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An integrated driver for controlling operations of display 
systems having spatial light modulators that are operated in 
binary states is provided. 
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INTEGRATED DRIVER FOR USE IN DISPLAY 
SYSTEMS HAVING MICROMIRRORS 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention is related generally to the art 
of digital display systems, and, more particularly, to con 
trolling techniques and apparatus for the display systems 
employing spatial light modulators. 

BACKGROUND OF THE INVENTION 

[0002] The current digital display systems having micro 
mirror arrays or other similar spatial light modulators such 
as ferroelectric LCDs, uses pulse-Width-modulation (PWM) 
to achieve various levels of light intensity on each of the 
piXels of the spatial light modulator. Full-color images may 
be created by using the PWM method on separate SLMs for 
each primary color, or by a single SLM using a ?eld 
sequential color technique. 

[0003] For addressing and controlling the states of the 
micromirrors, each micromirror of the spatial light modu 
lator is associated With a memory cell circuit that stores a bit 
of data that determines the ON or OFF state of the micro 
mirror. In order to achieve various levels of perceived light 
intensity by human eyes using PWM, each piXel of a 
grayscale image is represented by a plurality of data bits. 
Each data bit is assigned a signi?cance. Each time the 
micromirror is addressed, the value of the data bit deter 
mines Whether the addressed micromirror is on or off. The 
bit signi?cance determines the duration of the micromirror’s 
on or off period. The bits of the same signi?cance from all 
piXels of the image are called a bitplane. If the elapsed time 
the micromirrors are left in the state corresponding to each 
bitplane is proportional to the relative bitplane signi?cance, 
the micromirrors produce the desired grayscale image. 

[0004] In practice, the PWM coding, the color ?lter 
cycling and the operations of other components of the 
display systems, such as image data processing and loading 
the processes data into the spatial light modulator to produce 
the desired images or videos must be coordinated With each 
other. 

[0005] Therefore, a control unit is desired to control the 
operation of the display system. 

SUMMARY OF THE INVENTION 

[0006] An integrated driver is provided for controlling 
operation of display systems having spatial light modulators 
(e. g. micromirror arrays, liquid crystal display, liquid and 
crystal on silicon) that operate in binary states and other type 
of display systems not using spatial light modulators such as 
organic light-emitting diodes that operate in binary states. 

[0007] In an embodiment of the invention, a display 
system is provided. The system comprises: a light source 
providing a light beam; a spatial light modulator, further 
comprising: an array of micromirrors for re?ecting the light 
beam; an array of electrodes and memory cells for driving 
the micromirrors to re?ect the light beam according to a set 
of bitplane data of an image stored in the memory cells; and 
a set of circuitry providing the set of bitplane data and a ?rst 
set of control signals suf?cient for the electrodes and 
memory cells to drive the micromirrors so as to produce the 
image, the ?rst set of control signals being provided in 
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accordance With a second set of control signals received by 
the circuitry; an integrated driver built on a single chip 
providing the bitplane data of the image and a third set of 
control signals comprising the second set of control signals; 
and an optical element for steering the light beam. 

[0008] In yet another embodiment of the invention, a 
projector is provided. The projector comprises: a light 
source providing a light beam; a spatial light modulator 
comprising an array of the micromirrors that re?ect the light 
beam according to a set of bitplane data of an image under 
a control of a ?rst set of control signals so as to produce an 
image; an integrated driver built on a single chip providing 
the set of bit plane data and the ?rst set of control signals; 
and imaging optics for projecting the re?ected light beam 
onto a display target. 

[0009] In yet another embodiment of the invention, a 
method of producing an image using a display system 
having a spatial light modulator that comprises an array of 
micromirrors that are individually movable is disclosed. The 
method comprises: initialiZing, by a control unit of an 
integrated driver, the display system, further comprising: 
sending a set of initialiZing data to a ?rst bus of the control 
unit; transmitting the initialiZing data to a second bus of a 
data processing unit of the integrated driver through a bridge 
that links the ?rst and second buses; loading a sequence of 
image data of the image into the data processing unit; 
transforming the image data into a sequence of bitplane data; 
delivering a set of display data comprising a set of display 
control signals and the bitplane data into a display control 
unit of the spatial light modulator; in accordance With the 
display control signals, the display control unit sending the 
bitplane data to an array of memory cells, each of Which is 
associated With a micromirror for deforming the micromir 
rors so as to produce the image. 

[0010] In yet another embodiment of the invention, a 
spatial light modulator for use in display systems is dis 
closed. The spatial light modulator comprises: an array of 
micromirrors, each of Which is operable to rotate; an array 
of electrodes, each of Which is associated With a micromirror 
of the micromirror array; an array of memory cells, each of 
Which is connected to an electrode of the electrode array; a 
plurality of bitlines, each of Which is connected to a memory 
cell for updating the memory cells; a ?rst and second sets of 
Wordlines connected to the memory cells for activating the 
memory cells, Wherein the memory cells of a roW of the 
memory cell array are separately connected to a ?rst Word 
line from the ?rst Wordline set and a second Wordline from 
the second Wordline set; and a mirror driver in connection 
With the bitlines and the ?rst set of Wordlines, further 
comprising: a control unit providing a Wordline control 
signal that selectively activates and deactivates the Word 
lines from the ?rst and second sets of the Wordlines. 

[0011] In yet another embodiment of the invention, a 
method for driving an array of micromirrors of a spatial light 
modulator used in a display system, Wherein the spatial light 
modulator comprises an array of micromirrors, each of 
Which being associated With an electrode of an array of 
electrodes, each electrode being connected to a memory cell 
of an array of memory cells is disclosed. The method 
comprises: connecting the memory cells to a ?rst and second 
sets of Wordlines such that, for a roW of the memory cell 
array, the memory cells of the roW are separately connected 
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to at least a Wordline from the ?rst set and another Wordline 
from the second set; connecting the memory cells of a 
column to a bitline; upon receiving a display control signal 
and a set of data, generating a Wordline control signal having 
a ?rst value and a second value; activating the Wordlines 
from the ?rst set; delivering the data to the memory cells 
connected to the activated Wordlines; deactivating the Word 
lines from the ?rst set; activating Wordlines from the second 
set; and delivering the data to the memory cells connected to 
the activated Wordlines. 

