TETLLCD ACTI VE .DATA LI NE REPAI R Field of the Invention  Thig !

_inventifn {elates tF repair techniques for matri x addressed di splays. Mre
particularly, it relates to a inatrix addressed dirsplay tavi _W_Ea#aLusuwww o
for repairing and operating in the presence of}, Llng {éctéﬂgﬁg?fo a 3G

met hod for effecting such repair. O partlcula Tt ’
liquid crystal displays, though the technlques§
mat ri x addressed di spl ays haV|ng data drivers a_
of the display.

. > pam,d Ao pagcd
NI OF RECEIPT

seedtiriss

...........
::::::::::::::::::::::::

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 fnatrix 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.




Background Art A portion of a thin filmtransistor liquid crystal

di spl ays (TFTLCDs), also known as active-matrix |iquid crystal displays
(AMLCDs), are discarded fromthe manufacturing process because of data

| i ne defects. By repairing these defects the yield increases and the
manuf act uri ng cost decreases. Defective data lines in TFTLCDs result from
a nunber of mechanisns. Some occurc due to netallurgical problens such as
contam nation during |ithographic patterning of the data |ines which

mani fest in opens or shorts. The shortsgmay occur between data |ines

t hensel ves or between a data line and a gate line, or between a data |ine
and some other part of the display circuit, such as the top plate. Qher
failures occur because sone of the drivers on a data driver nodule fal

bel ow specighiofdichR Be PEmbwidl by REerRARRAIHE bubdonit Kiald off hortd (§uth a8 @FdEEGEeroN
between the data |ines on the glass and the driver chip.
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



-2- ‘Shorts can be renoved by | aser ablation, but sone kinds of shorts
(such as crossover shorts and top plate shorts) require that an open al so
be created by the |aser ablation step. At present, the opens can then
repaired as illustrated in Fig. 1. In Fig. 1, the array portion 20 of an
active matrix liquid crystal display is illustrated. A series of data

| ines 22 are each driven by one output of a data driver 24. For high

resol ution arrays which have a | arge nunber of lines per unit length, it is
typi cal to have successive data |ines 23 -driven fromthe 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 filmtransistor |ocated

adj acent to each of the crossover points of ever datq ne 22 qate
line 26 mﬂegta@ntme@a&omwmue@ othep glegspmagnetip Pickppa P b@ﬂ thﬁegpfog‘@ma Wdes a

hat i, | BEEe i B gmiens RirhERt ik Bt ERERY U onp f fug dBrebf PP 0

at i nterseghlo rﬁls@fncﬂ %ﬁl%e'féc&f‘ca%% RPdir&Pinathis! thiveifer.2 Fob ekanpledefetfivadatanot
activated. This prod luces a so-called "line defect" which

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



IS highly visible and nakes tha panel totally unacceptable for sale as a
commercial product unless an appropriate repair is effected.
Conventionally a repair is nade by nechanically connecting an insul ated
wire 30 between the top and bottom portion of the open data line. This

met hod of repair is usually called a "yellow wire" repair, since this
color of wire is often used to repair simlar problens in printed circuit
boards. The "yellow wire" junper in Fig. 1 can physically run off the
array substrate or be [|ithographically,incorporated as a spare line on the
array substratc. Wile correcting for opens this type of repair

I ntroduces new problens. |If the junper wire is |ocated on the glass,

peri pheral space on the substrate nust be allocated, which increases the
bezel ar ea auefliathdriders pragonnactkd ge theMeséctiverfimestviana Imetaljurgioal boidiegs on t he
substrate nust cross over or under other sjgnal |ines, and signal
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lines. I 1 I?E(\hé HHBBEJ, W trh% urn lr’}\srenoends or}eihglogcsnsdata had kNeak/falled data drivers or
low impedarice 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 ¢case of a coldr

display such as a TFT/LC display, the pixel is compnsed of a trio of red, green and b]ue

subpixels. In some cases four subpixels make up a picturc element. ln the case of a

monochrome display, the smallest element in the dlsplay is the pixel, that is, there are

no subpixels. It is also assumed in the discussion below that the data drivers in a color

display accept three data clements at once, one cach for red, green and 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.



