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DIGITAL ELECTROCHROMIC MIRROR
SYSTEM

range of 80 milliamperes to 150 milliamperes being typical.
Exterior rearvieW mirrors can be even larger With a surface

area of approximately 350 cm2, and greater, and a commen
surate increase in current density.

CROSS REFERENCE TO RELATED
APPLICATIONS

SUMMARY OF THE INVENTION

This application is a division of application Ser. No.
09/533,260, ?led Mar. 20, 2000, now US. Pat. No. 6,305,
807, Which is a continuation of application Ser. No. 08/832,

380, ?led Apr. 2, 1997, now US. Pat. No. 6,089,721, by
Kenneth L. Schierbeek.

The present invention provides a digital electrochromic
mirror system Which utiliZes primarily digital components to
drive an electrochromic cell of an electrochromic mirror
10

BACKGROUND OF THE INVENTION

This invention relates generally to vehicle rearvieW mirror
systems and, more particularly, to electro-optic mirror

system to a desired re?ectance level Which not only meets,

but desirably exceeds the performance of prior analog
systems.
15

According to an aspect of the invention, an electrochro
mic rearvieW mirror system for a vehicle includes an elec

assemblies, such as electrochromic rearvieW mirror assem
blies for a vehicle.
Electrochromic rearvieW mirror assemblies include an

trochromic re?ective element having an electrochromic cell
Wherein the re?ective element colors to a partial re?ectance
level in response to a drive signal applied to the electro

electrochromic re?ective element made up of a re?ecting
surface and an electrochromic cell positioned betWeen the
driver and the re?ecting surface. The electrochromic cell
responds to a direct current (DC) voltage applied across a

includes a drive circuit Which applies a pulsed drive signal
to the electrochromic cell in order to establish the partial
re?ectance level of the re?ective element. The drive circuit

chromic cell. The rearvieW mirror assembly additionally

controls the partial re?ectance level at least as a function of

pair of terminals by varying the light transmittance through

the duty cycle of the pulsed drive signal.

the cell. In this manner, the re?ectance level of the re?ective

element can be varied by varying the DC voltage applied to

25

the electrochromic cell. The electrochromic cell has char
acteristics Which make control of the re?ectance level of the
re?ective element di?icult. The electrochromic cell operates
at a relatively loW voltage, typically Which may not exceed
approximately 3 volts DC, more typically not more than
about 1.5 volts DC, for more than a brief period of time or
else useful life of the re?ective element is compromised.
Furthermore, the amount of drive current necessary to color
or bleach the cell varies both With the temperature of the cell

and the amount of change in light transmittance undertaken.
Therefore, optimum control of the electrochromic cell
requires more than merely applying a DC voltage corre
sponding to the desired re?ectance level.
One approach to controlling the re?ectance level of an
electrochromic cell is disclosed in commonly assigned US.
Pat. No. 5,715,093 issued to the present inventor and Niall
R. Lynam, entitled AUTOMATIC REARVIEW MIRROR

such an electrochromic re?ective element and a drive circuit

Which applies a drive signal to the electrochromic cell in
order to establish the partial re?ectance level of the re?ec
tive element. The drive circuit includes a digital controller,
a binary sWitching device responsive to an output of the
controller for applying a source to the electrochromic cell,
and an input of the controller. The input of the controller is

preferably responsive to the voltage developed across the
35

tance level at least as a function of the duty cycle. The digital
controller additionally adjusts the source as a function of the

voltage developed across the electrochromic cell.
According to yet an additional aspect of the invention, an
electrochromic rearvieW mirror assembly for a vehicle
includes such an electrochromic re?ective element and drive
45

a signal applied to the electrochromic cell Which drives the
cell to the desired re?ectance level. While such drive system

is effective, it requires the use of analog components. Such
analog components Would be redundant in a digital electro

chromic mirror system and, therefore, Would unnecessarily
nents is not a straightforWard matter. Digital components
55

opens the binary sWitching device at a repetition rate of at

least approximately 10 cycles per second, more preferably at
least approximately 20 cycles per second, and most prefer
ably at least approximately 25 cycles per second.
An electrochromic rearvieW mirror assembly, according
to the various aspects of the invention, may additionally

like, Which exhibit a loW and a high state, and tristate
devices, such as types of microprocessors Which exhibit a
neutral, a loW, and a high state. Such components are useful

in processing data but are not readily adapted to controlling

include other functions of the rearvieW mirror including a

the re?ectance level of an electrochromic rearvieW mirror. In
particular, a typical electrochromic mirror utiliZed as an
interior mirror of a vehicle may have a surface area in the

range of 90 cm2 to 150 cm2 and typically in the range of 110
cm2 to 130 cm2. A steady state current draW, after color
transitions have settled, is typically in the range of betWeen
approximately 60 milliamperes and 180 milliamperes With a

circuit Which applies a drive signal to the electrochromic cell
in order to establish the partial re?ectance level of the
re?ective element. The drive circuit includes a digital
controller, a ?rst binary sWitching device responsive to an
output of the controller for applying a source to the elec
trochromic cell, and a second binary sWitching device Which
is responsive to an output of the controller for draining
charge from the electrochromic cell. The controller alternat

ingly closes the sWitching devices according to a particular
duty cycle in order to control the partial re?ectance level as
a function of the duty cycle. The digital controller closes and

add to the cost of the system. HoWever, substitution of

digital components for the previously used analog compo
typically operate betWeen discrete output states Which may
include binary devices, such as transistors, sWitches, and the

electrochromic cell by the source. The digital controller
closes and opens the binary sWitching device according to a

particular duty cycle in order to control the partial re?ec

SYSTEM WITH AUTOMATIC HEADLIGHT ACTIVA

TION. In this co-pending application, the electrochromic
cell is driven by an analog feedback system Which translates
a desired re?ectance level, produced by an analog circuit, to

According to another aspect of the invention, an electro
chromic rearvieW mirror assembly for a vehicle includes

display Which displays the vehicle heading, determined by a
compass, the outdoor temperature, determined by an outdoor
temperature sensor, or both the vehicle heading and outdoor
65

temperature. The digital controller, Which is preferably a
microcomputer, may additionally control the intensity of the
display. The intensity of the display may be controlled as a