[0012] In yet another embodiment of the invention, a 
method for driving an array of micromirrors of a spatial light 
modulator used in a display system, Wherein the spatial light 
modulator comprises an array of micromirrors, each of 
Which being associated With an electrode of an array of 
electrodes, each electrode being connected to a memory cell 
of an array of memory cells is disclosed. The method 
comprises: connecting the memory cells to a ?rst and second 
sets of Wordlines such that, for a roW of the memory cell 
array, the memory cells of the roW are separately connected 
to at least a Wordline from the ?rst set and another Wordline 
from the second set; connecting the each memory cells of a 
column to a bitline; upon receiving a display control signal; 
generating a Wordline control signal that selectively acti 
vates and the deactivates the Wordlines; updating the 
memory cells of a roW, further comprising: loading a ?rst set 
of data for the memory cells connected to the ?rst Wordline 
of the roW; activating the ?rst Wordline delivering the ?rst 
set of data to the memory cells connected to the activated 
?rst Wordline; deactivating the ?rst Wordline; loading a 
second set of data for the memory cells connected to the 
second Wordline; activating the second Wordline; and deliv 
ering the data to the memory cells connected to the activated 
second Wordline. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] While the appended claims set forth the features of 
the present invention With particularity, the invention, 
together With its objects and advantages, may be best 
understood from the folloWing detailed description taken in 
conjunction With the accompanying draWings of Which: 

[0014] FIG. 1 is a block diagram illustrating an integrated 
driver having tWo separate buses linked via a bridge and 
multiple functional modules connected thereto; 

[0015] FIG. 2 is a block diagram illustrating another 
integrated driver having multiple buses linked via bridges; 

[0016] FIG. 3 is a block diagram illustrating an exemplary 
display system employing a spatial light modulator and an 
integrated driver; 
[0017] FIG. 4a is a cross-sectional vieW of a simpli?ed 
spatial light modulator having a micromirror array formed 
on a glass substrate and an array of electrodes formed on a 

semiconductor substrate; 

[0018] FIG. 4b is a block diagram schematically illustrat 
ing the semiconductor substrate of FIG. 4a; 

[0019] FIG. 5 is a block diagram that schematically illus 
trates an exemplary integrated driver used in the display 
system of FIG. 3; and 

[0020] FIG. 6 illustrates sequences of exemplary signals 
used for updating the memory cells of the spatial light 
modulator. 
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DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0021] The present invention provides a control technique 
and an integrated driver for controlling display systems 
employing spatial light modulators. 

[0022] The integrated driver comprises multiple buses 
interconnected With bridges for interfacing functional mod 
ules. The integrated driver provided suf?cient control signals 
and image data for the spatial light modulator so as to 
display desired images and videos. 

[0023] Communications betWeen functional modules 
Within a bus are performed through the buses and controlled 
by bus controllers attached to the buses. Communications 
betWeen functional modules connected to different buses are 
controlled by the bus controllers of the buses and bridges 
interconnecting the buses. The bridge transmits control 
signals from a prede?ned master bus to prede?ned slave 
buses and blocks control signals form a slave bus to the 
master bus. HoWever, image data can be exchanged betWeen 
the master and a slave buses through the bridge. In this Way, 
communications Within a bus is localiZed and isolated from 
other functional modules. Operations of the functional mod 
ules in a bus do not impact on other functional modules of 
other buses. 

[0024] The integrated driver can be a single semiconduc 
tor chip having multiple circuits corresponding to the func 
tional modules, buses and bridges. Alternatively, it can be a 
series of computer-executable instructions stored in a com 
puter-readable medium, such as volatile and non-volatile 
memory of a computer provided for controlling the display 
system. 

[0025] Referring to FIG. 1, an exemplary integrated driver 
for use in digital display systems employing spatial light 
modulators is illustrated therein. The integrated driver com 
prises multiple buses, such as bus A 104 and bus B 118. The 
structures and characters (eg bandWidth) of the buses may 
or may not be the same. As an example, bus A and bus B are 
standard AHB buses. Bus A has a Width of 32 bits, While bus 
B has a Width of 128 bits. The Width of the bus is selected 
based upon the functional modules connected to the bus and 
data traffic in the bus. For example, those functional modules 
responsible for controlling and/or initialiZing other func 
tional modules or components of the display systems (eg 
light source and color ?lter) generally do not put stringent 
requirement on the bandWidth. Therefore, a bus With a small 
Width, eg 32 bits may be suitable to interface those func 
tional modules. 

[0026] There is another type of functional modules that are 
responsible for processing data, such as receiving image 
data, transforming image data from one standard format to 
another format and storing and retrieving processed image 
data. These functional modules generally require a bus With 
a large bandWidth, such as 128 bits. 

[0027] In consideration of their distinct functions, func 
tional modules are connected to separate buses. Speci?cally, 
functional modules for controlling and/or initialiZing other 
functional modules or components of the display systems 
are connected to one bus, such as bus A 104. While the 
functional modules responsible for processing data are con 
nected to another bus, such as bus B 118. The tWo buses are 
interconnected through a bridge, such as bridge 112. 
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[0028] The bus interfaces the functional modules con 
nected therewith. The communication among the functional 
modules via the bus is controlled by a bus controller, such 
as bus controller A 102 for bus A and bus controller B 124 
for bus B. When a functional module sends a control signal 
or a data into the bus, the bus controller determines the target 
functional module responding to the signal or and the data. 
The other functional modules ignore the signal or the data 
upon receiving. When more than one functional module 
simultaneously request for sending signal or data to the bus, 
the bus controller determines the priority order for those 
modules. 

