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ORIENTATION AND POSITIONING DBVICB FOR ELECTRICAL CONNBCTORS 

BACICGROUNI> OP THB INVBN'l'ION 

s l. Field of the Invention 

This invention relates to an electrical connector 

and in particular to a modular connector t~at ascertains the_ 

relative orientation of the electrical connectors therein. 

10 2. Description of the Prior Art 

In the past, a circuit board has been incorporated 

into an electrical connector for efficient organization of 

electrical connections. For example, a bus line connector 

can include an overmold which encases both electrical 

15 contact surfaces and a circuit board. The circuit board is 

connected to the individual bus wires on one end and the 

electrical contact surfaces on the other end. Multiple bus 

line connectors may be placed inside an outer shell so as to 

provide a more flexible organization for electrical 

20 connections. For example, a clamshell connector may encase 

multiple overmold connectors thereby providing a modular 

arrangement. In such a clam shell connector, the individual 

connectors may be stacked either side-to-side or end-to-end. 
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To assemble the above mentioned modular electrical 

connector, a manufacturing process requires a series of 

encasing components. A first step is to encase a circuit 

board in an overmold. Then, one or more of the overmolds 

S are encased by an outer shell. During these processes, the 

orientation of each component is crucial in order to provide 

a correct electrical connection orientation. This 

orientation is sometimes also referred to as polarization. 

However, most components are symmetrical and do not provide 

10 a marker or other indicator for a correct assembly 

orientation with respect to other components~ Even if such-

15 

.. 
a marker is provided, it is possible to assemble the 

components with a wrong orientation. For example, a circuit 

board may be upside-down but may still fit in the overmold. 

A mechanism to ascertain the correct orientation of 

the connector components is not only necessary for 

manufacturing but also for maintenance and later modifica-

tions. For example, when certain wires in a modular 

connector are determined to be severed, only the overmold 

20 containing the severed wires is replaced while other 

25 

. 
overmolds remain intact. However, during this repair it.is·· 

crucial to maintain the original and correct orientation of 

these severed wires and repairs the overmold with respect to 

other overmolds in the outer shell. 

U.S. Patent 5,108,313 issued to Adams discloses a 

modular connector which contains multiple unit casings. 

Each unit casing provides terminals for multiple wires . 
.. 

Although this patent discloses a groove on the overmold 
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casing and a matching ledge on the outer shell of the 

modular connector, there is no mechanism to ensure the 

correct polarity of the wiring of each overmold with respect 

to the casing. In other words, this patent does not 

5 disclose a mechanism to ascertain a relative position of 

each casing within the modular connector. 

The patent to Adams also does not address 

polarization of each overmold connector within the modular 

casing. An overmold may be placed in a correct relative 

10 position, but may not be correctly polarized. That is, the 

orientation.of the mold with respect to the{outer shell is -

not ascertained by the prior art disclosure. 

It is clear that there has existed a long and 

unfilled need in the art for an improved device for 

15 ascertaining a predetermined position and orientation of 

20 

25 

electrical connections in a connector which overcomes the 

disadvantages discussed above. 

SQMMARY OJ' TQ INVENTION 

Accordingly, it is an object of the current 

invention to provide a mechanism to provide an apparatus. for· 

ascertaining the orientation of .. the electrical connections 

of a connector with respect to its corresponding receptacle. 

It is an object of one aspect of the current 

invention to ascertain the prede~ermined orientation of 

electrical connections of a circuit board with respect to an 

overmold connector so as to provide predetermined electrical 

connections. 

11ii1Dlii1UJracoo 
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Another object of : :.-;; current invention is to 

provide a mechanism to ascer~ain the predetermined 

orientation of an overmold connector with respect to an 

outer shell modular connector so as to provide predetermined 

5 electrical connections. 

Yet another object of the current invention is to 

provide a mechanism to ascertain a predetermined position of 

an overmold connector within an outer shell modular 

connector when more than one overmold connector is enc~sed 

10 by the outer shell connector so as to provide predetermined 

15 

electrical connections. 

A further object of the current invention is to 

provide a direct access area on the circuit board when the 

circuit board is encased in the overmold connector. 

