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(57) ABSTRACT 
A digital lithography system including a droplet source 
(printhead) for selectively ejecting liquid droplets of a phase 
change masking material, and an imaging system for captur 
ing (generating) image data representing printed features 
formed by the ejected liquid droplets. The system also 
includes a digital control system that detects defects in the 
printed features, for example, by comparing the image data 
with stored image data. The digital control system then modi 
fies the printed feature to correct the defect, for example, by 
moving the printhead over the defect and causing the print 
head to eject droplets onto the defect's location. In one 
embodiment, a single-printhead secondary printeroperates in 
conjunction with a multi-printhead main printer to correct 
defects. 
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DIGITAL LITHOGRAPHY USING REAL TIME 
QUALITY CONTROL 

FIELD OF THE INVENTION 

0001. This invention relates to generally to the field of 
integrated circuit (IC) device processing and, more particu 
larly, to digital lithographic techniques where a surface is 
masked by ejecting droplets of a phase-change masking 
material from a droplet source in accordance with predeter 
mined printing data. 

BACKGROUND OF THE INVENTION 

0002. In recent years, the increasingly widespread use of 
display device alternatives to the cathode ray tube (CRT) has 
driven the demand for large-area electronic arrays. In particu 
lar, amorphous silicon and laser re-crystallized polycrystal 
line silicon (poly-silicon) are used to drive liquid crystal 
displays commonly used in laptop computers. However, fab 
ricating such large-area arrays is expensive. A large part of the 
fabrication cost of the large-area arrays arises from the expen 
sive photolithographic process used to pattern the array. In 
order to avoid Such photolithographic processes, direct mark 
ing techniques have been considered an alternative to photo 
lithography. 
0003. An example of a direct marking technique used in 
place of photolithography involves utilizing a Xerographic 
process to deposit a toner that acts as an etch mask. However, 
toner materials are hard to control and difficult to remove after 
deposition. 
0004 Another example of a direct marking technique 
involves “digital lithography” in which a droplet source 
including, for example, an inkjet printhead, is used to deposit 
a liquid mask onto a substrate in accordance with predeter 
mined printing data. A problem with digital lithography is 
that inkjet printing of functional devices is susceptible to 
several defect creation processes during the printing opera 
tion: misdirected ejection, ejection failure, droplet/spot size 
variation, alignment error, etc. In most device printing appli 
cations, single defects, depending on their nature, will result 
in a device that will not function to specifications. 
0005. It is highly desirable to develop robust digital lithog 
raphy methods that maximize yields. Currently, the method 
of quality control for micro electronic and optical pattern 
formation by digital lithography involves post-printing 
inspection of the pattern after the entire substrate is patterned. 
Feedback is, at best, available to the process for subsequent 
pattern formations, but Such feedback information is essen 
tially useless when applied to patterns printed onto large 
flexible sheets, which often exhibit random surface distor 
tions due to stretching or local stresses. In rare instances, 
post-processing may be attempted to correct printing errors. 
However, such corrections are performed well after deposited 
materials have gone through a phase change (i.e., assumed a 
solid form), thereby producing inferior correction results 
because the corrective liquid mask may not adhere well to the 
already-solid mask material. 
0006 What is needed is a digital lithography system that 
includes real-time quality control in the form of real-time 
monitoring and modification of the digital lithography pro 
cess in order to improve the positional accuracy of printed 
features, and to improve the quality of corrected printed struc 
tures on flexible and rigid substrates. 
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SUMMARY OF THE INVENTION 

0007. The present invention is directed to a digital lithog 
raphy system in which an integrated imaging and printhead 
control system is used to perform real-time quality control in 
order to improve the positional accuracy of printed features, 
and to improve the quality of corrected printed structures on 
flexible and rigid Substrates. Thus, digital lithography per 
formed in accordance with the present invention facilitates 
the repair of printed defects such as missing, misaligned, or 
Small spots. Unlike conventional photolithography where the 
entire layer has to be reworked in order to repair defects, the 
present invention provides for the selective correction of 
defects "on the fly” (i.e., as they occur and/or are identified). 