[0029] Communications betWeen functional modules con 
nected to separate buses are accomplished via the bus 
controllers and a bridge interconnecting the tWo buses. 
According to the invention, the bridge passes a transaction 
from a prede?ned mater bus to a prede?ned slave bus, and 
blocks a control signal from a slave bus to the master bus. 
HoWever, the bridge alloWs exchange of data betWeen the 
linked buses. As an example, assuming bus A is the master 
bus and bus B is a slave bus, module M4114 sends a control 
signal targeted for module M1120. The control signal is sent 
to bus A 104. The bus controller A determines that the 
transaction on the busA is for a functional module (M1) not 
connected to the bus A. The bus controller instructs bridge 
112 to pass the transaction to bus B 118. Because the 
transaction is originated from the master bus, then bridge 
transmits the control signal to the bus B. Upon detecting the 
control signal in bus B, bus controller B 124 determines that 
functional module M1 is responsible for the control signal. 
The bus controller B then instructs module M1 to respond to 
the control signal and other modules to ignore the control 
signal. 
[0030] In the same example, further assuming that the 
control signal is to request M1 to send data to a module in 
bus A, the module M4 prepared the requested data and 
delivers the prepared data to the bus B. The bus controller B 
instructs the bridge to transmit the data to bus A. Upon 
detecting the receiving of the data by the bus A, the bus 
controller A determines the targeted functional module and 
instructs the determined module to respond to the transmit 
ted data. 

[0031] As can be see, the bridge localiZes the communi 
cations among the modules Within the bus to Which the 
modules are connected, and isolates the communications 
Within separated buses from each other. As an advantage, 
operations of the modules of one bus Will not impact on the 
operations of the modules of the other buses. 

[0032] Clocks may be provided for the buses, such as 
clock 108 for the bus A and clock 122 for the bus B. The 
clocks provide synchroniZation for the functional modules 
connected to the buses. Alternatively, one clock is provided 
for the master bus, such as the bus A, and no clock is 
provided for the bus B. In this situation, clock 108 in the bus 
A also provides synchroniZation for the bus B, and the 
functional modules of the bus B operate according to clock 
108 in the bus A. Alternatively, clocks 108 and 122 both are 
provided for the buses A and B, and clock 122 for the bus 
B is a derived clock of clock 108. In fact, both clocks 108 
and 122 can be derivatives of a central clock, such as central 
clock 230 in FIG. 5. 

[0033] The functional modules may respond to external 
signals or system level control signals originated from a 
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functional module Within the integrated driver Without using 
the buses. For example, IRQ module 110 receives and 
processes interrupt requests originated from either outside 
the integrated driver or a functional module Within the 
integrated driver. M4 and M1 modules can receive and 
respond to external control signals and data (eg image 
data). 
[0034] Another integrated driver having a topological 
equivalent bus structure to that in FIG. 1 is illustrated in 
FIG. 2. Referring to FIG. 2, the integrated driver comprises 
three buses A, B and C With bus A as the master bus. Bus 
controllerA 102 and functional modules M5, M6 and M7 are 
connected to the bus A. Communications among the mod 
ules M5, M6 and M7 are controlled by the bus controller A 
102. The bus A is linked to bus B 118 via bridge AB 112. 
Functional modules M8 and M9 and bus controller B 124 are 
connected to the bus B. Bus C 140 is linked to the bus Avia 
bridge AC 132. And communications Within the bus C are 
controlled by bus controller C 136 that is connected to the 
bus C. 

[0035] Bridge AB 112 transmits control signal only from 
bus A to bus B, While transmits data betWeen bus A and bus 
B. Similarly, bridge AC 132 transmits control signals only 
from the bus A to the bus C, While it alloWs data exchange 
betWeen the buses A and C. 

[0036] The integrated driver of the present invention can 
be implemented in many applications in controlling digital 
display systems using spatial light modulators (e.g. micro 
mirror arrays, liquid crystal display, liquid and crystal on 
silicon) that operate in binary states and other type of display 
systems not using spatial light modulators such as organic 
light-emitting diodes that operate in binary states. In the 
folloWing, the present invention Will be described With 
embodiments in Which micromirror is employed in the 
display systems. Sequential-color-?led and pulse-Width 
modulation techniques are adopted for producing color 
images. It Will be appreciated that the folloWing discussion 
is for demonstration and simplicity purposes only. It should 
not be interpreted as a limitation. 

[0037] Referring to FIG. 3, a display system using a 
spatial light modulator having micromirrors is illustrated 
therein. In its basic con?guration, display system 146 com 
prises light source 148, color ?lter 150, collection lens 152, 
spatial light modulator 156, projection lens 153, display 
target 164, integrated driver 166 and frame buffer 172 that 
can also be a part of the integrated driver. 

[0038] Light source 148 provides light for the system. The 
light beam passes through the color ?lter and collection lens 
and shines on the spatial light modulator. The spatial light 
modulator modulates the light beam under control of inte 
grated driver 166 according to the image data. The modu 
lated light beam is projected on the display target by the 
projection lens. 

[0039] Aportion of a cross-sectional vieW of an exemplary 
spatial light modulator 156 is illustrated in FIG. 4a. Refer 
ring to FIG. 4a, spatial light modulator comprises an array 
of micromirrors (only a portion of a roW of the array is 
illustrated) formed on glass substrate 174 that is transmis 
sive to light from the light source. Each micromirror, such 
as micromirror 178 can rotate relative to the glass substrate 
in response to an electrostatic ?eld established betWeen the 
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mirror plate of the micromirror and an electrode, such as 
electrode 178 of an electrode array that is formed on 
semiconductor substrate 175. The electrostatic ?eld is con 
trolled by the voltage of the electrode, given that the voltage 
of the mirror plate is ?xed. The voltage of the electrode is 
associated With the instant data stored in the memory cell 
connected to the electrode, Which is more clearly illustrated 
in FIG. 4b. 

