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(54) [Title of the Invention] Driver IC Test Circuit and Testing Method

(57) [Abstract]

[Problem] To reduce the number of test pads on
the output end of a driver IC, enable high-
precision needle application on the test pads, and
improve product yields.

[Solution] The test pads are split into test pads
(26-1, 38) corresponding to odd-numbered
internal circuits and even-numbered internal
circuits according to the order in which the
internal circuits are arranged, either odd-
numbered internal circuits or even-numbered
internal circuits are connected to test pads in
common while enabling electrical separation
between internal circuits and the output pads,
test information is supplied from an external
source to an internal circuit of the driver IC 12,
and during testing, an internal circuit is
electrically connected to an output pad, and the
connection state between the input and output
pads is tested based on the signal state outputted
from the test pad connected to the output pad.
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[Claims]

[Claim 1] A method for testing a driver IC, in
which the input/output pads of a driver IC for
driving a display device and arranged in a tape
carrier package are connected to test pads
formed on the tape carrier package by lead
patterns formed on the tape carrier package to
test the connection state between the
input/output pads,

the method for testing a driver IC characterized
in comprising: splitting the arrangement of test
pads into test pads corresponding to odd-
numbered internal circuits and even-numbered
internal circuits according to the order in which
the internal circuits are arranged; connecting
either odd-numbered internal circuits or even-
numbered internal circuits to test pads in
common while enabling electrical separation
between internal circuits and the output pads;
supplying test information from an external
source to an internal circuit of the driver IC; and
electrically connecting an internal circuit to an
output pad during testing to test the connection
state between the input and output pads based
on the signal state outputted from the test pad
connected to the output pad.

[Claim 2] A test circuit for a driver IC having a
shift register circuit composed of a shift circuit
and a register circuit for sequentially
transferring digital data to be displayed, a latch
circuit for storing the output of the shift register
circuit, a DA conversion circuit for converting
the digital data to be displayed stored in the
latch circuit into analog voltage, an internal
circuit composed of a buffer amplifier circuit for
impedance conversion of the output of the DA
conversion circuit, and an output pad that
outputs the output voltage of an internal circuit
to the outside, all being considered as a single
circuit and arranged in a tape carrier package,
and the test pads formed on the tape carrier
package being connected to the output pads by
a lead pattern formed on the tape carrier
package to test the connection state of the
output pads,

the test circuit for a driver IC characterized in
that the arrangement of test pads is split into
test pads corresponding to odd-numbered
internal circuits and even-numbered internal
circuits according to the order in which the
internal circuits are arranged, either odd-
numbered internal circuits or even-numbered
internal circuits are connected to shared test
pads, an analog switch is provided between
each internal circuit and output pad of the driver
IC, and an analog switch of the driver IC during
testing is controlled by a control signal
generated by the logic product of an output
signal of the shift circuit corresponding to each

(2)
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output pad and an externally inputted test
control signal.

[Detailed Description of the Invention]

[0001]

[Technical Field of the Invention] The present
invention relates to a test circuit and a testing
method for a driver IC that drives a display
device such as a liquid crystal display device,
and in particular to a test circuit and testing
method for a driver IC that tests the connection
state between input/output pads of the driver IC.
[0002]

[Prior Art] FIG. 5 shows a liquid crystal driver IC
of the prior art mounted on a tape carrier
package (TCP). In this figure, the TCP 201 has
a three-layer structure consisting of general-
purpose plated copper foil, an adhesive, and a
base film. The inner leads 204 on the input end,
the inner leads 205 on the output end, the outer
leads 206 on the input end, the outer leads 208
on the output end, and the test pads 209 are
each formed on the TCP 201.

[0003] The driver IC 202 is placed in a device
hole 203 punched in the tape, and gold bumps
212 on the input pads of the driver IC 202 are
connected to inner leads 204 on the input end,
and gold bumps 213 on the output pads are
connected to inner leads 205 on the output end.
The outer leads 206 on the input end are
connected to a printed circuit board (not shown)
via a hole 207 punched in the tape.

[0004] The outer leads 208 on the output end
are connected to the liquid crystal panel serving
as the display device (not shown) between
alignment marks 210-1 and 210-2.