-3 - . degradation may occur due to other electromagnetic pickup. Al of

t hese problens also nake it difficult to extend this repair nethod to
repair nore than one or two defective Ilines. Also, not all defects can be
~repaired in this manner. For exanple, defective data |ines which are due

. to problens with the driver chip or driver chip connection usually require
repl acing 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 |ine defects can be
~easily and inexpensively repaired. I't“is another object of this invention
to provide a nethod for easily and i nexpensively repairing data |ine

def ect s. It is still another object of this invention to provide

circuitry fgig. AaOk REAckEl BlckMi¥ElamieH Asimplified 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 addressed display in accordance with Fig. 4. This approach is referred (o

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.



sd that an image is properly displayed when a data line repair is nade.
It is yet another object of this invention to provide a nethod for
mani pul ati ng pixel data so that an inmage is properly displayed when data
line repair is made. It is an additional object of the invention to
provi de a bus and repair pad design which is flexible, has a m ninal
crossover capacitance, and which is anenable to short-distance wre
bondi ng. In accordance with the invention several extra driver outputs
are included in each data driver integgated circuit for repair as shown
and described with respect to Fig. 2. These

-4- auxiliiary drivers are.connected to the defective lines via a

met al | ur gi cal bondi ng

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



téchnique. Open data lines are fixed by connecting auxiliary drivers, on
the opposite side of the display, to the undriven ends of the open data

| ines. Weak/failed data drivers or |ow inpedance |oads can be corrected by
adding a auxiliary driver in parallel with the existing driver, or opening
the failed Iine and using one or nore auxiliary drivers. In the
follow ng discussion a pixel refers to a single picture elenent. In the
case of a color display such as a TFT/LC di splay, the pixel is conprised
~of atrio of red, green and blue subpixels. In sone cases four subpixels
make up a picture elenent. In the case of a nonochrone display, the
smal | est elenent in the display is the pixel, that is, there are no

subpi xels. It is also assunmed in the discussion below that the data drivers

in a color argiviR) BohdRE ¢6Pépalir pRE odAparlr B Wherh cOfiettion emadcbetiveén ked,
green and bl ue. Though this is typical in the industry, other nunbers of

i nput s can spawt deiverdimsiang the defcctieriingsas quieviioustyhdeserilzadroniy ene Hisercusicel .

Bri ef Descr,ipti,on of .the Draw ngs Fig. |.is a schemti J view of a
i qui d crystond igne _esyjflbagéfreﬁe? ks PROVRPT SmeohipeREToanchaBisaly Sanaget que.
Fig. 2is %i%e??éo%?@na& g&mﬁawdﬂtﬂkrg'{nﬁéﬁ%e@airdﬁtﬁal ay using the active line

repair techniqu accor dance W lant I on.
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 be 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, controller 42 uses
the addresscs in the defect map to determine 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.



Fi“?g. 3:is an exanple of a defect map for storing informati on concerning

defective |lines. - 5-

Fig. 4 is a general block diagramof a sinplified liquid crystal display in
accordance with the invention. Fig. 5is an illustration of the timng
of normal and defect data supplied to the sinple liquid crystal display
represented in Fig. 4. Fig. 6 is a first enbodinent of a data contro

bl.ock which may be used to control data in a matrix addressed display in
accordance with Fig. 4. This approach Lgreferred to as the
seri al - processi ng approach.

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.



Fig. 7-is a secand enbodi ment of 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-parall el -processing

appr oach. Fig. 8 is a third enbodi nent of a data control bl ock which may
be used to control data in a matrix addressed display in accordance with
Fig. 4. This approach is referred to as the

di spl ay- synchr onous- par al | el - processi ng approach. Fig. 9 is a block

di agram of a new subpi xel nenory stackeg _useful in the enbodi ments
illustrated in Fig. 7, Fig. 8 and Fig. 9. Fig. 10 is a diagram show ng
three possible ways to distribute the repair lines anong the data driver
outputs in a matri x addressed displ ay. Fig. 11 is a detailed plan view of
a bus st r udligirs itigstpates/ihei ngizentapline timsanakepptutidizédoin theCiseyit o€ Fig. ddor 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



- 6- sFig. 12A to Fig. 12F are exploded views of the bus structure of Fig.
11, with Fig 12A to Fig. 12C being taken fromthe top, and Fig. 12D to

