therefrom and (2) providing a shock absorbing means

30 for the circuit substrate. In addition, the grounding
terminal may be located anywhere on the circuit substrate
to increase design flexibility of the IC card assembly.

It will be understood that the invention may be
emhodied in other specific forms without departing from the

I
e
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on the mating electrical apparatus. An electrical circui t-—-r-m:-t—uar—ﬁF-a-——
ground circuit, is provided on the one surface of the dj TH(S SHEETHEAS BEEN
typically via printed conductive traceg; 5 A groundi ng term naREPLAGED Dt ed
to electrically connect the ground circuit to the conductive portion of
t he cover nenber. As discl osed herein, the grounding termnal is
a stanped and fornmed sheet netal conponent in the formof a generally

C shaped sprin@RITiE sori nentraliedhhehveari sHecs | {:ﬁHEEObeSLl‘r%t %ré”géd

of thhe

specifically t i j : t he_conductive poriion
menber. The Sfﬁﬂﬁ@}d #d %&’mﬁgﬂ“' therefor e, are to be considered

n
ag.ll respects as illugtrative and not restrictive, ang

the invention is not to be limited to the details given
5 herein. '

e
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ctip includes a first end or base portion soldered to th ' :
and a second end, defining a contact area, adapted to engddtS BHEEE HASBEEN
menber . The contact area provides a high pressure conn cti orPERARES t he
substrate and cover. The spring |oaded clip may al so provide a shock
absorbing neans for the internal printed circuit board assenbly. The

grounding termnal may be positioned on the circuit substrate at any point
al ong the grouSBAEMS cuit . :

1. In an IC card assembly for mating to a card-
receiving connector, the IC card including
a circuit substrate having an alectrical circuit
5 printed on a surface thereof, the electrical circuit
ineluding a ground circuit,
a cover member mounted about the circuit

substrate,
a grounding terminal for providing a ground
o connection between the ground circuit and the card-
raceiving connector,
- the improvement comprising:

salid grounding terminal including a cantilever
beam having a first generally flat end nmounted to the
1s surface of the circuit substrate, a second generally curved
end resiliently engaging a conductive portion of the cover
membar and providing a high pressure connection thereto,
and an arm section extending between said first
end and said second end, said arm portion formed generally
20 toward said first end so that the second end is located
genarally above the first end,
vherein the grounding terminal elactrically
couples the ground circuit to the covar member.

2. In an IC card assembly as set forth in claim

25 1 wherein said grounding terminal comprises a spring clip

that is spring loaded between the circuit substrate and the

cover member to provide a shock absorbing means for the
circuit substrate.

3. In an IC card assembly as set forth in claim
30 1, wherein the cover member is substantially entirely
formed of a conductive material.
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Bot h cover menber s may be f abri cat ed subst ant i gbly—entitrely—of—
conductive material, and a ground circuit may be pri nt ed) orHis BHEET HASIBEEN
the circuit substrate. One of the grougging termnals i§ provRERIAGED ween
each ground circuit and the respective cover nenber on t. trve
surface of the circuit substrate. Again, the grounding termnals are spring
clips that are spring -

4. In an IC card assembly as set forth in claim

1 further comprising a segﬁent of the ground circuit

located on opposed surfaces of the circuit substrate,

wherein a grounding terminal is provided on each surface

5 for coupling the ground circuit to the cover member on the
respective surface of the circuit substrate,

5. In an IC card assembly as set forth in clainm
4 wherein each grounding terminal comprises a spring clip
that is spring loaded between the circuit substrate and the
10 respective cover member to provide shock absorber means for
. the circuit substrate.

6. In an IC card assembly as set forth in clainm
1, including a plurality of grounding terminals on the one
surface of the circuit substrate.
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| oaded between the circuit substrate and the respective / : ’
provi de shock absorber neans for the circuit substrate. ﬂﬂSSHEEthSBEEN
obj ects, features and advant ages of thelgavention will appamynthDonlth
followi ng detailed description taken I n connection with '
draw ings.

7. In an IC card assembly which includes a
generally bplanar circuit substrate with at least one
electrical component mounted thereon, a recegptacle

connector mounted near an edge of the circuit gubsirate,
% il ¥ NNV AL seusr miboeo wewuled avuun upposea suriraces

of the circuit substrate,
wherein the improvement comprises
at least a portion of one of said cover members
being of conductive material for engaging a corresponding
10 ground contact on a mating electrical apparatus,
~ a ground circuit on cne surface of the circuit
. substrate adjacent the conducting portion of the one cover
member, and
a generally C-shaped grounding terminal coupled
15 between the ground circuit and the conductive portion of
the oche cover member,
said grounding terminal including a cantilever
beam having a first generally flat end mechanically coupled
to a portion of the ground circuit, a second generally
20 curved end resiliently engaging the conductive portion of
the one of said cover members and providing a high pressure
connection thereto,
and an arm section extending between said first
end and said second end, said arm portion formed generally
25 toward said first end so that the second end is located
generally above the first and.

8. In an IC card assembly as set forth in claim

7 wherein said grounding terminal comprises a spring clip

that ls spring loaded betwean the circuit substrate and the

30 conductive cover member to provide a shock absorbing means
for the circuit substrate.

. This Sheet Has Been R laced
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- 6- Bri ef- Description of the Draw ngs The f of T NS

i nvention which are believed to be novel are set forth ﬂH“bﬁﬁEEE%%%ﬁﬁﬁV
tn the append-

ed clainms. The inventiopyylogether with ij{s_ob

advant ages thereof, may be best understood by reference T©0 the followng.

description taken in conjunction with the acconpanyi ng draw ngs,

in which

| i ke reference nunerals identify like elenents in the figures and in which:

9. In an IC card assembly as set forth in claim
7 wherein at least a portion of both of said cover members
are of conductive material, and including a segment of the
ground circuit on each opposite surface of the circuit
substrate, and wherein one of said grounding terminals is
provided on each surface for coupling the ground circuit to
the respective conductive portions of the cover members,

10. In an IC card assembly as set forth in clainm
7, including a plurality of said grounding terminals on
said one surface of the circuit substrate.

11. 1In an IC card asseably as set forth in claim
7, wherein said first end defines a base portion mounted on
a grounding pad of the ground circuit, said second end
defines a curved contact area and a reverse bend hook

. portion, and said arm portion extends between said first

and sacond ends at an acute angle relative to said base
portion.