[0005] Test pads 209 are used to inspect the
connection between the output pads of driver IC
202 and the test pads after connecting the inner
leads 204, 205 to the driver IC 202. The number
of test pads 209 is the same as the number of
input/output outer leads 206, 208. The test
pads 209 are severed before connection to the
liquid crystal display panel. Here, 211
represents sprocket holes, and the size of the
TCP 201 in the sprocket direction is W3 x (n - 1),
where W3 is the distance between sprocket
holes 211 and n is the number of sprocket holes.
[0006] In the configuration described above,
the number of outputs per driver IC 202 chip
has increased with the increase in the capacity
of LCD panels (3072 x 768 pixels in XGA
(extended video graphics array) panels), and
384 outputs has become mainstream (using
eight driver IC 202s in the 3072-pixel direction
of the XGA panel). The connection pitch with the
liquid crystal display panel (the pitch of the
outer leads 208 on the output end) tends to be
narrow, or around 60 to 70 pm.
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[0007] In addition, the TCP 201 is usually the
super wide (SW) type with a tape width (W1) of
35 mm as a low-cost measure, and because the
effective pattern area (W2) can be up to
28.6 mm, the pitch of the outer leads 208 can
be approximately 70 um at the present time. In
the future, as the number of driver IC 202
outputs increases, the pitch of outer leads 208
will become even narrower, and the test pads
209 used to inspect the connections between
the inner lead terminals and the gold bumps of
the driver IC 202 will also need to be narrowed

and the number of pads increased to
accommodate this change.
[0008] Currently, the connection state

(open/short state of the input/output pads of
the driver IC) is tested by applying a fine needle
mounted on a probe card on a test pad 209 to
establish an electrical connection and then
testing the connection state with an IC tester.
[0009]

[Problem to Be Solved by the Invention] In the
driver IC inspection methods of the prior art, the
narrow pitch (60 to 70 pm) of test pads due to
the increase in the number of outputs
(384 outputs) on driver ICs makes it extremely
difficult to accurately position probes on the test
pads, and the poor electrical connection
between the probe needle and test pads causes
good driver ICs to be judged as defective,
resulting in a decrease in yield.

[0010] There is a method of arranging test pads
in multiple layers to avoid narrowing the pitch
of the test pads, but this may increase the size
of the TCP in the sprocket direction, and the cost
of TCPs increases as the size of TCPs increase in
the sprocket direction.

[0011] In view of these circumstances, it is an
object of the present invention to provide a test
circuit and a testing method for a driver IC that
enables high-precision needle application on the
test pads and improves product yields without
increasing TCP costs by reducing the number of
test pads on the output end of the driver IC.
[0012]

[Means for Solving the Problem] In order to
achieve this object, the invention according to
claim 1 is a method for testing a driver IC, in
which the input/output pads of a driver IC for
driving a display device and arranged in a tape
carrier package are connected to test pads
formed on the tape carrier package by lead
patterns formed on the tape carrier package to
test the connection state between the
input/output pads, the method for testing a
driver IC characterized in comprising: splitting
the arrangement of test pads into test pads
corresponding to odd-numbered internal circuits
and even-numbered internal circuits according

(3)
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to the order in which the internal circuits are
arranged; connecting either odd-numbered
internal circuits or even-numbered internal
circuits to test pads in common while enabling
electrical separation between internal circuits
and the output pads; supplying test information
from an external source to an internal circuit of
the driver IC; and electrically connecting an
internal circuit to an output pad during testing
to test the connection state between the input
and output pads is based on the signal state
outputted from the test pad connected to the
output pad.

[0013] The invention according to claim 1
makes it possible to electrically disconnect an
internal circuit of the driver IC from an output
pad, thereby enabling the connection state
between the driver IC and the TCP to be tested
using a simple method.

[0014] Also, in the invention according to
claim 1, the arrangement of test pads is divided
into groups corresponding to odd-numbered
internal circuits and even-numbered internal
circuits according to the order in which the
internal circuits are arranged, and the test pads
for either the odd-numbered internal circuits or
the even-numbered internal circuits are
connected in common. As a result, the number
of test pads can be reduced without increasing
the size of the TCP, that is, without increasing
the cost of the TCP. In this way, the accuracy of
the probe needle application to the test pads
during inspections after product assembly can
be improved, reducing testing errors and
improving product yields.

