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LOW RESISTANCE SWITCH USING CARBON 
CONTACTS 

[0001] The present invention relates to switches and more 
speci?cally to elastomer sWitches. 

[0002] Gold-plated contacts are offered on many mechani 
cal sWitches. Elastomer or membrane sWitches have also 
utilized gold-plated contacts. In a typical elastomer sWitch 
used in a high reliability situation, a gold-plated contact 
attached to an elastomer material is forced into physical 
contact With a gold-plated contact or contacts on a printed 
circuit board (PCB). The sWitch contacts have been plated 
With gold because gold is a good conductor and generally 
does not corrode. Gold-plated contacts provide a relatively 
loW resistance path until arcing or Wear degrades the gold 
plated contacts. HoWever, utiliZing gold-plated contacts 
increases the cost of a sWitch, as gold is a relatively 
expensive material and requires additional manufacturing 
processing steps. As a result, sWitches With carbon coated 
contacts have increasingly been utiliZed as an alternative to 
sWitches With gold plated contacts. HoWever, carbon 
sWitches suffer from higher and less repeatable contact 
resistance. On the other hand, While gold contacts are 
generally adversely affected by the Wave soldering process, 
carbon contacts are generally not adversely affected. 

SUMMARY OF THE INVENTION 

[0003] An embodiment of the present invention is directed 
to a sWitch assembly. The sWitch assembly includes a 
plurality of electrical devices and a plurality of user acti 
vated sWitches. The plurality of electrical devices each 
include a control terminal. Each of the plurality of electrical 
devices causes a different distinguishable output to be pro 
vided When a control signal is asserted on its control 
terminal. The user activated sWitches include carbon-coated 
contacts. Each of the user activated sWitches is associated 
With one of the plurality of electrical devices. Asserting one 
of the user activated sWitches, causes a control signal to be 
provided to the control terminal of one of the plurality of 
electrical devices. 

[0004] In the preferred embodiment, the elastomer 
sWitches are incorporated Within a rear vieW mirror. An 
advantage of the present invention is that gold can be 
eliminated as a contact material, thus reducing cost Without 
introducing undesirable resistance into a circuit path. 

[0005] These and other features, advantages and objects of 
the present invention Will be further understood and appre 
ciated by those skilled in the art by reference to the folloW 
ing speci?cation, claims and appended draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1 is a cross-sectional vieW of an elastomer 
sWitch, according to an embodiment of the present inven 
tion; 

[0007] FIG. 2 is an electrical schematic incorporating the 
sWitch of FIG. 1, according to an embodiment of the present 
invention; 

[0008] FIG. 3 is a front perspective vieW of a rearvieW 
mirror assembly in Which the sWitch assembly shoWn in 
FIG. 2 may be implemented; and 
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[0009] FIG. 4 is an electrical circuit diagram in block and 
schematic form illustrating an electrical circuit that may be 
implemented in the rearvieW mirror assembly shoWn in 
FIG. 3. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

[0010] In the preferred embodiment, a plurality of elas 
tomer sWitches are constructed of an elastomer material and 
a printed circuit board (PCB). The elastomer material 
includes a plurality of carbon-coated contacts that are uti 
liZed to facilitate electrical contact With carbon-coated con 
tacts located on the PCB. The closure of one of the elastomer 
sWitches biases a gate (through a resistor) of an associated 
?eld-effect transistor The associated FET provides a 
current. The level of the current provided by the FET may 
be determined by measuring the voltage drop across a load 
resistor using an external device (e.g., an analog-to-digital 
(A/D) converter). Alternatively, the FETs can be replaced 
With bipolar junction transistors (BJTs). Additionally, the 
sWitches With carbon-coated contacts could be monitored by 
a microprocessor. In this con?guration, When the micropro 
cessor senses that one of the sWitches is closed, the micro 
processor activates the corresponding FET or a BJT (or 
performs an appropriate routine based upon Which sWitch is 
closed). 
[0011] An advantage of this technique is that gold can be 
eliminated as a contact material, thus reducing cost Without 
introducing undesirable resistance into a circuit path. While 
sWitches With carbon-coated contacts may not be as reliable 
as sWitches With gold-plated contacts (i.e., the resistance of 
the carbon-coated contact may not be as loW or repeatable), 
the variation in contact resistance does not affect the output 
path. This is because the sWitches With carbon-coated con 
tacts are only used to activate a FET or BJT (or provide an 
input to a microprocessor). Thus, the implementation of 
sWitches With carbon-coated contacts in conjunction With an 
electrical sWitch (FET or BJT) provides a product With a 
loWer overall cost for applications that can utiliZe sWitches 
of this nature. 