Fig. 12F being taken fromthe bottom Fig. 13 is an enlarged plan view
of the layout of various netal conductors used in the bus structure of
Fig. 11. Det ai | ed Description of the Preferred Enbodi nents Ref erring

to Fig. 2, in an array 32 in accordance with the invention, the preferred
manner of adding the auxiliary drivers to the glass panel 34 is to increase
the nunmber of output lines of each datjg_driver 36. This results in the
smal | est increase in additional

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



space ahd allows use of the highly integrated electronics in each driver.
For exanple, wuse can be made of drivers having 201 outputs instead of 192.
Several existing data drivers nmay be programmed for 192 or 201 outputs by
sinmple selection. The extra nine lines (or less) can be used as auxiliary
driver outputs. Wien the data lines of the display are connected to each
data driver, 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
spare lines 38 per driver 36 will resulit in S*D total spare |lines where D
I's the nunber of drivers. Metal traces 40 nust be patterned onto the

gl ass of the display which enable a connection to bad data |ines. These
spare line traces 40 arc placed perpendicular to display data |ines as

shown in Fignhd @efedt’RARBEIFcuie] dinigisisRows 86+ doatinBikEoconeepiatdn Eig 6 he@nsinglee
spare traces 40 should cross over data lines fromthe top and bottom. data
drivers. Hompage and flefgfty RADGatiwayet, sagbe upcde ds langss the addrsss@eneraes @ndo
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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



-7- are wire bonded to repair pads on spare traces. Wen a connection is
made between a spare driver line and the defective |line as previously
described only one laser or wire bond is needed. This decreases the anount
of time necessary to nechanically connect. Either process can be autonated
to mnimze repair tine. The di splay controller 42, which receives

di spl ay data, denoted as RGB Data on data bus 44, and appropriate control
signals on control bus 46 nust be provided with the necessary coordinate
col um nunber of the offending |ines. Ia%bris end, a defect map PROM 48 is
added to each TFT/LCD gl ass panel 34. P 48 may be a slow, small, serial
devi ce having a cost of one to two dollars, that | oads the display
controller's defect map on reset. The data stored in PROM 48 is determ ned

by testing tihedBagiRld-to provide multiple paraliel 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 the 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



Preferably, before it is fully assenbled, the panel is tested in accordance
with the nethod, and using the apparatus, disclosed in United States
Patent No. 5,179,345 to Jenkins and Wsnieff, but it will be understood
that other nethods and apparatus may also be used to generate the data.
The el ectrical connector used to connect the LCD panel to a data source
such as a host conputer needs only one extra line (not shown in Fig. 2)
for the PROM chip select. Oher PROM signals can be multipl exed on
existing lines. After reset, controller ;42 uses the addresses in the
defect map to determ ne when to latch the incomng data into tenporary
menory for use on the spare lines 38. At the appropriate tinme the display's
data drivers are_ | oaded with the regular data plus the inforpation for the
def ective |5tpiage logations: d hﬁﬁaluyeSéJag|taplﬁeld°fb’em8wplexers 106, 108 and 110,

respectively, to route the green channel to cell onec 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 point 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



-8-" -Fig. 3 shows how an exanpl e defect map PROM can be nade. 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
controll er which incom ng pixel data to store. The second defect data
field describes which subpixels of the pixel to keep and the last field
tells where to store that data. The pixel address to be corrected only
needs to contain enough bits to describe, _the data line location. Ten, bits
of address, for exanple, would be needed to describe 640 pixels per |ine.
The subpi xel correction address needs three bits for red, green or bl ue;

i f one of the subpixels needs correction then the appropriate bit is

cleared to : X anpl. It r [ tHeko/RIa sinfad§bt
drivers t hes?\rﬁ{’ﬁfa @EETdéhé}Eg?mégﬁtsgﬁt%mggnggn?‘?i gis%“ Ql'ﬁ%s&l%élgb\/l woul d need 60
entries wi tdf difvels 4txh@otheewiid yf thEhdaadieaesll ts in a requirenent for 960 bits
to be stored, which easily fits into an eight pin serial 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 stream
provi ded byRéfefringdtoi 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 connécted 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 lincs cach. In cach group, one ungommittcd
output fine is connected to repair pads on onc half of the driver group. -Onc linc extends
thé 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



