DETECTION CIRCUIT FOR FLEXIBLE PRINTED CIRCUIT CONNECTION INTEGRITY FIELD OF
THE INVENTION The present disclosure relates generally to the field of device connections and
more specifically to an assembly for detecting a connection integrity between an electric device and a
receiving unit device. This disclosure is particularly related to connection detection of a flexible printed
circuit extending from a keypad membrane that is inserted into a printed circuit board connector,
BACKGROUND Conventionally, peripheral electronic devices communicate with computing
systems by various types of electrical power and data transfer elements such as cables, wires, buses,
traces, slots, etc. In a system such as a motor controller, a peripheral electronic device such as a
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that is inserted into a printed circuit board connector,

BACKGROUND

Conventionally, peripheral electronic devices communicate with computing
systems by various types of electrical power and data transfer elements such as
cables, wires, buses, traces, slots, etc. In a system such as a motor controller, a
peripheral electronic device such as a keypad membrane is electrically connected to
a printed circuit board of the motor controlier to transfer signals between the keypad
and the controlier. In this instance, the electrical signals can be fransferred over a
data transfer element such as a flexible printed circuit between the motor controller
and the keypad. The flexible printed circuit can include a plurality of electrical traces
that can be connected to the printed circuit board associated with the motor
controller. To facilitate a proper connection with the motor controller, the electrical
traces maintain sufficient contact with corresponding electrical pins disposed on the
printed circuit board that are adapted to electrically communicate with the controlier.

Many known connection types incorporate mechanical fasteners along with
other structural members to rigidly support and maintain sufficient contact between
the electrical traces and the electrical pins. Descriptions of connection detector
applications are found in US patents 8,112,568 by Ely et al., 7,381,334 by Miyake et
al., 6,149,464 to DeBauche et al., and 6,368,155 by Bassler et al., which are

incorporated herein by reference. These disclosures each require a specialized



feature such as a mechanical fastener, a complex electrical connection and/or an advanced circuit
configuration to facilitate the detection of each device connection status. However, these specialized
features may be inflexible, take up too much space and/or require additional costs that are
undesirable. Additionally, they may not be able to detect if a connection has failed or has become
disconnected during the product lifetime. In a membrane keypad application, these designs will not
allow a user to know if the keypad buttons are working until it is pressed and found to be
non-responsive. Therefore, there is a need to provide a connection detector assembly and method
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SUMMARY

One or more aspects of the disclosure are now summarized to facilitate a
basic understanding of the disclosure, wherein this summary is not an extensive
overview of the disclosure, and is intended neither to identify certain elements of the
disclosure, nor to delineate the scope thereof. The primary purpose of the summary,
rather, is fo present some concepts of the disclosure in a simplified form prior to the
more detailed description that is presented hereinafter. The present disclosure
relates to improvements in connection detection assemblies for identifying a
connection integrity or state of an electronic device and a receiving unit on a printed
circuit board.

In accordance with one or more aspects of the disclosure, a connection
detector assembly for detecting a connected state between a keypad and a
processor is provided. The assembly comprises a keypad with a plurality of buttons,
each button including first and second button contacts. A flexible printed circuit
having opposite first and second ends is included, where the second end is
connected to the keypad, and a plurality of spaced electrical traces extend

longitudinally between the first and second ends of the flexible printed circuit. The



electrical traces are aligned along a width of the flexible printed circuit and include a set of two or more
button signal traces individually electrically coupled with a first button contact of a corresponding one
of the plurality of buttons. A first diagnostic electrical trace and a second diagnostic electrical trace
form a diagnostic circuit with one another. A receiving unit is configured to receive the first end of
the flexible printed circuit and includes a plurality of electrical contacts configured to electrically couple
to the electrical traces along the width of the flexible printed circuit. The electrical contacts include one
or more diagnostic electrical contacts configured to electrically couple to the diagnostic trace. A
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the first end of the flexible printed circuit and the receiving unit or between the
second end of the flexible printed circuit and the keypad, the connected state
indicates whether or not a failure condition exists along a designated portion of the
diagnostic circuit.

In certain embodiments, a ground voltage is introduced to the first diagnostic
electrical trace and a power supply voltage is introduced to the second diagnostic
electrical trace. The processor compares a voltage difference across the diagnostic
circuit to determine if the connection state includes a failure condition between the

‘receiving unit and the flexible printed circuit.

BRIEF DESCRIPTION OF THE DRAWINGS
The following description and drawings set forth certain iliustrative
implementations of the disclosure in detail, which are indicative of several exemplary
ways in which the principles of the disclosure may be carried out. The illustrated
examples, however, are not exhaustive of the many possible embodiments of the
disclosure. Other objects, advantages and novel features of the disclosure will be
appreciated from the following detailed description of the disclosure when

considered in conjunction with the drawings, in which:



FIGURE 2 is a partial top schematic view of the connection detector assembly of FIGURE 1 illustrating
a diagnostic circuit and an electrical connection between the flexible printed circuit, the keypad and a
plurality of buttons located thereon; FIGURES 3 and 4 are cross-sectional end views of the flexible
printed circuit of FIGURE 2 illustrating a plurality of electrical traces located thereon; FIGURE 5 is
perspective view showing a portion of the flexible printed circuit of FIGURES 2, 3 and 4; FIGURE 6
Is a schematic diagram illustrating an electrical circuit in the connection detector assembly of
FIGURES 1 and 2 showing an embodiment of the diagnostic circuit configured to detect a connection
state between theFKSYR& Anig @ peceiesoriew IHEAipo7ascRnESian dRiRPHIRSHRXBY Hinted
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circuit in a connected state; FIGURE 8 is a top plan view of the flexible printed circuit of FIGURES
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flexibte printed circuit, the keypad and a plurality of buttons located thereon;