US 6,547,404 B2
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function of light levels around the vehicle. Additionally, in

provides input to a microcomputer U2 (FIGS. 3 and 4). A

particular embodiments, the display may be positioned

digital controller, such as microcomputer U2, is a loW
current source, typically in microamps to less than about 25

behind the electrochromic cell Wherein the display is vieWed
through the electrochromic cell. In such embodiments, the

milliamperes, Which provides logic level outputs to a high

microcomputer may additionally adjust the intensity of the

current source 40 Which applies direct current pulses derived

display as a function of the re?ectance level of the re?ective

from vehicle ignition voltage, typically betWeen 8 VDC and

element. In this manner, the display, as perceived by the
driver, does not vary in intensity as the re?ectance level of
the re?ective element changes. HoWever, the intensity of the
display may be adjusted to accommodate the physiological

18 VDC With 12 VDC nominal, to the electrochromic cell
source 40 Which has a current capability of at least about 50

milliamperes, preferably of at least about 100 milliamperes,
10

response of the driver’s eyes.

These and other objects, advantages and features of this
invention Will become apparent upon revieW of the folloW

and most preferably of at least about 200 milliamperes. As
Will be described in more detail beloW, the duty cycle of
these pulses establishes the partial re?ectance level of re?ec
tive element 18. As schematically illustrated in FIG. 3, a

blanking logic signal, Which is typically pulse-Width

ing speci?cation in conjunction With the draWings.
15

BRIEF DESCRIPTION OF THE DRAWINGS

modulated, is output at 26b from microcomputer U2 based
on the condition of highWay glare light and ambient light
conditions around the vehicle as detected by the light sensor

FIG. 1 is a side elevation of a vehicle having an electro

combination 28. Such light sensor combinations are con

chromic rearvieW mirror assembly, according to the inven

ventional and are described in US. Pat. No. 4,917,477
issued to Bechtel et al., US. Pat. No. 4,793,690 issued to

tion;
mirror assembly, according to the invention, represented

Graham et al., and US. Pat. No. 3,601,614 issued to PlatZer,
Jr., the disclosures of Which are hereby incorporated herein

schematically to illustrate components of the electronic

by reference. The logic signal output at 26 is input to high

FIG. 2 is a side elevation of an electrochromic rearvieW

current source 40. The amplitude of the output signal from

control thereof;
FIG. 3 is a block diagram of the electronic control in FIG.

25 high current source 40 is variable Within a narroW range

established close to, and preferably constrained from sig
ni?cantly exceeding, the maximum voltage tolerable for a
sustained period by electrochromic cell 15.
The amplitude of the pulsed output signal from source 40
can be adjusted by microcomputer U2 over outputs 26c and

2;
FIGS. 4a and 4b are schematic diagrams of the electronic

control in FIG. 3;
FIG. 5 is a diagram of a pulsed drive signal;
FIG. 6 is the same vieW as FIG. 5 of an alternative

26d as a function of the voltage developed across electro
chromic cell 15. The developed voltage is sensed over a line
48 extending from a terminal 44 of the cell to an input of

embodiment thereof;
FIG. 7 is a softWare ?oWchart of a control algorithm for
an electrochromic rearvieW mirror assembly;
FIG. 8 is a table of source adjustment steps; and
FIGS. 9a and 9b are schematic diagrams of an alternative
embodiment control.

microcomputer U2. Such electrochromic cells typically
35

(EMF) upon application of an external voltage thereto, and
temporarily retain that back voltage, or back EMF, even
When the external voltage potential is removed and the cell

is open-circuited. Also, for solution-phase single

DESCRIPTION OF THE PREFERRED
EMBODIMENT

compartment, self-erasing electrochromic mirror elements

commonly used commercially today, the maximum voltage

Referring noW speci?cally to the draWings, and the illus
trative embodiments depicted therein, a vehicle 9 is illus
trated as having an electrochromic rearvieW mirror assembly

11 (FIGS. 1—3). Although the invention is illustrated in an
interior rearvieW mirror assembly, the invention could be

tolerable for a sustained period is in the 1.0 V to 2.0 V range,

typically less than 1.5 V and most typically about 1.4 V. For
solid-?lm electrochromic devices that utiliZe a layer, such as
45

equally applied to exterior rearvieW mirror assemblies as

range, typically in the 1.3 V to 1.5 V range. Usually,
application of a voltage much in excess of such maximum
tolerable voltage to the electrochromic cell for a sustained
period, typically at least several seconds, may cause change
to the electrochromic medium in the electrochromic medium
in the electrochromic cell.
In the illustrated embodiment, microcomputer U2 is mar

re?ective surface 17. Electrochromic element 18 may be of
any knoWn type, such as disclosed in US. Pat. No. 4,902,

keted by Toshiba Corporation of Japan under Model No.
55

TMP87C4008, but could be implemented by microcomput
ers marketed by other manufacturers. Microcomputer U2
includes a plurality of inputs 24 and a plurality of outputs 26.

CHROMIC MIRRORS AND DEVICES, the disclosures of

Outputs 26 are tri-state outputs Which are capable of assum
ing a loW state in Which the output is pulled to ground, a

Which are hereby incorporated herein by reference. Electro
chromic element 18 dims to a partial re?ectance level in

neutral high impedance state in Which the output is effec
tively open-circuited, and a high state in Which the output is
driven to a positive, or negative, DC voltage. Inputs 24a and

response to a drive signal applied thereby.
Electronic control 12 includes a drive circuit 13 Which

receives inputs from a substantially rearWardly directed light
sensor 20 and from a substantially forWardly directed light
sensor 22 and provides outputs to control the re?ectance

a tungsten oxide thin ?lm layer, the maximum voltage
tolerable for a sustained period is in the 1.0 V to the 3.0 V

Well as to an entire electrochromic rearvieW mirror system.
Electrochromic rearvieW mirror 11 includes an electronic
control 12 and a variable re?ectance electrochromic re?ec
tive element 18 having an electrochromic cell 15 and a