[0015] The invention according to claim 2 is a
test circuit for a driver IC having a shift register
circuit composed of a shift circuit and a register
circuit for sequentially transferring digital data
to be displayed, a latch circuit for storing the
output of the shift register circuit, a DA
conversion circuit for converting the digital data
to be displayed stored in the latch circuit into
analog voltage, an internal circuit composed of
a buffer amplifier circuit for impedance
conversion of the output of the DA conversion
circuit, and an output pad that outputs the
output voltage of an internal circuit to the
outside, all being considered as a single circuit
and arranged in a tape carrier package, and the
test pads formed on the tape carrier package
being connected to the output pads by a lead
pattern formed on the tape carrier package to
test the connection state of the output pads, the
test circuit for a driver IC characterized in that
the arrangement of test pads is split into test
pads corresponding to odd-numbered internal
circuits and even-numbered internal circuits
according to the order in which the internal
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circuits are arranged, either odd-numbered
internal circuits or even-numbered internal
circuits are connected to shared test pads, an
analog switch is provided between each internal
circuit and output pad of the driver IC, and an
analog switch of the driver IC during testing is
controlled by a control signal generated by the
logic product of an output signal of the shift
circuit corresponding to each output pad and an
externally inputted test control signal.

[0016] In addition to the effects of the invention
according to claim 1, because the invention
according to claim 2 provides an analog switch
as a means of electrically separating each
internal circuit of the driver IC from an output
pad, and output signals (shift pulse signals)
from the shift circuit in the internal circuit are
used to decode each analog switch circuit, a
special decoder circuit for operating each analog
switch on a specific timing is no longer required,
enabling the realization of a low-cost driver IC
test circuit.

[0017]

[Embodiment of the Invention] An embodiment
of the present invention will now be described in
detail with reference to the drawings. FIG. 1
shows a liquid crystal display driver IC to which
the present invention has been applied mounted
in a TCP. In this figure, the driver IC 12 has been
determined to be normal in the wafer state. The
driver IC 12 is placed inside a device hole 14,
and gold bumps 32 on the input pads of the
driver IC 12 are connected to the inner leads 16
on the input end, while gold bumps 34 on the
output pads are connected to inner leads 18 on
the output end. Test pads 26-2 are provided at
the tips of the outer leads 20 on the input end.
The outer leads 24 (24-1, 24-2) on the output
end are connected to a liquid crystal panel at
the lead terminals between alignment marks
28-1 and 28-2. The test pad portion is
connected to the outer leads 24-1 of the odd-
numbered lines, which are connected in
common, and connected to the test pads 38 for
the odd-numbered lines. The outer leads 24-2
of the even-numbered lines are connected to
the test pads 26-1 provided for each lead, as
shown in the prior art example in FIG. 5.
[0018] FIG. 2 shows the test «circuit
configuration for the driver IC 12. The test
circuit for the driver IC 12 in the present
embodiment is configured by utilizing the
internal circuits of the driver IC and adding
some circuits and control signals. In FIG. 2, the
test circuit of the driver IC 12 in the present
embodiment includes a shift register circuit unit
50 that sequentially transfers display digital
data (test data or video data), a latch circuit unit
60 that stores the output of the shift register
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circuit unit 50, a DA conversion circuit unit 70
that converts the display digital data stored in
the latch circuit unit 60 into analog voltage, and
an output circuit unit 80 that outputs the output
signal of the DA conversion circuit unit 70 to the
outside.

[0019] The shift register circuit unit 50
comprises shift circuits 52-1 to 52-n, register
circuits 56-1 to 56-n for acquiring video data,
and logic product circuits 54-1 to 54-n. The
input terminal D1 of shift circuit 52-1 receives a
start signal ST, and the output terminal Q1 of
shift circuit 52-1 is connected to the input
terminal D2 of the next shift circuit 52-2, the
latch terminal L1 of register circuit 56-1, and the
input terminal T2 of logic circuit 54-1.

[0020] The output terminal Q2 of shift circuit
52-2 is connected to the input terminal D3 of
the next shift circuit 52-3, the latch terminal L2
of register circuit 56-2, and the input terminal
T2 of logic product circuit 54-2. Shift circuits 52-
3 to 52-n are connected in the same manner.
[0021] The clock input terminals of shift circuits
52-1 to 52-n are connected in common so that
a shift clock CP can be supplied. In addition,
each input terminal T1 of logic product circuit
54-1 to 54-n is connected in common so that a
test mode signal TEST can be supplied. Each of
the output terminals T3 of logic product circuits
54-1 to 54-n are connected to each of the
output circuits 80-1 to 80-n of the output circuit
unit 80.