0008. In accordance with an embodiment of the present 
invention, the integrated printing/imaging system analyzes 
the substrate immediately before and/or after the printing of 
material. The imaging system includes a camera that is, in one 
embodiment, tightly mechanically coupled with the droplet 
Source (printhead) with Sufficient relative accuracy to insure 
positional accuracy between the captured image data and the 
printed features. The captured image data is compared with 
stored (expected) image data by a central processing unit 
(CPU) to determine the pattern integrity and/or any of a 
number of printing material characteristics, thereby provid 
ing information regarding errors in the quality of the printing 
operation in real time. This error information is then used to 
control the droplet source in order to modify the printing data 
to include corrective printing operations. Such modifications 
include, for example, changing the printhead position due to 
dimensional changes to the Substrate, controlling the print 
head to deposit additional material at a selected location, and 
modifying the printing conditions. Because the error correc 
tion is performed in real time, the additional material can be 
deposited on the originally printed material before phase 
change is complete, thereby providing a high quality error 
correction that avoids problems associated with conventional 
digital lithography methods. 

0009. In accordance with an embodiment of the present 
invention, printed features are formed using a main printer, 
the printed features are analyzed immediately after printing 
by the imaging system, and defects in the printed features are 
corrected using a single ejector printhead before the ejected 
phase change material has a chance to solidify. The imaging 
system analyzes the Substrate for printed features exhibiting 
repairable defects, and information about the location and 
type of repair is utilized to control the single ejector printer. 
The main printer, optical defect recognition system, and 
single ejector printer are incorporated into an integrated 
imaging/printer control system. This enables defect correc 
tion in a digital lithography system that prints features onto a 
rolled (flexible) substrate. 

0010. In accordance with another embodiment of the 
present invention, a method for real time correction includes 
providing another 'roaming camera that scans for alignment 
marks independently of the main printhead and camera. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. These and other features, aspects and advantages of 
the present invention will become better understood with 
regard to the following description, appended claims, and 
accompanying drawings, where: 
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0012 FIG. 1 is partial prospective view showing a simpli 
fied digital lithography system according to an embodiment 
of the present invention; 
0013 FIG. 2 is a side view showing a portion of the digital 
lithography system of FIG. 1; 
0014 FIG. 3 is a flow diagram showing a printing opera 
tion performed by the digital lithography system of FIG. 1 
according to another embodiment of the present invention; 
and 

0015 FIGS. 4(A), 4(B), 4(C), 4(D), and 4(E) are top views 
showing a simplified digital lithography system according to 
another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0016. As used herein, the terms “phase-change masking 
material and “phase-change material” refer to compounds or 
elements that changes in phase from a liquid to a Solid, or in 
Some embodiments from a liquid to a gas. In one embodiment 
of the invention, the phase change material have low melting 
points (also called freezing point) below 150° C. with a nar 
row transition temperature range. The phase-change masking 
material may also be mixtures or dispersions without precise 
freezing temperatures. However, even without specific freez 
ing temperatures, these materials still retain the characteristic 
of transitioning from a Substantially liquid phase to a Substan 
tially solid phase in a narrow temperature range. In one par 
ticular embodiment of the invention, the phase change mate 
rial is an organic material Such as a wax that has a melting 
point between 60 degrees and 100 degrees centigrade. An 
additional characteristic of the phase-change masking mate 
rial is that a mask formed by the phase-change masking 
material should be robust enough to withstand wet-chemical 
or dry etching processes. When a dry etching process is used, 
phase change masking materials with low-vapor pressures 
may be used. Wax is an example of a phase-change material 
with the previously described characteristics. Examples of 
Suitable waxes for use as a phase-change masking material 
are Kemamide 180-based waxes from Xerox Corporation of 
Stamford, Conn. 
0017 FIGS. 1 and 2 show a simplified digital lithography 
system 100 including real-time quality control of printed 
features formed on a substrate 101 according to an embodi 
ment of the present invention. Substrate 101 is placed or 
otherwise supported on a platen 110 below a droplet source 
120, which is suspended over platen 110 by way of a support 
structure 130. In a manner similar to conventional digital 
lithography systems, printing operations performed by drop 
let source 120 are controlled by a digital control system 140 
(e.g., a computer or other logic circuit programmed or other 
wise configured to perform the various functions described 
herein). During these printing operations, droplets 122 of 
phase-change masking material are ejected in the Z-axis 
direction onto upper surface 102 of substrate 101 while sub 
strate 101 and droplet source 120 are moved relative to each 
other in the X-axis and/or y-axis directions, whereby printed 
features 105 are formed by contiguous droplets 122 that are 
deposited and solidify on upper surface 102 of substrate 101. 