12. In an IC card assembly as set forth in claim
11, wherein the grounding terminal further comprises
gtabilizing means formed in said base portion for increased
stability and retention of the grounding terminal with
respect to the circuit substrate

13. In an IC card assembly as set forth in claim
12, wherein said stabilizing means comprises a downwardly
projecting stabilizing leg adapted to be secured within a
corresponding hole in the circuit substrate.

heet Has Been
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FIGURE 1 is an expl oded -perspect ive view of an I C card enbogyl_%
concepts of the invention; FIGURE 2 is an isol =

view of one of the grounding term nal seggcured to a gr Eggcﬁ:&&é%ﬁg l
circuit substrate,; FIGURE 3 is a side elevati '
grounding termnal of Figure 2, looking in the direction of line 3-3 in
Fi gure 2; FIGURE 4 is a side elevational view show ng two '
grounding ter minal s on diposiIneani fe scaxfd absembllyuas sathfordheinvetdia he
termnals sprijyg, 'Qﬁd?g%ﬁe%ﬁ” $EEp{ NP 100 ChedBd D BbRDrises a sufdddEE S

is a perspective view of a secon
mount tab adapted tc be secured to the surface of the

circuit substrate.

s 1S. In an IC card assembly as set forth in claim
7, wherein said arm portion includes a substantially
horizontal section therealong which provides a gripping
surface for a vacuum nozzle,

—_—
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enbodi nent of'

the grounding terninal; FI GURE
el evational view, of the grounding term nal of Fig. 5;
bs a perspective view of a third embodraBst of the grou

FIGURE 8 is a side elevational view of the grounding termnal of Flg 7
FIGURE 9 is a perspective view of a fourth enbodi ment of the grounding.

termnal; and
groundlng ter

FIGQURE 10 is a si de eIevatlonaI vi ew of the
Figure 9.

An IC card includes a generally planar circuit
substrate with at least one electrical component mounted
thereon. A raceptacle connector, including receptacle
terminals, is mounted at an edge of the circuit substrate.
A cover member is mounted about the circuit substrate. The
cover member has a conductive portion for engaging a
corresponding ground contact on the mating electrical
apparatus. A ground circuit pad is provided on one surface
of the circuit substrate. A separate ;spring-loaded
grounding terminal conductively couples the ground circuit
pad and the conductive portion of the cover wmember to
provide design flexibility and shock absorbing means to the
IC card upon assewbly.

ki xsaaﬁt 1AS BEEN .
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-7- . Detailed Description of the Preferred Enbodi ment Referrlng

to the drawings in greater detail, and first to Figure 1,
enbodied in an | C card assenbly, general | y- desi gnat ed 10, &rﬁ%%
as a
{1-3)
42
34
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data input device, such as a nenory card, for connection to an el ectronic

apparatus, such as a word processor, personal conputer jog,Qf 2 e
apparatus (not shown). The data stored in nenory card }0 i's i&?- d”t?
the el ectronic apparatus through receptacle term nals Ni-t-hin-o Sl g ';
receptacl e connector 12 which is edge nnun?g% to a circuit substrate,
general |y designated 16. Receptaé e 8onnector 12 is elongated and
nmounts a plurality of receptacle input terMIyﬂﬁL 18. The termnal s
mechanically and el ectrically engage con jLcuit substrate

nads 20 én

16. Receptacle input termnals 18 may include a\ eptacl e ground

S0b
50c¢
/-30
#._/ T - __]\ 6
C50q

36
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descrLbeﬂisshwﬁa;ﬁﬁiﬁﬁﬁﬁﬁl bel ow. Various electrical conponents or

cifcuit emﬁgﬂlm surface nounted on substrate 16, along with circuit
traces 26 ntact pads 20 | ocated near the | e#d Ol LT ont—eege;
28 of the substrate. This edge i's coupled to receptaclgkgg%m EJ HAS BEEN |;

it h._a

and the receptacle connector i s jRiLyconnectabl e Bical Il

connector, such as a header connector, ed on a printed circuit board
of the electronic apparatus to which data stored in the nenory card is
transferrable. For purposes to be described in greater detail hereinafter,
an electrical circuit is pggvilded on the surface of he substrate

16. The el ectrical cidcult inCl%Eﬁf a ground circuj ground t he

W 50'




shbstrate to the underlying apparatus. The ground Ci 1 cyiE=
of .ground bads-SO, whi ch may be electrically coupl ed tg

=4

-1- e R L i

Field of the Invention

This invention generally relates to the art of IC
cards and, particularly, to an improved grounding system
for an IC card.

Backaround of the Invention
Generally, IC cards or packs, such as memory
cards, are data input devices which are electrically
connected to an electronic apparatus or storage device,
such as a word processor, personal computer or other
electronic apparatus. The data stored in the IC card is
transferred to the electronic apparatus. Memory cards are
portable instruments which are readily inserted and
extracted from a connector which may be used with the IC
card for removably coupling the IC card to a printed
circuit board, for instance.
An IC card may include a frame which usually is
generally rectangular and includes an opening in either a
top surface or a bottom surface thereof or, in some
constructions, in both surfaces. The opening receives a
circuit substrate, and a cover closes the opening and .
- encloses the circuit substrate within the frame. 1In other
IC cards, a separate frame is not used, and the circuit
substrate simply is sandwiched between a pair of cover
members. This assembly is typically held together by an
adhesive material.
| The IC card conventionally comprises a printed
- circuit board assembly including a generally planar
 substrate with at least one electrical component mounted
thereon. The electrical component(s) may include semi-
conductor devices, integrated circuits, batteries or the
like. The components are typically surface mounted to the



térninals.18a of receptacle 12. The ground circuit mn=F=Beaéesctt£ed=££~
nore detail bel ow The above description of c$EEhAQENMUMBSHaEﬁ %6
is generally conventional, except for the particul ar oun? ar ,
consequent |y, the depiction of the cif2dit substrate I F GQE

detail. However, it should be understood that electrrc _
circuit elenents 24 may conpri se sem -conductor devices, batteries, and

t data_i s rasferedto

Chect B0 Splnt S, Sh ond [ MILE 484 EhGEAR A 56 LS
assenbl y 10t rface mount nature of the components, can be vacuum

or robotically "picked and placed" for completely automated

assembly of the IC card. Because of its portable nature,

it is important for the IC card to remain lightweight and

compact. Thus, all components, both structural and

electrical, must remain small (i.e. occupying minimal

substrate real estate).

Due to the fact that the assembled card generally
is a portable instrument and often carried on a human body,
one problem typically associated with IC cards involves the
build-up of electrical charges during handling. When a
card bearing charges is inserted into an electronic
apparatus or the connector thereof, the charges flow to the
electronic apparatus through the connecting terminals of
the connector. The charges, commonly referred to as
electrostatic discharge, or ESD, can result in damage to or
ultimate failure of the integrated circuits or other
circuit elements on the card as well as the electronic
apparatus itself.

