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SPECIFICATION 
GROyND:tlfG SYS'l'EM FQR IC CARDS 

Pield of th' Invention 

THIS SHEET HAS BEEN 
REPLACED 

RTmP coPY 

This invention qenerally relates to the art of IC 

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

aackqround. of the Invention 
Generally, IC cards or packs, such as melao:ry 

cards, are data input devices which are electrically 
connected to an electronic: apparatus or storaqe device, 
such as a word processor, personal computer or other 
electronic apparatus. Tbe 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 couplin9' 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 
constru.ctions, in both surfaces. The opening receives a 

1.Q. circuit sul:Jstrate, and a cover closes the openinq and 
encloses the circuit substrate within the trame. In other 
IC cards., a separate frame is not used, and the circuit 
substrate simply is sandwiched bet.ween a pair of cover 
melabers. Thia assembly is typically held together by an 
adhesive material. 

'l'he IC card conventionally comprises a printed 
circuit board assembly includinq a qenerally planar 
substrate with at least one electrical component mounted 
tberaon. The electrical 0011ponent(s) may include semi­
conductor devices, integrated circuits, batteries or the 
like. The ·components are typically surface mounted to tbe 
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planar substrate, on one or both sides thereof and, due to 
the surface mount nature of the components, can be vacuum 

· or robotically "picked and placed" for completely aut01nated 
assembly of the IC card. ·Because of its portable na~ure, 
it is important for the IC card to remain li9htweiqht and 
compact. Thus, all components, both structural and 
electrical, must remain small (i.e. occupying minimal 
substrate real estate). 

oue to the tact that the assembled card qenerally 
ia a portable instrWllent and often carried on a human bodyt 

one pro~lem typically associated with IC cards involves the 
build-up of electrical charc;es during handlinq. When a 
card bearin9 Charqes is inserted into .an electronic 
apparatus or the connector thereof, the charges flow to the 
electronic apparatus through the connectinq terminals ot 
the connector. The c:harqes, commonly ref erred to as 
elect%ostatic discharge, or ESD, can result in dalllage 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 Ulbodied in IC 

cards and/or their mating connectors tor removing static 
electrical charqes stored in the cards. The card typically 
includes a grounding circuit which is connected to the 

.l5. ground of tho al•••~onia ·~~Q-a~~~. Fur lnstance, qrouna 
clips iuay be incorporated in an IC card frame and coupled 
to a 9rounding circuit location on the edqe of the internal 
circuit substrate. The clip then is exposed at a 
predetermined location on the outside of the frame to 

111 engaqe a groundinq contact within a card-receiving 
connector at a correspondinq location therein. such 

configurations, because of the predetermined location of 
the clip and corresponding qround terminal on the 
connector, do not allow much flexibility in the desiCJD, of 
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the circuit substrate in terms of locatinq the grounding 
pad on the circuit substrate or locatinq the grounding area 
on the finally assembled card. Furthermore, in the case 
where the cover members are fabricated substantially o! 
conductive material, unless the cover members. are 
elep~rically coupled to one another and to the qrounding 
circuit, the IC card may act more like an antenna than a 
shield, and consequently cause further interference: with 
the a1ectriaal functioninq of the card and the underlyin9 
apparatus. 

The present invention is directed to solvinq the 
above problems by provi<linq a simple stamped and f:ormed 
qroundinq 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 groundin9 terminal 
provides increased design flexibility by allowinq the 
terminal and the corresponding qround pad to be located 
anywhere on the circuit substrate. Both cover memb~s of 
the IC card may be fabricated entirely a~ metal and thereby 
provide an enclosure which offers increased · EMI 
capabilities and improved grounding functions. As few as 
one qrounding terminal may be used, or one or two terminals 
may be used on each side of the substrate to Doth improve 
BMI performance and to act as a shock absorber within the 
IC card assembly. Such a design reduces cost&, improves 
grounding capabilities and increases design flexibility. 
All Of these advantages are not afforded by prior art IC 
card designs. 

