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TFT/LCD ACTIVE DATA LINE REPAIR

Field of the Invention

This invention relates to repair techniques for matrix addressed displays. More
particularly, it relates to a fpatrix addrcsséd display having apparatus for repairing and
operating in the presence of line defects and to a method for effecting such repair. Of

" particular interest are active matrix liquid crystal displays, though the techniques taught
herein apply to all matrix addressed displgys having data drivers at both the top and
bottor'n of the display. o

Background Art

A portion of a t-i"iin film transistor liquid crystal displays (TFTLCDs), also known as
‘active-matrix liquid crystal displays (AMLCDs), are discarded from the manufacturing

- process because of data line defects. _Bj; repairing these defects the yicld increases and

the manufacturing cost decrcases.

Dcfeciivc data lines in TFTLCDs result from a number of mcchanisms.. Some occure
due to metallurgical problems such as contamination during lithographic patterning of
the data lines which manifest in opens or shorts. The shorls may occur between data
lines themsclves or between a data line and a gatc line, or between a data line and some
other part of the display circuit, such as the top plate. Other failures occur becausc
"some of the drivers on a data driver modulclfall below specification or fail, or because

of a failure in the connection between the data lines on the glass and the driver chip.




Shorts can be removed by laser ablation, but some kinds of shorts (such as crossover
shorts and top plate shorts) require that an open also be created by the laser ablation

step. At present, the opens can then repaired as illustrated in Fig. 1.

In Fig. 1, the array portion 20 of an active matﬁx liquid crystal display- is illustrated.
A series of data lines 22 are each driven by one output of a data driver 24. For high
resolution arrays which havé a large number of lines per unit length, it _is typical to have
successive dé(a lines 22 driven from ihe top and bottom of the array 20. Gate lines 26
are driven by gate line drivers {(not shown). As is well known in the art, there is a thin
film transistor located adjacent to each of the crassover points of evch' data line 22 and
gate line 26 which drives a pixel or subpixel of thc array 20. Fig. | includes a data line
22A which is drlven from the top of array 20. Lme 22A is open, that is, lacks elcctrlcal
continuity due to a gap 28 so that transistors at intersections of data line 22A and gate
lines 26 below gap 28 are not activated. This produces a so-called “line defect” which

is highly visible and makes tha panel totally unacceptable for salc as a commercial
product unleés an appropriate repair. is cft:ectcd. C(;nvcntionally a repair is made by
mechanically connecting an insulated wire 30 between the top and bottom portion of the
open data line. 'l;his method of repair is usually called a "yellow wire” repair, since this
color of wire is often used to rebair similar pi‘oblcms in printed circuit boards.. The
“yellow wire” jumper in Fig. 1 can physically run off the array substrat.c.or be
litlibgraphically incorporat'c_:d as a sparc line on the array substratc. While correcting for
opens, this type of repair introduces ncw problems. If the jumper wire is located on the
glass, peripheral space on the substrate must be allocated, which increascs the bezel area
of the display package. Most importantly, jumper wires on the substrate must cross
over or under other signal lines, and signal degradation will occur due to capacitive

crosstalk with these other signal lines. If the jumper wire runs off the glass, signal
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degradation may occur due to other electromagnetic pickup. All of these problems also
make it difficult to extend this repair method to repair more than one or two defective
lines. Als‘o, not all defects can be repaired in this manner. For example, defective data
lines which aré due to problems with the driver chip or driver chip connection usually

require replacing the data drivers or discarding the entire defective panel.

Summary of the Invention ,

-

It is a principal object of this invention to provide a matrix addressed display in which

_ data line defects can be easily and incxpensively repaired.

It is another object of this invention to providc a method for casily and inexpensively

repairing data line defects.

It is still another object of this invention to provide circuitry for manipulating pixel data
so that an im‘age is properly displaycd when a data linc repair is made.
It is yct another object of this invention to provide a method for manipulating pixel data

so that an image is properly displayed when data line repair is madc.