Consequently, structures have been embodied in IC
cards and/or their mating connectors for removing static
electrical charges stored in the cards. The card typically
includes a grounding circuit which is connected to the
ground of the electronic apparatus. For instance, ground
clips may be incorporated in an IC card frame and coupled
to a grounding circuit location on the edge of the internal
circuit substrate. The clip then is exposed at a
predetermined location on the outside of the frame to

el engage a grounding contact within a card-receiving
connector at a corresponding location therein. Such
configurations, because of the predetermined location of
the clip and corresponding ground terminal on the
connector, do not allow much flexibiiity in the design of




i ncl udes a pair of cover nenbers % g gﬁj@ rafe
16 t herebetween. The cover nenber 4ﬂ%§ %gsgngggﬁral p r$$ﬂkﬂ0ﬂMENtﬁ%ﬁEﬁ
I

whi ch space the panels fromcircui bN mnthéﬁﬂ acireas
at the front of the panels for acconmufsti ng receptacl o)

the substrate assenbly may be accepted within a franme member (fro _
around whi ch cover nenbers are nDunted In either configuration, a mating

ot Tng el et SEERREE, B e Etn ! ChrRanaE {siat bo Son rounding

Al t hough t hepadhamttihen oﬁmmﬁtalsmlm:nm ar [acatdmg ftheo yroundli’y areh and

36 may be Ofor OPHUCEIYA1TH Hdddmi fa COSREL "I Al MBI NOs f et e, the
where the cover members are fabricated substantiaily of
conductive material, unless the cover members are
electrically coupled to one another and to the grounding
circuit, the IC card may act more like an antenna than a
shield, and consequently cause further interference with
the electrical functioning of the card and the underlying
apparatus.

The present invention is directed to solving the
above problems by providing a simple stamped and formed
grounding terminal which is soldered to a ground pad of the
internal circuit substrate and resiliently coupled directly
to one or both cover members of the IC card, which are at
least partially conductive. The grounding terminal
provides increased design flexibility by allowing the
terminal and the corresponding ground pad to be located
-anywhere on the circuit substrate. Both cover members of
the IC card may be fabricated entirely of metal and thereby
provide an enclosure which offers increased EMI
capabilities and improved grounding functions. As few as
one grounding terminal may be used, or one or two terminals
may be used on each side of the substrate to both improve_
EMI performance and to act as a shock absorber within the
IC card assembly. Such a design reduces costs, improves
grounding capabilities .and increases design flexibility.
All of these advantages are not afforded by prior art IC
card designs. .

Summary of the Invention

- An object, therefore, of the invention is to
provide a new and improved IC card of the character
described above and including a novel grounding systenm.

il




fnvention, descri bed hereinafter, e ydi ment of .t he invqntion
contenpl ates that cover menbers 3y TERISHEEDHASHEEEM =)
fabricated of conductive materilal. TIREPLACED des ﬂﬂ-‘%’l—&ﬁﬁ&%ﬁ(ﬁ@i ré

about the circuit substrate and, thereglgre, offers i creaaf Eﬁﬁ p
capabilities. The invention contenplates t Si-on-ofat- i
| east one grounding termnal (two are shown in Fig. 17' generar 1y

ted 50, which is generally C-shaped and which is secured between the
greghggapgd 30 and at Té'hgf: gneexgmplary embodiment, the invention is

incorporated in an IC card assembly comprising a printed
circuit board assembly which includes a generally planar
circuit substrate with electrical components mounfed_
thereon. A receptacle connector, having receptacle
terminals, is mounted at an edge of the circuit substrate.
A pair of cover members sandwich the circuit substrate
therebetween and leave at least a mating face of the
receptacle connector exposed for connection to an
appropriate mating electrical apparatus.

The invention contemplates that at least a
portion of one of the cover members on one side of the
circuit substrate be fabricated of conductive material for
electrically connecting to a corresponding ground on the
mating electrical apparatus. An electrical circuit,
including a ground circuit, is ptovided on the one surface
of the circuit substrate, typically via printed conductive
traces. - A grounding terminal is adapted to electrically
connect the ground circuit to the conductive portion of the
cover member.

As disclosed herein, the grounding terminal is a
stamped and formed sheet metal component in the form of a
generally C-shaped spring clip spring loaded between the
circuit substrate, and specifically the ground circuit, and
the conductive portion of the cover member. The spring
clip includes a first end or base portion soldered to the
ground circuit, and a second énd, defining a contact area,
adapted to engage the cover member. The contact area
provides a high pressure connection between the substrate
and cover. The spring loaded clip may also provide a shock
absorbing means for the internal printed circuit board
assembly. The grounding terminal may be positioned on the
circuit substrate at any point along the ground circuit.

Thls Sheet Has Been Rei




i

o;f t he cover nenbers 34 (36). It should be understood that as few as one

grounding term nal 50 may be used on only one side of t1%ECPLﬂ6EMTENTSQ-{ ET
substrate, or a plurality of grounding clips nay be usgfl on one or bo

sides of the circuit substrate to i npr388 EM performan C Bate 210(:11995

Both cover . members may be fabricated
substantially entirely of conductive material, and a ground
circuit may be printed on each surface of the circuit
substrate. One of the grounding terminals is provided
between each ground circuit and the respective cover member
on the respective surface of the circuit substrate. Again,
the grounding terminals are spring clips that are spring
loaded between the circuit substrate and the respective
cover member to provide shock absorber means for the
circuit substrate.

Other objects, features and advantages of the
invention will be apparent from the following detailed
description taken in connection with the accompanying draw-
ings.
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I'n a first enbodlnent of the invention, and referr|ngeﬁ1rsFLF6=FFgapss=2
and 3 in‘conjunction with Figure 1, each grounding te nﬂﬁBLAQEMENEBHEEE

first end defining a generally flat base portion 50a ich Ps
ot herwi se nechanically secured to a rex§mctive ground QﬂGBg ’qﬂt ?%gp

portion 50b projects upwardly and back over base portionm 50a 1ma

cantil evered fashion, and the armportion termnates in a second end mhlch
includes a reverse. bend lip or partign 50c and which defines a curved
or rounded ceRi8% Ea-abkl 8, LERWMIGRse portion 50a and adapted to
engage one of the Covemhﬁeﬁb&tﬂreihefCtNﬂeOE.MEMnalle:bctﬁ(ktmmmaeth

hi gh Pressurgs Cognr?g\tr'efnazbgts enfor*\ﬁm%ﬂﬁ%a@éféufamtm qum_ers
ed claims. The invention, together with its objects and
the advantages thereof, may be best understood by reference
to the following description taken in conjunction with the
accompanying drawings, in which like reference numerals
identify like elements in the figures and in which:

FIGURE 1 is an exploded perspective view of an IC
card embodying the concepts of the invention;

FIGURE 2 is an isolated perspective view of one
of the grounding terminals secured to a ground circuit on
the circuit substrate;

FIGURE 3 is a side elevational view of the
grounding terminal of Figure 2, looking in the direction of
line 3-3 in Figure 2;

FIGURE 4 is a side elevational view showing two
grounding terminals on 6pposite sides of the circuit
substréﬁe, with the terminals spring loaded between the two
cover members;

FIGURE 5 is a perspective view of a second
embodiment of the grounding terminal;

FIGURE 6 is a side elevational view, of the
grounding terminal of Fig. 5;

FIGURE 7 is a perspective view of a third
embodiment of the grounding terminal;

FIGURE 8 is a side elevational view of the
grounding terminal of Fig. 7; ‘

FIGURE 9 is a perspective view of a fourth
embodiment of the grounding terminal; and

FIGURE 10 is a side elevational view of the
grounding terminal of Figure 9.
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and ensures an adequate groundi ng path therebetween. SR ‘*an

I nvention further contenplates that each grounding ter iREALAGEMENT S ﬁ
clip that is spring | oaded between the circuit substralie andZthQEE
cover menber to provide a shock absorki?zag neans for th Qﬂ?curt'substrat.
Therefore, the spring clips can be conveniently stanped—and tor ned of sheet
nmetal material so that armportions 50b of the term nals are deflectable
relative to base portions 50a which are secured to ground pads 30.

