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This invention generally relates to the art of IC

cards and, partioularly, 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
connacted to an electronic apparatus or storage device,
such as a word processor, personal conmputer 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 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
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
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-
conductor devices, integrated circuits, batteries or the
like. The components are typically surface mounted to the
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planar substrate, on one or hoth sides thereof and, due to
the surface 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
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
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 circnit which is connected to the
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
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
connecteor, do not allow much flexibility in the design of
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the circuit substrate in terms of locating the grounding
pad on the circuit substrate or locating the grounding area
on the finally assembled card. Furthermore, in the 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 undetlying
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
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
way 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 system.
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In the exemplary embodiment, the invention is
incorporated in an IC card assembly coniprising a printed
circuit board assembly which includes a ganerally planar
circuit substrate with electrical components nmounted
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
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
aelectrically connecting to a correspending ground on the
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 circuit to the conductive portion of the
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
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
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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_ 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 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
eircuit substrate.

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

The features of this invention which are believed
to be novel are set forth with particularity in the 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.
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Referring to the drawings in greater detail, and
first to Figure 1, the invention is embodied in an IC card
assembly, generally designated 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 othaer elsctronic 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
elactrically coupling to a pair of ground pads 20a, as
described in more detail below. varicus electrical
components or circuit elements 24 are surface mounted on
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
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
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

Sheet Has Been Replaced

TR




THlS SHEET HAS BEEN |
REPLACED

hond

‘l

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
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 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
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
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
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
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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of the cover members 34 (36). It should be understocd that
as few as one grounding terminal 50 may be 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
substrata 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 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 c¢urved 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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biased between the CLrGULt substrate and the respective
cover member. This can be seen by comparing grounding
terminals 50 in their spring loaded condition shown in
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 pravided
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 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
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

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
enmbodiment of a grounding terminal 50''' with a horizontal
section which extends from contact area 50d4''' 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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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 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,
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
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
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
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
Membars 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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grounding contacts on the haader connector to a ground
circuit of the underlying electronic apparatus. In tha
alternativa, or in addition to the above grounding
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 ecircuit 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 ke
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 foregeing, it can be understcod 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
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
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spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be considered
in all respects as illustrative and not restrictive, ang
the invention is not to be limited to the details given
herein. '

e
This Sheet Has Been Reilaced

N




| | THIS SHEET HAS BEEN
1a- | REPLACED

CLAIMS

1. In an IC card assembly for mati ng to a card~
receiving connector, the IC card including

a circuit substrate having an alectrical circuit
printed on a surface thereof, tha electrical circuit
ineluding 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-
raceiving connector,

the improvement comprising:

salid grounding terminal including a cantilever
beam having a first generally flat end nmounted to the
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
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
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.
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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,

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
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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7. In an IC card assembly which includes a
generally planar circuit substrate with at least one
electrical component mounted thereon, a recegptacle
connector mounted near an edge of the circuit gubsirate,
il 3 NNV AL sewar miLbeoo wewuled avuule upposen Surraces
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 cne 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 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
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 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
conductive cover member to provide a shock absorbing means
for the circuit substrate.
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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.
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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.

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,

—
This Sheet Has Bee

LT

* c L M S *