FIGURES 3 and 4 are cross-sectional end views of the flexible printed circuit
of FIGURE 2 illustrating a plurality of electrical traces located thereon;

FIGURE 5 is perspective view showing a portion of the flexibie printed circuit
of FIGURES 2, 3 and 4;

FIGURE 6 is a schematic diagram illustrating an electrical circuit in the
connection detector assembly of FIGURES 1 and 2 showing an embodiment of the
diagnostic circuit configured to detect a connection state between the keypad and a
processor;

FIGURE 7 is a top plan view of the flexible printed circuit of FIGURE 1
illustrating a partial schematic diagram of a diagnostic circuit of the flexible printed
circuit in a connected state;

FIGURE 8 is a top plan view of the flexible printed circuit of FIGURES 1 and 7
iilustrating a partial schematic diagram of the diagnostic circuit of the flexible printed
circuit in a partially disconnected state due to anguiar misalignment;

FIGURES 9 and 10 are top plan views of the flexible printed circuit of
FIGURE 1 illustrating an alternate embodiment of the diagnostic circuit having short
electrical traces;

FIGURE 11 is a schematic diagram illustrating the connection detector
assembly of FIGURE 1 inciuding an alternate embodiment of the diagnostic circuit
and the elecirical connection between the flexible printed circuit, the keypad and a
plurality of buttons located thereon;

FIGURE 12 is a schematic plan view of the electrical circuit FIGURES 1 and
11 iflustrating another embodiment of the diagnostic circuit configured to detect a

connection state between the keypad and the processor; and



FIGURE 11 is a schematic diagram illustrating the connection detector assembly of FIGURE 1
including an alternate embodiment of the diagnostic circuit and the electrical connection between the
flexible printed circuit, the keypad and a plurality of buttons located thereon; FIGURE 12 is a
schematic plan view of the electrical circuit FIGURES 1 and 11 illustrating another embodiment of the
diagnostic circuit configured to detect a connection state between the keypad and the processor; and
FIGURE 13 is a schematic diagram illustrating the connection detector assembly of FIGURE 1
including an alternate embodiment of the diagnostic circuit and the electrical connection between the
flexible printed cirElEJRE k&§ped andchghoméilitydiddrattiond statinthtHbee arorDEGHLN Eietector
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integrity of a connection state between a peripheral electrical device and a processor or controller. The
disclosed approaches may be advantageously employed to reduce the need for rigid structural
elements and mechanical fasteners to pyoyigde arsuifictent gonaggtion state. Additionally, the disclosed
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the keypadc%%t?&gelt’hert%o&%%%éegcz%pproaches may be advantageously employed to reduce
the need for rigid structural elements and mechanical fasteners to provide a
sufficient connection state. Additionally, the disclosed assemblies include a simple
electrical structure that does not require specialized features such as a compiex
electrical connection andfor an advanced circuit configuration to adequately detect
the integrity of the connection state.
Referring initially to FIGURE 1, an exempiary connection detection assembly
10 is illustrated, which may be advantageously employed to facilitate electrical
communication between a peripheral electrical devise such as a keypad 20 and a
receiving unit 30. The receiving unit 30 is preferably located on a printed circuit
board (PCB) that can be within an electrical housing for an associated device such
as a motor controller driver that is in operable communication with a processor 220
(FIGURE 6). However, other embodiments are contemplated herein. The connection
detection assembly 10 is employed for detecting a connected state between the
keypad 20 and the processor 220.
The receiving unit 30 is configured to receive a portion of a flexible printed
circuit 40. The flexible printed circuit 40 includes a first end 50 and an opposite
second end 60 that is connected to the keypad 20. The first end 50 is operably

connected to the receiving unit 30. A plurality of electrical traces 70 are laterally



The receiving unit 30 is configured to receive a portion of a flexible printed circuit 40. The flexible
printed circuit 40 includes a first end 50 and an opposite second end 60 that is connected to the
keypad 20. The first end 50 is operably connected to the receiving unit 30. A plurality of electrical
traces 70 are laterally spaced from one another, and longitudinally extend between the first end 50
and the second end 60 of the flexible printed circuit 40. The plurality of electrical traces 70 are aligned
along a width 80 of the flexible printed circuit 40 such that the flexible printed circuit 40 can maintain a
slender and flexible profile in certain embodiments. The flexibility of the connection detection assembly
10 in certaispansabiiinmmeots fasiiiace sanddpegitiabirea ket teiwectidhetisisagdsi) aathiitable and
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width 80 of the flexible printed circuit 40. The receiving unit 30 can be a zero insertion force (ZIF)
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the width 80 of the flexible printed circuit 40. The receiving unit 30 can be a zero
insertion force (ZIF) connector assembly that includes a fastener for frictionally
connecting the first end 50 of the flexible printed circuit 40 to the receiving unit 30
such that each of the plurality of electrical contacts 90 ideally are aligned with and
contact the associated electrical trace 70.

Turning to FIGURE 2, a first diagnostic electrical trace 100a and a second
diagnostic electrical trace 100b are adapted to form a diagnostic circuit 100 with one
another. In this embodiment, the first and second diagnostic electrical traces 100a,
100b are electrically coupled to each other across the keypad 20. However, it is also
contemplated that the diagnostic electrical traces 100a, 100b can be coupled across
the flexible printed circuit 40 to complete the diagnostic circuit 100. As illustrated by
FIGURES 1 and 2, the diagnostic circuit 100 is coupled across the keypad 20 along
a bridge trace 135.