0018 Substrate 101 typically includes a thin film of semi 
conductor material or a thin-film metal Such as aluminum, but 
may comprise other materials. In one specific embodiment 
(described in additional detail below), substrate 101 com 
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prises a flexible sheet that is rolled into a cylindrical roll (i.e., 
rolled around an axis), and is fed out onto platen 110 to 
facilitate high-volume production. Substrate 101 is main 
tained at a temperature Such that droplets 122 cool and 
Solidify (i.e., undergo a phase change) after deposition. In 
Some embodiments of the invention, a wetting agent, typi 
cally a dielectric material Such as silicon dioxide, SiO, or 
silicon nitride, SiN may be included on the Surface to assure 
that Sufficient wetting occurs to make a good contact between 
the mask and the Substrate. 

0.019 Platen 110 and support structure 130 cooperatively 
form a positioning apparatus that is controlled by digital 
control system 140 to operably position droplet source 120 
relative to a selected region of substrate 101 during the print 
ing process. In particular, digital control system 140 transmits 
positional commands to at least one of platen 110 and Support 
structure 130, whereby droplet source 120 is moved in the 
X-axis and Y-axis directions until it is operably positioned 
over a predetermined Substrate location (e.g., region 104) of 
substrate 101 for ejection of a droplet. After a droplet of 
marking material is deposited on substrate 101, the relative 
positions of substrate 101 and dropletsource 120 are adjusted 
to reposition droplet source 120 over a second position to be 
masked. The positioning and repositioning operations may be 
achieved either by moving droplet source 120 or by moving 
substrate 101 via platen 110. In one embodiment, a motor 
moves support structure 130 along at least one rail 132 in a 
predetermined X-axis and/or Y-axis direction pattern over 
substrate 101, thereby positioning droplet source 120 over the 
predetermined substrate locations. Alternatively, or in addi 
tion, substrate 101 is positioned relative to droplet source 120 
by way of a motor and rail system (not shown) that moves 
platen 110 in the X-axis and/or Y-axis directions. In addition, 
digital control system 140 transmits print (ejection) com 
mands to droplet Source 120 Such that phase-change masking 
material droplets 122 are selectively ejected in liquid form 
onto predetermined substrate location 104 once the position 
ing operation is completed, thereby causing the elected drop 
lets 122 to form at least part of a printed feature 105 at the 
predetermined substrate location 104. By coordinating the 
movement of droplet source 120 with the timing of droplet 
Source outputs, a masking pattern (printed feature) is 
“printed” on substrate 101. 
0020. As indicated in FIG. 1, droplet source 120 includes 
one or more printheads 125 for ejecting droplets 122, a res 
ervoir 127 for holding the phase-change masking material in 
a liquid form, and a conduit (not shown) for feeding the liquid 
phase-change masking material from reservoir 127 to print 
head 125. Printhead 125 includes a driver circuit that operates 
in response to the print commands received from digital con 
trol system 140 to eject droplets 122 onto substrate 101. 
Reservoir 127 typically includes a heat source (not shown) 
that the phase-change masking material to a temperature that 
is Sufficient to maintain the phase-change masking material in 
a liquid state until it is ejected by printhead 125 and deposits 
on a designated Surface (e.g., Substrate 101). Droplet Source 
120 may be implemented using a variety of technologies 