It is an additional bbjcct of the invention to provide a bus and repair pad design which

is flexible, has a minimal crossover capacitance, and which is amenablc to short-distance

wire bonding.

In accordance with the invention several extra driver outputs are included in each data

driver integrated circuit for repair as shown and described with respect to Fig. 2. These



auxiliary drivers are connected to the defective lines via a metallurgical bonding
technique. Open data lincs are fixed by connecting auxiliary drivers, on the opposite side
“of the display, to the undriven ends of the open data lines. Weak/failed data drivers or
low impedaﬁce loads can be corrected by adding a auxiliary driver in parallel with the

existing driver, or opening the failed line and using one or more auxiliary drivers.

In the following discussion a pixel refers to a single picture element. In the ¢ase of a color
display such as a TFT/LC display, the pixel is comprised of a trio of red, green and blue |
subpixels. In some cases four subpixels make up a picturc element. In the cascofa
monochrome display, the smallest element in the display is the pixel, t.-hat is, there are
no subpixels. It is also assumed‘ in the discussion beiow that the dat_a drivers in a color
display accept three data clements at once, one cach for red, green a;1d blue. Though this
. is typical in the industry, other numbers of inputs can just as casily be accommodated

in the techniques discussed.

Brief Description of the Drawings

' Fig. 1 is a schematic plan view of a liquid crystal display pancl illustrating a

conventional repair technique.

Fig. 2 is a block diagram of a liquid crystal display using the active linc repair

techniques in accordance with the invention.

Fig. 3 is an example of a defect map for storing information concefning defective lines.
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Fig. 4 is a general block diagram of a simplified liq@id crystal display in accordance with

the invention.

-

Fig. 5 is an illustration of the timing of normal and defect data supplied to the simple"

liquid crystal display represented in Fig. 4.

Fig. 6 is a first embodiment of a data control block which may be used to control data
in a matrix addressed display in accordance with Fig. 4. This apprdach is referred to

as the serial-processing approach.

Fig. 7 is a second embodiment 6f a data control block which may be used to control data
in a matrix addressed display in accordance with Fig. 4. This approach is referred to

as the source-synchronous-parallel-processing approach.

Fig. 8 is a third embodiment of a data control block which may be used to control data
in a matrix é'ddresscd display in accordance with Fig. 4. This approach is referred to

as the display-synchrdnous-parallel-protcssing approach.

Fig. 9 is a block diagram of a new subpixcl memory stacker uscful in the embodiments

illustrated in Fig. 7, Fig. 8 and Fig. 9.

Fig. 10 is a diagram showing thrcc possible ways to distribute the repair lines among

the data driver outputs in a matrix addressed display.

Fig. 11 is a detailed plan view of a bus structuring providing simple repair paths for

defective lines.
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Fig. 12A to Fig. 12F are exploded views of the bus structure of Fig. 11, with Fig 12A
to Fig. 12C being taken from the top, and Fig. 12D to Fig. 12F being taken from the

bottom.

Fig. 13 is an enlarged plan view of the layout of various metal conductors used-in the

bus structure of Fig. 11.

Detailed Description of the Preferred Embodiments

Referring to Fig. 2, in an array 32 in accordance with the invention, tﬁg preferred
manner of adding the auxiliary drivers to the glass panel 34 is to increase the number |
of output lines of each data driver 36. This results in thc smallest increase in additional
space and allows use of the highly integrated elcctronics in cach driver. For example,
use can be ma&e of dri\)ers having 201 outputs instcad of 192. Several existing data
drivers may be p'fogrammcd for 192 or 201 outputs by simple sclection. The extra ninc
lines (or less) can be used as auxiliary driver outputs. When the data lines of the display
are connected to each data dfiver, the auxiliary data drivers are allocated to the end of
the driver which is clocked in last as shown in Fig. 2. An allocation of S sparc lincs 38

per driver 36 will result in S*D total spare lincs where D is the number of drivers.