F| gure 4 1‘} -7 e 1oy LR ek [2 QI NV o :n,:)hly:‘;:‘__: DI S| te Surface

of circuit substrate Jlﬁeferirheggwuaderwréﬂm;aaiﬁ,gﬁeatar deeajaGuand to
respective first to Figure 1, the invention is embodied in an IC card
assembly, generally deéignated 10, which is provided as a
data input device, such as a memory card, for connection to
an electronic apparatus, such as a word processor, personal
computer or other electronic apparatus (not shown). The
data stored in memory card 10 is transferred to the
electronic apparatus through receptacle terminals within
elongated receptacle connector 12 which is edge mounted to
a circuit substrate, generally designated 16.
Receptacle connector 12 is elongated and mounts
a plurality of receptacle input terminals 18. The
terminals mechanically and electrically engage contact pads
20 on circuit substrate 16. Receptacle input terminals 18
may include a pair of receptacle ground terminals 18a for
electrically coupling to a pair of ground pads 20a, as
described in more detail below. ~Various electrical
components or circuit elements 24 are surface mounted on
substrate 16, aiong' with circuit traces 26 1leading to
contact pads 20 located near the leading or front edge 28
" of the substratae. This edge is coupled to receptacle
connector 12, and  the receptacle connector is'
interconnectable with an electrical connector, such as a
header connector, mounted on a printed circuit board of the
electronic apparatus to which data stored in the memory
card is transferrable. For purposes to be described in
greater detail hereinafter, an electrical circuit is
provided on the surface of the substrate 16. The
electrical circuit includes a ground circuit to ground the
substrate to the underlying apparatus. The ground circuit
includes a pair of ground pads 30, which may be
electrically coupled to ground traces 32, and which may
include ground pads 20a to be engageable by ground




~ground pads 30 of grdund circuit 32. Cover nenbers 34 and..36:-a#e-.Shown. i

assenbl ed condition rel ati ve. to substrate 16, mhereby gtEuKEhMENtSHEEﬂ
50 are spring | oaded and 7

=8~ [Loee 21067005, |

terminals'lsa of receptacle 12. The ground circuit will be
described in more detail below.

The above description of circuit substrate 16 is
generally conventional, except for the particular ground
circuit, and, consequently, the depiction of the circuit
substrate is not in complete detail. However, it should be
understood that electrical components or circuit elements
24 may comprise semi-conductor devices, batteries, and
other parts of integrated circuits from which stored data
is transferred to the electronic apparatus. _

Still referring to Figure 1, IC card assembly 10
includes a pair of cover members 34 and 36 which sandwich
circuit substrate 16 therebetween. The cover members may
have integral peripheral flanges 38 which space the panels’
from circuit substrate 16, along with open areas 40 at the
front of the panels for accommodating receptacle connector
12, or the substrate assembly may be accepted within a
frame member (not shown) around which cover members are
mounted. In either configuration, a mating face 42 of the
receptacle is exposed for connection to the corresponding
mating electronic apparatus, by way of a header connector
or the like. Although the invention contemplates that a
portion of cover members 34 and 36 may be of conductive
material for engaging the grounding terminal of the
invention, described hereinafter, the preferred embodiment
of the invention contemplates that cover members 34 and 36
be substantially entirely fabricated of conductive
material. This provides a shielding enclosure about the
circuit substrate and, therefore, offers increased EMI
capabilities.

The invention contemplates the provision of at
least one grounding terminal (two are shown in Fig. 1),
generally designated 50, which is generally C-shaped and
which is secured between the ground pad 30 and at least one



bi ased between the circuit substrate and the respective cover nember. This
can be seen by conparing grounding termnals 50 in theij =spri _
condition shown in Figure 4 with the groundi ng term nal '#W
undef |l ected condition shown in Figuregg=and 3. As stat gq?gboze] OCE 1895
plurality of the grounding term nals may be provided on or ot sy des
of the circuit substrate. By providing at |east one groundi ng term nal
on each side of the circuit substrate, an effective shock absorbi ng neans

can be proviefcthe cover menberes34 36) 6 St shoulst hel understinod thal

groundi ng teggi f@h 29 orvdRPESINA Phy Ve &FmiNal 56 mdy IBE€ used on only one
side of the circuit substrate, or a plurality of grounding
clips may be used on one or both sides of the circuit
substrate to improve EMI performance.

In a first embodiment of the invention, and
referring first to Figures 2 and 3 in conjunction with
Figure 1, each grounding terminal 50 includes a first end
defining a generally flat base portion 50a which is
soldered or otherwise mechanically secured to a respective
ground pad 30. An arm portion 50b projects upwardly and
back over base portion 50a in a cantilevered fashion, and
the arm portion terminates in a second end which includes
a reverse-bend lip or hook portion 50c and which defines a
curved or rounded contact area 504 generally above base
portion 50a and adapted to engage one of the cover members.
The curved contact area 504 provides a high pressure
connection between the ground circuit and the cover members
and ensures an adequate grounding path therebetween.

The invention further contemplates that each
grounding terminal 50 be a spring clip that is spring
loaded between the circuit substrate and the respective
cover member to provide a shock absorbing means for the
circuit substrate. Therefore, the spring clips can be
conveniently stamped and formed of sheet metal material so
that arm portions 50b of the terminals are deflectable
- relative to base portions 50a which are secured to ground
pads 30. |

Figure 4 shows one grounding terminal 50 mounted
on each opposite surface of circuit substrate 16. The
grounding terminals, again, are secured to respective
ground pads 30 of ground circuit 32. Cover members 34 and
36 are shown in assembled condition relative to substrate
16, whereby grounding terminals 50 are spring loaded and



grounding term nal shown in Figs. 1-4 but which includes a stabilizing |eg
50e' for soldering or otherw se being retai-ned within i it
substrate 16. The | eg provides increas?gﬂggchanical r (e REMLAGEMENT HHEET
grounding terminal with respect to theZd<uit substriate 121 0CT 1985
Referring now to Figures 7 through 10, two additi onal || &#fodi-rrent-s—-are-sfown
whi ch are adapted for automated assenbly of an I C car €r Clrcu
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Figure 4 with the grounding terminals in their undeflected
condition shown in Figures 2 and 3. As stated above, one
or a plurality of the grounding terminals may be provided
on one or both sides of the circuit substrate. By
providing at least one grounding terminal on each side of
the circuit substrate, an effective shock absorbing means
can be provided.