~ Summary of th1 Inyent.i,gn 
An object, therefore, of the invention i:s to 

provide a new and improved IC card ot the character 
descri~ed above and including a novel qroundinq system. 
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In the exemplary embodiment, the invention is 
incorporated in an IC card assembly comprising a printed 
circuit board assembly which includes a 9anerally planar 
circuit substrate with electrical c01aponents mounted 
thereon. A receptacle connector, havirl9 receptacle 
terminals, is mounted at an edqe of the circuit substrate. 
A pair of cover mambers sandwich the circuit substrate 
therebetween and leave at least a mating ta.ce of the 
receptacle connector exposed. fer connection to an 
appropriate mating electrical apparatus. 

The invention contemplates that at least a 
portion of one ot the cover members on one side of the 
circuit substrate be fabricated. of conductive material for 
electrically connectinq to a corresponding qround 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 groundinq terminal is adapted to electrically 
connect the ground circuit to the conductive portion of the 
cover meJnber. 

As disclosed herein, the gl:'ounding terminal is a 
stamped and formed sheet metal component in the form of a 
generally c-shaped sprin9 clip spring loaded between the 
circuit substrate, and specifically the ground cit"cuit, and 
the conductive portion of the cover member. The sp.rinq 
clip includes a first end or base portion soldered to the 
ground circuit, and a second end, defining a contact area, 
adapted to enqa9e the cover member. The contact area 
provide& a high pressure connection between the substrate 
and cover. The sprinq loaded clip may also provide a shock 
absorbinCJ means for the internal printed circuit board 
assembly. The grounding terminal may be positioned on the 
circuit substrate at any point alonq 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 groundinq terminals is provided 

2 between each ground circuit and the respective cover mel!lber 
on the respective surface of the circuit substrate. Aga.in, 
the grounding terminals are spring clips that are spring 
loaded between the circuit substrate and. the respective 
cover member to provide shock absorber means tor the 

lS2. circuit substrata. . . 
Other objects, features. and advantages of the 

invention will be apparent from the following detailed 
dascripticn taken in connection with the accompanyinq draw­
in9a. 
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The features of tnis .invention which are believed 
to be novel are set forth with particularity in the append­
ed claims. The invention, toqether with its objects and 
the advantages thereof, may be best understood by reference 
to the tollowinq description taken in conjunction with the 
accompanying drawings, in which like ref erenca numerals 
identify like elements in the figures and in Yhich: 

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 ;rounding terminals secured to a ground circuit on 
the circuit substrate: 

FIGURE 3 is a side elevational view of the 
groundin9 terminal of Figure 2, looking in the direction at 
line J-3 in Figure 2; 

FIGURE 4 is a side elevational view showing two 
qroundinq terminals on opposite sides of the circuit 
substrate, w1th the terminals sprinq loaded between the two 
cover members; 

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

PIGORE 6 is a side elevational view, of the 
grounding terminal ot Fiq. 5; 

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

FIGUlU: 8 is a side elevational view of the 
grounding terminal of Fiq. 7; 

FIG~E 9 is a perspeative view of a fourth 
embodiment of the groundinq terminal; and 

FIGURE 10 is a side elevational view of the 
groundin9 terminal of Fi<JUre 9. 

i11Hii1!1i1il1f 
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Detailed Desgripticn gf the Preferred Em.bodiment 
ReferJ:in9 to the drawinqs in greater detail, and 

first to Figure l, the invention is embodied in an IC card 
assembly, qenerally 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 other electronic apparatus (not shown). The 
data stored in memory card 10 is transferred to the 
electronic apparatus through receptacle terminals within 

.1Q. elongated receptacle connector 12 which is edqe mounted to 
a circuit substrate, generally desiqnated 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 couplinq 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, along with circuit traces 26 leading to 
contact pads 20 located near the leading or front adqe 28 
of the substrate. '?his ed9e is coupled to receptacle . 
connector 1~, 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 transf err able. 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 undarlyinq apparatus. The ground circuit 
includes a pair of ground pads 30, which may be 
electrically coup lad to ground traces 32, and which may 

include ground pads 2oa to be en9ageable by ground 

1r1i1mnr 
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terminals 18a 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 pa:cticular q~ound 
circuit, and, consequently, the depiction of the circuit 
substrate is not in complete detail. However, it should k>e 

understood that electrical components or circuit elements 
24 111ay coJaprise semi-conductor devices, batteries, and 
other parts of inteqrated circuits from which stored data 
is transterred to the electronic apparatus. 