The keypad 20 includes a membrane 140 having a plurality of buttons 120
and interconnected circuitry 150 thereon. The plurality of electrical traces 70 extend

from the flexible printed circuit 40 and into the membrane 140 in electrical alignment



with the related circuitry 150. The circuitry 150 is configured to electrically connect the buttons 120 on
the keypad 20 with the processor 220 (FIGURE 6) through the flexible printed circuit 40. The keypad
20 can include any desired number of buttons 120 such that the number of buttons 120 coincides with
the number of button signal traces 130 provided along the flexible printed circuit 40 and related
circuitry 150. The flexible printed circuit 40 includes at least one set of additional traces 70 than the
number of buttons 120 desired to electrically communicate with the processor 220 in this system. The
additional traces comprise the diagnostic circuit 100. The keypad 20 can optionally contain a "stop"
button thatwith phrevidetad tirtafitsighEd td te cssotiattilnineordigreat doisiecteatimericgeid across
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located at alternate locations along the width of the flexible printed circuit 40. In t[we %n@ diment of
P65 Sa)Pis

FIGURE 4,803 Bredigntsticr s6autO% uith e 200 A RIB LHPRICE B hile

including a Elasdpmienake (beivasneaphtiact @ @ eshal ougtohectisthand 4Bis aficblmgifitieal edges
165, 175 of the fl,exig;g) printeiéi cuit 40. Optionally, the filler material 200 can also be provided along
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position thereon. )
are stacked and separated from one another along the width 80 of the flexible

printed circuit 40. The width 80 extends between a first longitudinal edge 165 and a
laterally oppositely spaced second longitudinal edge 175. A front edge 85 extends
along the first end 50 between the first longitudinal edge 165 and the second
longitudinal edge 175. In the embodiment of FIGURE 3, a cross-section of an
exposed portion 1780 of the elecirical traces 70 opens the traces 70 to the

environment and are indicated to rest along a surface of a first layer 160 of the



FIGURE 6 schematically illustrates the processor 220 as it is electrically connected to the receiving
unit 30 that can be electrically coupled to the flexible printed circuit 40 and the plurality of traces 70
thereon. Any form of electronic processing component 220 can be used, including without limitation
microprocessors, microcontrollers, digital signal processors, programmable logic, dedicated logic
circuits, etc., or combinations thereof. The receiving unit 30 includes a plurality of electrical contacts 90
such as pins that align with the plurality of traces 70 along the width 80 of the flexible printed circuit 40.
The receiving unit 30 includes diagnostic electrical contacts 230a, 230b to align with the diagnostic
traces 1008g0b stintethairaléciicdnsoptara 2304 alasisicricaigesorplegatithecfistrrnd 88r@hct 230b
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processor 230 i eyl FRRAUIENGED TRIRAYA, AR 58S EABRRCHRD Ll ieunan robausr up’
e C

stage of the associated motor drive and can send a report to a third party if a fault is detected. The
connected siatgdhehelfiekipr Brgesd Bilbutba GridisateRARARE LN ARk TEENHitbIgWists along

the diagnostigeCielib i3 Gadis Gufislerfbrd i ioubin bdniar et dniosaead feigolee
receiving unit 30, a ground voltage GND is electrically coupled with the first diagnostic electrical trace

100a and anshResGaptngdieadas, eesiEralni@aRp Ol ARaHEhRIRG RS HRIm SFRIRE I FESistor 250

to the seconglgliagpestia ¢Jeribsa 1e.Gst 1REbnANIDRS Brmdiagnrslic sbeek demertymesitiasttical
contact 230a is pulled low to the ground voltage GND and electiiggl contact.230 iﬁ%‘%ll d mgh via the

pull-up resiteyrrEd HenirshFad SHAPVUIRFEVRS ST HROAIBR488r SoBIRIRNSH REYSEagTlevel of
the diagnossisceinelinDBatAkalRisestica s G RED 1o 2etetnsingdf dxposetheciitonstate theludes a

failure COnd(i:t(ijggr%%tvggﬁpo}lh%r%e%g&?gtggitb:?o“%gdztr & Q%ﬁgl%ﬂ é?(%%r%wct\tdé% circuit 40 and
line 210 can be located at any position thereon.

FIGURE & schematically illustrates the processor 220 as it is electrically
connected to the receiving unit 30 that can be electrically coupled to the flexible
printed circuit 40 and the plurality of traces 70 thereon. Any form of electronic
processing component 220 can be used, including without limitation
microprocessors, microcontroliers, digital signal processors, programmable logic,
dedicated logic circuits, etc., or combinations thereof. The receiving unit 30 includes
a plurality of electrical contacts 80 such as pins that align with the plurality of traces
70 along the width 80 of the flexible printed circuit 40. The receiving unit 30 includes
diagnostic electrical contacts 230a, 230b to align with the diagnostic traces 100a;

100b such that electrical contact 230a is electrically coupled with electrical contact



When the processor 220 identifies voltage at electrical contact 230b to be low, then the connected
state between the flexible printed circuit 40 and the receiving unit 30 is in a normal condition and
electrical connection is sufficient (such as in FIGURE 7). When the processor 220 identifies the
voltage across the electrical contact 230b to be high, then the connected state is in a failure condition
and the electrical connection is not sufficient. A failure condition could indicate that the flexible printed
circuit 40 is not fully electrically connected to the receiving unit 30 or is merely connected at an angle
(such as in FIGURE 8). Also, the failure condition could indicate the existence of material degradation
or failure oRB0bflexisle phiatdexibtuipdotaddaliagitodlic isircoltded tierthsr. recaNBURMPIY Blistrates
one embodimentaLie erasRat Y siRcubeTRD fls e bimarnisd irag AR aleriieal gaupled to

the receiving uni e printed circuit 40 is inserted into the receiving unit 30 such that the

plurality of isléeticpinsentadtenBothea edeivieg wiit dAdarkastitisal witrtrePItha RestRcl#RStraces 70.

This configugatian allows the-diagnestic alpctrical traces 100a, 100b to form the diagnostic circuit 100
such that as the processor conducts the diagnostic check, the connection status is considered normal.