108 issued to Byker; commonly assigned US. Pat. No.
5,910,854 issued to Varaprasad et al., and commonly
assigned US. patent application Ser. No. 08/429,643 ?led
Apr. 27, 1995, by Varaprasad et al., entitled ELECTRO

develop a voltage, Which is a back Electromotive Field

24b are connected With light sensor combination 28 made up
of rearWard-directed light sensor 20 and forWard-directed
65

light sensor 22 electrically connected in series With each

level of electrochromic partial re?ective element 18. Light

other and With a resistor RA7. This series circuit is con

sensors 20, 22 make up a light sensor combination 28 which

nected betWeen a positive source of voltage (+5V) and

US 6,547,404 B2
5
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ground. Input line 24a is connected With a junction, or node,
30 between light sensors 20 and 22. Input 24b is connected

Electronic control 12 includes a source 40 for supplying
direct current energy to color cell 15 to a partial light
transmission level. Source 40 is made up of a voltage divider

With a junction, or node, 32 betWeen rearward light sensor
20 and resistor RA7. As disclosed in detail in commonly

composed of resistors R4 and R7 connected in series

assigned US. Pat. No. 5,715,093 issued to Schierbeek et al.,

betWeen a +5 volt source and ground. A node 42 of the

for an AUTOMATIC REARVIEW MIRROR SYSTEM

voltage divider is supplied to a Darlington transistor pair Q1

WITH AUTOMATIC HEADLIGHT ACTIVATION, the

and Q2 Which apply a DC voltage to a ?rst terminal 44 of
cell 15. Another terminal 46 of cell 15 is connected With

disclosure of Which is hereby incorporated herein by

ground. As is knoWn in the art, the voltage applied to the
base of transistor O1 is decreased by tWo forWard base
emitter drops and applied to terminal 44. In the illustrated

reference, the voltage at node 30 is used to establish a
re?ectance level of electrochromic re?ective element 18.

The voltage at junction 32 is representative of the overall
light level surrounding vehicle 9 and is used in a manner
Which Will be described beloW.
In the illustrative embodiment, electronic control 12
includes a display 34 Which is driven by a display driver U3.

In the illustrated embodiment, display 34 is marketed by
National Electric Corporation under Model No. FIP2QMBS
and driver U3 is marketed by Allegro under Model No.
UNC5812EPF, although other commercially available com
ponents may also be used. Display 34 may be positioned

embodiment, resistors R4 and R7 are selected to apply a

15

behind electrochromic cell 15 of re?ective element 18 and

vieWed by the driver through the electrochromic cell, as

conducting or open-circuited, and adjusts the output level of
source 40, by controlling outputs 26b, 26c, 26d and 266 in

disclosed in US. Pat. No. 5,285,060, issued to Larson et al.,
for a DISPLAY FOR AUTOMATIC REARVIEW

a manner Which Will be described beloW.

MIRROR, the disclosure of Which is incorporated herein by
reference. Alternatively, display 34 may be positioned on a
lip portion of housing 14 beloW re?ective element 18 or on
any other portion of the housing visible to the driver as

25

illustrated in commonly assigned US. Pat. No. 5,786,772
issued to Scho?eld et al., for a VEHICLE BLIND SPOT

Output 26b, When in a neutral high impedance state, does
not substantially affect the voltage at node 42 Whereby the
voltage at node 42 is established solely by resistors R4 and
R7. This voltage drives transistors Q1 and Q2 into conduc
tion and applies a voltage level, dependent on the voltage of
source 40 to cell 15. When output 26b is driven to a loW
state, the voltage at node 42 is decreased to a level at Which
transistors Q1 and Q2 become open-circuited and no current

DETECTION DISPLAY SYSTEM, the disclosure of Which

is hereby incorporated herein by reference. Alternatively,
display 34 could be in the form of a heads-up display
projected from housing 14 on the vehicle Windshield 16.
Electronic control 12 may additionally include a heading
sensor, or compass, 36 Which produces outputs 38 indicative
of the heading of the vehicle. Such heading sensor may be

nominal voltage of approximately 1.35 to 1.4 volts to cell
15. This range may vary depending upon the particular type
of electrochromic cell. Atransistor O3 is connected directed
across terminals 44 and 46. When a voltage is applied to the
base of transistor Q3 suf?cient to drive Q3 into saturation, an
essentially short circuit is applied across cell 15 Which
rapidly removes at least a portion of the charge applied to the
cell. Microcomputer U2 controls the states of transistors
Q1—Q3 in a binary fashion, Wherein each transistor is either

35

is supplied to cell 15. In the illustrated embodiment, output
26b is not driven to a high state, although, in other
embodiments, the high-output state may be useful if appro
priate adjustments are made to the circuit.

of the magneto-resistive type, such as disclosed in com

Outputs 26c and 26d serve as “?ne” and “coarse”

monly assigned US. Pat. No. 5,255,442, issued to Schier
beek et al., for a VEHICLE COMPASS WITH ELEC

adjustments, respectively, to the voltage level at node 42.
When output 26d, Which is the “coarse” adjustment, is in a

TRONIC SENSOR, or may be of the magneto-inductive
type, such as disclosed in commonly assigned US. Pat. No.

neutral high impedance state, the output has no effect on the
voltage at node 42. When output 26a' is driven to a loW state,

5,924,212 issued to Domanski for an ELECTRONIC

a resistor R6 is placed in parallel With resistor R7, Which
decreases the voltage at node 42. When output 26a' is driven
to a high state, resistor R6 is essentially in parallel With
resistor R4 Which increases the voltage at node 42.

