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(54) Display driver

(57) A driver for controlling cells of an electrochromic
display is disclosed. The driver is connected to each cell
of the display which is to be controlled to drive each cell
according to a charging state associated with the cell;

and to provide a characteristic of a selected cell to a sen-
sor. The driver can operate in a sense and a programming
mode. In sense mode the driver determines the charac-
teristic of a selected cell; and in programming mode the
driver sets the charging state of the cells.
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Description

[0001] The present invention relates to a driver, in par-
ticular a driver for driving electrochromic displays. An
electrochromic display comprises a glass display screen,
a substrate, tracks and electrochromic segments or pix-
els, which change colour upon application of an electrical
potential.
[0002] An electrochromic pixel comprises a first elec-
trode made of nanostructured films of semiconducting
metal oxides with a self-assembled monolayer of elec-
trochromic viologen molecules. The charge to colour the
electrochromic molecules is supplied by a second na-
nostructure counter electrode, comprised of a doped
semiconductor. Between the electrodes there is a reflec-
tor made of a porous film of Titanium Dioxide.
[0003] Electrochromic displays are typically dc driven
devices. A voltage can be applied to each individual seg-
ment or pixel of the display via a transparent conductive
track leading to the pixel from the edge of the glass
screen. The transparent conductive tracks are usually
fabricated from Indium Tin-Oxide and as such behave in
a manner similar to that of a resistor in series with the
pixel.
[0004] The electrochromic pixel has similar character-
istics to that of a capacitor in that it has the ability to store
charge. The pixel is turned on or charged by applying a
voltage to its anode. The charge capacity of a pixel is
proportional to the area of the pixel. Once charged, the
pixel can be left in open circuit and remain on. This char-
acteristic of the electrochromic display is called bistabil-
ity. Like a capacitor, however, the charge will slowly dis-
sipate after time, resulting in deterioration of the pixel
colouration.
[0005] This capacitor-resistor arrangement governs
the rate at which the pixel can be charged as according
to Ohms Law, dV/dt = V/RC. Thus the rate at which in-
dividual pixels turn on is inversely proportional to the area
of the pixel and the resistance of the associated track.
As such, individual pixels may charge at different rates.
Pixels, like capacitors, can be damaged when exposed
to applied voltages exceeding their capacity. Thus, due
to this limitation on the applied voltage, and large ITO
track resistances combined with large capacitances, the
response time to the switching of electrochromic displays
can be quite slow.
[0006] Exposure to UV light and voltage coupling from
neighbouring pixels being switched on results in poten-
tially dangerous variations within the individual pixels. As
such, the pixels can reach their voltage capacity while
still being driven, resulting in damage to the pixels
[0007] It is therefore an object of the present invention
to mitigate one or more disadvantages of the prior art.
[0008] According to the present invention there is pro-
vided a driver according to claim 1.
[0009] Using the present invention, potentially danger-
ous variations within the pixels, caused by photoelectric
effect, voltage coupling from other pixels being turned on

or the like, can be sensed and compensated for. The
response time of the pixels is improved by using higher
driving voltages in a safe controlled environment. Once
charged the pixel can be left in an open-circuit state en-
suring improved lifetime for the pixels. Leakage current
from and between the pixels can be detected using volt-
age sensing and measures can be taken to maintain the
correct appearance of the display.
[0010] Embodiments of the invention will now be de-
scribed, by way of example, with reference to the accom-
panying drawings, in which:

Fig. 1 is a system diagram of a driver of the present
invention connected to a micro-control unit and an
electrochromic display;

Fig. 2 illustrates a block diagram of the driver of Fig.
1 according to the present invention;

Fig. 3(a) is a timing diagram of the driver of Fig. 1
operating in programming mode;

Fig. 3(b) is a timing diagram of the driver of Fig. 1
operating in sense mode;

Fig. 4 is a plot of an applied pixel voltage against
time; and

Fig.5 is a plot of an applied pixel voltage against time
including sensing incidents.

