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(57) ABSTRACT

The present invention relates to a digital data transceiver
circuit applicable to a flat panel display such as an LCD to
be placed between graphic signal generation module and
liquid crystal display module or between timing control IC
and data driver IC, etc. A digital data transceiver circuit of
the present invention has a first current source and a second
current source, and the second current source is controlled to
supply a current or not depending on the status of the lower
bit of input data. A transmitter is connected to a node, on
which the first and second current sources combine, and the
transmission paths of currents from the two current sources
are determined depending on the status of the upper bit of
input data. A signal of the transmitter is transmitted through
a transmission line, and a termination resistor is connected
to the transmission line. A receiver detects output data
according to a voltage applied to the termination resistor.
The digital data transceiver circuit of the present invention
can transmit 2-bit or 3-bit data during one clock period, and
it is resistible to the noise better than the voltage transmis-
sion method and effective to long distance transmission.
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FLAT PANEL DISPLAY INCLUDING
TRANSCEIVER CIRCUIT FOR DIGITAL
INTERFACE

BACKGROUND OF THE INVENTION
[0001] (a) Field of the Invention

[0002] The present invention relates to a flat panel display,
and more particularly to a flat panel display including a
digital data transceiver circuit for an interface between a
graphic signal generation module and a display module or
between a timing control integrated circuit and a data driver
integrated circuit in a display module.

[0003] (b) Description of Related Art

[0004] The latest trend of the display device is that flat
panel displays substitute for CRTs (cathode-ray tubes)
because the latter occupy large space and consume much
power. In particular, a liquid crystal display (“LCD”) is
spotlighted in the field of flat panel display as it becomes
larger, clearer, lighter, thinner, and less power consuming.

[0005] A typical LCD requires a digital interface for data
transmission between a graphic data generating module and
a liquid crystal display module or between a timing control
integrated circuit (IC) and a data driver IC in the liquid
crystal display module. The digital interface makes it pos-
sible to directly transmit digital-processed image data with-
out any additional data processing circuit, and therefore, it
helps to achieve low-cost, low-power-consumption and
high-quality display device.

[0006] In general, the data transmission using TTL/CMOS
interface is used for up to SVGA class resolution. On the
contrary, a digital interface such as LVDS (low voltage
differential signaling), TMDS (transition minimized differ-
ential signaling), or RSDS (reduced swing differential sig-
naling) is used for XGA or higher class to overcome
technical obstacles such as timing margin, EMI (electro-
magnetic interference), EMC (electro-magnetic compatibil-
ity), etc.

[0007] On the other hand, many improvements are needed
for the digital interface in terms of improvement of data
transmission rate, reduction of power consumption during
data transmission, EMI improvement, and noise adaptability
as the LCD becomes larger.

SUMMARY OF THE INVENTION

[0008] A flat panel display is provided, which includes a
transceiver including a transmitter transmitting a data
including at least two bits during one clock period as a
current having a predetermined magnitude and a predeter-
mined direction depending on bit values of the data and a
receiver recovering the data from the current with the
predetermined magnitude and the predetermined direction.

[0009] A flat panel display according to an embodiment of
the present invention includes: a transmitter including a first
current source producing a first current, a second current
source producing a second current, a first switching circuit
for supplying the second current to the first current to form
a third current depending on a value of a lower bit of an input
data, and a second switching circuit for determining a
direction of the third current depending on a value of an
upper bit of the input data and generating a signal based on

Sep. 4, 2003

a magnitude and the direction of the third current; a trans-
mission line transmitting the signal from the transmitter; and
a receiver including a termination resistor having first and
second ends connected to the transmission line and an output
circuit for generating an output data based on voltages at the
first and the second ends of the termination resistor.

[0010] Each of the first and the second switching circuits
preferably includes at least one MOS transistor.

[0011] An exemplary second switching circuit includes
first and second groups of transistors provided with the third
current and connected in parallel, the transistors in each
group are connected in series, and the transistors of each of
the first and the second groups are connected to the trans-
mission line and applied with values different from each
other depending on the upper bit of the input data.