Metal traces 40 must be patterned onto the glass of the display which cnable a
connection to bad data lines. Thesc sparc line traces 40 arc placed perpendicular to
display data lines as shown in Fxg2 If laser welding is used Lo make a conncction then
the spare traces 40 should cross over data lines from the top and bottom data drivers.
However, if wire bonding is utilized these traces only need to cross the data lines from

the driver on one side. The opposite data lines terminate in line extension pads which
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are wire bonded to repair pads on spare traces. When a connection is made between a
spare driver line and the defective linc as previously described only one laser or wire
bond is needed. This decreases the amount of time necessary to mechanically connect.

Either process can be automated to minimize repair time.

The display controller 42, which receives display data, denoted as RGB Data on data .
bus 44, and appropriate cofitrol signals on control bus 46 must bé provided with the
necessary coordinate column number of the gffending lines. To this end, a defect map.
PROM 48 is added to each TFT/LCD glass panel 34. PROM 48 may be a slow, small,
serial device having a cost of one to two dollars, that. loads the display controller’s defect

map on reset. The data stored in PROM 48 is determined by testing the panel.
Preferably, before it is fully assembled, the panel is tested in accordance with the
method, and using the apparatus, disclosed in United States Patent No. 5,179,345 to

Jenkins and Wisnieff, but it will be understood that other methods and apparatus may

also bc used to generate the data. "

The clectrical connector used to connect the LCD pancl to a data source such as a host
computer nceds only one extra linc (not shown i.n Fig. 2) for the PROM.chip sclect.
Ot_her. PROM signals can be multiplexed on existing lincs. After resct, éoﬁtrollcr 42 uscs
the addresscs in the defect map to determinc when to latch the incoming data into
temporary memory for use on the sparc lines 38. At the appropriate time the display’s
data drivers arc loaded with the regular data plus the information for the defective lincs

as more fully explained below.



Fig. 3 shows how an example defect map PROM can be made. Each entry in the PROM
has three fields which describe the pixel correction addresses: the horizontal count, the
subpixels correction address and correction destination in which to store the data. The
first field tells the controller which incoming pixel data to store. The second difect data
field describes which subpixels of the pixel to keep and the last field telis where.to store
that data. The pixel address to be corrected only needs to contain énough bits to describe
the data line location. Ten,bits of address, for example, would be needed to describe 640
pixels per line. The subpixel correction address needs thréc bits for red, green or blue;
if one of the subpixels needs correction then the appropriate bit is cleared to zero. For
the example with 6 spare lines per driver and 10 drivers then the table must contain 60
entries. This PROM would. neced 60 entrics with 16 bits per cntry. This results in a :

requirement for 960 bits to be stored, which easily fits into an cight pin ;crial PROM.

Fig. 4 illustrates in greater detail a possible structure for controller 42 of Fig. 2 and its
connection to data drivers 36. The serial pixel data strcam provided by bus 44 is
received by a..data format circuit 50 which fiividcs the data into odd column data on bus
52 and even column data on bus 54. Data format circuit 50 also provides data address
information for each set of data to a first compare circuit 56 and a second compare
circuit 58. Circuits 56 and 58 comparc the data address provided by data format circuit
50 to the addresses in defect PROM 48. When a match in the addrcss<-_:§ occurs, a
respective one of latch and store circuitls 60 and 62 stores the current data for
presentation to the data drivers 36 by way of a respective switch 64 or 66 operated by
a control circuit 68. All of the operations described above with respect to Fig. 4 arc
controlled by a timing circuit 70 which receives control signals for horizontal and vertical

synchronization as well as a pel clock by way of bus 46.
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Fig. S illustrates the horizontal line time makeup utilized in the circuit of Fig. 4 for the
simple case of one data driver chip on the top and one on the bottom. In a practical
display there will be several drivefs on the top and the same number on tﬁe bottom. This
simplification is used for clarity of presentation. In a first time interval T, normal data
for picture elements not associated with defective lines is written into the data drivers.
In a subsequent .time interval T, data required to write to picture elements associated
with defective data lines is written ihto the data drivers. Finally, there is a retrace time

between lines.