[0012] FIG. 1 shoWs an elastomer sWitch 100. Elastomer 
sWitch 100 includes a button cap 102, an elastomer 104, a 
carbon-coated contact 108, a printed circuit board (PCB) 
110, copper traces 112A and 112B and carbon-coated con 
tacts 114A and 114B. As depicted in FIG. 1, button cap 102 
is attached to elastomer 104. Also, attached to elastomer 104 
is carbon contact 108. Copper traces 112A and 112B are 
attached to PCB 110. Copper traces 112A and 112B are 
coated With carbon in the contact area to form carbon 
contacts 114A and 114B. The application of carbon to 
copper is Well knoWn to those of ordinary skill in the art and 
serves to provide a non-corrosive contact. 

[0013] Elastomer 104 serves to keep carbon contact 108 
from making contact With carbon contacts 114A and 114B 
When a user is not applying a suf?cient force to button cap 
102. When the user applies a suf?cient force to button cap 
102, carbon contact 108 comes in contact With carbon 
contacts 114A and 114B. In the disclosed embodiment, 
either carbon contact 114A or 114B is coupled to a common 
ground (through trace 112A or 112B). The carbon contact 
114A or 114B that is not coupled to the common ground is 
coupled to a resistor 212, 214 or 216 (through trace 112B or 
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112A, see FIG. 2). With carbon contact 108 bridging the gap 
between carbon contacts 114A and 114B, an A/D converter 
(not shoWn) can measure a voltage (across a load resistor 
252) at output node 250. 

[0014] FIG. 2 depicts an elastomer sWitch assembly 200 
that includes three elastomer sWitches 240, 242 and 244 
Which are constructed according to FIG. 1. While only three 
sWitches are shoWn, one skilled in the art Will appreciate that 
additional (or feWer) sWitches can be incorporated in an 
electrical circuit such as depicted in FIG. 2. The voltage 
(across load resistor 252) read at output node 250, by an A/D 
converter (or other device), provides an indication of Which 
sWitch is closed (providing a proper value load resistor is 
selected in relation to resistors 204, 218, 220 and 222). The 
current or voltage at output node 250 is set by resistors 204, 
220, 218 and 222 and load resistor 252. Resistors 206, 208 
and 210 pull-up (to voltage supply 202) the gates of FETs 
230, 232 and 234 When one of three sWitches 240, 242 or 
244 are not closed. Preferably, resistors 206, 208 and 210 are 
10 k9 resistors. When the gates of FETs 230, 232 and 234 
are pulled to voltage supply 202, FETs 230, 232 and 234 are 
off. FETs 230, 232 and 234, as disclosed, are P-channel 
MOSFETs. One of skill in the art Will appreciate that the 
disclosed circuit could be modi?ed to utiliZe N-channel 
MOSFETs, PNP or NPN bipolar transistors, P or N-channel 
JFETs or other amplifying devices. 