FIGURE 8 illustrafdsaherandgietc iprifee dlertratedoambaii eideara: Rhyaliba ffahlpsking A404%om the

receiving upig3ehher& Ut @AegI§ Tinparialyii sestedda g raaR B0 gd pitosisusfotbesidhedirst
diagnostic trace 100a is not in electronic communication with the first g,le tric cont togéglatghile the
a

second diafosirnraeliotneFIRG e RIHRIARN AN IRMR flSATRRAR S8& el £230D.
This happegisydicpdbecBaxideoptifite inirceitA0 parbatirdisendgagbs froosittereces¥ingeuaitB0 and is

slanted away from proper alignment by at least a minimum angle 235. at least gne of the button
signal trac (l‘ﬁéggrl)@oﬂsgf% 'BJILﬁQIﬂ I?f'ﬁé%ﬂ%é’l%a%iﬂfop 7S %Sostoé:_ei%[ﬁgaﬁy %8%%3?1?§2§ng with
the respectivitsircGiNBaMdciSIDf thdtageaiDng unit 30 Therefore, the keypad 20 cannot properly
transmit one or ma{e corresponding,jpput signals to the pr or.2 his.c %g,iéi%\i
identified by the p (?es%%orcéjﬁﬁ?ﬁhreﬁg:og‘es%%}laé 0 Q}Lﬁgﬁﬁ[ﬁs% E%ig%al%%nt e |ép|§)y %1‘0 to indicate the
existence adiagadsticcareeitian, ted thagrissiFogitatiindato takdeterirendie omegabtios an

response tq s deleclad condiionn ne TIGURG $1uALER 061D FRRCHBENAY tiricpanecton

detector assembly st and second diagnostic traces 100a, 100b of the flexible printed

circuit 40 hsgesivision iiti38t os givegoHhRResRNss 180 2fdhef axdbigaistcarsbE A9y 1000
are spacedifop.ihe.frobedas Brebils s Rigm imed:!&i%%&é&)c%ekf ematadeshidbrplteabity of
a

electrical traces 70 include a similar second length such that the second I?e}ér{gth is greater than the first

length of dibghweer thecalraliteof tiepes A AlangtbeMufth SO Rf e BrerRGmLAI IR ESHPEN extend
up to thelﬁfégiﬁ@fs &ﬁcﬂfttﬁﬁﬁ:l%l%'lwi@@gtﬁﬁﬁpibégta% gﬂflelmerlm@ i'ﬁd@@i@th%ﬁlm@ e a$'x|seembly 10
to properly identify when the flexible printed circuit 40 is partially slapted away from proper alignment
while the pRASHRF$R'eRalr A BSER LRI 180RET96M r@ﬁé‘ﬁ'éﬁ"%?g&r%?ﬁs %S%Pﬁﬁﬁgﬁég?%}?%m the
respective glesityigal @ptastc8Q Hothisredalpdimanings shavimin Fd6itéR byl thehesproaadsbe220 can
identify an improper. connection due to a partially.slanted flexible printed circuit second minimum
angle 245 vgf‘é)&'? SHESENRY fﬂ@yi#%? RO Halé%@%:?q:ﬁglﬁqgsgr Iﬁgrééhth% |aegs%%g%cqéircuit 100
has been intertaiptesn the finss dihgrbstitatiticati b Oguists épatatsih fraiin gl ddte galcssseat 280a while
each remaining electrical traces 70 are in electrical icati j vin j By this
embodimerﬁ‘, %ﬁ%‘%r%’?%%g’s”y“%{‘e% ?a%%e%%%t%@g%gggér% &%%? cﬁ%‘rﬁ%&%ﬁ?ﬁ éc%a g\ﬁ%h

connectionstagerebihiacititatiiai gt sactivalridraedarare send Fuepiord to & iBiREanty ivhEdinsimilar
reference nuMDErS,reprasei siilar Jeallresyd SROARISAMEIUMEH £ thaillsids!qREmedgircuit 40

r
of the connectlonezjetector assembly 10 includes a third diagnostic electrical trace 300c and a fourth

diagnostic eletaifalltrececsuiibtharisiGcalansetheclianrosiis ikauio188d A thectin endl 89 6f the
flexible pringed girehiteAritiaa thikdfnm furbieanery arlacsisalitrans 3806 gRAMAreRIRgdrically

coupled to each other across either the keypad 20 or along the flexible printed circuit 40 to complete

another diaGh2tie elrairicaly gomnled atieihadirstirlagngissalecifiaat aee THA3ARIGAPIYESnd
diagnostic elgsHigaldreers\A00a. o8B, v siestiicalbecospiamh tnaaghpalheptecstsnpl2so

diagnostic , ) . . . .
to the second diagnostic electrical trace 100b. When the diagnostic check is
performed, electrical contact 230a is pulled low to the ground voitage GND and

electrical contact 230b is pulled high via the pull-up resistor 250 to the power supply



circuit 310 across the keypad 20. The processor is configured to perform the diagnostic check on the
connected state between the plurality of traces 70 along the width 80 of the first end 50 of the flexible
circuit and the electrical contacts 90 of the receiving unit 30. In this embodiment, as illustrated by
the schematics of FIGURE 12, the power supply voltage VD is electrically coupled with the first and
third diagnostic electrical traces 300a, 300c and the ground voltage GND is electrically coupled to the
second and fourth diagnostic electrical traces 300b, 300c1. The processor 220 compares the voltage
difference across the diagnostic circuits 310 and 320 to determine if the connection state includes a
failure condititaybediecrhtherecessity 2A6t BOEitHb$loxibropriauall efrthm d@gnostsigiiseitic circuit

310 extendpglondidcdiIRAT AR A OO RIMRNG HesROst Hkiidh eeriradaaiong the
second longitudinal édge . The first diagnostic electrical trace 300a and a second diagnostic
electrical tradersoamditopdastivne tigjdesaivine arit Rfhgnddhrlievgle reitet sitRid 4lectrical trace