received by a data format circuit 50 which divides the data into odd col um
data on bus 52 and even columm data on bus 54. Data format circuit 50 al so
provides data address information for each set of data to a first conpare
circuit 56 and a second conpare <circuit 58. Circuits 56 and 58 conpare the
data address provided by data format circuit 50 to the addresses in defect
PROM 48. When a match in the addresses occurs, a respective one of latch
and store circuits 60 and 62 stores the current data for presentation to
the data drivers 36 by way of a respectijye switch 64 or 66 operated by a
control circuit 68. All_of the operations described above with respect to
Fig. 4 are controlled by a timng circuit 70 which receives control signals
- for horizontal and vertical synchronization as well as a pel_clock by wa
of bus 46. limiting the number of crossovers in this way, the integrity of the active linegrepair 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
combination 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



Fig. S5fillustrates the horizontal line time makeup utilized in the circuit
of Fig. 4 for the sinple case of one data driver chip on the top and one
on the bottom In a practical display there will be several drivers on the
top and the same nunber on the bottom This sinplification is used for
clarity of presentation. In a first tinme interval T, nornmal data for
picture el enments not associated with defective lines is witten into the
data drivers. In a subsequent tinme interval T, data required to wite to
picture el ements associated wth defecH ve data lines is witten into the
data drivers. Finally, there is a retracé tine between |ines. Fig. 6
illustrates an inplenentation of the circuits which appropriately nodify
the data ¢ 5 ¢aisin ehided Vfered cBhb sv.um)a %M&a’ﬁ“g‘ﬂﬁ I Sre@r &ﬁw @k dBt xel
processi ng approach and is especially useful when t%e pi xel count is

smal |, say d¥dsieter] ladalsocefi 4 sizeoterdoversbahahd repbiitpadtang Ipiexextenpiooqesispaig r at e
i's the pi xel clock rate fromthe source. The contents of the serial defect
PROM on t he'herbpnddip has & grrpds ruping {romaonside qfdhe Hpito $he aHyT- bJ his %@?Y“al to

paral l el ci in fast d t dlng
becurs: onl ot Siefal BhnSPLE iialt i PrdrBY lroP e o TR B0 itk B3 AMERE &
rate. The @ﬁ?fﬂcétbuﬁh ke bdid xﬂ% '&o@&@tdh@disﬁrm&ﬁfe&%d%ﬂtmm forfliffg 8 BUBtoAS
~that of the serial ect
shape, with a rldge of metal left l'rom the 1mpress10n of thc 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.

-



one of ‘the PROM or RAM defect data i s used as one I np
conparator 76. The other input to the conparator is Hmlmlmm”ﬂmﬂﬁm
count from pixel counter 78. Fields two and three of the‘déefedt data

generate an address for the dual subpixel nenory stacker 80. At the
begi nni ng of each horizontal |line all counters are reset. Therefore, the
defect map counter 82 points toits first entry. As valid data occurs
pi xel counter 78 is increnented. |f the pixel count equals the pixel

col um nunber stored in the defect RAM g signal is given to |atch that
pi xel data and to increnent the defect _map counter 82 to point to a
-10 - '

CLAIMS

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

3. The display of claim 1 wherein said connections are wire bonds.



néw address. The subpixel field provides the necessary

dual nenory stacker 80 to determ ne which subpixels ar alt“m"ma "F
and where they should be stored in the stacker. After of $op+ and
bottomdrivers is | oaded, the subpixel nenory stacker 80 is put in read
node and | oads the data into the auxiliary data drivers via the

mul ti pl exer 88 and the data steering circuitry 89. At the sane tinme the
repair data is being |oaded into the drivers, a FIFO (First In First Qut
Circuit) 86, clocked by a control ci rc_uliﬁt_ 87, buffers the non interrupted
data stream This is required because e incom ng data stream cannot be
stopped while the repair data is being |oaded into the data driver “chi p.