[0040] Referring to FIG. 4b, semiconductor substrate 175 
comprises an array of electrodes (only a portion of the array 
is illustrated for simplicity) and an array of memory cells, 
each of Which is connected to the electrode. In this example, 
the memory cell is a “charge-pump-pixel cell” that com 
prises a transistor and a capacitor. The source of the tran 
sistor is connected to a bitline for updating the memory cell. 
The gate of the transistor is connected to a Wordline for 
activating the memory cell. The drain of the transistor is 
connected to a plate of the capacitor and forms a node. The 
node is connected to the electrode. In an embodiment of the 
invention, the other plate of the capacitor is connected to a 
pump line for pumping up the voltage of the node. Detailed 
description is set forth in US. patent application Ser. No. 
10/340,162 to Richards, ?led Jan. 10, 2003, the subject 
matter being incorporated herein by reference. Of course, 
other type of memory cells, such as DRAM, latch or SRAM 
can also be used. 

[0041] The semiconductor substrate further comprises 
Wordlines and bitlines connected to the memory cells for 
updating the memory cells. In the embodiment of the 
invention, a plurality of Wordlines is provided to the memory 
cells of a roW of the memory cell array. Speci?cally, the 
memory cells of the roW of the memory cell array are 
divided into groups. Memory cells of the same group are 
connected to the same Wordline, While the memory cells of 
different groups are connected to separate Wordlines. 
Detailed description is set forth in US. patent application 
Ser. No. 10/407,061 to Richards, ?led Apr. 2, 2003, the 
subject matter being incorporated herein by reference. 

[0042] The Wordlines are connected to Wordline driver 
180 and bitlines are connected to bitplane driver 182. The 
Wordline and bitline drivers and the pump line are controlled 
by mirror control unit 166. In operation, the mirror control 
unit obtains control signals and bitplane data from integrated 
driver 166 in FIG. 3 and controls the Wordline and bitline 
drivers to update the memory cells according to bitplane 
data, Which Will be discussed in detail afterWards. In the 
embodiment of the invention, the mirror control unit, the 
bitline and Wordline drivers are formed on the same semi 
conductor substrate 175. Alternatively, the mirror control 
unit, or a portion of the mirror control unit can be formed on 
a separate substrate, though less preferred. 

[0043] The operation of the spatial light modulator is 
controlled by the integrated driver. An exemplary integrated 
driver is illustrated in FIG. 5. Referring to FIG. 5, tWo buses 
are provided. Bus A 104 and the functional modules con 
nected thereto form a central unit 184 that is responsible for 
controlling and initialiZing other functional modules of the 
integrated driver and other components (eg light source, 
optical lens and color ?lter) of the display system in FIG. 3. 
Bus B 222 and functional modules connected thereto form 
a display control unit 206. The buses A and B are linked via 
bridge 198. 
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[0044] The central control unit further comprises func 
tional modules IRQ 202, SRAM 200, Clock A 194, bus 
controller 102 and other necessary modules. Moreover, the 
central control unit may comprise another bus (bus 103) and 
functional modules connected thereto and bridge 192 linking 
buses 103 and 104. 

[0045] The display control unit further comprises image 
data processing unit 213, SDRAM interface 224, control 
register 226, bus controller 124, bus 223 and display con 
troller 220 that is connected to bus 223. The image data 
processing unit further comprises image signal processor 
212, display queue 214 and PWM sequencer 216. The 
display control unit may also comprise clocks 208, 210 and 
228. Of course, not all of these clocks are necessary. In an 
embodiment of the invention, clock 228 of the bus B is a 
derivative of clock 194 of the bus A. In another embodiment 
of the invention, clocks 228 and 194 are derivatives of 
central clock source 230, Which may or may not be installed 
Within the integrated driver. 

[0046] In the folloWing, operations of the integrated driver 
and the spatial light modulator Will be discussed in the 
exemplary display system, in Which the spatial light modu 
lator in FIGS. 4a and 4B and the integrated driver in FIG. 
5 are employed. It Will be understood by those skilled in the 
art that the folloWing discussion is for demonstration pur 
poses only. It should not be interpreted as a limitation. For 
example, the integrated driver can be used to control display 
systems employing other type of spatial light modulators 
that operate in binary states. 

[0047] At the beginning of the display application, for 
example, When the user turns the poWer on, central control 
unit 184 of the integrated driver starts to initialiZe the other 
functional modules, such as functional modules of the bus B 
in the integrated driver. For example, the central control unit 
loads default parameters (eg from an on-board RAM) and 
delivers those default parameters to image signal processor 
212 of the image data processing unit in the integrated 
driver. MeanWhile, the central control unit synchroniZes the 
components, such as the color ?lter and the light source of 
the display system. 

[0048] After the initialiZation, the central control unit 
instructs the image data processing unit to receive image 
data of a standard format and processes the received data 
into bitplane data. Speci?cally, image signal processor 212 
of the image data processing unit retrieves data of images or 
videos from image source 170 in FIG. 3 and converts the 
retrieved image data into bitplane data. For example, the 
image source provides standard RGB data of videos. The 
image signal processor retrieves the RGB data and applies a 
series of prede?ned data processes, such as, PWM encoding 
and transpose to the retrieved RGB data. The transpose 
operation converts the pixel data of the videos into bitplane 
data according to the con?guration of the memory cells and 
Wordlines. Because the memory cells of a roW of the 
memory cell array as shoWn in FIG. 4b are connected to 
dual Wordlines, the converted bitplane data are in compli 
ance With such memory cells con?guration. Speci?cally, 
because the odd numbered and even numbered pixels are 
connected to separate Wordlines as shoWn in FIG. 4b, the 
image signal processor prepares the bitplane data such that 
the bitplane data for the odd numbered memory cells are 
output and stored continuously, and the bitplane data for the 
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even numbered memory cells are output and stored continu 
ously. The bitplane data are then delivered to the bus B. 