[0022] The input terminals Dil to Din of register
circuits 56-1 to 56-n are connected in common,
and video data (referred to as test data below)
is supplied to input terminals Dil to Din. Output
terminals Dol to Don of register circuits 56-1 to
56-n are connected, respectively, to input
terminals Dil to Din of latch circuits 60-1 to 60-
n of the latch circuit unit 60 in the next stage.
[0023] Test data is inputted to each input
terminal L of latch circuits 60-1 to 60-n in the
latch circuit unit 60 so that latch signal LOAD
can be inputted. (In FIG. 2, the wiring for
supplying the latch signal LOAD to latch circuits
60-2 to 60-n has been omitted.)

[0024] Output terminals Dol to Don of latch
circuits 60-1 to 60-n are connected, respectively,
to input terminals Dil to Din of DA conversion
circuits 70-1 to 70-n of the DA conversion circuit
unit 70 in the next stage. Output terminals DA1
to DAn of DA conversion circuits 70-1 to 70-n
are connected to input terminals inl1 to inn of
output circuits 80-1 to 80-n in the output circuit
unit 80. Analog voltages corresponding to the
test data are outputted from output terminals
01 to on of output circuits 80-1 to 80-n to output
pads DV-OUT1 to DV-OUTn of the driver IC 12,
respectively.
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[0025] The configuration of the output circuit
unit 80 will now be described with reference to
FIG. 3. Because output circuits 80-1 to 80-n
have the same configuration, for convenience of
explanation, only output circuit 80-1 is shown in
FIG. 3. (In FIG. 3, circuits from the shift register
circuit 50 to the buffer amplifier circuit 82-1 are
referred to as an internal circuit.) In FIG. 3,
output terminal DA1 of DA conversion circuit 70-
1 in the DA conversion circuit unit 70 is
connected to the non-inverting input terminal of
buffer amplifier 82-1 in output circuit 80-1. The
output terminal of buffer amplifier 82-1 is
connected to the inverted input terminal and
terminal SWT1 of analog switch 84-1. The other
terminal (terminal SWT2) of analog switch
circuit 204-1 is connected to output pad DV-
OUT1 of the driver IC 12. In output circuits 80-
2 to 80-n not shown in the figure, the other
terminals of analog switches 84-2 to 84-n are
connected to output pads DV-OUT2 to DV-OUTn
of the driver IC 12 in a similar manner.

[0026] Among the output pads DV-OUT1 to DV-
OUTn of the driver IC 12, via the outer leads of
the TCP 10, the odd output pads (DV-OUT1, DV-
OuUT3, ..., DV-OUTn-1) are connected in
common to the odd test pads 38 (with TCP-
OUT1 corresponding to DV-OUT1, TCP-OUT3
corresponding to DV-OUT3, ..., and TCP-OUTn-
1 corresponding to DV-OUTn-1), and the even-
numbered output pads (with TCP-OUT2
corresponding to DV-0OUT2, TCP-OUT4
corresponding to DV-OUT4, and TCP-OUTn
corresponding to DV-OUTn) are connected to
the test pad 26-1 for each lead. The pads on the
input end are also connected to the test pad 26-
2 for each lead. The test pads 38, 26-1, 26-2
are connected to a test needle 102, and the
other end of the needle 102 is connected to an
input terminal of the comparator 100 inside the
IC tester via a lead wire 104. A reference value
is inputted to the other end of comparator 100.
[0027] Operation of the test circuit for a driver
IC related to the embodiment with the
configuration described above will now be
explained.

[0028] First, the test mode of a TCP 10
equipped with the driver IC 12 described above
refers to operation of a test circuit that inspects
the connection state between inner leads 16, 18
and gold bumps 32, 34 of the driver IC 12.
During test mode, an IC tester, etc. is used to
determine whether the input/output pads are
electrically conductive or whether there is an
electrical short between adjacent output
terminals. When performing a test with an IC
tester, a fine needle mounted on a probe card is
placed on test pads 34 for odd-numbered lines
and test pads 26-1 for even-numbered lines on
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the output end of the driver IC 12, and the input
end is tested in a similar manner by placing a
needle on test pads 26-2 to establish electrical
connections. Test information (start signal ST,
shift clock CP, test mode signal TEST, video data,
etc.) from the IC tester is inputted to each signal
terminal of the driver IC 12, and the output
signals corresponding to the expected test data
are obtained from the output test pads 38, 26-
1. Based on whether or not the output signals
match the expected values, the product is
determined to be good or defective.