-

Fig. 6 illustrates an implementation of the circuits which apprqpriatef'y modify the data
stream of the drivers. This implementation is a serial pixel prdccssihg approach and is
especially useful when the pixel count is small, say VGA. The'circuit count is small", but
the pixel processing rate is the pixel clock rate from the source. The contents: of the serial
defect PROM on the TFT/LCD is converted into a 'parallcl bit strcam by a serial to
parallel circuit 72 and copied intb a fast defect map RAM 74. This loading occurs only
upon reset. The RAM must allow adclrcssihg at the pixel clock rate. The data structurc
of the controller defect RAM 74 is the sar;w as that of the serial defect PROM 48. Ficld
one of the PROM or RAM defect data is used as onc input to an address comparator
76. The other input to the comparator is the current pixel count from pixel counter 78.
Fields two and I.thrcc of the defect data generate an address for the dual subpixel

mémory stacker 80.

At the beginning of each horizontal line all counters arc resct. Therefore, the defect map

counter 82 points to its first entry. As valid data occurs, pixel counter 78 is incremented.

1If the pixel count equals the pixel column number stored in the defect RAM a signal is

given to latch that pixel data and to increment the defect map counter 82 to point to a
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new address. The subpixel field provides the necessary information to the dual memory
stacker 80 to determine which subpixels are to be corrected and where they should be
stored in the stacker. After each set of top and bottom drivers is loaded, the subpixel
memory stacker 80 is put in rezd mode and loadé the data into the auxiliary data drivers
via the multiplexer 88 and the data steering circuitry 89. At the same time the.repair
data is being loaded into the drivers, a FIFO (First In First Out Circuit) 86, clocked by
a control circuit 87, buffers the non interrupted data stream. This is required because
the incoming data stream cannot be stopped while the repair data is being loaded into
the data driver chip. The size of the FIFO 825 only neéds t{o be a little larger in depth
than the total number of pixels capable of being repaired.. After the repair data drivers
have been loaded, the memory stacker 8'0: is reset, put bac.k into writc mode and normal
data is sent from the FIFQO 86 to the display by way of sclector 88. This process

continuously repeats until all data drivers arc loaded. Subsequently, the circuits are resct

and opcrations begin again.

Fig. 7 shows- an alternative implcmcntatiqn which is called
source-synchronous~parallel-piﬁel processing. Blocks with like numbers function as
described above for Fig. 6. Defect data is stored as described above. The incoming pixcl
data strcam is initially broken intd two data strcams by the data stecring circuitry 89.
One stream is for drivers on the top of the display and the other for dlji'vcrs on the
bottom of the display. Data in thc top and bottom branches run at half the source pixcel
rate and this is an advantage for Iargc pixcl count displays which have high clock ratces.
Additional circuitry is needed to process data in parallel. The basic function of |
comparing {he incoming pixel address to the address of a defective line and latching that
data if a match is found is similar to that described above. In this case, however, each

of the two data paths have FIFOs and latches. Also shown duplicated are the compare
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and defect RAM circuits. This is shown for continuity of concept from Fig 6. A single
compare and defect RAM, howc_:ycr, can be used as long as the address generation and
the defect RAM are changed accordingly. In this case, we would compare not a pixel
column address, but a pixel-pair column address and the RAM would have to control
two subpixel memory stackers. Note also that the repair data from the top data path is
now multiplexed into the bottom data path and vice versa. This approach is called
source synchronous becaus¢ the writing into the latches and FIFOs are synchronous
with the data source at half the pixel-cl.ock ratc. The output tb the display can be
asynchrox{ous and at a frequency set by oscillator 90. lh fact, the repair data can even

be sent out at a different clock rate than the normal data if the system design requires

it.