[0049] SDRAM interface 224 collects the bitplane data 
and stores the collected bitplane data into a storage medium, 
such as frame buffer 172 in FIG. 1. After certain amount 
(eg a frame) of the bitplane data is collected and stored in 
the frame buffer, PWM sequencer 216 retrieves the bitplane 
data from the frame buffer through the bus B and SDRAM 
interface and passes the retrieved data onto display queue 
214. At this stage, the integrated driver has prepared the 
bitplane for updating the memory cells of the spatial light 
modulator so as to drive the micromirrors to display the 
video frame. 

[0050] Referring again to FIG. 4b, mirror control unit 166 
retrieves the bitplane data in the display queue in FIG. 5 and 
receives a number of control signals, such as a sequence of 
clock signals and command signals from the integrated 
driver (exemplary clock and command signals are illustrated 
in FIG. 6, Which Will be discussed afterWards). With the 
control signals, the mirror control unit sends activations 
signals to the Wordline driver to sequentially activate the 
Wordlines and delivers corresponding bitplane data to the 
bitlines for updating the memory cells. For eXample, in order 
to update the odd (or even) numbered memory cells, the 
mirror control unit sends an activation signal to the Wordline 
connecting the odd (or even) numbered memory cells and 
passes the bitplane data for the odd (or even) numbered 
memory cells to the bitlines. Alternatively, the bitplane data 
for the odd and even numbered memory cells can be passed 
to the bitlines simultaneously. Speci?cally, the mirror con 
trol unit sends a ?rst activation signal to the Wordline driver 
to activate one of the Wordlines (eg the Wordline connect 
ing the odd numbered memory cells) of the roW and passes 
the bitplane data for both even and odd numbered memory 
cells to the bitlines. Upon receiving the ?rst activation 
signal, the Wordline driver activates the designated Wordline 
and thus, the memory cells (eg the odd numbered memory 
cells) connected to the activated Wordline. The activated 
memory cells are then updated using the corresponding 
bitplane date (eg the bitplane data for the odd numbered 
memory cells). Then the mirror control unit sends a second 
activation signal to the Wordline driver to activate the other 
Wordline (eg the Wordline connecting the even numbered 
memory cells) of the roW. Upon receiving the second 
activation signal, the Wordline driver activates the other 
Wordline and thus, the memory cells (e. g. the even numbered 
memory cells) connected to the activated Wordline. The 
activated memory cells are updated using the corresponding 
bitplane date (eg the bitplane data for the even numbered 
memory cells). Other activation and updating methods may 
also be used. 

[0051] FIG. 6 illustrates a portion of the signals used in 
updating the memory cells. Referring to FIG. 6, CLK is a 
bus clock signal. In the embodiment of the invention, data 
are sampled and loaded on the rising and falling edges of the 
CLK signal during a data input cycle. CMD is a control 
signal. CMD=0 on the rising edge of the CLK signal 
indicates a data cycle (shift data in or out). D represents data 
signals. B is the bitplane signal. W is the Wordline signal. P 
is the pump line signal and Q is the signal at the node of the 
memory cell. Table 1 lists the operations of the memory cell 
at different states. 
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TABLE 1 

B W P Q Status 

1 1 O VQL/VQH RoW not selected, Q holds stored value 
1 O O VDD Q pulled up to VDD 
O O O VTP Prepare to clamp Q during rising edge on P 
O O 1 VTP P rises, Q prevented from rising above Well 

potential 
0/1 0 1 VTP/VQH Begin Write to cell; Q pulled up to VDD or 

stays at VTP depending on bitline value 
O/1 O O VQL/VQH Q pumped doWn or held at VDD depending 

on bitline state 

O/1 1 O VQL/VQH Wordline deselected, Write complete 

[0052] Wherein VDD is a loW voltage level for the Wordline 
and bitline. VDDE is a high voltage for the pump line. VQL 
and VQH are voltage levels for the node Q, Wherein VQL= 
VTP—VDDE and VTP is the threshold voltage of PMOS cell 
transistor. VQH=VDD. Q may also takes on intermediate 
values betWeen VQL and VQH during the Write cycle. 

[0053] The bitplane data in each memory cell determines 
the voltage of the electrode connected to the node of the 
memory cell. Consequently, the electrostatic ?eld betWeen 
the mirror plate of the micromirror and the electrode is 
updated. 

[0054] Within a frame period, such as 16.6 milli seconds 
all bitplane data are loaded into the memory cells. That is, 
each memory cell is updated a number of times With the 
number equal to the total number of bitplanes. The total 
number of bitplanes is determined by a product of the 
number of bitplanes of each primary color (e.g. red, green or 
blue) and the total number of the color segments in the color 
?lter. For eXample, the color ?lter comprises three segments, 
red, green and blue. And the grayscale of the image accord 
ing to the pulse-Width-modulation technique is represented 
by 8 bits. Then the number of bitplane for each primary color 
is 8, and the total number of bitplanes is 24 (24=8><3). 
During the frame period of 16.6 milliseconds, the memory 
cells and accordingly, the micromirrors are updated 24 
times. As a result, a color image is presented to the vieWer. 

[0055] In addition to control the spatial light modulator, 
the integrated driver also controls the components of the 
display system, such as the light source, the color ?lter and 
the optical elements. The control may be initiated by the 
vieWer, or alternatively by the other functional modules of 
the integrated driver. For eXample, the integrated driver can 
synchroniZes the light source, the color ?lter and the spatial 
light modulator so as to produce desired images or videos. 
The integrated driver may also adjust the optical elements, 
such as collection and projections lens 152 and 153 in 
response to an instruction from the vieWer. 

[0056] Other than implementing the embodiments of the 
present invention in data converter 120 in FIG. 1, the 
embodiments of the present invention may also be imple 
mented in a microprocessor-based programmable unit, and 
the like, using instructions, such as program modules, that 
are eXecuted by a processor. Generally, program modules 
include routines, objects, components, data structures and 
the like that perform particular tasks or implement particular 
abstract data types. The term “program” includes one or 
more program modules. When the embodiments of the 
present invention are implemented in such a unit, it is 
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preferred that the unit communicates With the controller, 
takes corresponding actions to signals, such as actuation 
signals from the controller. 