including traditional ink-jet technology (i.e., an ink-jet print 
head). An alternative technology well-suited for generating 
extremely small droplet sizes is the use of Sound waves to 
cause ejection of droplets of masking material as done in 
acoustic ink printing systems. In acoustic in printing systems, 
a source of acoustic waves, such as a piezo electric driver, 
generates acoustic waves in a pool of liquid phase change 
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masking material. An acoustic lens focuses the acoustic 
waves such that a droplet of phase change masking material is 
ejected from the surface of the liquid pool. The droplet is then 
deposited on substrate 101 as described above. 
0021. In order to minimize the possibility of partial midair 
freezing of droplets in the Z-axis space between printhead 
125 and substrate 101, an electric field may be applied to 
accelerate droplets 122 from printhead 125 to substrate 101. 
The electric field may be generated by applying a Voltage, 
typically between one to three kilovolts between printhead 
125 and a platen 110 under substrate 101. The electric field 
minimizes droplet transit time through space and allows Sub 
strate Surface temperature to be the primary factor controlling 
the phase change operation. Moreover, the increased droplet 
velocity in space improves the directionality of the droplet 
allowing for improved straight-line features. 
0022. In accordance with an aspect of the present inven 
tion, digital lithography system 100 further includes an imag 
ing system 150, which functions to generate image data asso 
ciated with selected regions of substrate 101 (e.g., printed 
feature 105 formed in predetermined substrate location 104), 
and to transmit this image data to digital control system 140 
for real-time analysis. In one embodiment, imaging system 
150 includes a digital camera having a lens 155 and image 
data generating circuitry 157 that are mounted on Support 
platform 130 (i.e., fixedly connected to droplet source 120 by 
way of rigid support platform 130). In particular, lens 155 is 
mounted next to printhead 125 of droplet source 120 and 
arranged such that lens 155 captures images from the region 
of substrate 101 located directly below printhead 125, 
whereby imaging system 150 is configured to selectively 
capture images (pictures) of predetermined Substrate loca 
tions 104 of substrate surface 102 immediately before and/or 
immediately after droplet source 120 ejects a particular drop 
let 122 onto the associated substrate location. Further, 
because droplet source 120 and imaging system 150 are fix 
edly mounted to support platform 130, movement of support 
130 results in parallel movement of both droplet source 120 
and imaging system 150, thus automatically positioning lens 
155 over predetermined substrate locations 104 during the 
ejection (printing).process. Each Successive image (still pic 
ture) captured by lens 155 is converted into an associated 
digital image data portion by circuitry 157 using known tech 
niques, and then circuitry 157 transmits these image data 
portions to digital control system 140. By mounting imaging 
system 150 next to droplet source 120 on support platform 
130, lens 155 is tightly mechanically coupled to printhead 
125 with sufficient relative accuracy to insure positional accu 
racy between the image data portions and the predetermined 
Surface locations on which droplets are printed at each stage 
of the digital lithography procedure. Accordingly, imaging 
system 150 is able to facilitate optimal real time quality 
control by generating image data from the predetermined 
substrate location immediately before and/or immediately 
after each printing process. 