300c and a fourthglectrigal tace200d 256 RasHicRecAiRse N htesarandtinngiitdivabedopel 75. In
this configuration, each diagnostic circuit 310, 320 on oppaosite sides along the width 80 Ltge flexible

printed cirdaw4dherndbet pmnartegiagiaiebamesn HRG dlRrbigisRBResmpraal Ha: 30 nostic

electrical ciiguifsind A3 H20iran RsienaierRt anpAtieeatadacatiancdiug ithsulfidien8(satthe flexible
printed circuit 40. The receiving unit 30 of this configplgratio inc%d@es diagP?os i(:e el(f%ct ical contacts
= e

330a, 330306 GWERAY WheE MR TAOLdiaritEs Sixcises 8atch & contact

330a is elegsiigadly zoowples! wéthiglectrenl thenterinddfivastdteléstiical fedintact 2ditds elndttivally
coupled with electrical contact 330d w
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diagnostic fr@_ejb%J;ﬁ}@ae_diaﬁiwitedoqﬂfimir&dmmntﬁaaﬁprmqpiﬁmtedf’fm&diagmistngdiwmBQ@@ is along
ettt L U e T LU
340. This could indicate the existence of material degradation or failure of the fiexible printeg

circuit 40 and diagnostic circuit 100 thereof.

FIGURE 7 illustrates one embodiment of the present system wherein the
flexible printed circuit 40 is electrically coupled to the receiving unit 30. The flexible
printed circuit 40 is inserted into the receiving unit 30 such that the plurality of
electrical contacts 80 are aligned with and in contact with the plurality of electrical
traces 70. This configuration allows the diagnostic electrical traces 100a, 100b to
form the diagnostic circuit 100 such that as the processor conducts the diagnostic
check, the connection status is considered normal.

FIGURE 8 illustrates the flexible printed circuit 40 that has been at least
partially separated from the receiving unit 30. The front edge 85 is partially inserted
in the receiving unit 30 such that the first diagnostic trace 100a is not in electronic
communication with the first electric contact 230a while the second diagnostic trace
100b is in electronic communication with the second electric contact 230b. This
happens when the flexible printed circuif 40 partially disengages from the receiving
unit 30 and is slanted away from proper alignment by at least a minimum angle 235.

Here, at least one of the button signal traces 130a-130h of the plurality of electrical
traces 70 are not electrically communicating with the respective electric contacts 20
of the receiving unit 30 Therefore, the keypad 20 cannot properly transmit one or

more corresponding input signals to the processor 220. Once this condition is
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embodiment includes a diagnostic circuit 100 having shortened diagnostic traces 100a, 100b which
reduces the amount of electromagnetic interference and improves the electromagnetic compatibility of
the system. The presence of electrical noise generated either internally or externally by other systems
has a reduced effect on the diagnostic circuit 100 thereby increasing the reliability of the assembly.
The above examples are merely illustrative of several possible embodiments of various aspects of the
present disclosure, where equivalent alterations and/or modifications will occur to others skilled in the
art upon reading and understanding this specification and the annexed drawings. In particular,
although aipantiifield i tier @rofceresdis2Rs Uhe megchaser (Rt tansmaite chasigrs! dedbabdaniaih respect

to only one,qhSRUERLITPIRTERANRRS SHieFalR U B, G Y BhoRaArERts elker

featgres_ of he other im g{%Dementatlons as may esired and advantageous for any given or particular
applicationonésor, mm@mmah@ tesaRnSadutisgdetrririeandiigling”, "has", "with", or variants

thereof are used 3 gyietaed gaeray oa AN EBBAIIER. SrChe B HEciiRndRIdade

inclusive in a manner similar to the term "comprising”. Claims: 1.A connection detector assembly for

detecting aassar&dred Grabasetvder Jirdypad éﬁ&%ﬁré’t%%%%?t‘(%omnﬁo a, 1PRh G5 n‘?cludlng a
plurality of hugigrs pHifdadivisuialdy ans iaieiag first RIYBLS0DR Mitasigestaaba, 240b of

the diagnostic traces 100a, 100b are spaced from the first edge 85 of the flexible
printed circuit 40. The remainder of the pluraiity of electrical traces 70 include a
similar second length such that the second length is greater than the first length of
diagnostic traces 1008a, 100b. The remainder of the plurality of electrical traces 70
can extend up to the first edge 85 of the flexible printed circuit 40. The difference in
length allows the assembly 10 to properly identify when the flexible printed circuit 40
is partially slanted away from proper alignment while the plurality of electrical button
traces 130a-130h remain in electronic communication with the respective electrical
contacts 90. In this embodiment, as shown in FIGURE 10, the processor 220 can
identify an improper connection due to a partially slanted flexible printed circuit at a
second minimum angle 245 which is less than the first minimum angle 235 of
FIGURE 8. Here, the diagnostic circuit 100 has been interrupted as the first
diagnostic trace 100a is separated from electrical contact 230a while each remaining
electrical traces 70 are in electrical communication with the receiving unit 30. By this
embodiment, therefore, the system can detect misalignment prior to disruption in
actual switch connections, thereby facilitating proactive maintenance.