[0057] The integrated driver of the present invention can 
be implemented in a single semiconductor chip having 
multiple circuits corresponding to the functional modules, 
buses and bridges. Alternatively, the integrated driver can be 
implemented in a microprocessor-based programmable unit, 
and the like, using instructions, such as program modules, 
that are eXecuted by a processor. Generally, program mod 
ules include routines, objects, components, data structures 
and the like that perform particular tasks or implement 
particular abstract data types. The term “program” includes 
one or more program modules. The program of the inte 
grated driver can be stored in volatile or non-volatile memo 
ries. When the embodiments of the present invention are 
implemented in such a unit, it is preferred that the unit 
communicates With the spatial light modulator and other 
components of the display system, such as the light source, 
the color ?lter and optical elements. The communication can 
be accomplished through standard interfaces to transmit 
control signals and image data. 

[0058] It Will be appreciated by those of skill in the art that 
a neW and useful integrated driver for use in digital display 
systems having spatial light modulators has been described 
herein. In vieW of the many possible embodiments to Which 
the principles of this invention may be applied, hoWever, it 
should be recogniZed that the embodiments described herein 
With respect to the draWing ?gures are meant to be illustra 
tive only and should not be taken as limiting the scope of 
invention. For eXample, those of skill in the art Will recog 
niZe that the illustrated embodiments can be modi?ed in 
arrangement and detail Without departing from the spirit of 
the invention. Therefore, the invention as described herein 
contemplates all such embodiments as may come Within the 
scope of the folloWing claims and equivalents thereof. 

We claim 
1. A display system, comprising: 

a light source providing a light beam; 

a spatial light modulator, further comprising: 

an array of micromirrors for re?ecting the light beam; 

an array of electrodes and memory cells for driving the 
micromirrors to re?ect the light beam according to a 
set of bitplane data of an image stored in the memory 
cells; and 

a set of circuitry providing the set of bitplane data and 
a ?rst set of control signals suf?cient for the elec 
trodes and memory cells to drive the micromirrors so 
as to produce the image, the ?rst set of control 
signals being provided in accordance With a second 
set of control signals received by the circuitry; 

an integrated driver built on a single chip providing the 
bitplane data of the image and a third set of control 
signals comprising the second set of control signals; 
and 

an optical element for steering the light beam. 
2. The system of claim 1, Wherein the integrated driver 

further comprises: 
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a control unit providing the third set of control signals; 
and 

a data processing unit providing the set of bitplane data of 
the image. 

3. The system of claim 1, Wherein the integrated driver 
further comprises: 

a ?rst bus on the control unit; and 

a second bus on the data processing unit, Wherein the 
second bus is linked to the ?rst bus through a bridge. 

4. The system of claim 2, Wherein the bridge further 
comprises: 

a means for transmitting a control signal from the ?rst bus 
to the second bus and the a control signal from the 
second bus to the ?rst bus; and 

a means for transmitting a data signal from the ?rst bus to 
the second bus While blocking a data signal originated 
from the second bus. 

5. The system of claim 2, further comprising: 

a ?rst bus controller connected to the ?rst bus; and 

a second bus controller connected to the second bus. 
6. The system of claim 3, Wherein the ?rst bus controller 

further comprises: 

a means for monitoring a data signal originated from a 
?rst module connected to the ?rst bus; and 

a means for determining a target module for responding to 
the data signal. 

7. The system of claim 3, Wherein the ?rst bus controller 
further comprises: 

a means for monitoring a data signal addressed to the 
second bus; and 

a means for instructing the bridge to transmit the data 
signal from the ?rst bus to the second bus. 

8. The system of claim 5, Wherein the second bus con 
troller further comprises: 

a means for monitoring the data signal transmitted from 
the bridge; and 

a means for instructing a module connected to the second 
bus to respond to the data signal. 

9. The system of claim 3, Wherein the second bus con 
troller further comprises: 

a means for determining, betWeen a ?rst module and a 
second module, Which module is to be activated ?rst 
When the tWo modules request to be activated simul 
taneously. 

10. The system of claim 3, further comprising: 

a ?rst clock connected to the ?rst bus; and 

a second clock connected to the second bus. 
11. The system of claim 8, Wherein the second clock is a 

derivative of the ?rst clock. 
12. The system of claim 8, Wherein the ?rst and second 

clocks both are connected to a central clock. 
13. The system of claim 1, Wherein the control unit of the 

integrated driver further comprises: 

a means for initialiZing the data processing unit. 
14. The system of claim 1, Wherein the spatial light 

modulator further comprises: 
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an array of electrodes, each of Which is associated With a 
micromirror of the micromirror array; and 

an array of memory cells, each of Which is connected to 
an electrode of the electrode array. 

15. The system of claim 11, Wherein the memory cell 
array further comprises: 

a roW of memory cell array having at least a ?rst and 
second groups; and 

a ?rst Wordline and a second Wordline provided for the 
roW such that memory cells of the same group are 
connected to the same Wordline and the memory cells 
of different groups are connected to separate Wordlines. 

16. The system of claim 12, further comprising: 

a mirror driver, further comprising: 

a Wordline decoder in connection With the ?rst and 
second Wordlines of the roW of the memory cells; 

a bitline decoder in connection With the memory cells 
for updating the memory cells; and 

a mirror control unit in connection With the Wordline 
decoder, the bitline decoder and the data processing 
unit for controlling the update of the memory cells. 

17. The system of claim 13, Wherein the mirror control 
unit further comprises: 

a means for providing a Wordline signal having a ?rst and 
second values, Wherein the ?rst value represents an 
activation of the ?rst Wordline and a deactivation of the 
second Wordline, and the second value represents a 
deactivation of the ?rst Wordline and an activation of 
the second Wordline. 