[0011] Referring now to Fig. 1 of the accompanying
drawings, a system diagram of a driver is indicated, gen-
erally at 10, connected to a micro control unit 12 and an
electrochromic display 14.
[0012] The nanostructured film electrode of the elec-
trochromic display pixel comprises an enormous surface
area with a high number of electrochromic viologen mol-
ecules bound to the surface, enabling the viologens to
be switched from colourless to coloured and vice versa
very quickly. The high number of viologen molecules at-
tached gives strong colouration and the high speed of
electron transfer gives high switching speeds. Different
colours can be achieved through using different viologen
molecules. The doped semiconductor electrode can
store charge due to its high capacitance and as such the
display device is endowed with a memory, resulting in
bistability and low power consumption.
[0013] According to the preferred embodiment of the
invention, the driver 10 comprises 65 output channels
16, labelled as O[1], O[2], ...O[64], O[65]. Each output
channel 16 is connected via a corresponding transparent
conductive track 18 to a cathode 20 of one of 65 segments
or pixels 22 of the electrochromic display 14. It will be
appreciated that fewer than the 65 pixels may be used.
Likewise, more than 65 pixels can be used by joining or
cascading a number of ICs together.
[0014] In the embodiment, the pixels 22 can be turned
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on or off by application of a dc voltage to the cathodes
20, A common anode 24, corresponding to the cathodes
20 is connected to a supply voltage Vcc.
[0015] By connecting the anode to a positive voltage
relative to ground, the requirement of a negative pixel
voltage can be avoided. When the pixel is on, the pixel
voltage applied to the cathode 20 is positive but lower
than Vcc.
[0016] The output channels 16 have been designed
as voltage sources that source and sink current in order
to get the connected pixel 22 to the applied voltage as
quickly as possible. The 65 output channels 16 each sup-
port 4 voltage states; two ’on’ voltage states, Vref1 and
Vref2, an open circuit or high impedance (Hi-Z) state and
an ’off’ voltage state.
[0017] The two ’on’ voltages are defined by the volt-
ages at pins Vref1 and Vref2, located on the driver 10.
An internal circuit and an external current reference re-
sistor R3 define a constant current source that sinks
through Vref2 allowing a pair of resistors, R1 and R2, to
be used to accurately define the voltages at Vref1 and
Vref2. The voltage drop at Vref1 and Vref2 will remain
constant relative to Vcc as they will always have a con-
stant current flowing through them, ensuring that the con-
trast of the electrochromic display 14 will not change if
the supply voltage Vcc varies.
[0018] The constant current is defined by the value of
the resistor R3, connected between ground and an Iref
pin located on the driver 10. In this embodiment, the
equation for the constant current is 1.25/R3. For exam-
ple, if resistor R3 has a value of 270KΩ, the current flow-
ing through resistors R1 and R2 will be 4.6PA. Similarly,
if resistor R3 has a value of 888KΩ, the current flowing
through resistors R1 and R2 will be 1.43PA. The values
of R1 and R2 are then set accordingly to provide the
required voltage drop from Vcc to drive the display 14.
In this embodiment, Vref1 should be set to a value of
0.8V below Vcc and Vref2 should be set between 1.5V
and 2V below Vcc.
[0019] The pixels 22 assume the open circuit or Hi-Z
State when the output channels 16 are disconnected
from the pixels 22. Once the ’turn on’ voltage has been
applied to the pixels 22, the pixels can assume the Hi-Z
state without any change to the display image. This is
due to the ability of the pixels to store charge and is known
as bistability. The same display image will be maintained
for a period of time before the voltage eventually changes
due to charge leakage, causing the pixel image to fade.
Depending on the characteristics of the pixel, the image
could fade in a matter of minutes or days.
[0020] The ’off’ state is achieved by setting the state
for the output channel 16 to Vcc, thus eliminating the
voltage drop across the terminals of the pixel, and caus-
ing the pixel to turn off. In general, once the pixels reach
a voltage of approximately 400mV or less, they are as-
sumed to be off. Once the pixel has turned off, it should
be set to the Hi-Z State.
[0021] The driver 10 further comprises three inputs,