Turning to FIGURE 11, wherein similar reference numbers represent similar
features, a separate embodiment of the flexible printed circuit 40 of the connection
detector assembly 10 includes a third diagnostic electrical trace 300¢ and a fourth
diagnostic electrical trace 300d that extend between the first end 50 and the second
end 60 of the flexible printed circuit 40. The third and fourth diagnostic electrical
traces 300c, 300d are electrically coupled to each other across either the keypad 20
or along the flexible printed circuit 40 to complete another diagnostic circuit 320 that
is spaced from the diagnostic circuit 310. The first and second diagnostic electrical

traces 300a, 300b are also electrically coupled to each other to complete diagnostic
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a flexible printed circuit having a first end, an opposite second end connected to the keypad, a plurality
of electrical traces spaced from one another and longitudinally extending between the first end and the
second end of the flexible printed circuit, the plurality of electrical traces being aligned along a width of
the flexible printed circuit and including a set of two or more button signal traces individually electrically
coupled with a first button contact of a corresponding one of the plurality of buttons, and first and
second diagnostic electrical traces forming a diagnostic circuit with one another; a receiving unit
configured to receive the first end of the flexible printed circuit and having a plurality of electrical
contacts canfigiitest (o ateotricaly doeypdedo2be phealiipotstecticatonfimaedoty prrimiothtosthe

flexible printed circuit, the pluralit ectri ' i . j j trical
contacts cOIETeI S R e e ey Sa  a e ceor
electrically wirith|8d tf the first endnEleofiithgritexiblelctrithrodrixre efttinarcenians BRiokHe
processor l?%g%%ﬁg{wﬂgwrﬁg to perform a diagnostic check of the diagnostic circuit to determine a
connected state between the first end of the flexible printed circuit and the receiving unit or between

the second end ofﬂﬁbiﬂ@_ﬂth@qéﬁﬁnﬂ&d axdlushatethadbgouehemation ot Rl dthd hd&BRY Whether or
not a fa"Uf%&BﬂQ'UBH%WQ%%@H%W@&%IBQFW héhersiagnogiisiciieighcdkhelsemagrtion

detector assembly of claim 1, wherein the flexible printed circuit includes a %fneﬁ%glanar
I

arrangemekesas 3989|3008 kibearynhyelage BNR A &bt NS OHRIED &%i8%rinted

Cilrcutit_- |3£ Lhe ﬁﬁﬁfﬂﬁﬁ%ﬁ@%ﬁ@%ﬁﬁéﬁl o nylyeef 36ai) 300dieTeis hedisianboasangatiegtiastic
electrical traces are elect t ' [
aircuit to cOrRE mgg;%{gr%é@%%gjﬂg O Sher across Qe A1dNg YRk and e fieig'e printed

connection state includes a failure condition between the receiving unit 30 and the
fiexible printed circuit 40.

Diagnostic circuit 310 extends along the first longitudinal edge 165 while the
diagnostic circuit 320 extends along the second longitudinal edge 175. The first
diagnostic electrical trace 300a and a second diagnostic electrical trace 300b are
positioned adjacent the first longitudinal edge 165. The third electrical trace 300c
and a fourth electrical trace 300d are positioned adjacent the second longitudinal
edge 175. In this configuration, each diagnostic circuit 310, 320 on opposite sides
along the width 80 of the flexible printed circuit 40 to assist with the diagnostic
check. However, it is contemplated that the diagnostic electrical circuits 310 and 320
can be located at any alternate location aiong the width 80 of the flexible printed
circuit 40.

The receiving unit 30 of this configuration includes diagnostic electrical
contacts 330a, 330b, 330c and 330d to align with the diagnostic traces 300a-300d
such that electrical contact 330a is electrically coupled with electrical contact 330b
and electrical contact 330c is electrically coupled with electrical contact 330d when
the flexible printed circuit 4¢ is coupled to the receiving unit 30.

FIGURE 13 illustrates an additional embodiment of the connection detector
assembly 10. The diagnostic traces 100a, 100b are configured such that completion
of the diagnostic circuit 100 is along the flexible printed circuit 40. The first and
second diagnostic traces 100a, 100b are electrically connected over the button
signal traces 130a-130h on the fiexible printed circuit 40 by a bridge patn 340. This
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4. The connection detector assembly of claim 3, wherein the diagnostic circuit further comprises: a
ground voltage electrically coupled with the first diagnostic electrical trace and a power supply voltage
electrically coupled to the second diagnostic electrical trace, wherein the processor compares a
voltage difference across the diagnostic circuit to determine if the connection state includes a failure
condition between the receiving unit and the flexible printed circuit. 5. The connection detector
assembly of claim 3, wherein the first and second diagnostic electrical traces are electrically coupled to
each other across the keypad such that the processor performs the diagnostic check on the connected
state betwesnbibdimkntlinclotisaca scidgngstie witkito! §eHagtnendhruiiredbdisenastiedrefesit and the

electrical cpiacts AANGHERTUNR O the B HANICHOBIIELHIRE FREAEIRMA ARl Trirvagrein the

diagnostic circuit er comprises: a lagnostic | trace and a fourth diagnostic
electrical triee ebegnfimpbetiveermbetiniinernd il systsaronbemiasameerekisleqhirrbreiFeuit such

that the (i Auc (o ARSI ReGcalorasRe syecalertdsalb oo vale iseaaeho dRsacsass one of
e 1iexi

the keypad™an le printed circuit to complete the diagnostic circuit. 7. The connection detector

assembly dhelgiagposiiscrismithiof therabwderadnginsstrliaRilityich theasseP®ectrically coupled to
each other acrossrifie keypadandha thid Aarfpuihiagrostissleriricakiine smisoalansrically
coupled to each other across the keypad such that the processor performs th? diagnostic gﬁeck on
of various aspects of thé present disclosure, where equivalent alterations and/or
modifications will occur to others skilled in the art upon reading and understanding
this specification and the annexed drawings. In particular, although a particular
feature of the disclosure may have been illustrated and/or described with respect to
only one of several implementations, such feature may be combined with one or
more other features of the other implementations as may be desired and
advantageous for any given or particular application. Also, to the extent that the
terms "including”, "includes”, "having", "has", "with", or variants thereof are used in
the detailed description and/or in the claims, such terms are intended to be inclusive

in a manner similar to the term "comprising"”.
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the connected state between the plurality of traces along the width of the first end of the flexible circuit
and the electrical contacts of the receiving unit. 8. The connection detector assembly of claim 6,