Figures 5 and 6 show a second embodiment of a
grounding terminal 50' substantially equivalent to the
grounding terminal shqwn'in Figs. 1-4 but which includes a
stabilizing leg 50e' for soldering or otherwise being
retained within a hole 52 of circuit substrate 16. The leg
provides increased mechanical retention of the grounding
terminal with respect to the circuit substrate 16.

Referring now to Figures 7 through 10, two
additional embodiments are shown which are adapted for
automated assembly of an IC card or other circuit substrate
assembly. Specifically, Figures 7 and 8 show a grounding
terminal 50" similar to grounding terminals 50 and 50' but
with a horizontal section along a segment of arm portion
50b" which defines a gripping surface 50f" for picking and
placing the grounding terminal by a vacuum or automated
‘means, since an inclined surface would not easily be
gripped by a standard downwardly extending vacuum head.

Similarly, Figures 9 and 10 show a fourth
embodiment of a grounding terminal 50''' with a horizontal
section which extends from contact area 50d4'‘'*' and which
defines a gripping surface 50f''' for picking and placing
the grounding terminal by a vacuum head. Grounding
terminal 50''' further includes a surface mount tab So0g'''
adapted to be soldered to the surface of the circuit




means, since an inclined surface would not easily be gripped by a standard

downwar dl y ext endi ng vacuum head. Simlarlyy~~Fgures 9. and)] 10
show a fourth enbodi ment of a grounding terninal SQEHEPHR?EMENES?F§En al
section which extends from contact are3150d ' ' and which d@f{r@GT 9%
gripping surface 50f'"'" for picking and placing the {gf@ﬁﬁd#na"rern?na1' by
a vacuum head. Grounding termnal 50''" further incCludes a surface nobunt
tab 50g''' adapted to-be soldered to the surface of the circuit

substrate for increased stability and retention of the
grounding terminal to the circuit substrate.

During assembly of the IC card, due to the
general shape of the grounding terminal, and specifically
the relative positioning of the arm portion S50b with
respect to the base portion 50a, the grounding terminal may
be mounted to the substrate during the processing of the
substrate without additional fixturing or secondary
attachment components or methods. That is to say,
grounding terminal 50 is stabilized by base portion 50a and
can stand alone during reflow soldering of the substrate
assembly. After assembly of the components to the
electrical circuit of substrate 16 and, specifically, of
grounding terminals 50 to ground pads 30, receptacle
connector 12 is mounted to the circuit substrate and cover
members 34 and 36 are assembled to the circuit substrate,
about the receptacle connector, to bias grounding terminals
50 into their spring loaded condition. The cover members
are secured together adhesively or by other appropriate
means. IC card 10 then is in assembled condition for
insertion into an appropriate mating electrical apparatus,
such as a header connector of a known configuration (not
shown), and conductive cover members 34 and 36 can engage
a corresponding grounding element on the mating electrical
apparatus. For instance, as is well known in the art, IC
card 10 is insertable into a header connector with the side
edges of the IC card riding within a pair of slots or
channels facing inwardly at opposite sides of the header
connector. It is known to provide grounding contacts
within these channels and with which the conductive cover
members may be engageable. Therefore, the ground circuit
of circuit substrate 16 can be electrically connected
through at 1least one grounding terminal, through the
corresponding conductive cover members, and through the
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termnal to

due to the general shape of the (eeupd
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portion 50a,
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the circuit substraté. REPLACEDrIng

the groundl ng ter m nal n-ay ..............................

groun_d:lng- contacts on the header connector to a ground
circuit of the underlying electronic apparatus. 1In the
alternative, or in addition to the above grounding

rard,
e

arrangement, as discussed above, the ground circuit may’

include grounding traces 32 which are electrically coupled
to ground pads 20a which, in turn, are engageable by
receptacle ground terminals 18a and which are adapted to be
electrically coupled to corresponding ground terminals on
the mating header connector. In this arrangement, the
ground circuit on the circuit substrate is therefore
connected to the grounding circuit of the underlying
apparatus through the mating interface of the IC card and
the mating header connector, i.e. between the receptacle
and header connectors. Note that the engagement of the
receptacle ground terminals 18a to the corresponding ground
terminals of -the mating header connector should be made
prior to the engagement of the input terminals 18 to the
corresponding input terminals of the mating header
connector so that electrically static charges may be
discharged prior to mating the input connectors. To
achieve this function, ground terminals 18a may be made
longer than input terminals 18 so that the IC card is
grounded to the mating header connector prior to engagement
of the respective input terminals.

From the foregoing, it can be understood that
gfounding terminal 50 performs dual functions within the
structure of IC card assembly 10, namely: (1) facilitating
grounding of the IC card to remove static electrical
charges therefrom and (2) providing a shock absorbing means
for the circuit substrate. In addition, the grounding
terminal may be located anywhere on the circuit substrate
to increase design flexibility of the IC card assembly.

It will be understood that the invention may be
embodied in other specific forms without departing from the
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NN




Be mounted to the substrate durin e ﬁgg@@Eﬂf'

Ut
addi tional fixturing or secondary aﬂﬁgtﬁ TCEE Qe
That is to say, grounding term nal_50 1% pit-i—ze] \

strat

and can stand al one during refl ow sol dggi.ng of the sulj

After assenbly of the conponents —TO the electri
substrate 16 and, specifically, of grounding term nal 0 ground pads
30, receptacle connector 12 is nounted to the circuit substrate and cover
menbers 34 %WﬁiﬁkabQ &&ﬂﬂﬁirdchﬁﬂdateﬁﬁehﬁdssthereefe athet present
receptacl e connec n S I RO pal

| oaded condl?’fw ﬁe 8§ %{gﬁ’é\ers&@dr %ﬁs%:é}rg%é‘t ogge EB b reagr{/seil%ffoérw

ot her appropimaadl respects as illustrative and not restrictive, and

the invention is not to be limited to the details given
herein.
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means. | C card 10 then is in assenbl exhis GHEETIHAS BEEN i
appropriate mating el ectrical apparajjus,
known configuration (not shown), and-eores STt
engage a correspondi ng groundi ng elemat4<N1the mat i ng

apparatus. For instance, as is well known in the art, e
insertable into a header connector with the side edges of the IC card
riding within a pair of slots or channels facing inwardly at opposite sides
of the headeﬂLblﬁﬁector It is known to provide grounding contacts wthin

these channel s and witR whi ofh e Te0edral h¥Bem®19’ FERTREEINGB¥0PE card-
grgggeeggelyTherﬁgakghég%% réggvjéﬂé(&&tcégdciﬁgfuéisubstrate 16 can be

a circuit substrate having an electrical circuit
printed on a surface thereof, the electrical circuit
including a ground circuit,

a cover member mounted about the circuit
substrate,

a grounding terminal for providing a ground
connection between the ground circuit and the card-
receiving connector,

the improvement comprising:

said grounding terminal including a cantilever
beam having a first generally flat end mounted to the
surface of the circuit substrate, a second generally cﬁrved _
end resiliently engaging a conductive portion of the cover
member and providing a high pressure connection thereto,

- and an arm section extending between said first
end and said second end, said arm portion formed generally
toward said first end so that the second end is located
generally above the first end,

wherein the grounding terminal electrically
coupleé the ground circuit to the cover member.