0023. In accordance with another aspect of the present 
invention, digital control system 140 compares the image data 
portions provided by imaging system 150 with stored (i.e., 
expected or "known good”) image data. As graphically 
depicted in FIG. 2, digital control system 140 includes a 
memory 200 having a captured image data section 210 and a 
stored image data section 220. In accordance with a prede 
termined process executed by digital control system 140, 
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image data portions captured at predetermined stages of the 
printing process by imaging system 150 are stored in captured 
image data section 210, and then compared with Stored image 
data portions representing expected captured image data at 
each of the predetermined stages. For example, a captured 
image data portion 212(S1), which was captured at an early 
stage ("sl”) of the printing process (i.e., when two droplets are 
printed on the substrate) is stored in section 210, and then 
compared with a corresponding stored image data portion 
222(sl) that represented the expected image data at that early 
stage. Similarly, captured image data portions 212(S2) and 
212(S3) are captured at corresponding Subsequent stages 
“s2'and's3') of the printing process and stored in section 
210, and then compared with corresponding stored image 
data portions 222(s2) and 222(s3), respectively, that repre 
sented the expected image data at those stages. Note that the 
stored image data may take several forms. Comparison algo 
rithms could use stored image parametric information to per 
form the comparison process, or pattern information from the 
design file used in the rendering the pattern to be printed, or a 
prototypical pattern gathered from imaged features formed 
on the Substrate periphery. 
0024. In accordance with another aspect of the present 
invention, digital control system 140 selectively modifies 
erroneous (i.e., imperfect) printed features 105 in response to 
results generated during the comparison process. Feature 
errors detected in this manner may include feature location, 
feature size, feature component, printer spot placement, opti 
cal features of the deposited material, material quantity, mate 
rial height and extents, Surface and edge roughness. When a 
captured image data portion (e.g., portion 212(sl)) is substan 
tially identical to the corresponding image data (e.g., portion 
222(S1)), then the printing process is allowed to proceed 
uninterrupted. Conversely, when a captured image data por 
tion (e.g., portion 212(S2)) is significantly different from its 
corresponding image data (e.g., portion 222(S2)) due, for 
example, to avoid at a location 104(S2) caused by the failure 
of droplet source 120 to eject a droplet onto location 104(s2) 
according to the printing procedure, then the printing process 
is interrupted, and droplet source 120 is repositioned (i.e., 
caused to “go back over location 104(s2)), and then caused 
to eject a droplet into the Void, thus correcting the printing 
defect. The printing process is then resumed. Accordingly, 
digital lithography system 100 is able to facilitate optimal real 
time quality control by identifying printing errors and imme 
diately repositioning printhead 125 and ejecting one or more 
corrective droplets 122 into an unwanted void before the 
previously ejected droplets Surrounding the Void have had a 
chance to Solidify, thus improving the quality of corrected 
printed features by facilitating “fusing of the corrective 
droplets with the previously printed droplets. 
0025 FIG. 3 is a simplified flow diagram depicting proce 
dures performed by the various Subsystems of digital lithog 
raphy system 100 (see FIGS. 1 and 2) during an exemplary 
digital lithography (printing) process in accordance with an 
embodiment of the present invention. Each of the three col 
umns depicted in FIG.3 includes functions performed by one 
or more Subsystems of digital lithography system 100, and 
signals transmitted between the various Subsystems are 
depicted by arrows passing between the three columns. In 
particular, the leftmost column depicts droplet ejection func 
tions performed by droplet source 120, and printhead posi 
tioning functions performed by platen 110 and/or support 
Substrate 130. The rightmost column depicts image capture 
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functions performed by imaging system 150. The central 
column depicts control functions performed by digital control 
system (central processing unit, or CPU) 140. 
0026 Referring to the upper end of the three columns, 
power on/reset signals are generated and transmitted to CPU 
140 by the various subsystems to indicate that digital lithog 
raphy system 100 is ready to perform a printing process (i.e., 
“YES” in reset block 301). 
0027 Next, an optional setup (calibration) operation 
(block 302) is then performed to verify positional accuracy 
between the captured image data and the location at which the 
printhead (ejectors) deposits ejected droplets. Position marks 
103 (FIG. 1) may be formed along the edges of substrate 101 
for purposes of ejecting drops and measuring relative posi 
tions via captured image data. The relative position informa 
tion is then utilized to align the Substrate to the printhead, as 
well as provide a tightly coupled print quality evaluation 
machine vision architecture. 