COMPASS, the disclosures of Which are hereby incorpo
rated herein by reference, or may be of the ?ux-gate type, or
may be of the magneto-capacitive type. The heading of the
vehicle detected by heading sensor 36 is encoded on outputs

45

LikeWise, When “?ne” adjustment output 26c is neutral, it
has no effect on the voltage at node 42. When output 26c is

38, decoded by driver U3 and displayed by display 34.
Microcomputer U2 includes an output 26a, Which con

trols the intensity of display 34. In the embodiment illus
trated in FIGS. 4a and 4b, microcomputer U2 provides a
signal on line 26a Which adjusts the intensity of display 34
according to the light level around the vehicle as provided on
input 24b. As disclosed in the Larson et al. ’060 patent,

microcomputer U2 reduces the intensity of display 34 during
loW light levels in order to avoid daZZling the driver. During

55

high light levels, microcomputer U2 increases the intensity
of display 34 in order to make the display more discernable
to the driver. If display 34 is positioned behind cell 15,
Wherein the output of the display is vieWed through cell 15,

microcomputer U2 additionally adjusts the intensity of dis

in the art, removes at least a portion of the charge on cell 15.
Terminal 44 of cell 15 is interconnected through a line 48
and a resistor R19 to an input 24c of microcomputer U2.

play 34 as a function of the light transmission level of cell
15 in order to compensate for attenuation of light transmis

sion by the cell. This is accomplished by increasing the
intensity of display 34 for loWer re?ectance levels of elec
trochromic re?ective element 18 resulting from coloration of
cell 15 to a loWer light transmission level as disclosed in the
Larson et al. ’060 patent.

driven loW, a resistor R5 is placed in parallel With resistor R7
Which decreases the voltage at node 42, and When output 26c
is driven high, resistor R5 is placed in parallel With resistor
R4, Which increases the voltage level at node 42. Because
resistor R6 has a loW resistance value than resistor R5, the
effect of output 26a' is greater than that caused by output 26c.
Output 266 controls the conductive state of transistor Q3.
When output 266 is in a neutral high impedance state, there
is no base driven to transistor Q3 and O3 is open-circuited.
When output 266 is driven high, transistor O3 is driven to a
conductance state, Which, as previously set forth, places a
substantially short circuit across cell 15 Which, as is knoWn
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This provides an input to microcomputer U2, Which repre
sents the voltage across cell 15. This voltage is buffered by
resistor R19 in order to avoid damage to microcomputer U2
by spurious voltages on the cell. A capacitor C19 maintains

the voltage level at input 24c against ?uctuation during each

US 6,547,404 B2
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analog-to-digital conversion carried out internally by micro

loWer the resistance value of resistor RA15, or a neutral state

computer U2. As is known in the art, the voltage level across
cell 15 is generally, but not necessarily precisely, related to
the degree of coloration of light transmission level of cell 15.
In this manner, microcomputer U2 is provided With infor
mation concerning the general re?ectance level of re?ective

to not affect the resistance of resistor RA15. Microcomputer

U2 may additionally be provided With lineariZation data,
Whereby the voltage level at node 30, Which varies non
linearly for various light levels sensed by sensors 20 and 22,
may be interpreted linearly for the purpose of producing a
drive signal to drive cell 15 to a particular re?ectance level.

element 18. This information is collected and used in a
manner Which Will be set forth beloW.

Electronic control 12 additionally includes a sWitch S2
Which is driver-operable in order to sWitch the rearvieW
mirror betWeen an “automatically controlled” state in Which
the re?ectance level of re?ective element 18 is controlled
and an “off” state in Which the re?ectance level of re?ective
element 18 is not controlled. One Wiper of sWitch S2 is
connected With an 8.0 volt source and is selectively con

In operation, microcomputer U2 sWitches output 26b
betWeen a neutral high impedance state and a loW state in
10

order to pulse transistors Q1 and Q2 together and thereby
apply a pulsed direct current to cell 15. In contrast to
conventional electrochromic element drive circuits Which
supply a steady DC voltage level in order to control the

15

re?ectance level of re?ective element 18, microcomputer U2
controls the re?ectance level of the re?ective element by

nectable With a line 50 Which supplies voltage to transistors

varying the duty cycle of the pulsed signal applied to cell 15.

Q1 and Q2. Therefore, When in the position illustrated in
FIG. 3, no voltage is supplied to the transistors, and the cell

Such a pulsed signal P is illustrated in FIG. 5 and is shoWn

as having an approximately 50 percent duty cycle. As the
duty cycle decreases in percent on-time verses off-time for
transistors Q1 and Q2, the current supply to cell 15

remains in a high re?ectance state. Additionally, sWitch S2
includes a Wiper Which is connected through a line 52
connected With terminal 44. When in the position illustrated

decreases and thereby the re?ective element assumes a high

in FIG. 3, terminal 44 is directly connected With ground
Which rapidly bleaches the cell to a high re?ectance condi
tion. Alternatively, polarity to the cell could be reversed to
provide a poWer bleach. Electronic control 12 additionally
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includes a reverse-inhibit input 24d Which causes micro
computer U2 to force output 26b to a loW state and output
266 to a high state and thereby bleaches cell 15 When the
vehicle is in reverse gear. Electronic control 12 additionally

re?ectance condition. In contrast, as the duty cycle of signal
P increases, by sWitching transistors Q1 and Q2 on for a
greater percentage of time as compared to the off period of
these transistors, a greater amount of charge is supplied to
cell 15 and thereby the cell colors electrochromic re?ective
element 18 assumes a loWer re?ectance level.

Microcomputer U2 is capable of providing a pulsed DC
supply to cell 15 according to a variable duty cycle, and

thereby is capable of establishing a particular re?ectance
level for re?ective element 18, by relying upon the natural
tendency of cell 15 to discharge itself during periods When
current is not being supplied by transistors Q1 and Q2. In the
illustrated embodiment, discharge of cell 15, When not being

includes an indicator D2, Which, When actuated, indicates to
the driver that the control is actively controlling the re?ec
tance level of re?ective element 18.