.............................

2. In an IC card assembly as set forth in claim

1 wherein said grounding terminal comprises a spring clip

- that is spring loaded between the circuit substrate and the

cover member to provide a shock absorbing means for the
circuit substrate.

3. In an IC card assembly as set forth in claim
1, wherein the cover member is substantially entirely
formed of a conductive material.

i —— i



through at
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" | east one grounding ternmni "‘Qﬂ@7ﬁﬁﬁ§E¢ENAbrrespondlng
conductive cover nenbers, and throug ‘ﬂ% REPLACED - j‘
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4. In an IC card assembly as set forth in claim
1 further comprising a segment of the ground circuit
located on opposed surfaces of the circuit substrate,
wherein a grounding terminal is provided on each surface
for coupling the ground circuit to the cover member on the
respective surface of the circuit substrate.

S. In an IC card assembly as set forth in claim
4 wherein each érounding terminal comprises a spring clip
that is spring loaded between the circuit substrate and the
respective cover member to provide shock absorber means for
the circuit substrate.

6. In an IC card assembly as set forth in claim

-1, including a plurality of grounding terminals on the one

surface of the circuit substrate.
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grgqn?ing cortacts on the heade %th g%ﬁgrpund CltetH '
underlying el ectroni c appar at us. i%rg ﬁ tive, {JOREPUACEME
t he above groundi ng arrangenent |Las dﬁ% ACE i NT SHEED

_ above e gr rCU|t
i nclude grounding traces 32 which areaqgunrlcally cou*lambtﬂ ﬁﬂ&ﬂ

20a which, in turn, are engageabl e by-TeTeptacl e groun T

whi ch are adapted to be electrically coupled to correspondlng gr ound
termnals on the mating header connector. In this arrangenent, the ground
circuit on the circuit 7substimt ani SI¢ heaetor sssenhiyt athich t liacgmiqmli ag

g;;gu;;dof thSnﬁQQi&by BQa%QBarQ&Eﬁu&@rOgggskgstgathﬂﬂh'n&erfﬂﬁﬁsef bhe | C
electrical component mounted thereon, a receptacle
connector mounted near an edge of the circuit substrate,
and a pair of cover members mounted about opposed surfaces
'of the circuit substrate,

wherein the improvement comprises

at least a portion of one of said cover members
being of conductive material for engaging a corresponding
ground contact on a mating electrical apparatus,

a ground circuit on one surface of the circuit
substrate adjacent the conducting portion of the one cover
member, and

a generally C-shaped grounding terminal coupled
between the ground circuit and the conductive portion of
the one cover member,

said grounding terminal including a cantilever
beam having a first generally flat end mechanically coupled
to a portion of the ground circuit, a second generally
curved end resiliently engaging the conductive portion of
the one of said cover members and providing a high pressure
connection thereto,

and an arm section extending between said first
end and said second end, said arm portion formed generally
toward said first end so that the second end is located
generally above the first end.

U

8. In an IC card assembly as set forth in claim

7 wherein said'grounding terminal comprises a spring clip

" that is spring loaded between the circuit substrate and the

— _ conductive cover member to provide a shock absorbing means
for the circuit substrate.
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t'he mating header connector, i. cerept acl '
connectors. Note that the enga ﬁéﬁi %%%Fécep!acle h8CEMENTSMEET |
18a to the corresponding ground ting

eader 0
shoul d be nmade prior to the engagenent=x#¥=the input terip gp@ﬁb&
correspondi ng i nput terminals of the mating header connecto ~r
electrically static charges nay be discharged prior to mating the |nput

connect ors. To achieve this function, ground termnals 18a nmay be nade
| onger than input terni%hal INAande leard fassembly as sset ofonth XO chaim
mating headeg %@i@l&?raﬁ) ]héHsfé G née C’Boﬁﬁ'eof i’f‘&téaﬁet‘”ﬂ&i\bers
term nal s. om t ore 0|n It cgf under st ood

are of conductive materi and ncluding a segment of the

ground circuit on each opposite surface of the circuit
substrate, and wherein one of said grounding terminals is
provided on each surface for coupling the ground circuit to
the respective conductive portions of the cover members.

' 10. In an IC card assembly as set forth in claim
7, including a plurality of said grounding terminals on
said one surface of the circuit substrate.

11. In an IC card assembly as set forth in claim
7, wherein said first end defines a base portion mounted on
a grounding pad of the ground circuit, said second end
defines a curved contact area and a reverse bend hook
portion, and said arm portion extends between said first
and second ends at an acute angle relative to said base
portion. |

12. In an IC card assembly as set forth in claim
11, wherein the grounding terminal further comprises
stabilizing means formed in said base portion for increased
stability and retention of the grounding terminal with
respect to the circuit substrate

13. In an IC card.assembly as set forth in claim
12, wherein said stabilizing means comprises a downwardly
projecting stabilizing leg adapted to be secured within a
corresponding hole in the circuit substrate.

This Sheet Has Been Re; ’i

-

| A O




gr oundi ng-term' nal 50 perforns duphid!i8REEPRR | theg
card assenbly 10, nanely: (1) fggili ﬁgm@sﬁ\o@uér?ﬂl ]g 01sltki
renove static electrical charges Eram-aneh—t2—r oVi (

absorbing neans for the circuit substrd8g In addltlon
term nal may be | ocated anywhere on the circuit substrat
design flexibility of the IC card assenbly.

'14. In an IC card assembly as set forth in claim
13, wherein said stabilizing means comprises a surface
mount tab adapted to be secured to the surface of the
circuit substrate.