Still referring to Figure l, IC card assembly 10 
includes a pair of cover members 34 and 36 whieh sandwich 
circuit substrate 16 thel:'ebetween. 'rile cover members may 
have integral peripheral flanges 38 which space the panels 
from circuit substrate 16, alonq with open areas 40 at the 
front of the panels for accommodatin9 receptacle connector 
12, or the substrate assembly may be accepted within a 
trame :member (not shown) a.round which cover :members are 
mounted. In either configuration, a matinq taoe 42 of the 

.1fl 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 tor enga9inq the qroundinq terminal of the 

.2.a. invention, described hereinafter, the preferred embodiaent 
of the invention contemplates that cover members 34 and 36 
be substantially entirely fabricated of conductive 
material. This provides a shieldinq enclosure about the 
circuit substrate and, therefore, offers increased BM! 
capabilities. 

The invention conteinplates the provision of at 
least one grounding terminal (two are shown in Fig. 1), 

qenerally desi(JJlated 50, which is generally c-shaped and 
which is secured between the CJrOUnd pad 30 and at least one 
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of the cover members 34 (36). It should .be underst:ood 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 ot the invention, and 
referring first to Figures 2 and 3 in conjunction with 
Figure i, each groundinq terminal 50 includes a first end 
def inin9 a qenerally flat base portion 50a which is 

·,lg, soldered or otherwise mechanically secured to a respective 
ground pad 30. An arm portion 50b projects upwardly and 
back over base portion soa in a cantilevered fashion, and 
the arm port:ion terminates in a second end which includes 
a reverse-berid lip or hook portion soc and which defines a 
curved or .J:ounded contact area 50d. 9enerally above base 
portion soa and adapted to engage one of the cover members. 
'l'ha curved contact area 5 Od provides a biqh pressure 
connection between the ground c:i:rc:uit and the cover members 
and ensures an adequate 9roundinq path therebetween. 

The invention further contemplates that each 
q:roundinq terminal so be a spring clip that is sprinq 
loaded between the circuit substrate and the respective 
cover member to provide a shock absorbinq means for the 
circuit substrate. Therefore, the apring clips can be 
conveniently stamped and f ormad of sheet metal material so 
that arm portions 50b of the terminals are deflectable 
relative to base portions 50a which are secured to qround 
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 3 o of ground circuit 3 2 • cover members 3 4 and 
36 are shown in assembled condition relative to substrate 
16, whereby <p:"Oundinq terminals 50 are spring loaded and 

------- ----·---
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'biased between the circuit substrate and the respective 
cover 11ember. This can be seen Joy comparinq groundinc; 
terminals 50 in their sprinq loaded condition shown in 
Fi9ure 4 with the qroW'1ding terminals in their undeflected 
condition shown in Fi(JUres 2 and 3. As stated above, one 
or a plurality of the groundinq terlllinals may be provided 
on one or bOth sides of the circuit substrate. By 
providinq at least one grounding terminal on each side of 
the circuit substrate, an effective shock absorbing means 

1Q. can be provided. 
Piguras 5 and 6 show a second em)?odiment of a 

qroundinq terminal so• substantially equivalent to the 
qrounding terminal shown in Figs. 1-4 but which includes a 
stabilizinq 189 soe• tor soldering or otherwise being 
retained within a hole 52 of circuit substrate 16. The leg 
provides increased mechanical retention of the groundinq 
terll\inal with respect to the circuit substrate 16. 

Referrinq now to Figures ? through 10, two 
additional embodiments are shown which are adapted for 

LQ automated assembly of an IC card or other circuit substrate 
assembly. Specifically, Figures 1 and a show a 9roundin9 
terminal 50" similar to grounding terminals so and 50' but 
with a horizontal section along a seqment of arm portion 
50b" which defines a gripping surfa.ce 50f" for picking and 
placinq the grounding terminal by a vacuum or automated 
means, since an inclined surface would not. easily be 
vripped by a standard downwardly extendinq vacuum head. 