[0029] FIG. 4 shows the timing of the test
operation. The testing period can be broadly
divided as two periods, namely, a test data
transfer period and an electrical
connection/short circuit inspection period,
during which electrical conductivity and short
circuits are tested. During the test data transfer
period, when the start signal ST is inputted to
shift circuit 52-1, a shift pulse signal with a
period Tfcp synchronized with the rising edge of
the shift clock CP is outputted from the output
terminal Q1 of shift circuit 52-1 to the latch
terminal L1 of register circuit 56-1 at a high
level ("H"” below). Register circuit 56-1 acquires
and holds test data, such as “00h,” during the
period when latch terminal L1 is “H.”

[0030] After the shift pulse signal has been
inputted to shift circuit 52-2 from output
terminal Q1 of shift circuit 52-1, a shift pulse
signal during the “H"” period synchronized with
shift clock CP, similar to shift circuit 52-1, is
outputted from output terminal Q2 of shift
circuit 52-2 to latch terminal L2 of register
circuit 56-2. Register circuit 56-2 acquires and
holds test data, such as “7Fh,” during the period
when latch terminal L2 is “H.”

[0031] A shift pulse signal during the “H” period
of Tfcp is outputted from output terminal Q3 of
shift circuit 52-3 to input terminal D4 of shift
circuit 52-4 (not shown) and latch terminal L3
of register circuit 56-3. Register circuit 56-3
acquires and holds test data, such as “00h,”
during the period when latch terminal L3 is “"H.”
Similarly, register circuit 56-4, which is not
shown in the figure, acquires and holds test data,
such as “7Fh,” during the period when latch
terminal L4 is “H.” A shift pulse signal is
outputted from output terminal Qn-1 of shift
circuit 52-(n-1), which is not shown in the figure,
in the final stage to the latch terminal Ln-1 of
the register circuit 56-(n-1). Register circuit 56-
(n-1) acquires and holds test data, such as “00h,”
during the period when latch terminal Ln-1 is “H.”
A shift pulse signal is outputted from output
terminal Qn of shift circuit 52-n in the final stage
of the shift register circuit 50 to the latch
terminal Ln of the register circuit 56-n in the
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final stage. Register circuit 56-n acquires and
holds test data, such as “7Fh,” during the period
when latch terminal Ln is “H.”

[0032] The test data held in each register circuit
56-1 to 56-n is transferred to and held in the
corresponding latch circuit 60-1 to 60-n during
the “H” period of the LOAD signal. Among latch
circuits 60-1 to 60-n, the odd-numbered latch
circuits (1, 3, ..., n-1) hold test data “00h,” and
the even-numbered latch circuits (2, 4, ..., n)
hold test data “7Fh.” Test data “00h” or “7Fh”
held in each latch circuit 60-1 to 60-n is inputted
to DA conversion circuits 70-1 to 70-n, where it
is converted into analog voltages corresponding
to the test data. Here, “00h” corresponds to
black display data and is equivalent to the
maximum liquid crystal display drive voltage
(Moo = 5 V).

[0033] Test data “7Fh” is intermediate tone
display data corresponding to the mid-point
between black display data “00h” and white
display data “FFh,” and generates an
intermediate voltage (V7r = 2.5 V). After DA
conversion, the liquid crystal display drive
voltage is impedance-converted by buffer
amplifier 82-1 in output circuit 80-1 shown in
FIG. 3 and inputted to terminal SWT1 of analog
switch 84-1. During testing, the output state of
each buffer amplifier is the maximum voltage
(Voo = 5 V) for the odd-numbered circuits (1,
3, ..., n-1) and the mid-point voltage (V7 =
2.5 V) for the even-numbered circuits (2, 4, ...,
n). The test signal TS that controls the analog
switch circuit 84-1 for output circuit 80-1 is
generated by a logic product operation
performed on the test mode signal TEST
inputted to the T1 terminal of the logic product
circuit 54-1 of the shift register circuit unit 50
and the output signal Q of the shift circuit 52-1.
When the test mode signal TEST is at a low level
("L” below), analog switch 84-1 is turned off.
During the period when the test mode signal
TEST is at a high level, analog switch 84-1 is
turned on when the logic product output T3 of
the shift circuit 52-1 is at a high level. The
operations described above constitute the test
data transfer period. By setting the test mode
signal TEST to the “L” level, and fixing the test
signals outputted from the output terminals T3
of all logic product circuits 54-1 to 54-n to the
“L" level, all analog switches of output circuits
80-1 to 80-n are turned off, and the odd output
pads 38 and even output pads 26-1 on the TCP
10 are disconnected from the buffer amplifier of
the driver IC 12 and enter a high impedance
state.