- The size of the FIFO 86 only needs to be a little larger in depth than the
total numbet of Tiexdspiaycefsidimel whetsin thy defgsbmapanemantise RiK@M.epair data
~drivers have been | oaded, the nenory stacker 80 is reset, put back into
write node and nor mal data is sent fromthe FIFO 86 to the di spl ay by way

of selectors 88, THAaPPS IR £ VALY BHShp PRGN AgueduiRlspligl 2 1 vers

are | oaded. Subs circul PeSet “and oper a S begin
agai n. Fig. 7 shoms an alternative inplenmentation mhlch is called

6. The display of claim 1 wherein the display is a simple or passive matrix display

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

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

plasma display or a field emission dlsplay, or electrophoret:c display or

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

display technology.
9. The display in claim 1 wherein the data drivers are integrated in the display.
10.  The display in claim 1 wherein the ;1ata drivers are external to the display.
I1. 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;



sour ce=synchronous- par al | el - pi xel processing. Bl ocks '
function as described above for Fig. 6. Defect data mummllmlm%ﬁn bed
above. The incomng pixel data streamis initially breken Inta two éata
streans by the data steering circuitry 89. One streamis for drivers on
the top of the display and the other for drivers on the bottom of the
display. Data in the top and bottom branches run at half the source pixel
rate and this is an advantage for |arge pixel count displays which have
high clock rates. Additional circuitry 1' s needed to process data in

paral lel. The basic function of conpariing the incom ng pixel address to
the address of a defective line and latching that data if a match is found
is simlar to that described above. In this case, however, each of the two
- dat a pat hs have ¢dfgatsounigr fertaohating prmberseflefectiuipl i cat ed are the conpare

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;

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

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

15. 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;



aid defect RAM circuits. This is shown for continuity ig
6. A single conpare and defect RAM however, can be ust[“lmmlmmuwrmm
address generation and the defect RAM are changed accordi Aglly. 1 n % hi*s .
case, we woul d conpare not a pixel colum address, but a pixel-pair colum
address and the RAM woul d have to control two subpixel nmenory stackers.
Note al so that the repair data fromthe top data path is now multipl exed
into the bottomdata path and vice versa. This approach is called source
synchronous because the witing into thg latches and FIFGs are synchronous
with the data source at half the pixel Cclock rate. The output to the

di splay can be asynchronous and at a frequency set by oscillator 90. In
fact, the repair data can even be sent out at a different clock rate than
t he normal dat gprovidingeconyuctive aiadiagn linescpath eennetted to ongpEsaid vagemmitted=i g. g
is yet another enbodi nent of i,he gontrol block 42 of Fig. 2. This case is
call ed di spl ay-Q4petsob seiddata Hae dHYerSi xel processing. The key difference in
this inplenmentation is the placenent of the pixel processing circuitry
after the FIFOcircuit 86 in the data stream This enabl es the pixel

processing ci r ol idiidglconRBELRInS forERRBaA MR Helettivefindsho sardlauxdliapy xeaductive.
More specifically, the inplenmentation shown in Fig. 8 places the

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.

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



Dial 'subpi xel Menory Stacker (DSMS) between the FIFO and t he di splay. The
previous inplenentation placed it across the FIFO 1In the prior

i npl ementation the DSMS accepted data fromthe pixel data source and woul d
| ater supply that data as ALR repair data to the output data stream The

FI FO buffers the incom ng data from the pixel source while the ALR data is
being placed into the output data stream Because the data rate fromthe
pi xel source can be quite different than2the data rate to the display, the
DSMS in the prior schene mght need to accept and supply data at two
possibly quite different rates. This can conplicate a design. In addition,
systens that - 12 - are
designed to provide multiple parallel data paths into the display can
create a problemfor buffering the repair data in the prior schene.

TFT/LCD ACTIVE DATA LINE REPAIR
ABSTRACT

A matrix addressed display system designed so as to enable data line repair by electronic
mechanisms which is efficient and low in cost and thus increases yield. Such active data
line repair utilises additional data driver outputs, a defect map memory .in the TFT/LCD
module (34) and modification of the data stream to the data drivers (36) by additional
circuits between the display and the display adapter. A bus configuration on the display
substrate is utilized which combines repair flexibility, low parasitic capacitance, and the
ability to easily make the necessary interconnections. The number of interconnections is
kept to a minimum, the connections are reliable, and the connections may be made with
conventional wire bond or laser bond technology, or disk bond technology.