18. The system of claim 14, Wherein the memory cell 
further comprises: 

a transistor having a source that is connected to the bitline, 
a gate that is connected to one of the tWo Wordlines and 
a drain; and 

a capacitor having a ?rst plate connected to the drain of 
the transistor and a second plate connected to a pump 
ing line that is not grounded. 

19. The system of claim 15, Wherein the mirror controller 
further comprises: 

a means for providing a pumping signal for the pumping 
line. 

20. The system of claim 1, further comprising: 

a color Wheel that is in connection to the control unit of 
the integrated driver; and Wherein the control unit 
further comprises: 

a means for providing a control signal for coordinating 
the operation of the color Wheel to the operations of 
the light source and the spatial light modulator. 

21. The system of claim 14, Wherein the system further 
comprises: a buffer in connection With the mirror control 
unit, Wherein the buffer comprises at least a ?rst and second 
sections, the ?rst section having a set of bitplane data for the 
memory cells connected to the ?rst Wordline and the second 
section having another set of bitplane data for the memory 
cells connected to the second Wordline. 
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22. The system of claim 1, Wherein the control unit of the 
integrated driver further comprises: a means for receiving 
and responding to a control signal originated from a user of 
the display system. 

23. A projector, comprising: 

a light source providing a light beam; 

a spatial light modulator comprising an array of the 
micromirrors that re?ect the light beam according to a 
set of bitplane data of an image under a control of a ?rst 
set of control signals so as to produce an image; 

an integrated driver built on a single chip providing the set 
of bit plane data and the ?rst set of control signals; and 

imaging optics for projecting the re?ected light beam onto 
a display target. 

24. The projector of claim 23, Wherein the spatial light 
modulator further comprises: 

an array of electrodes, each of Which is associated With a 
micromirror of the micromirror array; 

an array of memory cells, each of Which is associated With 
an electrode of the electrode array; 

a set of circuitry for updating the memory cells With the 
set of bitplane data; and 

a backplane controller providing the ?rst set of control 
signals and the set of bitplane data. 

25. The projector of claim 24, Wherein the integrated 
driver further comprises: 

a control unit; and 

a data processor in connection With the control unit, an 
image data source and the spatial light modulator, the 
data processor providing a second set of control signals 
comprising the ?rst set of control signals. 

26. The projector of claim 25, Wherein the spatial light 
modulator further comprises: 

a ?rst set of Wordlines and a second set of Wordlines 
connected to the memory cells such that for a roW of the 
memory cell array, a ?rst portion of the memory cells 
are connected to a Wordline from the ?rst set, and a 
second portion of the memory cells are connected to 
another Wordline from the second set. 

27. The projector of claim 26, Wherein the ?rst portion of 
the memory cells are even numbered memory cells in the 
roW, and the second portion of the memory cells are odd 
numbered memory cells in the roW. 

28. The projector of claim 27, Wherein the ?rst set of 
control signals comprises: 

a Wordline signal having a ?rst value and a second value, 
the ?rst value representing an activation of the Word 
lines from the ?rst set of Wordlines, the second value 
representing an activation of the Wordlines from the 
second set of Wordlines. 

29. The projector of claim 24, Wherein the memory cell of 
the memory cell array further comprises: 

a transistor, further comprising: 

a source connected to a bitplane; 

a gate connected to a Wordline; and 

a drain; and 
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a capacitor, further comprising; 

a ?rst plate connected to the drain of the transistor; and 

a second plate connected to a pump line that comprises 
at least tWo voltage levels. 

30. The projector of claim 29, Wherein the ?rst set of 
control signals further comprises: a pumping signal for the 
pump line. 

31. A method of producing an image using a display 
system having a spatial light modulator that comprises an 
array of micromirrors that are individually movable, the 
method comprising: 

initialiZing, by a control unit of an integrated driver, the 
display system, further comprising: 

sending a set of initialiZing data to a ?rst bus of the 
control unit; 

transmitting the initialiZing data to a second bus of a 
data processing unit of 

the integrated driver through a bridge that links the 
?rst and second buses; 

loading a sequence of image data of the image into the 
data processing unit; 

transforming the image data into a sequence of bitplane 
data; 

delivering a set of display data comprising a set of display 
control signals and the bitplane data into a display 
control unit of the spatial light modulator; 

in accordance With the display control signals, the display 
control unit sending the bitplane data to an array of 
memory cells, each of Which is associate With a micro 
mirror for deforming the micromirrors so as to produce 
the image. 

32. The method of claim 31, Wherein the step of initiating 
the display system further comprises: 

sending a set of control signals and a set of parameters to 
the ?rst bus; and 

instructing the bridge to transmit the set of control data 
and the set of parameters to the second bus. 

33. The method of claim 32, further comprising: 

blocking a data signal originated from the second bus to 
be transmitted to the ?rst bus. 

34. The method of claim 33, further comprising: 

transmitting a control signal from the second bus to the 
?rst bus through the bridge. 

35. The method of claim 31, further comprising: 

upon receiving a control signal for adjusting the set of 
initiation parameters by the control unit of the inte 
grated driver, adjusting the initiation parameters. 

36. The method of claim 32, further comprising: 

upon receiving the set of control signals and the set of 
parameters, initiating the data processing unit of the 
integrated driver. 

37. The method of claim 31, Wherein the steps of trans 
forming the image data and delivering the set of display data 
are performed by separated modules both connected to the 
second bus. 
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38. The method of claim 37, further comprising: 

scheduling the transforming and delivering steps at dif 
ferent times. 

39. The method of claim 31, further comprising: 

storing the bitplane data in a frame buffer; 

retrieving the stored bitplane data from the frame buffer; 
and 

delivering the retrieved bitplane data to the memory cells. 
40. The method of claim 39, further comprising: 

providing a ?rst and second Wordlines to a roW of the 
memory cell array such that each Wordline is connected 
to different memory cells of the roW. 