[0034] Next, during the electrical
connection/short circuit test period, a start
signal ST is inputted to the shift circuit 52-1 as
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in the test data transfer period. A shift pulse
signal during period “H” synchronized with the
shift clock CP is outputted from the output
terminal Q1 of shift circuit 52-1 to one of the
input terminals T2 of logic product circuit 54-1,
shift circuit 52-2, and register circuit 56-1. The
test mode signal TEST is also set to the "H" level
during the Ttcp period (test period TS1) and
inputted to terminal T1 of logic product circuit
54-1.

[0035] The output T3 of logic circuit 54-1
becomes “H"” during the test period (TS1) based
on the logic product of the output Q1 of shift
circuit 1 and the test mode signal TEST. Analog
switch 84-1 for output circuit 80-1 turns on
when the test signal is in the “"H” state (TS1). At
this time, other analog switch circuits are turned
off.

[0036] The ratio of the resistance (Ron) in the
on state to the resistance (Roff) in the off state
for analog switch circuit 54-1 can be, for
example, 10% or greater.

[0037] In the state described above, an
electrical connection or short-circuit test is
performed by inputting the analog voltages
outputted from the test pads 38 for odd-
numbered lines provided on the TCP 10 and the
test pads 26-1 for even-numbered lines to the
comparator 100 inside the tester via the probe
card needle and lead wires, and then comparing
them with the reference voltage value of the
comparator 100. The input impedance (Zi) of
the comparator 100 in the tester can be
explained as being approximately equal to the
resistance (Roff) of the analog switch circuit 84-
1 in the off state. For example, when analog
switch 84-1 for output circuit 80-1 is turned on,
an analog voltage (Voo = 5 V) is outputted from
the test pad 38 for odd-numbered lines
connected in common on the timing shown in
FIG. 4. This output voltage is inputted to the
comparator 100 and compared with the
electrical connection determination reference
voltage value (1-1) of the tester (for example,
Zi/(Zi + Ron) x 5V > 4.8 V). If an analog
voltage of 4.8 V or higher is outputted, the
electrical connection between the output pad of
the driver IC 12 of the output circuit 80-1 and
the TCP 10 is determined to be normal. In this
state, as long as there are no faults such as
short circuits in the test pad 26-1 for the even-
numbered lines that are in a high impedance
state, a potential of approximately 1/2 the

analog output voltage (V7r = 2.5 V) is outputted.

After comparing with the short-circuit detection
threshold voltage value of the tester (2-1) (for
example, Zi/(Zi + Roff) x 2.5V < 2 V), if the
value is 2V or less, it is determined to be
normal. For example, if the selected odd-
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numbered line is short-circuited to an adjacent
even-numbered line, an analog voltage (Voo =
5 V) that is approximately the same potential as
the selected odd-numbered line is outputted to
the test pad TCP-O2 of the even-numbered line.
This voltage is then compared to the short-
circuit detection threshold voltage value (2-1) of
the tester. Because the voltage is 2 V or higher,
a short circuit is detected. If the electrical
connection/short circuit test of output circuit 80-
1 is normal, the test mode signal TEST is set to
the "L” level for the Toff period. At this time, all
analog switches for output circuits 80-1 to 80-n
are turned off.