- a

The circuit of Fig. 8 is yet another embodiment of the control block 42 of Fig. 2. This
case is called display-synchronous-parallcl-pixcl processing. The key difference in thiS
implementation-is the placement of the pixel processing circuitry after the FIFO circuit
86 in the da{a stream. This enables thc pi)fel processing circuits to opcrate indcpendently
of the source pixel rate. More specifically, the implementation shown in Fig. 8 places the
Dual subpixel Memory Stacker (DSMS) between the FIFO and the display. The
previous implcmentation placed it across the FIFO. In the prior implcmentation the
DSMS accepted data from the pixel data source and would later supply that data as
ALR repair data to the oulput data strcam. The FIFO buffers the inéoming data from
the pixel source while the ALR data is being placed into the output data stream.
Because the data rate from the pixel source can be quite different than the data rate to
the display, the DSMS in the prior scheme might necd to accept and supply data at two

possibly quite different rates. This can complicate a design. In addition, systems that
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are designed to provide multiple parallel data paths into the display can create a

problem for buffering the repair data in the prior scheme.

In the implementation shown in Fig. 8, the ..FIFO is used in exactly th‘e same way as in
the prior scheme. However, _the DSMS now accepts data from the output of the FIFO
and not from the original pixel data source. Therefore, the data rate into and out of the
DSMS is identical. This simplifies the design of the DSMS. In addition, the higher
resolution dis'playé that will be on the markt_:t soon are likely to use parallel data p.aths
into the display. Therefore, the data rate into the display is likely to be substantially
lower than the data rate from the source. This can greatly simplify the design while
lowering the cost and power requirements. Additionally, because the embodiment of
Fig. 8 does not store any data in thc DSMS until it is actually being sent to the display,

the data buffering scheme is much simpler.

The dual su_bpixel memory stacker described in the prcvi.ous implementations contains
circuitry which appropriately sorts and stores subpixel data for the auxiliary drivers.
Figure 9 shows the circuitry com prisix{g a dual pixel memory stacker for the casc of 6
repairs per driver chip. During the writc mode the repair data subpixcl ficlds arc used
to determine if one or more subpixels must be stored into the A, B or/fand C RAMs 100,
l_(_)2 and 104, respectively. These RAMs may be DRAMS, SRAMS or simple
transparent D latches wflh addressing circuitls. The stackers track which address is
available to store new information. To illustrate, let ihc first ccll of RAM A be filled
with prior data. That cell contains data for the first sparc of that driver. Now a new
subpixel field address comes into the unit because the defect map counter 82 points (o
the next entry. This subpixel field is, for example 100100, which means the green and

blue subpixel data must be saved and the data are to be placed in the next two available
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storage locations. This causes the triple 1-of-3 multiplexers 106, 108 and 110,
respectively, to route the gfcen ch;mncl to cell one of RAM B and the blue channel to
cell one of RAM C. Next this data is written into the RAM banks. The LUT or decode
unit 112 generates the next set of addresses based upon the next subpixel fields and the
address of the prior open cell. In this example it would paint to cell 2 of RAM._A as the

| next available st.o_rage location. After each set of top and bottom drivers are loaded, the

LUT or decode unit 112 is reset and the process begins for the next set of drivers.

The LUT or decode unit 112 may be elimin;ated by precomputing the multiplexer and
RAM addresses for each panel. Instead of a subpixel correction and destination address,
the serial PROM and defect map RAM would contain the multiplexer and RAM -
addresses. Additional bits would be used to signal a write operation to the top or

bottoni data drivers.