DATA_IN, SCLK and LOAD, which are connected to cor-
responding outputs, 26, 28, and 30 respectively, located
on the micro control unit 12. An output, SENSE, provided
on the driver 10 is connected to an Analogue-to-Digital
converter, A/D, located on the micro control unit 12.
[0022] The driver 10 operates in one of two modes at
any one time, programming mode or sense mode. In or-
der to program the state of some or all of the pixels of
the display 14, the driver needs to operate in the pro-
gramming mode. In programming mode, the driver 10 is
provided with information representing the pixels at its
input DATA_IN in accordance with the clock signal pro-
vided to the input SCLK. The driver 10 operates in the
sense mode to monitor the behaviour of each of the pixels
22. In sense mode, a signal representing the state of a
pixel is provided at the SENSE output and fed to the
analog-to-digital converter A/D, where it is compared with
a reference value. This mode enables the MCU 12 to
sense variations in pixel voltage due to exposure to UV
light, voltage coupling from neighbouring pixels being
switched on, irregularities in the pixel, response to the
applied voltage and other varying factors.
[0023] Referring now to Fig. 2 there is provided a block
diagram of the driver 10, according to the preferred em-
bodiment of the invention.
[0024] The driver 10 comprises a control logic unit, 32
and a 130-bit shift register 34. The register 34 is connect-
ed to a 130-bit latch 36. The content of the 130-bit latch
36 is fed to 65 2-to-4-bit decoders 38, the outputs of which
are connected to 65 corresponding CD (chromodynamic,
i.e. electrochromic) drivers 40. The NCD drivers are in
turn connected to the output channels 16. The truth table
for the operation of each decoder 38 is depicted below
as Table 1.

[0025] The 130-bit shift register 34 is also connected
to a 7-bit latch 44. The content of the 7-bit latch 44 is fed
to a 7-to-65-bit decoder 46. The outputs of the decoder
46 are connected to 65 respective switches 42, which
control the monitoring of the pixels. The 65 NCD drivers
40 are connected to the 65 switches 42, which in turn
provide an input to the output SENSE.
[0026] The input DATA_IN is connected to the 130-bit
shift register and the inputs SCLK and LOAD are con-
nected to the control logic unit 32, which is in turn con-
nected to the 130-bit shift register 34 at two points. The

Table 1.

Inputs

A B State

0 0 Hi-Z

0 1 Vref1

1 0 Vref2

1 1 Vcc

3 4 
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SCLK input is a clocked input and is controlled by the
MCU 12. In the preferred embodiment, the maximum fre-
quency of the SCLK is 10MHz. The LOAD input can as-
sume a high or low signal value and is also controlled by
the MCU 12. The value of the LOAD input determines
whether the shift register 34 is filled with 7-bits or 130-bits.
[0027] For the driver 10 to operate in the programming
mode, the micro control unit must send a low signal value
to the control logic unit 32 via the driver input LOAD as
illustrated in Fig. 3(a). The micro control unit 12 then
feeds 130-bits into the register 34, via the input DATA_
IN. Each 2-bit binary value of the 130 bits represents the
desired state of one of the 65 pixels.
[0028] Data, representing the desired state for each of
the 65 pixels, is shifted from the DATA_IN input into the
register 34 at each low to high transition of the SCLK
clock. Once the shift register 34 is filled with 130-bit binary
values, the MCU 12 provides a high signal value at the
LOAD input, causing the content of the shift register to
be loaded into the 130-bit latch 36. The decoders 38 de-
code the data, and supply the corresponding NCD drivers
40 with the desired state information for each pixel. The
NCD drivers 40 provide the output channels 16 with the
requested voltage, according to Table 1, which is applied
to the pixels.
[0029] When the driver input LOAD is supplied with a
high signal value, the mode of operation changes from
programming mode to sense mode, as illustrated in Fig.
3(b). In sense mode, each bit of a 7-bit binary value rep-
resenting the pixel number to be sensed is loaded into
the shift register 34 on every low to high transition of the
SCLK clock. After 7 clocked shifts, the LOAD input signal
changes momentarily from high to low before returning
to the high state. This causes the 7-bit binary value to be
loaded into the 7-bit latch 44, from where it is decoded
by the decoder 46 and applied to one of the 65 switches
42 corresponding to the pixel number. This switch 42
disconnects the corresponding NCD driver 40 from the
corresponding output channel 16. This causes the pixel
22 to assume the Hi-Z state enabling its voltage to be
sensed. The sensed voltage is applied to the SENSE
output and fed to the Analogue-to-Digital Converter A/D
located on the micro control unit. The A/D converts the
signal to a digital value, which is compared with a fixed
reference value, the outcome of which determines wheth-
er it is required to change the state of the pixel 22. When
sensing is finished, the NCD driver 40 is reconnected to
its associated output channel 16.
[0030] Referring now to Fig. 4 there is illustrated a plot
of the applied pixel voltage against time. In order to ac-
celerate switching and increase the responsiveness of
the display 12, the required pixels are driven by a voltage
Vref2, which exceeds the safe voltage limit of the pixels.
Ideally before the pixels become fully charged, the safe
voltage Vref1 is applied to ensure that the pixels don’t
exceed their voltage capacity for too long.
[0031] In a first embodiment, as depicted in Fig. 5 the
driver 10 will operate in the sense mode during charging