0028. The printing operation is then initiated by accessing 
print data and using the print data to position Support structure 
103 such that printhead 125 is located over an initial prede 
termined substrate location 104. 

0029. In accordance with an embodiment of the present 
invention, imaging system 150 is utilized to generate initial 
image data associated with the initial predetermined substrate 
location (block 320), and to analyze the initial image data for 
flaws or defects in the substrate surface immediately before 
printing commences (block330). This analysis can be used to 
modify the printing conditions, or to make changes to the 
printing position due to dimensional changes to the Substrate 
(blocks 340 and 350). For example, when flexible substrates 
are used, local stretching of the Substrate material may cause 
an alignment mark (e.g., marks 103; see FIG. 1) to be dis 
placed from an expected location, and the pre-printing analy 
sis may be used to adjust the position of printhead 125 prior to 
printing. In another example, when the printing process 
involves the formation of a mask over previously formed 
integrated circuit structures, the pre-printing analysis may be 
used to perform instantaneous layer registration and compen 
sated alignment of the mask to the erroneously formed struc 
tures located under the mask. Using pre-printing information 
in this manner, digital lithography system 100 facilitates 
increased yields by adjusting in real-time to local distortions 
and flaws in previously formed features. 
0030. In accordance with another embodiment of the 
present invention, imaging system 150 is utilized to generate 
posting-printing image data in the manner described above to 
correct printing errors. The droplet source, which is posi 
tioned in the manner described above over the initial printing 
location in response to positioning data transmitted from 
CPU 140, is caused to eject droplets onto the underlying 
substrate, also in response to print data transmitted from CPU 
140 (blocks303 and 310). Once printhead 125 has completed 
a predetermined printing operation (e.g., after a predeter 
mined time period or in response to feedback signals from 
droplet source 120), CPU 140 sends command signals to 
imaging system 150 to generate initial image data associated 
with the printed feature (blocks 303 and 320), and compares/ 
analyzes the resulting image data portion for flaws or defects 
(block 330). This analysis can be used to modify the printing 
operation in the manner described above to fill a void or 
correct some other flaw, or to modification to control aspects 
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of the material deposition (blocks 340 and 350). Depending 
on the decision structure and nature of the information fed 
back to CPU 140, the modification possibilities could directly 
affect the current printing in motion, or it could require addi 
tional printing tasks in the current printing job to fix Substan 
dard deposition features. When additional printing tasks are 
required, CPU transmits printhead position and droplet ejec 
tion signals to the droplet source and positioning Subsystem 
to perform the desired corrective function (block 360). An 
optional correction verification operation may be used to 
generate associated image data (block 370), which in turn 
may be analyzed by CPU 140 to verify that error correction 
was performed successfully. Once the error correction is 
completed, control returns to the main printing operation, and 
the next printing operation is commenced (block 303). 

0031 While the above operation has been described with 
reference to a single printhead 125 and a single imaging 
system 150, multiple droplet sources and multiple imaging 
systems may be used to facilitate high throughput printing 
operations. Moreover, imaging system 150 is not restricted to 
being mounted next to printhead 125. In one embodiment, 
multiple cameras may be used, each camera positioned to 
capture image data from an associated “assigned’ region of 
substrate 101. Moreover, depending on the substrate and 
device structure to be printed, the camera(s)/illuminators 
could be positioned on either side of a transparent Substrate, 
or on opposite sides of the substrate either to provide for 
imaging different aspects of the current pre-and/or post-pat 
tern, or to locate the imaging system closer to the printing 
operation. This arrangement may also provide a mechanism 
for monitoring the printing operation dynamically. 

0032 FIGS. 4(A) to 4(E) are top views showing a simpli 
fied digital lithography system 400 including an optical 
defect recognition arrangement according to another embodi 
ment of the present invention. 

0033 Referring to FIG. 4(A), a substrate 401 is passed 
between a platen (not shown) and one or more Support struc 
tures 430 that support a main printer (droplet source) 420 and 
an imaging system. 450. In this embodiment, substrate 401 is 
rolled at one end into a cylindrical roll 403, and includes a flat 
(unrolled) section having an upper Surface 402 that faces 
upward toward main printer 420 and imaging system 450. 
Main printer 420 includes several printheads 425 that are 
arranged in a row and positioned over upper Surface 402 in a 
manner similar to that described above. Imaging system. 450 
is located downstream from main printer 420 and includes 
multiple cameras, each camera having a lens 455 aligned with 
a corresponding printhead 425 of main printer 420. For 
example, lens 455-1 is positioned downstream from print 
head 425-1, and lens 455-2 is positioned downstream from 
printhead 425-2. In addition, system 400 includes a second 
ary printer (second droplet source) 460 having a single ejector 
printhead 465 that is movably (e.g., slidably) mounted on an 
associated support structure 435 and located downstream 
from imaging system. 450. Optional alignment cameras 470 
are fixedly mounted on support structure 435 to confirm 
alignment/positioning of secondary printer 460 during defect 
repair operations. 