Fig. 2. "



8- the inplenentation shown in Fig. 8 the FIFOis used in exactly the sane
way as in the prior schene. However, the DSMS now accepts data fromthe
out put of the FIFO and not fromthe original pixel data source. Therefore,
the data rate into and out of the DSMs is identical. This sinplifies the
design of the DSMS. In addition, the higher resolution displays that wll
be on the nmarket soon are likely to use parallel data paths into the

di splay. Therefore, the data rate into the display is likely to be
substantially lower than the data rate fromthe source. This can greatly
sinplify the design while Iowering the cost and power requirenents.
Add+tionally, because the enbodinent of  Fig. 8 does not store any data in
the DSMs until it is actually being Mt to the di splay, the data
buffering schene is nuch sinpler. The dual subpi xel nenory stacker
described in the previous inplenmentations contains circuitry which
appropriately sorts and stores subpixel data for the auxiliary drivers.
Figure 9 shows the circuitry conprising a dual pixel nenory stacker for the
case of 6 repairs per driver chip. During the wite node the repair data
subpi xel -fields arc used to determne if one or nore subpixels nust be
stored into the A, Bor/and C RA Ms 100, 102 and 104, respectively. These
RAMs nmay be DRAMS, SRAMS or sinple transparent D | atches with addressing
circuits. The stackers track which address is -

FIG. 1
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available to store new information. To illustrate, let the first cell of
RAM A be filled wth prior data. That cell contains data for the first
spare of that driver. Now a new subpixel field address cones into the unit:
because the defect map counter 82 points to the next entry. This subpixel
field is, for exanple 100100, which nmeans the green and blue subpixel data
must be saved and the data are to be placed in the next two avail abl e

- 13 - + storage locations. This causes the triple |-of-3 nultiplexers 106,
108 and 110, respectively, to route the green channel to cell one of RAMB
and the blue channel to cell one of C. Next this data is witten into

the RAM banks. The LUT or decode uni /%12 generates the next set of
addr esses based upon the next subpixel fields and the address of the prior
.open cell. In this exgnple it would point to cell 2 of RAM A as the
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next avail able storage location. After each set of top and bottomdrivers
are | oaded, the LUT or decode unit 112 is reset and the process begins for
t he next set of drivers. The LUT or decode unit 112 may be elim nated by
preconputing the nultiplexer and RAM addresses for each panel. Instead of
a subpi xel correction and destination address, the serial PROM and def ect
map RAM woul d contain the nmultiplexer and RAM addresses. Additional bits
woul d be used to signal a wite operation to the top or bottomdata
drivers. Various nodifications to the invention will be suggested.
Figure 10 shows three ways in which the repair lines can be distributed
anongst the data drivers. Figure 10 A shows the case previously described
in which the |ast several outputs of 34¢h data driver arc reserved or are
uncommtted for use as repair drivers. Note that the wiring fromthese
repair outputs crosses over all the outputs of this one driver. Line

| engths and capacitance are snmall. Fig 10 B has the repair |ines

di stributed, perhaps evenly, anongst the driver outputs. Line lengths are
.even shorter and fewer crossovers and capacitance result. The tim ng and
control is different than case A but it nmay be the preferred way given

ot her systemconstraints. Fig. 10 C has all of the repair |ines attached to

t he | ast
FIG.3

PIXEL ADDRESS TO | SUBPIXEL | CORRECTION
BE CORRECTED |.CORRECTION | DESTINATION
] ADDRESS
0 001 * 001
9 110 110
54 101 001 -,
128 | 101 010
202 010 100
349 011 011
350 110 011
400 000 000 -
620 S oot 100
639 100 000




driiver “outputs of the last driver in the string. Repair line Iengths ,
crossovers and capacitance are |larger than case A but in sone respects
the timng and control nay be