until it is sensed that a pixel voltage is within a predefined
range of a fixed reference voltage or Vref1, and that the
applied voltage thus needs to be changed from Vref2 to
Vref1 to avoid overcharging. It will be appreciated how-
ever, that the sense mode can also be used to determine
whether a pixel voltage in the Hi-Z state has drifted and
thus requires a voltage, Vref1 or Vref2, to be applied to
return the pixel voltage to the desired level. The MCU 10
will then send a low signal to the LOAD input causing the
driver 10 to change to programming mode and the re-
quired voltage (including open circuiting) will be applied
to the associated pixel output channel 16 by setting the
input bits for the pixel to the required state. The driver 10
will then return to sense mode.
[0032] In another embodiment, the MCU 12 contains
timing information relating to each individual pixel of the
display 12. This timing information is derived from the
known capacitance of each pixel and the resistance of
its associated ITO track and provides the MCU 12 with
an estimated time period for the application of both Vref1
and Vref2. In this embodiment, the MCU 12 timing infor-
mation also contains an estimated time for which the dis-
play 14 will remain coloured. This timing information is
used to schedule the sensing of the pixels. If a pixel is
sensed according to the schedule, and it is determined
that due to voltage variations, it has not reached the pre-
defined range which defines the necessity to change the
applied voltage, the timing information associated with
that pixel voltage is incremented by a predefined amount,
and the schedule is updated accordingly. Similarly, if a
pixel is sensed according to the schedule, and it is de-
termined that due to voltage variations, it has passed the
predefined range which defines the necessity to change
the applied voltage, the timing information associated
with that pixel voltage is decremented by a predefined
amount, the schedule is updated accordingly and the re-
quired voltage (including open circuiting) is applied to the
pixel. Likewise, if the MCU 12 detects that a pixel in the
Hi-Z state has leaked charge, it will adjust the related
timing information, update the schedule and change the
mode of operation of the driver 10 to programming mode
in order to apply the required safe voltage to ’top up’ the
pixel.
[0033] In the preferred embodiment, the driver 10 will
operate in programming mode in order to change the
applied voltage of one or more of the pixels in accordance
with both the estimated timing information stored in the
MCU 12 and the outcome of the sensing operation.
[0034] In an another embodiment, the timing informa-
tion is incremented or decremented by an amount directly
related to the approximate rate of charge of the pixel at
the time the pixel is sensed. In order to determine the
rate of charge of a pixel, the MCU 12 stores the time at
which each pixel enters each state.
[0035] In another embodiment, when the sensing func-
tion is carried out on a pixel, the MCU determines the
time and associated voltage of the pixel. The same pixel
is sensed again, and again the MCU determines the time
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and associated voltage of the pixel. The MCU can then
use these two results to determine the rate of charge of
the pixel and update the timing information as appropri-
ate.
[0036] In another embodiment, each time the sensing
function is used, the MCU determines a first time and
associated voltage of the pixel, then momentarily recon-
nects the pixel output channel to its NCD driver before
determining a second time and associated voltage for
the pixel. These values are then used to determine the
rate of charge of the pixel and update the timing informa-
tion as appropriate.
[0037] In an alternative embodiment, the Analogue-to-
Digital Converter located on the MCU 12 is replaced with
a comparator, which compares the sensed voltage signal
with the safe voltage Vref1.
[0038] In the preferred embodiment, the driver can be
set to a standby state. This is achieved by setting all of
the output channels to the Hi-Z state and setting the driver
to programming mode. In this state, the constant current
source that provides the Vref1 and Vref2 voltages is shut
down, enabling the driver 10 to achieve very low power
consumption.
[0039] The present invention is not limited to the em-
bodiments described herein, which may be amended or
modified without departing from the scope of the present
invention.