[0015] When sWitch 240 is actuated, FET 230 is turned on. 
When sWitch 242 is actuated, FET 232 is turned on. When 
sWitch 244 is actuated, FET 234 is turned on. One of skill in 
the art Will appreciate that the disclosed embodiment of the 
present invention can only decode one of sWitches 240, 242 
or 244 at any given time. Resistors 212, 214 and 216 are 
chosen such that When the corresponding sWitches 240, 242 
and 244 close, the corresponding PET is turned on (i.e., 
|VGS{>{VTH{). Preferably, resistors 212, 214 and 216 are 
4.7 kQ resistors. Resistors 204, 218, 220 and 222 are 
selected such that the A/D converter (or other device) can 
determine Which of sWitches 240, 242 or 244 have been 
actuated. Preferably, resistors 204, 218, 220 and 222 are 
2009, 1.5 kQ, 10 k9 and 1.3 kQ resistors, respectively. If 
desired, current limiting resistors can be installed serially 
With the gates of FETs 230, 232 and 234. In addition, it may 
be desirable to install 0.1 pF, 50V, ?lter capacitors (not 
shoWn) at supply 202 and output node 250. 

[0016] FIG. 3 shoWs a rearvieW mirror assembly 10 in 
Which the disclosed sWitch assembly may be utiliZed. As 
illustrated, rearvieW mirror assembly 10 includes a housing 
or beZel 12. Mirror assembly 10 further includes a mirror 
element 14, Which is preferably an electrochromic mirror 
element having a re?ectivity that is automatically and elec 
tronically controlled by a control circuit that responds to 
light levels sensed by an ambient light sensor 15 and a glare 
sensor 17 (FIG. 4). As illustrated in FIG. 4, a control circuit 
16 is provided Within mirror assembly 10 to process outputs 
from sensors 15 and 17 and to adjust a voltage level betWeen 
0 and 1.2V, for example, that is applied to the internal 
electrochromic mirror element 14. If the vehicle is equipped 
With external electrochromic mirrors 24, control circuit 16 
may also apply a selected voltage level on a line coupled to 
external electrochromic mirrors 24. Apreferred construction 
by Which control circuit 16 may be electrically coupled to 
external electrochromic mirrors 24 is disclosed in commonly 
assigned US. patent application Ser. No. 09/368,325, 
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entitled VEHICLE COMMUNICATION SYSTEM, ?led by 
Robert C. Knapp et al. on Aug. 3, 1999, the disclosure of 
Which is incorporated herein by reference. 

[0017] Referring to FIGS. 3 and 4, mirror assembly 10 
may also include one or more displays 18 that are mounted 
behind mirror element 14 so as to display information to the 
vehicle occupants. Such displays are typically mounted 
behind certain regions of the mirror element Where the 
re?ective material of the mirror element has been removed 
to provide a transparent non-re?ective WindoW. Preferably, 
hoWever, if displays are utiliZed in the rearvieW mirror 
assembly, mirror element 14 is constructed With a trans?ec 
tive layer as disclosed in commonly assigned US. patent 
application Ser. No. 09/331,955, entitled ELECTROCHRO 
MIC REARVIEW MIRROR INCORPORATING ATHIRD 
SURFACE METAL REFLECTOR AND A DISPLAY/SIG 
NAL LIGHT, ?led by William L. Tonar et al. on May 14, 
1999, the disclosure of Which is incorporated herein by 
reference. 

[0018] Display(s) 18 may be used to display information, 
such as external temperature and/or vehicle heading, as 
determined by an electronic compass 20 that may also be 
mounted inside housing 12. The display(s) 18 may also be 
used to display various other information, such as instruc 
tion codes for a trainable transceiver 30, time of day, the text 
from a paging signal, tire pressure, telephone numbers or 
any other information that Would commonly be conveyed to 
the vehicle occupants, such as the information conveyed by 
a vehicle trip computer. Display 18 may be con?gured as a 
dual display as disclosed in commonly assigned US. patent 
application Ser. No. 09/359,616, entitled LOW EMI MUL 
TIPLEXED DUAL DISPLAY, ?led by Robert R. Turnbull 
on Jul. 22, 1999, the disclosure of Which is incorporated 
herein by reference. 

[0019] RearvieW mirror assembly 10 may further include 
a plurality of user-activated sWitches 22 that enable a vehicle 
occupant to input commands to control circuit 16 that may 
be used to control the information that is displayed on 
display(s) 18, to turn on or off the electrochromic mirror, or 
to control any other electronic device or component that is 
disposed Within housing 12 or otherWise electrically coupled 
to control circuit 16. 