To achieve the above and other objects of the 

invention, according to the current invention, one 

embodiment of an apparatus for ascertaining predetermined 

electrical connections includes a circuit board which is 

connected to at least one electrical wire for providing 

20 terminals for predetermined electrical connections; a first 

25 

• polarization key which is disposed on the circuit board for. 

uniquely specifying a predetermined orientation of the 

circuit board; a first casing which is disposed on outside 

surfaces of the circuit board for encasing the circuit board 

so as to electrically shield the circuit board; a second 

polarization key which is disposed on the first casing for 

engaging the first polarization key so as to ascertain the 
· .. 

predetermined orientation of the circuit board with respect 
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to the first casing; a third polarization key disposed on 

the first casing for uniquely specifying the predetermined 

orientation of the first casing; a second casing disposed on 

outside surfaces of the first casing for further encasing at 

5 least one of the first casings; and a fourth polarization 

key disposed on the second casing for engaging the third 

polarization key so as to ascertain the predetermined 

orientation of the first casing with respect to the second 

casing. 

10 According to one aspect of the current invention, 

the second polarization key exposes a part ~~ the circuit 

board so as to allow access to the circuit board when the 

circuit board is encased in the first casing. 

These and various other advantages and features of 

15 novelty which characterize the invention are pointed out 

with particularity in the claims annexed hereto and forming 

a part hereof. However, for a better understanding of the 

invention, its advantages, and the objects obtained by its 

use, reference should be made to the drawings which form a 

20 further part hereof, and to the accompanying descriptive 

matter, in which there is illustrated and described a 

preferred embodiment of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 diagrammatically illustrates one 

embodiment of a polarization mechanism as applied to a 

5 circuit board and an overmold casing. 

10 

FIGURE 2 diagrammatically illustrates another 

·embodiment of the polarization mechanism as applied to an 

outer shell modular casing and the overmold casing as shown 

in FIGURE 1. 

FIGURE 3A illustrates a prospective view of a 

modular outer shell encasing two vertically stacked ,. . 

overmolds each of which contains a circuit board as shown in-

FIGURE 1. 

FIGURE 3B shows a prospective view of another 

15 embodiment.of an outer shell modular casing which houses two 

over mold casings placed side-by-side. 

20 

FIGURE 4 illustrates yet another ·embodiment of the 

polarization mechanism as applied to the two vertically 

stacked·overmold casings as shown in FIGURE 3A. 

FIGURE 5 diagrammatically illustrates one-to-one 

exclusive fitting between a particular overmold casing a~d 

its predetermined position within a outer shell modular 

casing. 

25 DETAILED DESCRIPTION OP THE PREFEBRED EMBODIMEN'?(S) 

Referring now to the drawings, wherein like 

reference numerals designate corresponding structure 

throughout the views, and referring in particular to FIGURE 
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1, a circuit board 1 is show~ to be encased in an overmold 

casing 2. The circuit board 1 provides an interface between 

electrical wires 3 on one end and contact surf aces 4 on the 

other end. The use of the circuit board l facilitates a 

5 manufacturing process for complex connections between the 

wires 3 and the contact surfaces 4. However, during the 

·manufacturing process, the circuit board l must be correctly 

oriented with respect to the overmold casing 2 so·as to 

10 

maintain a predetermined orientation or contact surfaces 4. 

Still referring to FIGURE l, one embodiment of a 

polarization key 5 is placed on one edge of ~ circuit board -
' 

l. Although a location and shape of the polarization key 5 -

does not have any particular requirem~nt, the polarization 

key 5 of the circuit board l must be unique and must be 

15 complementary to a polarization key 6 of the overmold casing 

2. According to one embodiment of the current invention, 

the polarization key 5 is a semicircular indentation while 

overmold casing 2 defines polarization key 6 as a 

complementary fitting semicircular protrusion. Such an 

20 arrangement of circuit board and overmold provides a readily 
. 

ascertainable orientation of the circuit board with resp~ct. ·· 

to overmold casing 2. 