15. In an IC card assembly as set forth in claim
7, wherein said arm portion includes a substantially
horizontal section therealong which provides a gripping
surface for a vacuum nozzle.

e —
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14 CLAI M5 1. An |1 C card assenbly for mating to a

card-receiving connector, the assenbly having an | C card,=¢ -

i ncl udi ng a circuit substrate (16) having af] RE

circuit (26) printed on a surface thereof, the electricalf ci
@)t

a ground circuit (32). a cover nenber (34,
the circuit substrate,




a grounding termnal (50) for providing a ground connection between the
ground circuit and the card-receiving connector,
grounding termnal including a cantil ever bean1haV|ng a FFBhAgﬂmenabthT
flat end (50a) nounted to the surface of the circuit su strate E

generally curved end (50d) resiliently engagi ng a condugt Pate . -POF. QFT
cover nenber and providing a high pressure connection theretro
and an arm section (50b) extending between said first end and sai d second
end; said armportion forned generally t@ward said first end so that the
second end is |ocated generally above the first end, wherein

t he grounding terninal,$) electrlcally coupl es the 504 circuit to the
g&

cover nenber. 2. | C card assenbly"as set forth |n claim
1 wherein said groundi 3 i ' i p that_i 8Qpring
| oaded between the cir /I




Substrate and the cover nember to provide a shock absorbing means for the
circuit substrate. 3. An | C card assenb In
claim1l1, wherein the cover nenber is substantially enti
conductive materi al

GROUNDING SYSTEM FOR IC CARDS - =
ABSTRACT

An IC card includes a generally planar circuit
substrate with at least one electrical component mounted
thereon. A receptacle connector, including receptacle
terminals, is mounted at an edge of the circuit substrate.
A cover member is mounted about the circuit substrate. The
cover member has a conductive portion for engaging a
corresponding ground contact on the mating electrical
apparatus. A ground circuit pad is provided on one surface
of the circuit substrate. A separate spring-loaded
grounding terminal conductively couples the ground circuit
pad and the conductive portion of the cover member to
provide design flexibility and shock absorbing means to the
IC card upon assembly.
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4. An | C card assenbly as set forth in claim1 fu

.- cbrrpri sing a segnent of the ground circuit |ocated on g d_surfaces

rE]l;er

of

the circuit substrate, wherein a grounding termnal is ﬁ)ﬂ»\é ﬂ‘%ﬁ-m

surface for coupling the ground circuit to the cover
respective surface of the circuit substrate. -2 (1. SEP 198
assenbly as set forth in claim4 wheren each groundi ng_Leriinal _—conpriae

a spring clip that is spring | oaded between the circui t substrate and
respective cover nenber to provide shock absorber means for the circui
substrat gge cncult sut gﬁﬁﬁﬂﬁg’g ,

I ncluding . a plurality of grounding te l's on e one surface of the

circuit Smﬂocatmgeﬂle grounding area on the finally assembled card. Furthermore, in the

bstrate iff terms 8f'Idcatifi a8 ontthe icicult subshi@!
case where the cover members are fabricated substantially of conductive material,
unless the cover members are electrically coupled to one another and to the
grounding circuit, the IC card may act more like an antenna than a shield, and
consequently cause further interference with the electrical functioning of the card
and the underlying apparatus.

From EP-A-0532166 there is for example known an IC memory card
which when inserted into a slot of an electronic device discharges any static electric
charge on the card prior to mating of card and device contacts. The card has a
frame with opposite sides that have metal clips while the electronic device has
grounding terminals which engage the clips as the card is inserted.

The present invention is directed to solving above prdblems by providing
a simple stamped and formed grounding terminal which is soldered to a ground pad
of the internal circuit substrate and resiliently coupled directly to one or both cover
members of the IC card, which are at least partially conductive. The grounding
terminal provides increased design flexibility by allowing the terminal and the
corresponding ground pad to be located anywhere on the circuit substrate. Both
cover members of the IC card may be fabricated entirely of metal and thereby

t he
t
m1l,

provide an enclosure which offers increased EMI capabilities and improved

grounding functions. As few as one grounding terminal may be used, or one or two

terminals may be used on each side of the substrate to both improve EMI .

performance and to act as a shock absorber within the IC card assembly. Such as
a design reduces costs, improves grounding capabilities and increases design
flexibility. All of these advantages are not afforded by prior art IC card designs.
Summary of the Invention

- An object, therefore, of the invention is to provide a new and improved

IC card of the character described above and including a novel grounding system.
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L An | C card assenbly which includes a generally TTCl }‘ T
substrate (16) with at | east one electrical conponen qgv%é@e : %er pon,
a 4 .

--------------------------

In the exemplary embodiment, the invention is
incorporated in an IC card assembly comprising a printed
circuit board assembly which includes a generally planar
circuit substrate with electrical components mounted
thereon. A receptacle connector, having receptacle
terminals, is mounted at an edge of the circuit substrate.
A pair of cover members sandwich the circuit substrate
therebetween and leave at least a mating face of the
receptacle connector exposed for connection to an
appropriate mating electrical apparatus.

The im;e_ntion as claimed contemplates that at least a portion of
one of the cover members on one side of the circuit substrate be fabricated
of conductive material for electrically connecting to a corresponding ground
on the mating electrical apparatus. An electrical circuit, including a ground
circuit, is provided on the one surface of the circuﬁ substrate, typically via
printed conductive traces. A grounding terminal is adapted to electrically

connect the ground circuit to the conductive portion of the cover member.

As disclosed herein, the grounding terminal is a
stamped and formed sheet metal component in the form of a
generally C-shaped spring clip spring loaded between the
circuit substrate, and specifically the ground circuit, and
the conductive portion of the cover member. The spring
clip includes a first end or base portion soldered to the
-ground circuit, and a second end, defining a contact area,
adapted to engage the cover member. The contact area
provides a high pressure connection between the substrate
T and cover. The sp?ing loaded clip may also provide a shock
absorbing means for the internal printed circuit board
assembly. The grounding terminal may be positioned on the
circuit substrate at any point along the ground circuit.
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receptacl e connector (12) nounted near an edge of th
and a pair of cover nenbers (34, 36) nounted about o

circuit substrate, . at |east a portion of
menbers being of conductive material ]a%or engagi ng a dpoaesBdddhft886oun
us P ; YITEE

contact on a mating el ectrical appar gttt 32)
on one surface of the circuit substrate adjacent the conducting portion of
t he one cover nenber, and a generally C-shaped groundi ng

tfer m'hnal GXQuridity cdohthawean &ﬂetG{eOW_da&éfCl&dnrﬁé&éﬁetsolf‘&j!@k}oﬁﬁdoort ion
Of e ONS G, TSR Sk wnarhying, RlSe I Mshetanl £l o 2
coupl ed t mltemmatiore pf ohe dgnouadddition t ta sthendabewver agrpundinegd end
(500) TSl dndifOA0hR0 d I GORElChbiGeRO e s 8bube Acdle SRad cOVer
menbers and providing’ a hi gh pressure connéctron g ereto,
include grounding traces 32 which are electrically coupled
to ground pads 20a which, in turn, are engageable by
receptacle ground terminals 18a and which are adapted to be
electrically coupled to corresponding ground terminals on
the mating header connector. In this arrangement, the
ground circuit on the circuit substrate is therefore
connected to the grounding circuit of the underlying
apparatus through the mating interface of the IC card and
the mating header connector, i.e. between the receptacle
and header connectors. Note that the engagement of the
receptacle ground-teiminals i8a to the corresponding ground
terminals of -the mating header connector should be made
prior to the engagement of the input terminals 18 to the
corresponding input terminals of the mating header
connector so that electrically static charges may be
discharged prior to mating the input connectors. To
achieve this function, ground terminals 18a may be made
longer than input terminals 18 so that the IC card is
grounded to the mating header connector prior to engagement
of the respective input terminals.