0034 FIGS. 4(B) to 4(E) illustrate a printing operation in 
which substrate 401 is unrolled from a cylindrical roll 403 in 
the travel direction indicated by the arrow in FIG. 4(B), and 
printed features are formed on upper Surface 402 by causing 
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printheads 425 of main printer 420 to eject droplets 422 in the 
manner described above. For sake of simplifying the discus 
sion, each printhead 425 is controlled to print elongated 
straight line 423 (e.g., printhead 425-1 prints elongated line 
423-1, and printhead 425-2 prints elongated line 423-2). Two 
dimensional features are formed, for example, by shifting 
main printer 420 perpendicular to the travel direction, as is 
understood by those skilled in the art. 
0035. As indicated in FIG. 4(C), each elongated line 423 
generated by a printhead 425 a passes under a corresponding 
camera lens 455, thus enabling optical verification that each 
of the elongated lines 423 is printed accurately (e.g., using the 
capture and comparison operation, described above, for each 
image data portion generated by each camera). For example, 
elongated line 423-1 passes under camera lens 455-1, which 
is used to periodically capture first image data portions. Simi 
larly, elongated line 423-2 passes under camera lens 455-2, 
which is used to periodically capture second image data por 
tions. Each of the captured image data portions is passed to a 
system CPU (not shown), which in turn compares the image 
data portion to stored image data (or otherwise analyzes the 
image data portion) to detect voids or other flaws in the 
corresponding printed feature. 

0036). In accordance with the present embodiment, sec 
ondary printer 460 is utilized to correct defects at generated 
by any of the printheads 425 of main printer 420 by position 
ing (i.e., moving, if necessary) printhead 465 over a detected 
defect, and causing printhead 465 to eject one or more drop 
lets onto the defect location as substrate 401 passes beneath 
secondary printer 460. For example, FIG. 4(C) indicates a 
defect in printed feature 423-2 at a defect location 404-1. 
Immediately after this defect is produced, for example, by a 
temporary malfunction of printhead 425-2, and substrate 401 
is shifted such that defect location 404-1 passes under lens 
455-2, which generates image data that is passed to the digital 
controller system (now shown), which detects the defect 
using the methods described above. As indicated in FIG. 
4(D), in response to the detection of the defect at defect 
location 404-1, the digital controller system then transmits 
positioning control signals to secondary printer 460, whereby 
printhead 465 is positioned over printed feature 423-2. Sub 
sequently, when Substrate is moved under Support structure 
435 and defect location 404-1 is moved under single print 
head 465, the digital controller system transmits a print con 
trol signal that causes single printhead 465 to eject one or 
more droplets onto defect location 404-1. Similarly, as indi 
cated in FIG. 4(D), a subsequent defect produced in printed 
feature 423-1 at a second defect location 404-2 is detected 
using image data captured by lens 455-1. As indicated in FIG. 
4(E), this defect detection information is then used to reposi 
tion single printhead 465 of secondary printer 460 over sec 
ond defect location 404-2 to perform a repair operation. By 
incorporating the repair mechanism (e.g., secondary printer 
460) downstream from primary printer 420, the printing 
operation performed by primary printer 420 may proceed 
uninterrupted, thereby optimizing production times. Further, 
by using single printhead 465 (i.e., instead of a duplicate 
version of main printer 420), overall system production costs 
are minimized. 

0037 Although the present invention has been described 
with respect to certain specific embodiments, it will be clear 
to those skilled in the art that the inventive features of the 
present invention are applicable to other embodiments as 
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well, all of which are intended to fall within the scope of the 
present invention. For example, an alternative method for real 
time correction includes providing another “roaming cam 
era that scans for alignment marks independently of the main 
printhead and camera. The roaming camera looks for existing 
alignment marks on the Substrate Surface. A separate control 
system can be used to acquire the data obtained and process 
the information to be fed back to the main controller. These 
alignment marks are located in areas close to the patterning 
area so that a best estimate for the localized distortion can be 
obtained. The "roaming camera is mounted on a separate 
stage controller. The camera will image the Substrate 
"upstream” of the patterning area and send information that 
can be used for correcting localized distortions. 

1. A digital lithography system including real-time quality 
control of printed features formed on a substrate, the system 
comprising: 

a first droplet source for selectively ejecting liquid droplets 
of a phase change material; 

a digital control system for positioning the first droplet 
Source over a predetermined Substrate location on a Sur 
face of the substrate, and for controlling the first droplet 
source to selectively eject a plurality of first liquid drop 
lets in accordance with predetermined printing data Such 
that the ejected first liquid droplets form at least part of 
a printed feature located at the predetermined substrate 
location; 

an imaging System for generating an image data portion 
representing the part of the printed feature formed by the 
ejected first liquid droplets at the predetermined sub 
strate location, 

wherein said digital control system includes means for 
comparing each image data portion with Stored image 
data, and means for modifying the printed feature in 
response to said comparing process. 