Electronic control 12 may additionally, optionally,
include a series of resistors R20—R23 Which are connected

24c and 24f to microcomputer U2. Inputs 24c and 24f
establish the sensitivity of microcomputer U2 to signals

charged through transistors Q1 and Q2, is enhanced by
transistor Q3 Which actively discharges cell 15 betWeen
pulses of DC supplied by transistors Q1 and Q2. Thus, by

received from light sensor combination 28 and may be

reference to FIGS. 4a and 4b, during period A, transistors

changed in value for different vehicle con?gurations in
Which rearvieW mirror 11 is provided. Sensitivity settings
may additionally be stored in Erasable Electrically Program

Q1 and Q2 are driven in order supply a DC level, Which is
illustrated as being positive but could also be negative, to the

cell. During period B, after microcomputer U2 has turned off

mable Read-Only Memories (EE-PROM) and thereby elec

transistors Q1 and Q2, transistor Q3 is driven to a conduc

as illustrated as voltage dividers in order to supply inputs
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trically selectable for the vehicle type in Which rearvieW

tive state in order to rapidly discharge cell 15. This provides

mirror 11 is positioned. Additionally, such EE-PROM (not
shoWn) may be used to provide characteriZation data of light

superior control over the response of cell 15 to the variable
45

sensors 20 and 22 in order to alloW different light sensors to

control of only the application of the source to the cell.

be utiliZed and to make compensation for the different
characteristics of each light sensor for use by microcomputer
U2. In knoWn electrochromic drive circuits, it is necessary
to adjust the values of resistors RA7 and RA15 in order to
compensate for variations in light sensors 20, 22. This is

Microcomputer U2 can vary the duty cycle of drive signal P
from Zero percent (0%) to one hundred percent (100%).
Other factors besides the duty cycle of the drive signal P
in?uence the coloration of cell 15. For example, if the
amplitude of each pulse is too high, the eXpected useful life
of re?ective element 18 may decrease. If the amplitude of

typically accomplished either by providing a variable poten
tiometer to make production-line calibration adjustments or

by characteriZing each light sensor and matching up suitable
values of resistors RA7 and RA15. Both procedures are
cumbersome. With the use of an EE-PROM, the character
iZation data of the light sensors can be stored in the
EE-PROM and used to compensate for variations in light
sensor characteristics. For eXample, variations Which previ

duty cycle pulse train supplied from source 40 under the
control of microcomputer U2 than Would be achieved by
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each pulse is too loW, the cell Will not color to the desired
level and thereby the re?ectance level of re?ective element
18 Will be too high. HoWever, the ability to control the

amplitude of each pulse in drive signal P is made difficult by
the electrical characteristics of cell 15 Which vary both With
temperature and the degree of charge on the cell as Well as
tolerances in all of the electrical components. By Way of

ously Would have been compensated for by selecting the
value of resistor RA7, can be compensated for by internal set

eXample, if cell 15 is completely discharged, the cell Will

point variations in the algorithm used by microcomputer U2.
Variations Which previously Would have been compensated

provide a greater electrical load and Will tend to loWer the

for by selecting the value of resistor RA15 can be compen
sated for by providing a resistor betWeen a part of micro
computer U2 and a terminal of resistor RA15, With the
microcomputer selecting, a high output state for that part to
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amplitude of any pulse applied to the cell. HoWever, if the
charge on cell 15, Which is represented by the voltage across
the cell, is high relative to the amplitude of the pulse being
applied, the cell Will present a relatively small load on the

pulse and the amplitude of the pulse Will not be loWered. In

US 6,547,404 B2
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order to provide control over the amplitude of the DC pulses
applied to cell 15, electronic control 12 includes a feedback

Ideally, PWM % Will equal to 0 When the A/D voltage is
equal to the voltage at Which it is desired to begin coloration

loop through microcomputer U2 utilizing input 24c to

of the cell 15. As the voltage on node 30 decreases, the PWM
% increases until the PWM % equals 100 percent. If formula
1 yields a negative value, microcomputer U2 sets the PWM
% to 0. Any values greater than 100 PWM % are kept at 100
PWM %.

monitor the voltage across cell 15 through line 48 Which
connects With terminal 44 of the cell. This input monitors the

voltage across the cell produced by each pulse. If the voltage
is too loW, the amount of drive applied to the neXt pulse is
increased. If the voltage produced across the cell is too high,

Once microcomputer U2 determines the PWM % utiliZing
formula 1, a control algorithm 55 is carried out (FIG. 7). The

thereby potentially reducing the lifetime of the cell, micro
computer U2 loWers the amplitude of the neXt pulse. If the
voltage across cell 15, as sampled by input 24c is Within a
desirable range, then microcomputer U2 keeps the same

10

amplitude for the neXt pulse.
As can be seen by reference to FIG. 5, microcomputer U2

monitors the voltage across cell 15 by sampling the voltage

15

on the cell at point S Which is selected to be at the end of the

applied pulse. At point S, the voltage produced across cell 15
by that pulse Will have presumably stabiliZed so that the
measured voltage is assumed to be an accurate representa
tion of the voltage across the cell. Of course, it may be
possible to monitor the voltage across the cell at other points
on the pulse or to measure the amplitude at several points

If it is determined at 62 that the sample voltage across the
cell is not less than the minimum, it is determined at 70 if
25

established for the particular cell. Therefore, microcomputer
Because, in the illustration, microcomputer U2 determines

Whether the minimum voltage adjustment has been

that the sampled voltage across cell 15 at S2 is Within range
R, no adjustment is made to the amplitude of source 40 for
the neXt pulse. When a sample S3 is made of the voltage

across cell 15 during the next pulse, the sampled voltage is
35

pulse Which is sampled at S4.
As set forth above, microcomputer U2 is capable of
adjusting the amplitude of source 40 at node 42 and thereby
the amplitude of the pulse applied to the cell by controlling
the states of outputs 26c and 26d. This is accomplished
digitally utiliZing the port settings illustrated in FIG. 8. By
reference to FIG. 8, eight steps of voltage adjustment are
available to the microcomputer by selecting a Most Signi?

decreasing the value of MAX DC, temporary over-voltage
and thereby reducing the effect of the over-voltage condition
on the cell.

If it is determined at 70 that the sampled voltage across

the cell is not greater than EC MAX, then the sample voltage
45

impedance state on outputs 26c and 26d. In order to decrease
the voltage level of source 40, a loWer step number is

selected. The greatest reduction of voltage is achieved by

range R.