[0038] Next, an “H” level signal synchronized
with the shift clock CP is outputted from shift
circuit 52-2 and inputted to input terminal T2 of
logic product circuit 54-2. The test mode signal
TEST is also set to the “H"” level during the Ttcp
period (TS2) test period and inputted to
terminal T1 of logic product circuit 54-2. The
output T3 of logic product circuit 54-2 becomes
“H"” during the test period (TS2) based on the
logic product of the output Q2 of shift circuit 52-
2 and the test mode signal TEST, and the analog
switch for output circuit 80-2 is turned on during
the “H"” period (TS2) of the test signal. At this
time, the other analog switch circuits are turned
off. When the analog switch for output circuit
80-2 is turned on, an analog voltage (V7 =
2.5V) is outputted from test pad 26-1 for the
even-numbered lines in the timing shown in
TCP-0O2. The output voltage is inputted to the
comparator 100 and compared with the
electrical connection test threshold voltage
value (1-2) (for example, Zi/(Zi + Ron) x 2.5V
> 2.4 V) set for the tester. If the analog voltage
is 2.4 V or higher, it is determined that the
output pad on the IC end of the output circuit
80-2 and the TCP are connected normally. In
this state, as long as there are no faults such as
short circuits from the test pad 38 for the odd-
numbered lines, the analog output voltage (Voo
= 5V) is outputted, and after comparison with
the short circuit detection threshold value (2-2)
of the tester (for example, Zi/(Zi + Roff) x 5V
< 4.8 V; the test pad 38 for odd-numbered lines
is connected in common, so Roff « Zi), if the
voltage is 4.8 V or higher, it is determined to be
normal. For example, if the selected even-
numbered line is short-circuited to an adjacent
odd line, an analog voltage (Voo = 2.5 V) that is
almost the same potential as the selected even-
numbered line is outputted to the test pad 38
for the odd-numbered lines. This voltage is then
compared with the short-circuit detection
threshold voltage value (2-2) of the tester, and
because the voltage is 4.8 V or less, a short
circuit is detected.
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[0039] If the electrical connection/short circuit
test of output circuit 80-2 is normal, the test
mode signal TEST is set to the “L” level for the
Toff period. At this time, all analog switches for
output circuits 80-1 to 80-n are turned off. In
the electrical connection/short circuit
determination method, the output circuits on
the odd-numbered side are the same as output
circuit 80-1, and the output circuits on the even-
numbered side are the same as output circuit
80-2. Similarly, the output T3 of logic product
circuit 54-3 is the logic product of the output Q3
of shift circuit 52-3 and the test mode signal
TEST, and thus enters the “H” state during the
test period (TS3), turning on the analog switch
for output circuit 80-3 during the “H” period
(TS3) of the test signal TS. At this time, the
other analog switches are turned off. When the
analog switch for output circuit 80-3 is turned
on, an analog voltage (Voo = 5 V) is outputted
from the test pad 38 for odd-numbered lines
connected in common on the timing shown in
FIG. 4. Similarly, the output circuits on the
even-numbered side are also logic product
circuits, with the output (T3) of logic product
circuit 54-4 being the logic product of the output
Q4 of shift circuit 52-4 and the test mode signal
TEST, resulting in the test period (TS4) being in
the “H” state. This turns on the analog switch
for output circuit 80-4 during the “H” period
(TS4) of the test signal TS. At this time, the
other analog switches are turned off. When the
analog switch for output circuit 80-4 is turned
on, an analog voltage (Vzr = 2.5 V) is outputted
from the test pad 26-1 for even-numbered lines
on the timing shown in TCP-O4. Similarly, in the
final stage, the output T3 of the logic product
circuit 54-(n-1) enters the “H” state during the
test period (TSn-1) based on the logic product
of the output Qn-1 of the shift circuit 52-(n-1)
and the test mode signal TEST, and the analog
switch of the output circuit n-1 is turned on
during the “H” period (TSn-1) of the test signal
TS. At this time, the other analog switches are
turned off. When the analog switch for output
circuit 80-(n-1) is turned on, an analog voltage
(Voo = 5 V) is outputted from the test pad 38 for
odd-numbered lines connected in common on
the timing shown in FIG. 4. The output T3 of
logic circuit 54-n in the final stage also becomes
“H"” during the test period (TSn) based on the
logic product of the output Qn of shift circuit 52-
n and the test mode signal TEST, turning on the
analog switch of the output circuit 80-n during
the “H” period (TSn) of the test signal TS. At this
time, the other analog switches are turned off.
When the analog switch of output circuit 80-n is
turned on, an analog voltage (V7r = 2.5 V) is
outputted from the test pad 26-1 for even-
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numbered lines on the timing indicated by TCP-
On. The electrical connection determination
reference voltage value and short-circuit
determination reference voltage value of the
comparator 100 in the tester can be switched
according to the test mode, or comparators can
be provided for each reference voltage value.
The determination reference voltage values can
be set as desired based on the performance of
the applicable IC, the performance of the tester,
etc.

