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Description
BACKGROUND

[0001] Testing backplanes that drive current rather
than voltage presents a challenging problem. At present,
there is a need for an acceptable solution for measuring
current actuated display (CAD) backplanes prior to ap-
plication of a display medium to such backplanes.
[0002] Typically, backplanes are fabricated with test
structures that allow general parametric measurement
of the substrate, without any detail pertaining to individual
display elements (pixels, data lines, gate lines, ground
busses, power busses). In this regard, with satisfactory
substrate parameters, displays are then assembled with
a medium (e.g. an organic light emitting diode (OLED)).
The finished displays may then be imaged with a camera
to measure uniformity, area defects, line defects, and
pixel defects. However, with these types of testing sys-
tems, problems cannot be detected until after the display
is completed.

[0003] A variety of testers for AMLCD backplanes are
known. However, none are known for OLED backplanes.
[0004] Also, U.S. Patent No. 7,295,030 teaches the
use of a vacuum tip to capture current without contact.
However, a convenient visual system is not disclosed.

BRIEF DESCRIPTION

[0005] In one aspect of the presently described em-
bodiments, the backplane test system comprises con-
ductive connections to circuit elements of the backplane,
a drive circuit to selectively drive the circuit elements
through the conductive connections, a resistive layer
over the backplane to cover the circuit elements, and, an
infrared camera to generate an infrared image of the re-
sistive coating while the circuit elements are being driven.
[0006] In another aspect of the presently described
embodiments, the conductive connections comprise
contact pads connected to circuit elements via bus lines.
[0007] In another aspect of the presently described
embodiments, the conductive connections comprise
conductive tape elements.

[0008] In another aspect of the presently described
embodiments, the resistive layer is applied by one of spin-
ning, evaporation, blading and pressing.

[0009] In another aspect of the presently described
embodiments, the resistive layer is comprised of one of
indium tin oxide (ITO), PEDOT, tungsten, titanium and
carbon.

[0010] In another aspect of the presently described
embodiments, the resistive layer is a rubber material.
[0011] In another aspect of the presently described
embodiments, the resistive layer is transparent.

[0012] In another aspect of the presently described
embodiments, the backplane is used for organic light
emitting diode (OLED) applications.

[0013] In another aspect of the presently described
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embodiments, the infrared imager comprises one of a
CCD, CMOS and InSb-QW imagers.

[0014] In another aspect of the presently described
embodiments, the method comprises forming a resistive
layer on a backplane to cover circuit elements, selectively
activating the circuit elements and generating an infrared
image of the resistive layer during the selective actuation.
[0015] In another aspect of the presently described
embodiments, the forming comprises one of spinning,
evaporating, blading and pressing.

[0016] In another aspect of the presently described
embodiments, the resistive layer is one ofindium tin oxide
(ITO), PEDOT, tungsten, titanium and carbon.

[0017] In another aspect of the presently described
embodiments, the resistive layer is a rubber material.
[0018] In another aspect of the presently described
embodiments, the resistive layer is transparent.

[0019] In another aspect of the presently described
embodiments, the backplane is implemented in an or-
ganic light emitting diode application.

[0020] In another aspect of the presently described
embodiments, the infrared image generating is accom-
plished by one of a CCD, CMOS or InSb-QW device.

In one embodiment of the method as set forth in claim
10 the infrared image generating is accomplished by one
of a CCD, CMOS or InSb-QW device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIGURES 1 (a) and (b) are block diagrams of
exemplary systems according to the presently described
embodiments;

[0022] FIGURE 2is a side view of the system of Figure
1(a) according to the presently described embodiments;
[0023] FIGURE 3 is an example infrared image of a
polysilicon array showing an active pixel defect; and,
[0024] FIGURE 4 is a graph showing relative resist-
ance from a center of a resistively-coated array being
tested to an edge-midpoint and corner thereof.

DETAILED DESCRIPTION

[0025] The presently described embodiments are di-
rected to a backplane test system using a pressed or
deposited resistive film or layer and infra-red (IR) imaging
to visualize and quantify the current drive of pixels. It is
particularly suited, in one form, for measuring organic
light-emitting-diode (OLED) backplanes or other current-
actuated-display (CAD) backplanes.

[0026] The presently described embodiments use in-
fra-red imaging to observe heating in a resistive layer
applied to a current-driving backplane. In one form, a
functional backplane is completed and the shorting bars
are removed, by, for example, parting the substrate,
scribing, or other means. A resistive coating is applied
or pressed, in any of a variety of manners, to the surface
of the array. In one form, flexible contact tapes are
pressed onto the row and column electrode pads to make
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contact with the bus lines. A separate contact tape (or
other conductive lead material) is also applied to the re-
sistive coating, which may also or alternatively have a
guard-ring type electrode to simplify contact. The con-
tacts on the tapes are then selectively driven with signals
to turn on one or several pixels in any of a variety of
known manners. In one form, the guard-ring electrode is
driven to a suitable voltage, possibly ground, and an IR
image is taken of the array. Assuming the conductivity
of the resistive layer is uniform, the temperature of the
resistive layer above a given pixel may be measured for
a variety of pixel inputs, including grey scale. The pattern
of active pixels may then be varied to test all or a plurality
thereof.