Alternatively, a drive signal P‘, having a variable duty
cycle, may be utiliZed to drive cell 15 to the desired
55

signal P‘ includes three distinct periods. During period A1,
microcomputer U2 opens transistors Q1 and Q2 and closes
transistor Q3 in order to drain the charge on cell 15. During
a period A2, betWeen periods A1 and B, all transistors
Q1—Q3 are open-circuited. At the end of period Al, micro
computer U2 samples the voltage across cell 15 at a point

sensed light level according to formula 1:
(1)

Where:

G=Gain (a constant);
Cs=Voltage at the start of color of the cell; and

VA/D=A/D voltage at input 24a.

re?ectance level of re?ective element 18 (FIG. 6). Drive
transistors Q1 and Q2 are in conduction Which applies a
current from source 40 to charge cell 15. In period B,

(A/D) converter. Microcomputer U2 computes the Pulse
With Modulation percentage (PWM %) corresponding to the
PWM %=G(Cs- VA/D)

is Within the desired range R. It is then determined at 80
Whether the value of MAX DC is less than 100 percent. If
it is determined at 80 that the value of MAX DC is less than
100 percent, the value of MAX DC is increased at 82 by 10
percent. This alloWs microcomputer U2 to drive the cell at

a higher duty cycle, closer to, or equal to, 100 percent,
provided that the voltage produced on the cell is Within

step number 0 in Which ports 26c and 26d are both driven to
loW states Which are represented by a 0. Conversely, if

microcomputer U2 Wishes to raise the voltage of source 40,
a step higher than 4 is selected, With step 8 being the greatest
increase.
Electronic control 12 operates as folloWs. Periodically
microcomputer U2 monitors the voltage at node 30 utiliZing
input 24a Which includes an internal Analog-to-Digital

achieved. If not, the setting is decremented at 74 and the neW
port settings are outputted at 76 in order to adjust doWn
Wardly the amplitude of source 40. If it is determined at 72
that the voltage adjustment value is at a minimum, then a
parameter MAX DC is decreased by a value, such as 10
percent at 78. MAX DC is a maXimum duty cycle that
microcomputer U2 Will apply to cell 15 and is used in order
to prevent prolonged over-stimulation of the cell. By

pulses are applied to the cell according to a loWer duty cycle

cant Bit (MSB) as the “coarse” output 26d and a Least

Signi?cant Bit (LSB) as “?ne” output 26c. By reference to
FIG. 8, if no change is required in the voltage level of source
40, a step number 4 is selected Which provides a neutral high

the sample voltage is greater than EC MAX. In the illus
trated embodiment, EC MAX is approximately 1.40 volts. If
it is determined at 70 that the sample cell voltage is greater
than EC MAX, then a similar adjustment is made to the
amplitude of source 40 for the neXt pulse, eXcept in the
opposite direction, as folloWs. At 72, it is determined

U2 increases the amplitude of source 40 for producing the
neXt pulse, the effect on cell 15 of Which is sampled at S2.

greater than range R Which causes microcomputer U2 to
loWer the amplitude of source 40 for producing the neXt

determined at 62 Whether the sample voltage is beloW the
value of EC MIN, Which, in the illustrated embodiment is set
to 1.35 volts. If the voltage is less than EC MIN, it is
determined at 64 Whether the voltage adjustment has been
set to the maXimum value. If not, the port settings are
incremented at 66 and the neW port settings are applied to
source 40 at 68 in order to adjust the amplitude of the neXt
pulse supplied to cell 15. If it is determined at 64 that the
port setting is at a maXimum value, then no additional

adjustment is possible.

and average the results. By reference to FIG. 5, the pulse
sampled at S1 is determined by microcomputer U2 to
produce a voltage across cell 15 Which is beloW the range R

voltage across cell 15 is measured at 60 at point S and it is

represented by SON. During period A2, When cell 15 is being
65

neither stimulated nor drained, a second sample SOFF is
made by microcomputer U2 of the voltage across cell 15.
This sample made during SOFF can be utiliZed by micro

US 6,547,404 B2
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computer U2 in order to obtain an approximation of the level
of coloration of cell 15. This information may then be used

Modulated (PWM), or a blanking, signal, the information

processing capabilities of digital logic may be applied to the
unique problem of controlling an electrochromic rearvieW

by microcomputer U2 in order to determine, for example, if
the re?ectance level desired of cell 15 is signi?cantly greater
than the present approximate re?ectance level of cell 15.

mirror element. Although the invention is illustrated as

implemented With a microcomputer, other digital logic
circuits, such as programmable arrays and the like, may be
utiliZed.

This information can be used in many Ways. For example, if
the sample taken at SOFF indicates that cell IS is in a high

The present invention can be used With interior rearvieW

light transmission condition, Whereby re?ective element 18

mirror assemblies equipped With a variety of features, such

is at a high re?ectance level, and it is determined that the
re?ectance level of the re?ective element must be signi?

is a high/loW (or daylight running beam/loW) headlamp
controller, a hands-free phone attachment, a video camera

cantly decreased, then microcomputer U2 may temporarily,
intentionally, apply a voltage Which is greater than EC MAX
and/or a duty cycle Which is greater than that Which corre
sponds to the selected re?ectance level, in order to increase
the rate of coloration of cell 15 utiliZing the principles
disclosed in commonly oWned US. Pat. No. 5,220,317,

for internal cabin surveillance and/or video telephone
function, seat occupancy detection, a cellular phone

microphone, map-reading lights, compass/temperature
15

display, fuel level and other vehicle status display, a trip
computer, an intrusion detector, contacting rain sensors,
non-contacting rain sensors, and the like. Such features can

issued to Lynam et al., for an ELECTROCHROMIC
DEVICE CAPABLE OF PROLONGED COLORATION,

share components and circuitry With the electrochromic
mirror circuitry and assembly so that provision of these extra

the disclosure of Which is hereby incorporated herein by

features is economical.