Now referring to FIGURE 2, an overmold casing 2 

which houses a correctly-orientated circuit board l is 

25 placed in an outer shell modular casing 7. This 

manufacturing process also requires a predetermined 

placement of the overmold casing 2 with respect to the outer 

shell modular casing 7 so as to maintain the predetermined 

111mir111~rr 
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electrical contact orientation. According to one embodiment 

of the current invention, another polarization key a 

prevents the overmold casing 2 from wrongly being placed in 

the outer shell modular casing 7 as shown in FIGURE 2 during 

5 assembly. The polarization key 8 of the outer shell modular 

casing 7 uniquely fits the polarization key 6 of the 

overmold casing 2. If the overmold casing 2 is not 

correctly oriented with respect to the outer shell modular 

casing 7, the overmold casing 2 will not fit in outer shell 

10 modular casing 7. In such a situation, the outer shell 

modular cas~ng cannot be finally assembled w~~h top cover 9L 
' 

The polarization key 6 in this embodiment as shown -

in FIGURE 2 has a dual function: While a protrusion surface 

of the polarization key 6 provides a matching key to the 

15 polarization key 5 on the circuit board 1, an indentation 

surface of the polarization key 6 provides a matching key to 

the polarization key 8. It is within the scope of the 

invention for polarization key 6 to include two independent 

parts to respectively match the polarization keys 5 and 8. 

20 FIGURE 2 also illustrates another feature of the 

overm.old casing 2. Polarization key 6 may be designed t~ 

expose one edge of circuit board l for direct electrical 

access after the circuit board is encased in the overmold 

casing 2. To this end direct access area lC may be used for 

25 grounding circuit board l·so as to eliminate a ground wire 

from wires 3. .The direct access area lC in turn is 

connected to an outer shell modular casing access area 7A. 

It is preferred for access area 7A to be biased outwardly. 
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In such an arrangement, e:~~:!·ical contact between access 

area 7A and circuit board l :s assured. 

Referring now to FIGURE 3A, multiple overmold 

casings 2A and 2B are placed in a outer shell modular casing 

5 7. In this embodiment, the two overmold casings 2A, 2B are 

stacked on top of each other thereby providing a larger 

·number of contact surfaces. In another embodiment as shown 

in FIGURE 3B, two overmold casings 2A, 2B are placed side­

by-side. As shown in FIGURES 3A and 3B, a polarization key 

10 6 of each overmold casing 2A, 2B fits a corresponding 

polarization key a of an outer.shell modular casing 7. The • 

15 

. -: 

outer shell modular casing 7 also has a polarization ~ey 10 -

on an outer surface so that it may.be correctly inserted 

into a receptacle at the predetermined orientation. 

Referring to FIGURE 4, another embodiment of the 

polarization keys SA, SB, 6A, 6B and 8 are shown. In 

FIGURES 1-3, the polarization keys are disposed either on an 

edge of the circuit board l or the casings 2 or 7. As shown 

in FIGURE 4, the polarization keys may be disposed on a non-

20 edge surface. A triangular columnar structure 6A vertically 

extends from an inner surf ace of the overmold casing 2A ;o 

serve as a polarization key. The circuit board 2 provides a 

fitting triangular bore SA to correctly polarize the circuit 

board lA with respect to the overmold size 2A. Similarly, 

25 in order to orient the overmold casing 2A with respect to 

the outer shell casing 7 with a predetermined polarization, 

a circular column structure 8 vertically extends from an 

inner surface of the top cover 9. A complementary circular 
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bore 6B on the overmold casing 2A and another complementary 

circular bore SB on the circuit board lA uniquely accept the 

columnar structure 8 as a polarization key to ascertain that 

all the components are orientated in a predetermined manner. 

~ By the same token, the overmold 2B and the circuit board lB 

have corresponding bores to uniquely accept the column a. 

It is also crucial that multiple overmold casings 2 

are correctly placed with respect to each other in the outer 

shell modular casing 7. In other words, even though the 

10 overmold casings 2 are placed_ at the predetermined. 

orientation within the outer shell modular casing, if each -
{". 

15 

overmold casing 2 is not placed at a predetermined position -

within the outer shell modular casing 7, desirable 

connections are not ensured. 