[0027] With reference now to Figure 1(a), an example
system according to the presently described embodi-
ments is illustrated. In this regard, the system 100 in-
cludes a backplane 102. As noted above, the backplane
102 may take a variety of forms, such as an OLED back-
plane or other CAD backplane. In any case, the back-
plane has formed thereon column contact pads (such as
column pad 104) connected to column bus lines (such
as bus line 106). The backplane 102 also has row contact
pads (such as row contact pad 108) connected to row
bus lines (such as bus line 110). The circuit may vary by
application, however.

[0028] The complete circuitry of the backplane 102 is
not shown for ease of reference. However, according to
the presently described embodiments, a resistive coating
120 is formed over such circuitry and is provided with a
conductive connection, e.g. conductive tape, 122 (in ad-
dition to the existing conductive connection of the bus
lines and contact pads) to drive the voltage of the coating
120 to a suitable level (e.g. ground). Similarly, each col-
umn contact pad has connected thereto a conductive
connection or lead (such as conductive tape element
130). Likewise, each row contact pad has connected
thereto a conductive connection or lead (such as con-
ductive tape element 132). The conductive connections
orleads are illustrated as conductive tape, but other types
of conductive connections may be used.

[0029] With this configuration, the column contact
pads and the row contact pads can be selectively driven
to various voltage levels using a driver circuit 140 con-
trolled by controller 150. It should be appreciated that,
although not shown, the connections between the driver
140 and the conductive tape elements that, in one form,
connect to the various contact pads, can be accom-
plished in any of a variety of known manners. Also, the
driver circuit 140 and controller 150 may take a variety
of forms depending on the implementation. These devic-
es may be separate devices, a single device, and/or may
be implemented using a variety of hardware configura-
tions and software techniques.

[0030] Referring to Figure 1(b), an alternative system
is shown. In this system, the conductive tape 122 is not
used. Rather, a guard ring electrode 124 is shown. The
guard ring electrode 124 can be driven to a voltage, e.g.
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ground, during imaging of an array.

[0031] With reference now to Figure 2 (which is a side
view of the system shown in Figure 1(a)), it will be ap-
preciated that the system 100 is further provided with an
infrared camera 160 -- as well as a suitable display device
170.

Figure 2 is a side view of the system 100 and shows the
backplane 102, row contact pad 108, row bus line 110
and resistive coating 120. Also shown are the conductive
tape element 122 and conductive tape element 132. It
should be appreciated that camera and display device
are also applicable to the system shown in Figure 1(b).
[0032] As alluded to above, in operation, after the
backplane is coated with the conductive layer 120, the
contact pads can be selectively driven to voltage levels
sothatindividual circuit elements react such that an effect
is achieved in the resistive coating. It should be appreci-
ated that the selective actuation of the circuit elements
may be based on any of a variety of routines or methods
implemented and/or controlled by the driver/controller
combination that will allow for a suitable analysis of the
resultant data. The resistive coating is then imaged by
the infrared camera to provide information for analysis
of the underlying backplane circuit. Of course, the anal-
ysis may take a variety of forms and may differ as a func-
tion of the precise implementation. In one form, a gener-
ated infrared image is displayed on the display device
170 for analysis.

[0033] An example infrared image is shown in Figure
3. This image 300 of a polysilicon array was taken with
an IRRIS-256 IR camera. No resistive layer has been
applied-in this case the image is of a short in a very com-
plex, highfrequency-sensor pixel design. Nevertheless,
it illustrates the ability of infrared imaging to show fine
detail thermometry.

[0034] The resistive layer 120 may be formed in a va-
riety of manners. For example, it may be spun, evapo-
rated, bladed, pressed, or otherwise applied. In one form,
its sheet resistivity is compatible with the drive current
and voltage of the pixel design and the deposition and
removal processes are compatible with subsequent ar-
ray processing. Sample materials include sputtered or
solution-deposited particulate ITO, PEDOT, Tungsten,
Titanium, and various forms of Carbon. For example, eth-
anol-deposited particulate ITO may produce a sheet re-
sistivity of 10MQ/sq, suitable for a drive transistor that
operates at 5V and 20p.A, and may be removed with eth-
anol. Because the array will typically have contact pads
with lower sheet resistance, the actual conductivity of the
top layer will be a function of geometry, pad resistance,
and the resistive layer. Because the top array surface
usually consists of passivation and pad metal, a wide
variety of resistive film removal methods may be accept-
able.