- 14 - si mpl er dependi ng, again, on systemconstraints. In all these
cases, there is a simlar set of drivers at the other end of the data

i nes. 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 figure. The array is |ocated off 'and below the portion shown. At the
top of the figure, electrostatic discharge protection devices 120 are
shown. Above these devices, also not zﬁﬁyn, Is a shorting ring of a type
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génerally known in the art, and above this, pads for tape automated bondi ng
(TAB) connections to the top data driver chips. As discussed previously,
alternate lines 124 are. driven fromthe top or bottom Lines driven from
the bottom are connected to |ine extension pads 126 which are di sposed

adj acent 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 uncommtted driver outputs fromdata drivers 36 (Fig 2) and as shown

in Fig. 10C, by way of vertical |ines 134. Referring to Figs 12a to Fig
12f, an exanple of the entire repair bus network is shown for a driver
group pair. Both top and botton1repai@”8us networ ks are shown, with the TFT
array in the center. The six uncommitted output |ines of bus 132 are
grouped as three groups 140, 142, and 144 of two |lines each. In each .
group, one uncommtted output line iks connected to repair pads on one half
of the driver group. qugli the entire length of the driver

group, and the other exti@n the Jength of the driver group.
Wth this bus confi-gurat® d'€ff§ ive line of a given color can
be repaired within eac al alda a.;ﬁ# r group. If two or nore lines
wth the sane col or ame def e¢tT mﬁthnﬁ%@@lf of a driver group, only one
can be repaired. It shﬁﬂ%doal‘ not®d that with this bus configuration,
t he maxi mum nunber _ of C“ﬁS§Q¥i
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repaired line with other data lines is the nunber of driver outputs of a
single driver. By ' - 15 -
limting the nunber 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 |evel. Referring to Fig 13, the
detail of a line extension pad and repair pad pair are shown. The repair
bus lines 130 nust cross under other data |ines 124 and 125, and are
fabricated with gate netal. In this enbodinent, the gate netal bus lines
130 al so have a redundant spine 160 of 1Tt)mhich is al so used to connect
to the repair pad region 6/12
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through ITO | ayer 166. Vias 162 and 164 are made in the passivation |ayer
insulator, to provide an opening to both the repair pad 128 and |line
extension pad 126. A layer of I1TO 166 is present on both pads. In this
way, the |layer structure of both pads is identical, which consists of ITO
166, data netal 168, vias 162 and 164. This pad symetry may facilitate
reliabl e bonding between the two pads. To effect a repair of a defective
line, the line extension pad and repair pad nust be connected together.
This nmay be done using a variety of wire bonding or |aser welding:

techni ques. Exanples include ball bonding, wedge bondi ng, and ot her
techni ques well known to those skillegyizin the art. One of the advantages
of the present invention is that only one bond is required to inplenent a
repair, and the connection points are the repair and |ine extension pads,

whi ch.are adjacent to each other. The preferred nmethod of making
connection is disk bonding. This technique uses a conbi naki gn of

ul trasoni ¢ energy andacffpression to bond a disk of netal metween the line
extension pad and th repair pad, using a bond tip. Thg disks are made

foil of aluminum |aRkdqut 40 microns in thickness. (@nher [saff nmetals may
al so be suitableT’Th% [Ohsks are distributed on a flat qgfate1 and pi cked

by punching out a _shgll dot, about 100 microns in dianefem froma thin
g
up individually p f' nd tip. The bond tip
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- 16 - is a precision machi-ned tapered cone with a a lip area slightly

| arger than the dot dianeter, and also of a size to cover both the repair
pad and |ine extension pad pair. The bond tip has a groove running from
one side of the tip to the other. This groove allows efficient transfer of
ultrasonic energy fromthe bond tip to the disk and substrate surface.
During the bondi ng process, the disk netal extrudes outward formng a
button shape, with a ridge of netal left fromthe inpression of the groove
in the bond tip. This bond is nmechanically robust, and forns an el ectri cal
connecti on between pads with a resistance |less than 1% that of a typical
data line in the array. 8/12
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- 17 -7 CLAI M5 In a matrix
addressed di splay having gate lines, data lines, and perhaps thin film
transistors controlled by said gate lines and said data |ines, and drivers

for driving said gate lines and said data |ines, apparatus for repair
of line defects, conprising: - data line drivers for driving
said data lines, said data drivers having uncomm tted out put s;
conductive auxiliary |lines each connected to one of said uncommtted

out puts of said data line drivers,; connections for connecting
defective lines to said auxiliary conductive |ines; a defect map

menory for storing information concer &g | ocation of |ine defects
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of the display; and a data streamnodifier to nodify data supplied
to the display so as to included defective line information stored in
said.nenory and to selectively activate sel ected uncommtted data
drivers to provide data signals on said conductive | i nes. 2. The
di splay of claiml wherein said connections are |aser bonds. 3. The
display of claiml wherein said connections are wire bonds. - 18-