From the foregoing, it can be understood that
grounding terminal 50 performs dual functions within tﬁe
structure of IC card assembly 10, namely: (1) facilitating
grounding of the IC card to remove static electrical
charges therefrom and (2) providing a shock absorbing means
for the circuit substrate. In addition, the grounding
terminal may be located anywhere on the circuit substrate
to increase design flexibility of the IC card assembly.

the
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, and’ an arm section (50b) extendlng between said first end and said second
end, said armportion forned generally toward said first end so that the
second end is located generally above the first end.
| C card assenbly as set forth in claim?7 wherein said gneandﬂﬂgENESHEEal
(50) conprises a spring clip that is spring | oaded be en the
substrate and the conductive cover neanr to provide @ Bétec Ab éhé
means for the circuit substrate.
REPLACEMENT SHEET

The present examples and embodiments, therefore, are to be considered in all

respects as illustrative and not restrictive, and the invention is not to be limited to
the details given herein.
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1% 9. An | C card assenbly as set forth in claim7 wherein
at least a portion of both of said cover nenbers are of_co |
material, and including a segnent of the ground circu tRmAmMEm'mﬂf-ﬁTt
surface of the circuit substrate, and wherein one of gaid gr %ﬁgﬁgg‘g?
termnals is provided on each surface for coupling th ;g;tgu t
the respective conductive portions of tjge cover nenbetls=
An |1 C card assenbly as set forth in claim7, including a plurality of sal d
grounding termnals on said one surface of the circuit substrate.

11. = An (IZI?A(iﬁéi assenbly as set forth in claim7, wherein said first

1. An IC card assembly for mating to a card-receiving connector,
the assembly having an IC card, the IC card including

a circuit substrate (16) having an electrical circuit (26) printed on a
surface thereof, the electrical circuit including a ground circuit (32).

a cover member (34, 36) mounted about the circuit substrate,

a grounding terminal (50) for providing a ground connection between
the ground ciréuit and the card-receiving connector,

 said grounding terminal including a cantilever beam having a first
generally flat end (50a) mounted to the surface of the circuit substrate, a second
generally curved end (50d) resiliently engaging a conductive portion of the cover
member and providing a high pressure connection thereto,

and an arm section (50b) extending between said first end and said
second end, said arm portion formed generally toward said first end so that the
second end is located generally above the first end,

wherein the grounding terminal (50) electrically couples the ground

~ circuit to the cover member.

2. An IC card assembly as set forth in claim 1 wherein said
grounding terminal comprises a spring clip that is spring loaded between the circuit
substrate and the cover member to provide a shock absorbing means for the circuit
substrate. .

3. An IC card assembly as set forth in claim 1, wherein the cover

member is substantially entirely formed of a conductive material.

RO 0
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end defines a base portion (50a) nmounted on a groundlng pad (30) of the
ground circuit, said second end defines a curved confact=s

12. An | C card assenbly as set forth in claim1l,
termnal further conprises stabilizing ygans (50e")
portion for increased stability and retention of the grounding term naI

Wi th respect to the circuit substrate 13. An |1 C card
assenbly as set forth in claim12, wherein said stabilizing means conprises
a downwardly proj ecthng sAaBCIGazdagsenddyadapttMthmddmécfurthdr ebrpiising

correspondln hoIe n t he |rcu15 e(ftrate
a segment of e ground circuit located on opposed surfaces of the circuit substrate,

wherein a grounding terminal is provided on each surface for coupling the ground
| circuit to the cover member on the respective surface of the circuit substrate.

5. An IC card asSembly' as set forth in claim 4 wherein each
grounding terminal comprises a spring clip that is spring loaded between the circuit
substrate and the respective cover member to provide shock absorber means for the
circuit substrate.

6. An IC card assembly as set forth in claim 1, including a

plurality of grounding terminals on the one surface of the circuit substrate.

A
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18. 14. An | C card assenbly as set forth in claim13, -

" wherein said stabilizing neans conprises a surface nount tab adapted to be

secured to the surface of the circuit substrate. REPLAGEMENT SHEET

16 | Date 2 ......

7. An IC card assémbly which includes a generally planar circuit
substrate (16) with at least one electrical component (24) mounted thereon, a
receptacle connector (12) mounted near an edge of the circuit substrate, and a pair
of cover members (34, 36) mounted about opposed surfaces of the circuit substrate,

at least a portion of one of said cover members being of conductive
material for engaging a corresponding ground contact on a mating electrical ;
apparatus,

| a ground circuit (32) on one surface of the circuit substrate adjacent

the conducting portion of the one cover member, and

a generally C-shaped grounding terminal (50) coupled between the
ground circuit and the conductive portion of the one cover member, |

said grounding terminal including a cantilever beam having a first
generally flat end (50a) mechanically coupled to a portion of the ground circuit, a
second generally curved end (50d) resiliently engaging the conductive portion of the
one of said cover members and providing a high pressure connection thereto,

and an arm section (50b) extending between said first end and said
second end, said arm portion formed generally toward said first end so that the
second end is located generally above the first end.

8. An IC card assembly as set forth in claim 7 wherein said
grounding terminal (50) comprises a spring clip that is spring loaded between the
circuit substrate and the conductive cover member to provide a shock absorbing

means for the circuit substrate.

e
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15, An | C card assenbly as set forth in claim7, wherein said arm portion
* includes a substantially horizontal section thereal ong: m&—pf-ﬁiﬂzd:ﬂﬁ:ﬁ:——l

gri pping surface for a vacuum nozzl e. REPLACEMENT SHEET
| 0. &0 SEP 1k lj
17
9. An IC card assembly as set forth in claim 7 wherein at least

a portion of both of said cover members are of conductive material, and including
a segment of the ground circuit on each opposite surface of the circuit substrate, and
wherein one of said grounding terminals is provided on each surface for coupling
the ground circuit to the respective conductive portions of the cover members.

| 10.  An IC card assembly as set forth in claim 7, including a
plurality of said grounding terminals on said one surface of the circuit substrate.

11. An IC card assembly as set forth in claim 7, wherein said first
end defines a base portion (50a) mounted on a grounding pad (30) of the ground
circuit, said second end defines a curved cdntact area and a revérse bend hook
portion (50c) and said arm portion extends between said first and second ends at an
acute angle relative to said base portion.

12. © An IC card assembly as set forth in claim 11, wherein the
grounding terminal further comprises stabilizing means (50¢’) formed in said base
portion for increased stability and retention of the grounding terminal with respect
to the circuit substrate

13.  An IC card assembly as set forth in claim 12, wherein said
stabilizing means comprises a downwardly projecting stabilizing leg adapted to be

secured within a corresponding hole in the circuit substrate.

—
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14.  An IC card assembly as set forth in claim 13, wherein said -
stabilizing means comprises a surface mount tab adapted to be secured to the surface
of the circuit substrate.

15. AnIC card assembly as set forth in claim 7, wherein said arm

portion includes a substantially horizontal section therealong which provides a

gripping surface for a vacuum nozzle.
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