[0035] Rubber material may be used as the resistive
layer 120 because it may be rendered conductive by per-
colation of charge - through conductive particles embed-
ded in the material. In one form, multi-form carbon is used
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in silicone rubber, although metal particles may be used
as well.

[0036] In this regard, thin sheets of rubber-laminated
substrates may be used as the resistive layer. The sub-
strate may be electrically conductive, or the guard ring
method may be used.

[0037] One application for current-driver backplanes
is for OLEDs, for which stainless steel is often used as
a backplane. The thermal conductivity is 16 times higher
for stainless than glass, so, depending on the thickness
of the buffer layers, there may be a thermal sink to the
substrate. This will vary according to specific substrates
and designs.

[0038] Three methods may be employed to improve
the signalin such cases. First, polymeric materials, which
are much less thermally conductive, may be used for the
buffer layer. Specific thermal shunt resistance would be
analyzed for specific designs. Note that joule heating in
the driver transistor itself may have a very different ther-
mal shunt resistance than the applied resistive layer.
[0039] Second, a variety of IR imaging systems and
techniques are available and could be used to improve
performance. For example, CCD, CMOS, InSb-QW, with
various levels of cooling, could be used. Sensitivities are
down to 60°mK for various devices and high megapixel
cameras are available.

[0040] Third, the infrared cameras may be used stro-
boscopically. This makes sense under pulsed operation
to detect peak power, which may be substantially higher
than average power. Depending on the thermal conduc-
tivity and capacity, pulsed heating and image averaging
may produce a superior image.

[0041] In addition, although a number of approaches
may be used (including the conductive tape 122 of Figure
1(a)), guard ring current shunting, as shown in Figure 1
(b), may be the simplest current return mechanism. In
this case, the resistance at any given pixel will depend
on the coordinate of that pixel-those nearest the guard
ring will have a lower resistance than in the array center.
However, in atleast one form, finite-element analysis 400
shown in Figure 4 indicates that the guard ring diameter
need be only 20% larger than the array to keep the pixel
resistances substantially constant. In Figure 4, relative
resistance (RELATIVE R (x,y)) for positions X from the
centerof the array to the edge-midpoint (y=0) (data points
shown as squares (B) in Figure 4) and from the center
ofthe array to a corner (y=x) (data points shown as circles
(C) in Figure 4).

[0042] Given that pixels may be driven over a variety
of gray levels, this method may be able to detect linearity,
threshold, and saturation effects.

[0043] It will be appreciated that various of the above-
disclosed and other features and functions, or alterna-
tives thereof, may be desirably combined into many other
different systems or applications.
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Claims

1. Asystem for testing a current actuated display back-
plane having circuit elements disposed thereon, the
system comprising:

conductive connections to the circuit elements;
a drive circuit to selectively drive the circuit ele-
ments through the conductive connections;

a resistive layer over the backplane to cover the
circuit elements; and,

an infrared camera to generate an infrared im-
age of the resistive coating while the circuit el-
ements are being driven.

2. The system as set forth in claim 1 wherein the con-
ductive connections comprise contact pads connect-
ed to circuit elements via bus lines.

3. The system as set forth in claim 2 wherein the con-
ductive connections comprise conductive tape ele-
ments.

4. The system as set forth in claim 1 wherein the resis-
tive layer is applied by one of spinning, evaporation,
blading and pressing.

5. The system as set forth in claim 1 wherein the resis-
tive layer is comprised of one of indium tin oxide
(ITO), PEDOT, tungsten, titanium and carbon.

6. The system as set forth in claim 1 wherein the resis-
tive layer is a rubber material.

7. The system as set forth in claim 1 wherein the resis-
tive layer is transparent.

8. The system as set forth in claim 1 wherein the back-
plane is used for organic light emitting diode (OLED)
applications.

9. The system as set forth in claim 1 wherein the infra-
red imager comprises one of a CCD, CMOS and
InSb-QW imagers.

10. A method for testing current actuated display back-
planes having circuit elements disposed thereon, the
method comprising:

forming a resistive layer on the backplane to cov-
er the circuit elements;

selectively activating the circuit elements; and,
generating an infrared image of the resistive lay-
er during the selective actuation.

11. The method as setforth in claim 10 wherein the form-
ing comprises one of spinning, evaporating, blading
and pressing.
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The method as set forth in claim 10 wherein the re-
sistive layer is one of indium tin oxide (ITO), PEDOT,
tungsten, titanium and carbon.

The method as set forth in claim 10 wherein the re-
sistive layer is a rubber material.

The method as set forth in claim 10 wherein the re-
sistive layer is transparent.

The method as set forth in claim 10 wherein the back-
plane is implemented in an organic light emitting di-
ode application.
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