4, The display of claim1l wherein the defect nap nenory is a PROM

5. The display of claim1 wherein the display is an active matrix displ ay.

6. The display of claim1 wherein the display is a sinple or passive
matri x displ ay. 10/12
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7. The display inclaim 1 wherein the display technology is a thin

film transistor/liquid crystal display. 8. The display in claim
1 wherein the display is an el ectrol um nescent display or a pl asma
display or a field em ssion display, or electrophoretic display or
el ectrochrom c di splay, or a deformable mrror display or other matrix
addressed di splay technol ogy. 9. The display in claim1l wherein the
data drivers are integrated in the display. 10. The display in claim
1 wherein the data drivers are external to the display. 11. The
di splay of claim1, wherein said connections are disk_bonds. )
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a’ defect counter for counting nunber of defects; an address
conparator for conparing the present pixel address fromthe pixe
counter to content of the pixel correction address field fromthe defect

menory;, a storage circuit for latching elenents of an incom ng

pi xel data stream when the pi xel count equals content of a first
field of the defect map nenory and for sel ecting the subpi xel data
which will be used for corrections and for storing in correct order
for subsequent readout to the display the subpixel data; acircuit
el ement which stores the pixel data b mwhile repair data is being

sent to the data drivers. 12, The'crrcuit of claim 11 wherein the

circuit element is a FIFO circuit. 13. The circuit of claim 11l wherein
the circuit elenent is a RAMcircuit.

FIG.13
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15. In a liquid crystal display having gate m I ? Jrﬁ1’|Im
transistors controlled by said gate | | “nml“ mll l“url | ne%f and
drivers for driving said gate lines and sai @ data"lihes, a nethod for

driving the display after repair of |ine defects, conprising:

providing data line drivers for driving said data lines, said data drivers
havi ng unconm tted outputs;

-20 - provi di ng conductive auxiliang-lines each connected to one of
sai d unconm tted outputs of said data line drivers; . providing

connections for cgnnecting defectjve lines to said auxi I bﬁb&conduc‘t ive
li nes: 4,  The display of claim 1 wherein the defect map memory is a

5.  The display of claim 1 wherein the display is an active matrix display.
6.  The display of claim 1 wherein the display is a simple or passive matrix display.

7. The display in claim 1 wherein the display techmology is 2 thin film
transistor/liquid crystal display.

8. The display in claim 1 wherein the display is an electroluminescent display or a
plasma display or 2 field emission display, or electrophoretic display or electrochromic
display, or 2 deformable mirror display or other matrix addressed display technology.

9.  The display in claim 1 wherein the dats drivers are integrated in the display.

10. The display in claim 1 wherein the data drivers are externa! to the display. -

11. The display of claim 1, wherein said connections are disk bonds.
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‘ ﬁrovidhng a defect map nenory for storing information concerning |ocation

of line defects of the display: and nodi fyi ng data supplied to
the display so as to included defective line i nformation stored in
said nmenory and to selectively activate sel ected uncomm tted data
drivers to provide data signals on said conductive |ines. An active
data line repair technique which includes: auxiliary or uncommtted

data drivers, a defect nmap PROMin the €l%play nodule, netal |lines on the
di spl ay capabl e of being connected to bad data lI'ines, and a data stream
nmodi fi ed to include defective Line information which is ordered and
sent to specific auxi li"ary drivers. 16. The display of claiml1,

wherein said connections are di sk bonds.

TFT/LCD ACTIVE DATA LINE REPAIR
ABSTRACT .

A mitrix addressed display system designed so as to enable data line repair by electronic
mechanisms which is efficient and low in cost and thus increases yiéld. Such a:;tive data

line repair utilises additional data driver outputs, a defect map memory in the TFT/LCD
module (34) and modification of the data stream to the data drivers (36) by additional

circuits between the display and the display adapter. A bus configuration on the display |
substrate is utilized which combines repair flexibility, low parasitic capacitance, and the '
ability to easily make the necessary interconnections. The number of interconnections is

kept to a minimum, the connections are reliable, and the connections may be made with
conventional wire bond or laser bond technology, or disk bond technology.

Fig. 2.
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