Now referring to FIGURE 5, multiple overmold 

casings 2 are orientated and positioned within the outer 
.. 

shell modular casing 7. Accordi~g to one embodiment of the 

current invention as shown in FIGURE s, a unique position 

and orientation of a particular overmold casing with respect 

20 to the outer shell modular casing 7 is ascertained by a one­

to-one exclusive fit between polarization keys 6A, 6B of the· 

particular overmold casing and corresponding polarization 

keys BA, SB of the outer shell modular casing 7. The 

overmold casing 2A is placed at the bottom of the outer 

25 shell modular casing 7, and then the overmold casing 2B is 

placed above the overmold casing 2A in the outer shell 

modular casing 7. Otherwise, the top cover 9 cannot be 

placed on the top of the outer shell modular casing 7. In 
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this embodiment, the overmold casing 2B is prevented from 

being placed at the bottom of the outer shell modular casing 

7 due to the lack of a corresponding polarization key on the 

overmold casing 2B to the polarization key BB of the outer 

s shell modular casing 7. In fact, the overmold casing 2B 

cannot physically be placed at the bottom of the outer 

·shell modular casing 7. Thus, according to the current 

invention, the predetermined orientation and position of 

overmold casings 2A and 2B are ascertained with respect to 

10 the outer shell modular casing 7. Still referring to FIGURE 

S, as described with reference to FIGURE 2, the overmold 
,. 
I 

casings 2A and 2B may expose an edge of encased circuit 

boards 1A, lB for providing direct access to the circuit 

boards lA, lB via direct access areas lC. Such direct 

15 access may be used for grounding the circuit boards 1A, lB 

through corresponding contact areas SC of the po-larization 

keys SA and SB where the outer shell modular casing provides 

access to ground upon insertion in a predetermined 

receptacle (not shown) . One advantage of grounding by the 

20 direct access eliminates a grounding wire from the 

electrical wires 3. 

It is to be understood,' however, that even though 

numerous characteristics and advantages of the present 

invention have been set forth in the foregoing description, 

25 together with details of the structure and function of the 

invention, the disclosure is illustrative only, and changes 

may be made in detail, especially in matters of shape, size 

and arrangement of parts such as polarization keys within 

111u1mr 
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the principles of the inve~::on to the full extent indicated 

by the broad general meaning of the terms in which the 

appended claims are expressed. 

{. 



•. 

.:., ·. 

PCT/US 9 4 / 0 9 8 1 8 
- 13 ·--

WHAT IS CLAIMED l'S: ·. 

1. Apparatus for ensuring the polarity of 

electrical connections, comprising: 

a circuit board to which at least one electrical 

5 wire for providing terminals for said predetermined 

electrical connections; 

a first polarization key disposed on said circui.t 

board for uniquely specifying a predetermined orientation of 

said circuit board so as to achieve said predetermined 

10 electrical connections; 

a jirst casing disposed on outside surfaces of said 

circuit board for encasing said circuit board so as to 

electrically shield said circuit board; 

a second polarization key disposed on said first 

15 casing for engaging said first polarization key so as to 

·ascertain said predetermined orientation of .said circuit 

board with respect to said first casing; 

a third polarization key disposed on said first 

casing for uniquely specifying said predetermined 

20 orientation of said first casing; 

a second casing disposed on outside surfaces of 

said first casing for further encasing at least one of said 

first casing; and 

a fourth polarization key disposed on said second 

· 25 casing for engaging said third polarization key so as to 

ascertain said predetermined orientation of said first 

casing with respect to said second casing for said 

predetermined electrical connections. 

I lllllll lltlll lllll lllll II llll 
* C L f'I S * 
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" 2. Apparatus ac=:-: :::-ig to claim 1 wherein said 

first polarization key is a ::rst uniquely identifiable 

indentation on one edge of said circuit board. 

3. Apparatus according to claim 2 wherein said 

second polarization key is a complementary protrusion to 

.said first uniquely identifiable indentation so as to 

interlock said first uniquely identifiable indentation for 

ascertaining said predetermined orientation of said circuit 

10 board with respect to said first casing. 

15 

,. 
I 

4. Apparatus according to claim 3 where in said 

third polarization key is a second uniquely identifiable 

indentation. 