Sillilarly, Fiqurea g and 10 show a tourth 
embodiment of a grounding terminal 50 1 ''with a horiiontal 

~ section which extends from contact area 50d''' and which 
define& a qrippin9 surface 50f''' for picking and placing 
the grounding terminal ~y a vacuum head. Grounding 
tet'1ninal 50 11 ' further includes a. surface mount tab so9•t• 
adapted to be soldered to the surface of the circuit 
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substrate for increased stability and retention of the 
qroundinq terminal to the circuit substrate. 

Durin9 assembly of the IC card, due to the 
general shape of the groundinq terminal, and specifically 
the relative positioninq of the arm portion 50b with 

respect to the ~ase portion soa, the groundinq terminal may 
be mounted to the substrate during the processing of the 
aubstrate without additional f ixturing or secondary 
attachment oonaponents or methods. That is to say, 
grounding terminal 50 is stabilized by base portion soa and 
can stand alone during raf 10\t solderinq 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 
meml::>ers 34 and 36 are assembled to the circuit substrate, 
about the receptacle connector 1 to bias grounding terminals 
50 into their sprinq loaded condition. The cover meml:>ers 
are secured together adhesively or by other appropriate 
means. 'IC card 10 then is in assembled condition for 
insertion into an appropriate matinq electrical apparatus, 
such as a header connector of a known conf iquration (not 
shown), and conductive cover members 34 and 36 can engaqe 
a corresponding grounding element on the matinq electrical 
apparatus. For instance, as is well known in the art, IC 
card 10 is insertable into a head·er connector with the side 
edgas of the IC card ridinq within a pair ot slots or 
channels facinq inwardly at opposite sides of the header 
connector. It is known to provide grounding contacts 
within these channels and with which the conductive cover 
•embers may be enga9eable. Therefore, the qround circuit 
o:f circuit substrate 16 can be electrically connected 
throuqh at least one groundinq terminal, throuqh the 
correspondinq conductive cover members, and through the 

.-------
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grounding contacts on the header connector to a qr-ound 
circuit of the underlying electronic apparatus. In the 
alternative, or in addition to the above grounding 
arrangement, as discussed above, the grou..'l'ld circuit may 
include groundinq traces 32 which are electrically coupled 
to qround pads 20a which, in turn, are enqaqeable by 

receptacle ground terminals 18a and which are adapted to be 

electrically coupled to corresponding ground terminals on 
the mating header connector. In this arrangem.ent, the 
;round circuit on the circuit substrate is therefore 
connected to the qroundinq circuit cf the underlyinq 
apparatus through the mating interface of the IC card and 
the mating header connector, i.e. between the receptacle 
and header c::onnectcra. Note .that the engagement of the 
receptacle ground terminals 18a to the co:rrespondinqqround 
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 

discha:rqed prior to matinq the input connectors. To 
achieve this function, r;iround terminals 18a may be m.ade 
longer than input terminals 18 so that the IC card is 
g~ounded to the mating header connector prior to engagement 
of the respective input terminals. 

From the foregoing, it can be understood that 
qround.ing terminal so performs dual functions within the 
structure of IC card assembly 10, namely: (1) facilitating 
grounding of the IC card to remove static eleetrica l 
charges therefrom and (2) providinq a shock absorbinqmeans 

1.Q. 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 

i1ii1ii1Uf 
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spirit o:r: central characteristics thereof. The present 
examples and embodiments, theretore, a.re to be conside~ed 
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. In an IC card assembly for matinq to a card­
receivinq connector, the IC card including 

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 groundinq terminal for providing a ground 
connection between the ground circuit and the card­
receivinq connector, 

the improvement comprisinq: 
said grounding tel:'lllinal includinq a cantilever 

beam havin9 a first generally flat end mounted to the 
surface of the circuit substrate, a second 9enerally curved 
end resiliently engaqinq a conductive portion of the cover 
aemhar and providinq a high pressure connection thereto, 

and an arm section extendinq between said first 
end and said second end, said arm portion formed 9enerally 
toward said first end so that the second end is located 
generally above the first end, 

wherein the groundin9 terminal electrically 
couples the ground circuit to the cover member. 