[0020] As shoWn in FIGS. 3 and 4, mirror assembly 10 
may also include map lamps 26 disposed on a bottom 
surface of housing 12 along With associated sWitches 28 that 
alloW a vehicle occupant to selectively turn map lamps 26 on 
and off. Map lamps 26 may also be turned on and off via 
control circuit 16 When, for example, the vehicle doors are 
opened or an interior light sWitch on the instrument panel is 
activated. Control circuit 16 may receive information that 
doors have been opened or that an interior light sWitch has 
been activated via a vehicle bus interface 32 that is coupled 
to an electrical bus system of the vehicle. Map lamps 26 are 
preferably constructed using light-emitting diodes (LEDs) 
as disclosed in commonly assigned US. Pat. No. 5,803,579, 
entitled ILLUMINAT OR ASSEMBLY INCORPORATING 
LIGHT EMITTING DIODES, ?led by Robert R. Turnbull et 
al. on Jun. 13, 1996, the disclosure of Which is incorporated 
herein by reference. 

[0021] If a trainable transceiver 30 is disposed Within 
housing 12 or otherWise electrically coupled to control 
circuit 16, mirror assembly 10 may also include a plurality 
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of additional user-activated switches 36 that may be manipu 
lated to selectively transmit an associated RF signal to a 
garage door opener receiver or to an electronic control 
system remote from the vehicle. Trainable transceiver 30 
may also be utiliZed to receive remote keyless entry (RKE) 
signals, in Which case trainable transceiver 30 may apply 
RKE detection signals to an input of control circuit 16, 
Whereby control circuit 16 Would convey one or more 
signals through bus interface 32 over vehicle bus 34 to 
Which the door locks Would respond by locking or unlocking 
and to Which an alarm system may respond by becoming 
activated or deactivated. Also, lights Within the vehicle, such 
as map lamps 26, may additionally respond to this signal so 
as to turn on or off the lights Within or outside of the vehicle. 

[0022] As also shoWn in FIG. 4, a GPS receiver 38 may 
be mounted in rearvieW mirror housing 12 and coupled to 
control circuit 16. The information obtained from GPS 
receiver 38 may be utiliZed in a variety of manners as 
disclosed in commonly assigned U.S. patent application Ser. 
No. 09/250,086, entitled REARVIEW MIRROR WITH 
INTEGRATED MICROWAVE RECEIVER, ?led by Robert 
R. Turnbull et al. on Feb. 16, 1999, the disclosure of Which 
is incorporated herein by reference. 

[0023] A cellular telephone transceiver 37 may also be 
provided in housing 12 or otherWise coupled to control 
circuit 16. Cellular transceiver 37 may form part of a vehicle 
communication system, such as the On-Star® system noW 
available on many General Motors vehicles. Cellular tele 
phone transceiver 37 may receive user input commands via 
sWitches 22 or from additional sWitches that are provided on 
housing 12 or remote from housing 12. 

[0024] To convert the poWer supplied from a conventional 
12V vehicle poWer source 44, a poWer supply circuit 40 is 
provided that converts the 12V poWer to 5V or less for use 
by the above-noted electrical components. 

[0025] In the rearvieW mirror assembly described above, 
any one or more of sWitches 22, 28 or 36 can be constructed 
as described above With respect to FIGS. 1 and 2. Where 
more than one such membrane sWitch is coupled to a single 
input terminal of a microprocessor or control circuit, the 
circuitry shoWn in FIG. 2 may be used to supply signals that 
are distinguishable from one another so that the micropro 
cessor or control circuit may determine Which of the mem 
brane sWitches has been actuated. 

[0026] The above description is considered that of the 
preferred embodiments only. Modi?cations of the invention 
Will occur to those skilled in the art and to those Who make 
or use the invention. Therefore, it is understood that the 
embodiments shoWn in the draWings and described above 
are merely for illustrative purposes and not intended to limit 
the scope of the invention, Which is de?ned by the folloWing 
claims as interpreted according to the principles of patent 
laW, including the doctrine of equivalents. 