Various mo@iﬁ‘cat‘tons to the invention will be suggested. Figure 10 shows three ways
in which thc:repair lines can be dieributc_d' amongst the data drivers. Figure 10 A shows
the. case previously described in which the last scveral outputs of each data driver arc
reserved or arc uncommitted for use as repair drivers. Note that the wiring from these
repair outputs crosses over all the outputs of this onc driver. Line lengths and
capacitance are small. Fig 10 B has the repair lines distributed, perha p_s' evenly, amongst
the driver outputs. Line lengths are cven shorter and fewer crossovers and capacitance
result. The timing and control is differcat than case A, but it may be the preferred way
given other system constraints. Fig. 10 C has all of the repair lines attached Lo the last
driver outputs of the last driver in the string. Repair linc lengths , crossovers and

capacitance are larger than case A, but in somc respects the timing and control may be
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simpler depending, again, on Systcm constraints. In all these cases, there is a similar sct

of drivers at the other end of the data lines.

Referring to Fig. 11, a portion of the bus structure at the top edge of the panel is
illustrated, with the TFT array not being shown in the ﬁghre. The array is located off
and below the pbrtion shown. At the top of the figure, electrostatic discharge protection
devices 120 are shown. Above these devices, also not shown, is a shorting ring of a type
generally known in the art; and above this, pads for tape automated bonding (TAB)
connections to the top data driver chips. As discussed previously, alte(hate lines 124 are
driven from the top or bottom. Lines driven from the bottom are conriécted to line
extension pads 126 which are disposed adjacent to repair pads 128. The repair pads are
connected to a horizontal line 130 of a bus shown generally as 132. The bus lines are
connected to six uncommitted driver outputs from data drivers 36 (Fig 2) and as shown

in Fig. 10C, by way of vertical lincs 134.

Referring to Figs 12a to Fig 12f, an example of the entire repair bus nctwork i's shown
for a driver group pair. Both top and bottom repair bus nctworks arc shown, with the
TFT array in the center. The six uncommitted output lines of bus 132 arc grouped as
three groups 140, 142, and 144 of two lines cach. In cach group, one uncommitted
out.pu't' line is connected to repair pads on onc half of the driver group. -Onc linc cxtends
the entire length of the driver group, and the other cxtends over half the length of the
driver group. With this bus conﬁguraﬁon, only one dcfective line of a given color can
be repaired within each half of a data driver group. If two or more lincs with the same
color are defective within half of a driver group, only onc can be repaired. It should also
be noted that with this bus configuration, the maximum numbecr of crossovers of a

repaired line with other data lines is the number of driver outputs of a single driver. By
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limiting the number of crossovers in this way, the integrity of the active line repair data
signals is maintained, because the parasitic capacitance of the line is held to an

acceptable level.

Referring to Fig 13, the detail of a line extension pad and repair pad pair are shown.
The repair bus lines 130 must: cross under other data lines 124 and 125, and are
fabricated with gate metal. . In this embodiment, the gate metal bus lines 130 also have
a redundant spine 160 of ITO which is also used to connect to the repair pad region
thrbugh ITO layer 166. Vias 162 and 164 are made in the passivation layer insulator,
to provide an opening to both the repair pad 128 and line extension pad 126. A lajlyer |
of ITO 166 is present on both pads. In this way, the layer structure of both pads is
identical, wllﬁch consists of ITO 166, data metal 168, vias 162 and 164. This pad
symmetry may facilitate reliable bonding betwecn the two pads. To cffect a repair of a
defective litie, the line cxtension pad and repair pad must be connected together. This
may be done using a variety of wire bonding or laser welding techniques. Examples
include ball~'bonding, wedge bonding, and other.techniques well known to those skilled
in the art. Onc of the advantages of the [;rcscnt invention is that only onc bond is
rcquired to implement a repair, and the connection points are the repair and linc

extension pads, which are adjacent to cach other.