The digital electrochromic mirror system of this invention

reference. Likewise, if it is determined at SOFF that the
transmission level of cell 15 is very loW, Whereby the
re?ectance level of re?ective element 18 is loW, and it is
desired to rapidly increase the re?ectance level of the

element, microcomputer U2 may intentionally apply a volt
age and/or duty cycle Which is temporarily beloW target to

can be utiliZed in a vehicle that utiliZes a car area netWork,

such as is described in Irish Patent Application No. 970014
entitled A VEHICLE REARVIEW MIRROR AND A
VEHICLE CONTROL SYSTEM INCORPORATING
25

more quickly achieve the desired re?ectance level.
An alternative electronic control 12‘ is illustrated in FIGS.
9a and 9b, Which includes an outdoor temperature sensor 86
utiliZed to supply an input to a microcomputer U4 for
display on a display 34‘. Additionally, electronic control 12‘

of that car area netWork, or, When multiplexing is used, such
as is disclosed in US. Pat. No. 5,798,575 entitled VEHICLE
MIRROR DIGITAL NETWORK AND DYNAMICALLY
INTERACTIVE MIRROR SYSTEM, issued to O’Farrell et

al., the disclosure of Which is hereby incorporated by

provides control over indicators D4 by microcomputer U4.
Indicators D4, Which are red and green in color, may provide

reference herein. Also, given that an interior electrochromic
mirror can optionally be equipped With a myriad of features
(such as map lights, reverse inhibit line, headlamp

an indication to the driver that the electrochromic control

function is operating according to high sensitivity (green),
operating according to a loW sensitivity (red), or is com

SUCH MIRROR, ?led Jan. 9, 1997, the disclosure of Which
is hereby incorporated by reference herein and can be a node
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activation, external temperature display, remote keyless

pletely off. In this embodiment, sensitivity of the drive

entry control, and the like), it is useful to equip such

circuit is user selectable utiliZing soft-touch sWitches S1 and
S2 mounted on housing 14. Electronic control 12‘ controls

assemblies With a standard connector (for example, a 10-pin
parallel connector) so that a common standard Wiring har

the intensity of display 34‘ according to light levels sur
rounding the vehicle as determined by the voltage at the light
sensor (not shoWn in FIGS. 9a and 9b). Additionally, micro
computer U4 controls the intensity of indicators D4 accord
ing to light levels surrounding the vehicle. In this manner,

ness can be provided across an automaker’s entire product

the light levels of the indicators, as Well as that of the
display, are controlled according to the physiological con

range. Naturally, multiplexing Within the vehicle can help
alleviate the need for more pins on such a connector or alloW

a given pin or set of pins control more than one function.
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dition of the driver responding to light levels surrounding
the vehicle.
It has been determined that the repetition rate of the pulses

electrochromic re?ective element can be controlled to any

partial re?ectance level Within its range of re?ectance levels
from its maximum (bleached) re?ectivity to its minimum

in drive signals P and P‘ (FIGS. 5 and 6) should be above
approximately 10 cycles per second (HZ) to avoid any
signi?cant perception of ?ickering of the re?ectance level of
the re?ective element. While any repetition rate greater than
10 HZ is desirable, a repetition rate above approximately 20

(fully dimmed) re?ectivity by, for example, varying the duty
cycle of the modulated signal. The continuously variable
control of mirror re?ectivity, also referred to as “gray-scale

control,” is achieved by varying the duty cycle of the

HZ is preferred and a repetition rate above 25 HZ is most

preferred. For example, for electrochromic mirrors Which

Using the concepts of the present invention, a drive
voltage at, or close to, the maximum voltage tolerable by the
electrochromic mirror element (EC MAX) can be selected
(for example, 1.4 V) and, using this voltage EC MAX as a
modulated, or a blanking, signal, the re?ectivity of the
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blanking signal, preferably by pulse-Width modulation.

color from 65% to 20% re?ectivity in a time period of less
than about 4 seconds, it has been found that a repetition rate
of 20 HZ produced no perceivable ?icker to a human
observer.
Thus, it is seen that the present invention utiliZes digital

be applied to other devices including WindoWs, glaZings,

logic control, Which is incorporated into vehicle functions,
such as vehicle heading display and temperature sensing and
display, in order to perform functions Which require han

principles of the invention, Which is intended to be limited

Although illustrated as applied to control of an electro
chromic mirror element, the principles of the invention can

contrast enhancement ?lters, sunroofs, and the like.
Changes and modi?cations in the speci?cally described
embodiments can be carried out Without departing from the

dling of a signi?cant amount of current While maintaining a

high degree of control over applied voltage to the electro
chromic cell. By controlling the re?ectivity level of the
mirror, or mirrors, utiliZing the duty cycle of a Pulse-Width
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only by the scope of the appended claims, as interpreted
according to the principles of patent laW including the
Doctrine of Equivalents.
The embodiments of the invention in Which an exclusive
property or privilege is claimed are de?ned as folloWs:
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1. Avehicular digital electrochromic mirror system, com

9. The mirror system in claim 1 Wherein said at least one

prising:
an interior mirror assembly and at least one exterior

mirror assembly, said interior mirror assembly com
prising an interior electrochromic re?ective element
and a control, said at least one exterior mirror assembly
comprising an exterior electrochromic re?ective ele

ment;
said control comprising at least one light sensor and a

microcomputer, said microcomputer establishing an

10

interior re?ectance value established by a ?rst pulse
Width modulated signal for said interior re?ective ele
ment and an exterior re?ectance value established by a

second pulse-Width modulated signal for said exterior
re?ective element, said interior re?ective element

15

achieving a partial re?ectance level in response to the
interior re?ectance value, said exterior re?ectance ele
ment achieving a partial re?ectance level in response to
the exterior re?ectance value;
a vehicle bus communicating the exterior re?ectance
value to said exterior re?ective element;
said interior mirror assembly comprising at least one
additional accessory; and

16. A vehicular digital electrochromic mirror system,

comprising:

said ?rst and second pulse-Width-modulated signals deter

mined by:

25

Where
PWM % is a value of the respective one of said ?rst and

an interior mirror assembly comprising an interior elec
trochromic re?ective element and a control, a driver
side exterior mirror assembly comprising a driver side
exterior electrochromic re?ective element and a pas
senger side exterior mirror assembly comprising a
passenger side exterior electrochromic re?ective ele

ment;

second pulse-Width-modulated signals expressed as

said control comprising at least one light sensor and a

a percentage,

G is a constant,
CS is a voltage at Which the respective one of said
interior and exterior re?ective elements begins

exterior mirror assembly comprises at least tWo exterior
mirror assemblies and Wherein said control establishes said
exterior re?ectance value for one of said exterior mirror
assemblies and another exterior re?ectance value for another
of said exterior mirror assemblies.
10. The mirror system in claim 1 Wherein said at least one
accessory is controlled by said control.
11. The mirror system in claim 1 Wherein said at least one
accessory is connected With said vehicle bus.
12. The mirror system in claim 1 Wherein said at least one
additional accessory comprises a compass display and a
magneto-resistive sensor.
13. The mirror system in claim 1 Wherein said at least one
additional accessory comprises a compass display and a
magneto-inductive sensor.
14. The mirror system in claim 1 Wherein said at least one
additional accessory comprises a compass display and a
magneto-capacitive sensor.
15. The mirror system in claim 1 Wherein said at least one
additional accessory comprises a compass display and a
?ux-gate sensor.

microcomputer, said microcomputer establishing an
35

interior re?ectance value established by a ?rst pulse
Width modulated signal for said interior re?ective
element, a driver side exterior re?ectance value estab

coloration, and
V is a value of an output of said at least one light sensor.

lished by a second pulse-Width modulated signal for

2. The mirror system in claim 1 Wherein said at least one

said driver side exterior re?ective element, and a pas
senger side exterior re?ectance value established by a

additional accessory is selected from the group consisting of
a headlamp controller, a map-reading light, an external
temperature display, a compass display, a keyless entry

third pulse-Width modulated signal for said passenger
side exterior re?ective element, said interior re?ective
element achieving a partial re?ectance level in response

system, a video camera internal surveillance system, a video

telephone function, a seat occupancy detector, a fuel level
display, a vehicle status display, a trip computer function, an
intrusion detector, a contacting rain sensor, a non-contacting
rain sensor, and a microphone.
3. The mirror system in claim 1 Wherein said at least one
additional accessory comprises a compass display and a
magneto-responsive sensing system comprising one of a
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magneto-resistive sensor, a magneto-inductive sensor, a
magneto-capacitive sensor and a ?ux-gate sensor.

4. The mirror system in claim 1 Wherein said vehicle bus
comprises a car area netWork.

5. The mirror system in claim 4 Wherein said at least one
exterior mirror assembly comprises a node on said car area 55

netWork.
6. The mirror system in claim 1 including a plurality of
light sensors at said interior mirror assembly, Wherein said
control determines said interior re?ectance value and said
exterior re?ectance value in response to light sensed by said
light sensors.
7. The mirror system in claim 1 Wherein said control
comprises at least one electronic sWitch controlled by said
microcomputer generating at least one of said ?rst and

second pulse-Width modulated signals.
8. The mirror system in claim 7 Wherein said at least one
electronic sWitch comprises a transistor.

to the interior re?ectance value, said driver side exterior
re?ectance element achieving a partial re?ectance level
in response to the driver side exterior re?ectance value,
and said passenger side exterior re?ective element
achieving a partial re?ectance level in response to the
passenger side re?ectance value;
a vehicle bus communicating the driver side exterior
re?ectance value to said driver side exterior re?ective
element and the passenger side exterior re?ectance
value to said passenger side exterior re?ective element;
said interior mirror assembly comprising at least one
additional accessory; and

said ?rst and second pulse-Width-modulated signals deter

mined by:

Where
PWM % is a value of the respective one of said ?rst,

second and third pulse-Width-modulated signals
expressed as a percentage,
G is a constant,
65

CS is a voltage at Which the respective one of said
interior, driver side exterior and passenger side exte

rior re?ective elements begins coloration, and
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22. The mirror system in claim 16, Wherein said control
comprises at least one electronic sWitch controlled by said
rnicrocornputer generating at least one of said ?rst and

V is a value of an output of said at least one light sensor.

17. The mirror system in claim 16, Wherein said at least
one additional accessory is selected from the group consist

ing of a headlarnp controller, a rnap-reading light, an exter
nal temperature display, a compass display, a keyless entry

second pulse-Width rnodulated signals.

system, a video camera internal surveillance system, a video

one electronic sWitch comprises a transistor.

telephone function, a seat occupancy detector, a fuel level
display, a vehicle status display, a trip computer function, an
intrusion detector, a contacting rain sensor, a non-contacting
rain sensor, and a microphone.
18. The mirror system in claim 16, Wherein said at least

24. The mirror system in claim 16, Wherein said at least
one accessory is controlled by said control.
25. The mirror system in claim 16, Wherein said at least
one accessory is connected With said vehicle bus.
26. The mirror system in claim 16, Wherein said at least
one additional accessory comprises a compass display and a
rnagneto-resistive sensor.
27. The mirror system in claim 16, Wherein said at least
one additional accessory comprises a compass display and a
rnagneto-inductive sensor.
28. The mirror system in claim 16, Wherein said at least
one additional accessory comprises a compass display and a
rnagneto-capacitive sensor.
29. The mirror system in claim 16, Wherein said at least
one additional accessory comprises a compass display and a
?ux-gate sensor.

23. The mirror system in claim 22, Wherein said at least

10

one additional accessory comprises a compass display and a

rnagneto-responsive sensing system comprising one of a
rnagneto-resistive sensor, a rnagneto-inductive sensor, a
15
rnagneto-capacitive sensor and a ?ux-gate sensor.

19. The mirror system in claim 16, Wherein said vehicle
bus comprises a car area netWork.

20. The mirror system in claim 19, Wherein said at least
one exterior rnirror assembly comprises a node on said car
area netWork.

21. The mirror system in claim 16, including a plurality of
light sensors at said interior rnirror assernbly, Wherein said
control deterrnines said interior re?ectance value and said
exterior re?ectance value in response to light sensed by said
light sensors.
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