[0040] As described above, by electrically
disconnecting internal circuits and output pads
(output terminals) in the output circuit portion
of the driver IC, the test circuit and testing
method for a driver IC according to the
embodiment of the present invention makes it
possible to inspect the connection state between

the driver IC and the TCP using a simple method.

[0041] In addition, by connecting either the
odd-numbered or even-numbered test pads
(384 outputs/60 to 70 pm pitch) on the TCP in
common every other output, the number of
output pads is reduced to approximately half of
the conventional number, improving the
accuracy of needle application to the test pads
during post-assembly inspections, reducing
testing errors, and improving product yields.
[0042] In addition to the effects described
above, because the driver IC test circuit in the
embodiment of the present invention provides
an analog switch as a means of electrically
separating each internal circuit from an output
pad, and output signals (shift pulse signals)
from the shift circuit in the internal circuit are
used to decode each analog switch circuit, a
special decoder circuit for operating each analog
switch on a specific timing is no longer required,
enabling the realization of a low-cost test circuit.
[0043] Note that the test pads can be
configured so that the even-numbered test pads
are connected in common and the odd-
numbered test pads are arranged individually,
while achieving the same effect. In addition, by
providing wiring patterns on both sides of the
TCP, it is possible to connect the odd-numbered
and even-numbered test pads in common,
thereby achieving the same effect.

[0044] Note also that the present invention is
not limited to liquid crystal panels, and is also
applicable to driver ICs for driving other types
of display devices.

[0045]

[Effects of the Invention]
according to claim 1 makes

The invention
it possible to
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electrically disconnect an internal circuit of the
driver IC from an output pad, thereby enabling
the connection state between the driver IC and
the TCP to be tested using a simple method.
[0046] Also, in the invention according to
claim 1, the arrangement of test pads is divided
into groups corresponding to odd-numbered
internal circuits and even-numbered internal
circuits according to the order in which the
internal circuits are arranged, and the test pads
for either the odd-numbered internal circuits or
the even-numbered internal circuits are
connected in common. As a result, the number
of test pads can be reduced without increasing
the size of the TCP, that is, without increasing
the cost of the TCP. In this way, the accuracy of
the probe needle application to the test pads
during inspections after product assembly can
be improved, reducing testing errors and
improving product yields.

[0047] In addition to the effects of the invention
according to claim 1, because the invention
according to claim 2 provides an analog switch
as a means of electrically separating each
internal circuit of the driver IC from an output
pad, and output signals (shift pulse signals)
from the shift circuit in the internal circuit are
used to decode each analog switch circuit, a
special decoder circuit for operating each analog
switch on a specific timing is no longer required,
enabling the realization of a low-cost driver IC
test circuit.

[Brief Description of the Drawings]

[FIG. 1] FIG. 1 shows a liquid crystal display
driver IC to which the present invention has
been applied mounted in a TCP.

[FIG. 2] FIG. 2 is a block diagram showing the
configuration of the test circuit for the driver IC
in the embodiment of the present invention.
[FIG. 3] FIG. 3 is a circuit diagram showing the
circuit configuration around the output circuit in
FIG. 2.

[FIG. 4] FIG. 4 is a timing chart showing the
operating state of the test circuit for the driver
IC in FIG. 2.

[FIG. 5] FIG. 5 shows a liquid crystal display
driver IC of the prior art mounted in a TCP.
[Reference Numbers]

10: TCP

12: Driver IC

50: Shift register circuit unit

60: Latch circuit unit

70: DA conversion circuit unit

80: Output circuit unit
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[FIG. 3]

1
To Internal Circuit <=——

Test Signal
TS »
V—RLx I/ TCP Test Pad 3B/ 26~ |
4 102
DA Circuit _/
ot 104
70-1
DA I - 1
H |
Determination Reference Value —:— i Caomparator Output
|
R
4 100

IPR2025-01413
BOE EXHIBIT 1011
Page 21 of 24



(11) JP 2000-131393 A (P2000-131393A)

[FIG. 4]
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