Wherei'n the diagnostic circuit further comprises: a ground voltage electrically coupled with the first
and third diagnostic electrical traces and a power supply voltage being electrically coupled to the
second and fourth diagnostic electrical traces, wherein the processor compares a voltage

difference across the diagnostic circuit to determine if the connection state includes a failure condition
between thggeriving unit and the flexible printed circuit. 9. The connection detector assembly of
claim 1, wherein the flexible printed circuit includes a generally planar arrangement such that the width
of the flexible printed circuit extends between a first longitudinal edge and an oppositely spaced

second longitudingl edge, tBni&sieaNaetson deisstpiisgseonbbeet ciain 8, vharedidbediate
diagnostic electrical trace is positioned adjacent the first longitudinal edge and the second diagnostic

electrical trBBYESSbRilEHRACALR RN HRER o QTG inal edge, the first and second diagnostic
electrical traces atele@lpsidcaityeinglachioretishafthettanspdscomeliofdhal fraxiblesprinkedirurfigst and the

receiving ugi{'%.d second button contacts;

a flexible printed circuit having a first end, an opposite second end connected
to the keypad, a plurality of electrical traces spaced from one another and
longitudinally extending between the first end and the second end of the fiexible
printed circuit, the plurality of electrical traces being aligned along a width of the
flexible printed circuit and including a set of two or more button signal traces
individually electricaily coupled with a first button contact of a corresponding one of
the plurality of buttons, and first and second diagnostic electrical traces forming a
diagnostic circuit with one another;

a receiving unit configured to receive the first end of the flexible printed circuit
and having a plurality of electrical contacts configured to electrically couple to the
plurality of electrical traces along the width of the flexible printed circuit, the plurality
of electrical contacts including one or more diagnostic electrical contacts configured
to electrically couple to the at least one diagnostic trace; and

a processor electrically coupled to the one or more diagnostic electrical
contacts of the receiving unit, the processor being configured to perform a diagnostic
check of the diagnostic circuit to determine a connected state between the first end
of the flexible printed circuit and the receiving unit or between the second end of the
flexibie printed circuit and the keypad, the connected state indicating whether or not

a failure condition exists along a designated portion of the diagnostic circuit.
2. The connection detector assembly of claim 1, wherein the flexible printed

circuit includes a generally planar arrangement and the plurality of electrical traces
are co-planar along the width of the flexible printed circuit.
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11. The connection detector assembly of claim 10, wherein the first and second diagnostic electrical
traces of the plurality of electrical traces have a similar first length and the remainder of the plurality of
electrical traces have a similar second length such that the first length is less than the second length.
12. The connection detector assembly of claim 10, wherein the first and second diagnostic electrical
traces are electrically coupled to each other across the keypad such that the processor performs the
diagnostic check on the connected state between the plurality of traces along the width of the first end
of the flexible circuit and the electrical contacts of the receiving unit. 13. The connection detector
assembly 6. claini e, eaneestandaiaginssaesarobly rafteimompnagEin thg dist AdessE Slectrically

coupled withhe first diagprsliaalestrisdl BRearRasl R RABRISHBNCYOBRES belsgelaaiisalyecoupled

to the second diagnostic electrical trace, = wherein the processor compares a voltage difference
across the '@Heﬁéqs@@dhﬁjﬁﬁ’ﬁbﬁ@t@ﬁﬁ?%%r %téeﬁ?@%ﬁgeﬁ&?ed?ﬁgr&%%? &f5kre condition between

the receiving unit and the flexible printed circuit.

4, The connection detector assembly of claim 3, wherein the diagnostic circuit
further comprises:

a ground voltage electrically coupled with the first diagnostic electrical trace
and a power supply voltage electrically coupled to the second diagnostic electrical
trace,

wherein the processor compares a voltage difference across the diagnostic
circuit to determine if the connection state includes a failure condition between the

receiving unit and the flexible printed circuit.

5. The connection detector assembly of claim 3, wherein the first and second
diagnostic electrical fraces are electrically coupled to each other across the keypad
such that the processor performs the diagnostic check on the connected state
between the plurality of traces along the width of the first end of the flexible printed

circuit and the electrical contacts of the receiving unit.

8. The connection detector assembly of claim 3, wherein the diagnostic circuit
further comprises:

a third diagnostic electrical trace and a fourth diagnostic electrical trace
extending between the first end and the second end of the flexible printed circuit
such that the third and fourth diagnostic electrical traces are electrically coupled to
each other across one of the keypad and the flexible printed circuit to complete the

diagnostic circuit.

7. The connection detector assembly of claim 6, wherein the first and second
diagnostic electrical traces are electrically coupled to each other across the keypad
and the third and fourth diagnostic electrical traces are electrically coupled to each

other across the keypad such that the processor performs the diagnostic check on
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14. The connection detector assembly of claim 9, wherein the diagnostic circuit further comprises:

a first diagnostic electrical trace and a second diagnostic electrical trace positioned adjacent the first
longitudinal edge, the first and second electrical traces are electrically coupled across one of the
keypad and the receiving unit; and a third electrical trace and a fourth electrical trace positioned
adjacent the second longitudinal edge, the third and fourth electrical traces are electrically coupled
across one of the keypad and the receiving unit, wherein the processor is adapted to perform the
diagnostic check on the connected state between the first end of the flexible printed circuit and the

receiving UME Gonestab stptbaivernibRiprgibiad Breat alvhthibrayeiy ofibeiat &ithektion
detector aspemblE dRltiddhauhersisdhrdirsbank aesone eleeiiey tiages are electrically coupled to

each other across the keypad and the third and fourth electrical traces are electrically coupled to each
other across the keypad such that the processor performs the diagnostic check on the connected state

between thg plurafite drreRE 06 tReWiskBAhEN drsiiaing of Wecliexitieccirighastitiralkctrical

contacts of the receiving unit. 16. The connection detector assembly of claim 14, wherein the
diagnostic BH#ER RRMBFESMprises:

a ground voltage electrically coupled with the first and third diagnostic
electrical traces and a power supply voltage being electrically coupled to the second
and fourth diagnostic electrical traces,

wherein the processor compares a voltage difference across the diagnostic
circuit to determine if the connection state includes a failure condition between the

receiving unit and the flexible printed circuit.