2. The system according to claim 1, wherein the Substrate 
comprises one of a semiconductor thin film, a metal thin film, 
and a dielectric thin film. 

3. The system according to claim 2, further comprising a 
platen positioned below the first droplet source, wherein the 
Substrate comprises an elongated sheet having a rolled por 
tion rolled around an axis, and a flat portion Supported on the 
platen. 

4. The system according to claim 1, wherein the first drop 
let Source comprises one of an ink-jet printhead and an acous 
tic ink printhead operably coupled to an ink reservoir. 

5. The system according to claim 4, wherein the phase 
change material comprises one of an organic material and a 
Wax. 

6. The system according to claim 1, wherein the digital 
control system comprises one of a computer and a logic 
circuit operably configured to perform the comparing func 
tion, the droplet Source positioning control function, and the 
droplet eject control function. 

7. The system according to claim 6, wherein the digital 
control system comprises means for moving the droplet 
Source and imaging system relative to the Substrate. 

8. The system according to claim 6, wherein the digital 
control system comprises means for moving the Substrate 
relative to the droplet Source and imaging system. 

9. The system according to claim 1, wherein the imaging 
system is mechanically coupled to the droplet source. 
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10. The system according to claim 9. 

further comprising a Support structure mounted over the 
Substrate, wherein the first droplet source comprises a 
printhead fixedly attached to the Support structure, and 
wherein the imaging system comprises a camera lens 
fixedly attached to the Support structure adjacent to the 
printhead. 

11. The system according to claim 9, wherein the imaging 
system and droplet source are located on opposite sides of the 
substrate. 

12. The system according to claim 1, wherein said means 
for modifying comprises means for ejecting a second liquid 
droplet onto the substrate at the selected location before the 
first liquid droplet solidifies. 

13. The system according to claim 12, wherein said means 
for comparing comprises means for detecting Voids in at least 
one of the printed features, and wherein said means for modi 
fying comprises means for 

positioning the droplet Source over the Void and controlling 
the droplet Source to eject at least one liquid droplet onto 
the Void. 

14. The system according to claim 1, further comprising 
means for analyzing the Substrate immediately before eject 
ing a first droplet, and for modifying the predetermined print 
ing data in accordance with the analysis. 

15. The system according to claim 12, further comprising a 
second droplet Source, wherein said means for comparing 
includes means for detecting a defect at a corresponding 
defect location in at least one of the printed features, and 
wherein said means for modifying comprises means for con 
trolling the second droplet source to eject at least one liquid 
droplet onto the defect location. 
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16. The system according to claim 15, 
wherein the first droplet source comprises a plurality of 

spaced-apart printheads arranged to simultaneously 
generate a plurality of printed features in response to 
control signals received from the digital control system, 

wherein the imaging system comprises a plurality of lenses 
arranged to simultaneously capture image data portions 
of each of the plurality of printed features, 

wherein the second droplet Source comprises a single print 
head that is movably disposed over the substrate, and 

wherein the means for modifying further comprises means 
for positioning the single printhead over the defect loca 
tion in any of the plurality of printed features, and for 
controlling the printhead to eject one or more droplets 
onto the defect location. 

17. The system according to claim 1, further comprising a 
second imaging camera mounted on a motion stage Such that 
the second imaging camera is movable relative to the first 
droplet Source. 

18. The system of claim 17, wherein the system further 
comprises means for utilizing the second imaging camera to 
search for selected alignment marks in a predetermined area 
of the substrate. 

19. The system of claim 18, wherein the second imaging 
camera includes means for transmitting image data associ 
ated with the selected alignment marks to the digital control 
system, and the digital control system includes means for 
determining coordinates of the selected alignment marks. 

20. The system of claim 19, wherein the digital control 
system includes means for performing registration correction 
of the first droplet source in response to the coordinates of the 
selected alignment marks prior to the main printhead arriving 
at an unprocessed area for patterning. 
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