What is claimed: 
1. A sWitch assembly, comprising: 

a plurality of electrical devices each including a control 
terminal, each of the plurality of electrical devices 
causing a different distinguishable output to be pro 
vided When a control signal is asserted on the control 
terminal of one of the plurality of electrical devices; 
and 

Dec. 20, 2001 

a plurality of user activated sWitches With carbon-coated 
contacts, each of the user activated sWitches When 
asserted providing the control signal to the control 
terminal of one of the plurality of electrical devices. 

2. The sWitch assembly of claim 1, Wherein the user 
activated sWitches include: 

an elastomer; 

a carbon coated contact attached to the elastomer at a 

contact area; 

a printed circuit board including a ?rst copper trace and a 
second copper trace, Wherein the ?rst and second 
copper traces each include carbon-coated contacts at 
the contact area, 

Wherein the elastomer prevents the carbon-coated contact 
attached to the elastomer from making electrical con 
tact With the carbon-coated contacts of the ?rst and 
second copper traces unless a user applies an adequate 
force to the elastomer. 

3. The sWitch assembly of claim 1, Wherein the electrical 
devices are ?eld effect transistors. 

4. The sWitch assembly of claim 1, Wherein the electrical 
devices are bipolar junction transistors. 

5. The sWitch assembly of claim 1, Wherein a processor 
monitors the plurality of user activated sWitches and pro 
vides the control signal to one of the plurality of electrical 
devices upon sWitch assertion. 

6. A rearvieW mirror assembly for a vehicle comprising: 

a housing having a mounting member for mounting said 
housing to the vehicle, said housing including a beZel; 

an electrochromic mirror disposed in said housing, said 
mirror having a front surface and a rear surface; and 

a sWitch assembly retained in said housing including: 

a plurality of electrical devices each further including a 
control terminal, each of the plurality of electrical 
devices causing a different distinguishable output to 
be provided When a control signal is asserted on the 
control terminal of one of the plurality of electrical 
devices; and 

a plurality of user activated sWitches With carbon 
coated contacts, each of the user activated sWitches 
When asserted providing the control signal to the 
control terminal of one of the plurality of electrical 
devices. 

7. The rearvieW mirror assembly of claim 6, Wherein said 
electrochromic mirror comprises: 

front and rear spaced elements, each having front and rear 
surfaces and being sealably bonded together in a 
spaced-apart relationship to de?ne a chamber; 

a transparent ?rst electrode including a layer of transpar 
ent conductive material carried on said rear surface of 

said front element; 

at least one electrochromic material contained Within said 

chamber; and 

a second electrode disposed on said front surface of said 
rear element, Wherein either said second electrode is a 
re?ective electrode or a transparent electrode With a 
corresponding separate re?ector disposed over substan 
tially all of said rear surface of said rear element. 
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8. The rearvieW mirror assembly of claim 6, wherein the 
switch assembly further includes: 

an elastomer; 

a carbon coated contact attached to the elastomer at a 

contact area; 

a printed circuit board including a ?rst copper trace and a 
second copper trace, Wherein the ?rst and second 
copper traces each include carbon-coated contacts at 
the contact area, 

Wherein the elastomer prevents the carbon-coated contact 
attached to the elastomer from making electrical con 
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tact With the carbon-coated contacts of the ?rst and 
second copper traces unless a user applies an adequate 
force to the elastomer. 

9. The rearvieW mirror assembly of claim 6, Wherein the 
electrical devices are ?eld effect transistors. 

10. The rearvieW mirror assembly of claim 6, Wherein the 
electrical devices are bipolar junction transistors. 

11. The rearvieW mirror assembly of claim 6, Wherein a 
processor monitors the plurality of user activated sWitches 
and provides the control signal to one of the plurality of 
electrical devices upon sWitch assertion. 

* * * * * 