Claims

1. A driver for controlling at least one cell of a display,
the driver being arranged to connect to the or each
cell of the display which is to be controlled, and the
driver comprising:

means for driving the or each cell according to
a charging state associated with the cell; and
a signal path for receiving a characteristic of a
selected cell and providing said characteristic to
a sensor.

2. A driver according to claim 1 wherein said driver is
arranged to operate in a sense mode and in a pro-
gramming mode;
said sense mode in which said characteristic of a
selected one of said cells is determined; and
said programming mode in which said charging state
of one or more of the cells is set.

3. The driver according to claim 2, wherein said driver
is operatively associated with a controller which acts
as the sensor.

4. The driver according to claim 3 wherein said driver
is operable in said sense mode to provide a signal
indicative of said characteristic said selected cell to
the controller.

5. The driver according to claim 3 or 4 wherein said
driver is operable in said programming mode to re-
ceive a signal indicative of a required charging state
of one or more of the cells from the controller.

6. The driver according to any one of claims 3-5 wherein
the operating mode of said driver is determined by
a logic signal received from said controller.

7. The driver according to any one of claims 3-6 wherein
the mode of operation changes from the sense mode
to the programming mode when at least one of the
characteristics of one or more of the cells is deter-
mined to be within a reference range.

8. The driver according to any one of claims 3-7 further
comprising a shift register for storing information re-
ceived from the controller.

9. The driver according to claim 8 wherein said driver
is responsive to a clock signal to successively load
information into the shift register.

10. The driver according to claim 9 wherein, when said
driver is operating in programming mode, said infor-
mation comprises cell charging state information in-
dicative of each of the cells required charging state;
and, when said driver is operating in sense mode,
said information comprises an identifier of said se-
lected cell.

11. The driver according to claim 1 or 2 in which said
charging state is one of an ’off’ state, an ’on’ state
and a high impedance state.

12. The driver according to claim 11 wherein said ’on’
state can be one of a slow charging state and a fast
charging state.

13. The driver according to claim 11 as dependent on
claim 2 wherein, when said driver is operating in
sense mode, the cell to be sensed is set to the high
impedance state.

14. A control system for a display comprising a driver
according to any previous claim and a controller,
wherein said controller is arranged to store timing
information for the or each cell derived from said
characteristic for said cell.

15. A control system as claimed in claim 14 wherein said
controller is arranged to schedule the driver to switch
to sensing mode according to said timing informa-
tion.

16. A control system according to claim 14 wherein said
controller is arranged to adjust said timing informa-
tion periodically.
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17. A control system according to claim 14 wherein said
driver is the driver as claimed in claim 4, wherein
said controller is arranged to adjust said timing in-
formation in response to said signal received from
said driver.

18. A method for controlling at least one cell of a display,
comprising the steps of:

connecting to the or each cell of the display
which is to be controlled;
driving the or each cell according to a charging
state associated with the cell;
receiving a characteristic of a selected cell; and
providing said characteristic to a sensor.
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