The preferred method of making conncction is disk bonding. This technique uscs a
comb'ma;ion of ultrasonic cnergy and compression Lo bond a disk of metal between the
line extension pad and the ALR repair pad, using a bond tip. The disks arc madc by
punching out a small dot, about 100 microns in diameter, from a thin foil of aluminum,
about 40 microns in thickness. Other soft mctals may also be suitable. The disks are

distributed on a flat surface, and picked up individually by the bond tip. The bond tip
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is a precision machined tapered conc with a a tip arca slightly larger than the dot
diamcter, and also of a size to cover both the rcpair pad and line extension pad pair.
The bond tip has a groove running t:rom one side of the tip to the other. This groove
allows cfficient transfer of ultrasonic cnergy from the bond tip to the disk and substrate
surface. During the bonding process, the disk mc;tal extrudes outward forming a button
shape, with a ridge of metal left from the impression of thé groove in the bond tip. This
bond is mechanically robust, and forms an electrical connection between pads with a

resistance less than 1% that of a typical data line in the array.

-
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CLAIMS

In a matrix addressed 'display having gate lines, data lines, and perhaps thin film
transistors controlled by said gate lines and said data lines, and drivers for
driving said gate lines and said data lines, apparatus for repair of line defects,

comprising:

data_line drivers for driving said data lines, said data drivers having uncommitted

outputs;

conductive auxiliary lines each connected to one of said uncommitted outputs of

said data line drivers; i
connections for connecting defective lines to said ‘auxiliary conductive lines;

a defect map memory for storing information concerning location of line defects

-

of the display; and .

a data stream modifier to modify data supplied to the display so as to included
.defective line information stored in said memory and to selectively activate
selected uncommitted data drivers to provide data signals on said conductive

lines.
The display of claim 1 wherein said connections are laser bonds.

The display of claim 1 wherein said connections are wire bonds.
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The display of claim | wherein the defect map memory is a PROM.

The display of claim 1 wherein the display is an active matrix display

The display of claim I .wherein the display is a simple or passive matrix display

The display in claim 1 wherein the display ;echnology is a thin film
transistor/liquid crystal display.

The display in claim 1 wherein the display is an electroluminescent display or a

plasma display or a field emission display, or electrophoretic display or

electroqﬁromic display, or a deformable mirror display or other matrix addressed

display technology.
The displgy in claim 1 wherein the data drivers are integrated in the display.
The display in claim 1 wherein the ;1ata drivers are external to the display.

A pixel data stream modifying circuit comprising:

a defect memory having ficlds which represent a pixel correction address, a

sub-pixel correction address and a correction destination address:

a fast defect map memory which contains a copy of the defect memory;

a pixel counter for counting present pixel location;
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a defect counter for counting number of defects;

an address comparator for compariﬁg the present pixel address from the pixel

counter to content of the pixel correction address field from the defect memory;

a storage circuit for latching elements of an incoming pixel data stream when the
pixel count equals content of a first field of the defect map memory and for
selecting the subpixel data which will be used for corrections and for storing in

correct order for subsequent readout to the display the subpixel_ data;

a circuit element which stores the pixel data stream while repair data is being

sent to the data drivers.
The circuit of claim 11 wherein the circuit element is a FIFO circuit.
The circuit of claim 11 wherein the circuit element is a RAM circuit.

In a liquid crystal display having gate lines, data lines, thin film transistors

‘controlled by said gate lines and said data lines, and drivers for driving said gate

lines and said data lines, a method for driving the display after repair of line

defects, comprising:

providing data line driver$ for driving said data lines, said data drivers having

uncommitted outputs;
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providing conductive auxiliary lines each connected to one of said uncommitted

outputs of said data line drivers;

providing connections for connecting defective lines to said auxiliary conductive

lines;

providing a defect map memory for storing information concerning location of

line defects of the display; and

modifying data supplied to the display so as to included defective line
information stored in said memory and to selectively activate selected

uncommitted data drivers to provide data signals on said conductive lines.

An active data line repair technique which includes: auxiliary or uncommitted
data dri\(ers, a defect map PROM in the display module, metal lines on the
display. cépable of being connected to bad data lines, and a data stream modified
to include defective line informatif)ﬁ which is ordered and sent to specific

auxiliary drivers.

The display of claim [, wherein said connections are dis_k bonds.