41. The method of claim 40, Wherein the step of trans 
forming the image data into bitplane data further comprises: 

separating the bitplane data into a set of subgroups With 
the bitplane data in each group corresponding to the 
memory cells connected to one Wordline. 

42. The method of claim 41, Wherein the step of separat 
ing is eXecuted along With the step of transforming the image 
data in to bitplane data. 

43. The method of claim 41, further comprising: 

storing the bitplane data such that the bitplane data for the 
memory cells connected to the same Wordline are 
stored consecutively. 

44. The method of claim 40, further comprising: 

connecting the even numbered memory cells of the roW to 
a ?rst Wordline and the odd numbered memory cells to 
a second Wordline. 

45. The method of claim 43, further comprising: 

loading the bitplane data for the roW of the memory cells; 
and 

activating a portion of the memory cell of the roW With the 
loaded bitplane data. 

46. The method of claim 45, further comprising: 

activating the memory cells connected to the ?rst Word 
line; 

updating the activated memory cells With the loaded 
bitplane data; 

deactivating the memory cells of connected to the ?rst 
Wordline; 

activating the memory cells connected to the second 
Wordline; and 

updating the activated memory cells With the loaded 
bitplane data. 

47. The method of claim 43, further comprising: 

loading the bitplane data stored in the ?rst section of the 
frame buffer; 

activating the ?rst Wordline; 

updating the activated memory cells With the loaded 
bitplane data; and 

deactivating the ?rst Wordline. 
48. The method of claim 47, further comprising: 

loading the bitplane data stored in the second section of 
the frame buffer activating the second Wordline; and 
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updating the memory cells activated by the second Word 
line With the loaded bitplane data. 

49. The method of claim 31, further comprising: 

providing the memory cell such that the memory cell has 
a transistor and a capacitor having a ?rst and second 
plates; and 

connecting the source of the transistor to a bitplane, the 
drain to the ?rst plate of the capacitor, the gate to one 
of the Wordlines and the second plate of the capacitor 
to a pumping line that is not grounded. 

50. The method of claim 49, further comprising: 

providing, by the display control unit, a pumping signal to 
the pumping line. 

51. The method of claim 31, further comprising: 

providing a color Wheel; 

connecting the color Wheel to the control unit of the 
integrated driver; and 

providing a synchroniZation signal to the color Wheel so 
as to coordinate the color Wheel With the micromirrors. 

52. A spatial light modulator for use in display systems, 
comprising: 

an array of micromirrors, each of Which is operable to 
rotate; 

an array of electrodes, each of Which is associated With a 
micromirror of the micromirror array; 

an array of memory cells, each of Which is connected to 
an electrode of the electrode array; 

a plurality of bitlines, each of Which is connected to a 
memory cell for updating the memory cells; 

a ?rst and second sets of Wordlines connected to the 
memory cells for activating the memory cells, Wherein 
the memory cells of a roW of the memory cell array are 
separately connected to a ?rst Wordline from the ?rst 
Wordline set and a second Wordline from the second 
Wordline set; and 

a mirror driver in connection With the bitlines and the ?rst 
set of Wordlines, further comprising: 

a control unit providing a Wordline control signal that 
selectively activates and deactivates the Wordlines 
from the ?rst and second sets of the Wordlines. 

53. The spatial light modulator of claim 52, further 
Wherein the memory cell further comprises: 

a transistor having a source connected to the bitline, a gate 
connected to a Wordline, and a drain; and 

a capacitor having a ?rst plate connected to the drain and 
a second plate connected to a pump line. 

54. The spatial light modulator of claim 53, Wherein the 
control unit further providing a pump signal for the pump 
line. 

55. A method for driving an array of micromirrors of a 
spatial light modulator used in a display system, Wherein the 
spatial light modulator comprises an array of micromirrors, 
each of Which being associated With an electrode of an array 
of electrodes, each electrode being connected a memory cell 
of an array of memory cells, the method comprising: 
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connecting the memory cells to a ?rst and second sets of 
Wordlines such that, for a roW of the memory cell array, 
the memory cells of the roW are separately connected to 
at least a Wordline from the ?rst set and another 

Wordline from the second set; 

connecting the each memory cells of a column to a bitline; 

upon receiving a display control signal and a set of data, 
generating a Wordline control signal having a ?rst value 
and a second value; 

activating the Wordlines from the ?rst set; 

delivering the data to the memory cells connected to the 
activated Wordlines; 

deactivating the Wordlines from the ?rst set; 

activating Wordlines from the second set; and 

delivering the data to the memory cells connected to the 
activated Wordlines. 

56. The method of claim 55, further comprising: 

producing a pump signal; and 

delivering the pump signal to the pump line. 

57. A method for driving an array of micromirrors of a 

spatial light modulator used in a display system, Wherein the 
spatial light modulator comprises an array of micromirrors, 
each of Which being associated With an electrode of an array 

of electrodes, each electrode being connected a memory cell 
of an array of memory cells, the method comprising: 

connecting the memory cells to a ?rst and second sets of 
Wordlines such that, for a roW of the memory cell array, 
the memory cells of the roW are separately connected to 
at least a Wordline from the ?rst set and another 
Wordline from the second set; 

connecting the each memory cells of a column to a bitline; 

upon receiving a display control signal; 

generating a Wordline control signal that selectively 
activates and the deactivates the Wordlines; 

updating the memory cells of a roW, further comprising: 

loading a ?rst set of data for the memory cells 
connected to the ?rst Wordline of the roW; 

activating the ?rst Wordline 

delivering the ?rst set of data to the memory cells 
connected to the activated ?rst Wordline; 

deactivating the ?rst Wordline; 

loading a second set of data for the memory cells 
connected to the second Wordline; 

activating the second Wordline; and 

delivering the data to the memory cells connected to 
the activated second Wordline. 
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58. The method of claim 57, fuirther comprising: 59. the method of claim 57, further comprising: 

providing a pump signal; and updating the memory cells. 

delivering the pump signal to the pump line. * * * * * 