5. Apparatus according to claim 4 wherein said 

fourth polarization key is a complementary protrusion to 

said second uniquely identifiable indentation so as to 

interlock said second uniquely identifiable indentation for 

20 ascertaining said predetermined orientation of said first 

casing with respect to said second casing. 

6. Apparatus according to claim_l wherein said 

~- second polarization key exposes a part of said circuit board 

•. ,. 

25 so as to allow access to said circuit board when encased in 

said first casing. 

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

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
* t L M S * 
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7. Apparatus according to claim 1 further 

.ses: 

a plurality of said circuit boards; 

a plurality of said first keys; 

a plurality of said first casings; 

a plurality of said second keys; 

a plurality of said third keys; 

a plurality of said second casings; and 

a plurality of said fourth keys. 

8. Apparatus according to claim 7 wher~in each of 

first polarization keys uniquely engages with one of 

~spending said second polarization keys so as to 

:tain a predetermined position and orientation of said 

lit board within said first casing. 

9. Apparatus according to claim 7 wherein each of 

third polarization keys uniquely engages with one of 

~spending said fourth polarization keys so as ascertain 

edetermined position and orientation of said first 

ng within .said second casing. 

10. Apparatus for ascertaining a plurality 

!etermined electrical connections, comprising: 

of 

1 
a plurality of connectors for providing independent 

act surfaces, each of said connectors having outside 

S• , 

I lllllll lllltl 11111 ltlll ll llll 
* C L M S * 
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of said 

walls; 

ld inside 

:ization 

. thereby 

:ermined 

with 

.n said 

mique 

.n said 

tion for 

n said 

ical 

a semi-
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14. Apparatus a::::::: !"::iing to claim io wherein said 

outer shell further comprises outside walls, a corresponding 

receptacle and a third polarization means disposed on one of 

said outside walls for ascertaining said predetermined 

5 orientation of said connector with respect to said 

corresponding receptacle when said outer shell is connected 

.to said receptacle. 

15. A clam shell connector for ascertaining a 

10 plurality of predetermined electrical connections, 

comprising: 

a circuit board providing a terminai for said 

predetermined electrical connections, a part of .said circuit 

board having a unique geometrical configuration for 

15 specifying a predetermined orientation; 

a overmold connector for encasing said circuit 

board, a part of said overmold having a first complementary 

geometrical configuration to said unique geometrical 

configuration of said circuit board for uniquely engaging 

20 said unique geometrical·configuration so as to ascertain 

said predetermined orientation; and 

a clamshell connector for encasing at least one of 

said overmold connector, said clamshell connector also 

having a second complementary geometrical configuration to 

25 said first complementary geometrical configuration for 

uniquely engaging said overmold connector so as to ascertain 

said predetermined orientation of said circuit board with 

!"espect to s"aid clamshell connector. 

·-------- --

\ \ll\11\ \\\I\\ Ill\\ \\1\1 \\ \\I\ 
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16. Apparatus for ensuring the polarity of 

electrical contacts in a connector assembly, said apparatus 

comprising: 

an inner connector body having a plurality of 

5 electrical contacts disposed in a predetermined polarization 

pattern; 

a first polarization key formed on said inner body; 

a connector casing defining an inner cavity, 

wherein said inner connector body fits within said connector 

10 casing; and 

a second polarization key formed on said casing in 

said inner cavity, so that when said inner connector body is­

placed in said cavity, said first and second polarization 

keys align thereby ensuring the orientation of said 
.• 

15 polarization pattern. 

17·. Apparatus for ensuring the polarity of 

electrical contacts in a connector. assembly, said apparatus 

comprising: 

20 a circuit board, having an electrical contact 

and a wire connected thereto, wherein aid circuit board .. 

establishes an electrical path between said contact and said 

wire; 

a first polarization key formed on said 

25 circuit board; and 

an overmold body formed around said ci~cuit 

board, so that said electrical contact and said wire extend 

therefrom, said overmold body being formed so tha~ a second 

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

' lll\111 ll\lll llll\ 1\1\l l\ \Ill 
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polarization key is for~e.i : . Eaid overmold body, wherein 

said second polarization k~~- :s reflective of said first 

polarization key. 

1· 

i1iiii1if 
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