S. The connection detector assembly of claim 1, wherein the flexible printed
circuit includes a generally planar arrangement such that the width of the fiexible
printed circuit extends between a first iongitudinal edge and an oppositely spaced

second longitudinal edge.

10. The connection detector assembly of claim 9, wherein the first diagnostic
electrical trace is positioned adjacent the first longitudinal edge and the second
diagnostic electrical trace is positioned adjacent the second longitudinal edge, the
first and second diagnostic electrical traces are electrically coupled to each other

across one of the flexible printed circuit and the receiving unit.

11,  The connection detector assembly of claim 10, wherein the first and second
diagnostic electrical traces of the plurality of electrical traces have a similar first
length and the remainder of the plurality of electrical traces have a similar second

fength such that the first length is less than the second length.

12.  The connection detector assembly of claim 10, wherein the first and second
diagnostic electrical traces are electrically coupled to each other across the keypad

such that the processor performs the diagnostic check on the connected state
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a power supply voltage electrically coupled with the first and third electrical traces and a ground
voltage being electrically coupled to the second and fourth electrical traces, wherein the processor
compares a voltage difference across the diagnostic circuit to determine if the connection state
includes a failure condition between the receiving unit and the flexible printed circuit. 17. The
connection detector assembly of claim 1, wherein the receiving unit is a zero insertion force connector
assembly that includes a fastener for frictionally connecting the first end of the flexible printed circuit to
the receiving unit such that each electrical contact of the receiving unit is aligned with and contacts an
PRSI 1

associatedbsibraecatirapliraity Phdraepnalons Meewdinagt shredif T AerAenBiNG printed

circuit inclugles & PR¥MEEAQRINGRs WYeRs laefirsiamsitand the second end. 19. The connection
detector assembly of claim 1, wherein the plurality of electrical traces at the first end of the flexible

printed cir_cuit are at least p_artially coated with a carbon material. 20. A keypad assembly, comprising:
a keypad ingudingri RigraliyPuERRE the dedivigus baitenslinalheis firss drdysestadibution

contacts; afrl]ﬂ’ther comprises:

a ground voltage electrically coupled with the first diagnostic electrical trace
and a power supply voltage being electrically coupled to the second diagnostic
electrical frace,

wherein the processor compares a voltage difference across the diagnostic
circuit to determine if the connection state includes a failure condition between the

receiving unit and the fiexible printed circuit.

14.  The connection detector assembly of claim 9, wherein the diagnostic circuit
further comprises:

a first diagnostic electrical trace and a second diagnostic electrical trace
positioned adjacent the first longitudinal edge, the first and second electrical traces
are electrically coupled across one of the keypad and the receiving unit; and

a third electrical trace and a fourth electrical trace positioned adjacent the
second longitudinal edge, the third and fourth electrical traces are electrically
coupled across one of the keypad and the receiving unit,

wherein the processor is adapted to perform the diagnostic check on the
connected state between the first end of the flexible printed circuit and the receiving

unit or the second end of the flexible printed circuit and the keypad.

15. The connection detector assembly of claim 14, wherein the first and second
electfical traces are electrically coupied to each other across the keypad and the
third and fourth electrical traces are electrically coupled to each other across the
keypad such that the processor performs the diagnostic check on the connected
state between the plurality of traces along the width of the first end of the flexible

circuit and the electrical contacts of the receiving unit.
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a flexible printed circuit having a first end, an opposite second end connected to the keypad, a plurality
of electrical traces spaced from one another and longitudinally extending between the first end and the
second end of the flexible printed circuit, the plurality of electrical traces being aligned along a width of
the flexible printed circuit and including a set of two or more button signal traces individually electrically
coupled with a first button contact of a corresponding one of the plurality of buttons, and first and
second diagnostic electrical traces forming a diagnostic circuit with one another.

16. The connection detector assembly of claim 14, wherein the diagnostic circuit
further comprises:

a power supply voltage electrically coupled with the first and third electrical
fraces and a ground voltage being electrically coupled to the second and fourth
electrical traces,

wherein the processor compares a voltage difference across the diagnostic
circuit to determine if the connection state includes a failure condition between the

receiving unit and the flexible printed circuit.

17.  The connection detector assembly of claim 1, wherein the receiving unit is a
zero insertion force connector assembly that includes a fastener for frictionaily
connecting the first end of the flexible printed circuit to the receiving unit such that
each electrical contact of the receiving unit is aligned with and contacts an

associated electrical trace.

18. The connection detector assembly of claim 1, wherein flexible printed circuit

includes a polymer coating between the first end and the second end.

19. The connection detector assembly of claim 1, wherein the plurality of
electrical traces at the first end of the fiexible printed circuit are at least partially
coated with a carbon material.

20. A keypad assembly, comprising:

a keypad including a plurality of buttons, the individual buttons including first
and second button contacts; and

a flexible printed circuit having a first end, an opposite second end connected
to the keypad, a plurality of electrical traces spaced from one another and
longitudinally extending between the first end and the second end of the flexible
printed circuit, the plurality of electrical traces being aligned along a width of the
flexible printed circuit and including a set of two or more button signal traces

individually electrically coupled with a first button contact of a corresponding one of
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the plurality of buttons, and first and second diagnostic electrical traces forming a

diagnostic circuit with one another.
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