2. In an IC card assembly as set forth in claim 
~ 1 wherein $aid 9l"ounding terminal comprises a spring clip 

that is sprin9 loaded between the circuit substrate and the 
cover •ember to provide a shock absorbing means for the 
circuit substrate. 

3. In an IC card assembly as set forth in claim 
1.Q. 1, wherein the cover mellber is substantially entirely 

formed of a conductive material. 

1111111111111111111 11111 \I \II\ 
* C L M S * 



-15-
THIS SHEET HAS BEEN 

REPLACED 

4. In an IC card assembly as set forth in claim 
l further comprisinq a SeCJDlent of the qround circuit 
located on opposed surfaces of the circuit substrate, 
wherein a qrounding 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 qroundinq terminal co•prises a spring clip 
that is sprinq loaded between the circuit substrate and the 

151 respective cover member to provide shock absorber means for 
the circuit substrata. 

6. In an IC card assembly as set forth in claim 
1, includinq a plurality ct grounding terminals on the one 
surface of the circuit substrate. 

\ \11\11\ \\\I\\ Ill\\ \\Ill \\ \'I\ 
* c l M S · 
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7. In an IC card assembly which includes a 
generally plana~ circuit substrate with at least one 
electrical component mount.ad thereon, a receptacle 
connector mounted near an edge of the circuit 1yg1t.J;'DtA, 
•tlrt • ~ .. 1 Y l'\1. ........ a.u.J..-- _..,.,,uL,..-J a.AJV\4\. upposea SUrtaCeS 
of the circuit substrate, 

wherein the improvement comprises 
at laast a porticn of one of said cover members 

beinq of conductive material tor enqagin9 a correapondinq 
qround contact on a matinq electrical apparatus, 

a ground c~rouit on one surface of the circuit 
suostrate adjacent the conductinq portion of the ona cover 
member, and 

a qanerally c-ahaped groundinq terminal coupled 
l.l betWeen the ground circuit and the conductive portion of 

the one cover member, 
said groundinq terminal including a cantilever 

beata havinq a first generally flat end mechanically coupled 
to a portion of the ground circuit, a second qenerall:y 
curved end resiliently enqa9inq the conductive portion of 
the one o~ said cover ma•bers and providing a high pressure 
connection thereto, 

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

8. In an IC card assembly as set forth in claim 
7 wherein said groundinq terminal comprises a sprinq clip 
that is sprinq loaded between the circuit substrate and the 
conductive cover member to provide a shock absorbing means 
for the circuit substrate. 

111111111111111111111111111111 
* C L " S * 



... 17-

THIS SHEET HAS BEEN 
RE .. LACED 

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 includinq a seqment of the 
ground circuit on each opposite surface. of the circuit 
aUbstrate, and wherein one of said grounding terminals is 
provided on each surface for coupling the qround circuit to 
the respective conductive portions of the cover melabers. 

1.0. In an IC ·card assembly as set forth in claim 
7, including a plurality of said grounding terminals on 

lJl 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 qrouncling pad of the ground circuit, said second end 
defines a curved contact area and a r~verse bend hook 

. portion, and said arm portion extends between said first 
and second ends at an acute anqle relative to said base 
portion. 

12. In an IC card assembly as set forth in claim 
11, wherein the qroundinq terminal further comprises 

.a.Q. atabilizing means formed in said base portion for increased 
stability and retention of the groundinq 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 
projectinq stabilizinq leq adapted to be secured within a 
corresponding hole in the circuit substrate. 

1111111111111111111 11111111111 
* C L M S * 
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14. In an IC card assembly as set forth in claim 
13, wherein said stabilizing means comprises a surtace 
mount tab adaptad to be secured to the surface of the 
circuit subst~ate. 

~ 15. In an IC card asselllbly as set forth in claim 
7, wherein said arm portion includes a substantially 
horizontal section thet-ealcng which provides a gripping 
surface for a vacuum nczzle. 

110111i11rr 
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