[0012] An exemplary output circuit includes: a first com-
parator for comparing the voltages at the first and the second
ends of the termination resistor and generating a first output
representing an upper bit of the output data; a second
comparator for comparing the voltage at the first end of the
termination resistor and a predetermined reference voltage;
a third comparator for comparing the voltage at the second
end of the termination resistor and a predetermined refer-
ence voltage; and an OR gate for ORing outputs of the
second and the third comparators and generating a second
output representing a lower bit of the output data.

[0013] A flat panel display according to another embodi-
ment of the present invention includes: a transmitter includ-
ing a current source generating a reference current, a first
transistor connected to the current source, a plurality of
current paths connected to the first transistor, and a logic
circuit for determining activation of the current paths based
on an input data, the plurality of current paths including first
and second sets of the current paths, each current path
including a mirror transistor forming a current mirror with
respect to the first transistor and a switching transistor
controlled by the logic circuit to activate the current path; a
transmission line for transmitting currents from the trans-
mitter, the transmission line including first and second
transmission paths, the current paths in the first and the
second sets of the current paths joined to form the first and
the second transmission paths, respectively; and a receiver
including a load circuit transforms currents from the first and
the second transmission paths into first and second voltages
and having a plurality of nodes and an output circuit for
generating an output data based on the first and the second
voltages and voltages at the nodes of the load circuit.

[0014] The load circuit preferably includes a first group of
resistors connected between a predetermined voltage and the
first transmission path and a second group of resistors
connected between the predetermined voltage and the sec-
ond transmission path, and the output circuit comprises a
first comparator for comparing the first and the second
voltages and generating a first output, second and third
comparators for comparing the voltages at the nodes of the
load circuit, and an OR gate for ORing outputs of the second
and the third comparators and generating a second output
forming the output data together with the first output of the
first comparator.

[0015] Each of the first to third comparators has positive
and negative inputs and may include a preamplifier, a
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comparison unit connected to the preamplifier for determin-
ing an output based on voltages on the positive and the
negative inputs, and an output buffer connected to the
comparison unit.

[0016] Preferably, cach of the first and the second groups
of resistors includes two resistors connected in series and the
number of the current paths in each of the first and the
second sets of the current paths is two.

[0017] A flat panel display according to another embodi-
ment of the present invention includes: a transmitter includ-
ing a first current source for forming a plurality of first
current paths with respective predetermined reference cur-
rents and a plurality of transistors respectively connected to
the corresponding current paths for controlling activation of
the current paths depending on an input data; a transmission
line for transmitting a current in a transmission path, the
current paths joined together to form the transmission path;
and a receiver including a second current source for forming
a plurality of second current paths with respective predeter-
mined reference currents, a plurality of transistors for trans-
mitting the current from the transmission line to the respec-
tive current paths, and a logic circuit for generating an
output based on differences between the reference currents
in the second current paths and the current from the trans-
mission line.

[0018] The first current source of the transmitter prefer-
ably includes a first PMOS transistor and a NMOS transistor
connected in series between a power supply voltage and a
ground and having common gates, and a plurality of PMOS
transistors forming a current mirror together with the first
PMOS transistor and forming the first current paths.

[0019] Preferably, the number of the first current paths is
two and the number of the second current paths is three. The
ratio of values of the predetermined reference currents of the
two first current paths and the three second current paths is
1:2:0.5:1.5:2 in sequence.

[0020] Alternatively, the number of the first current paths
is three and the number of the second current paths is seven.

[0021] A flat panel display according to another embodi-
ment of the present invention includes: a transmitter circuit
for transmitting a digital data, the transmitter circuit includ-
ing a current source and a current sink for generating a
current having a direction and a magnitude determined by an
upper bit and a lower bit of the digital data; a load resistor
provided with the current from the transmitter circuit and
having first and second ends; and a receiver circuit for
recovering the digital data by detecting voltages at the first
and the second ends of the load resistor, the receiver circuit
including a direction determining circuit for determining the
direction of the current in the load resistor from polarity of
a voltage difference between the first and the second ends of
the load resistor and a magnitude determining circuit for
determining the magnitude of the current in the load resistor
from a magnitude of the voltage difference.

[0022] The current source and the current sink preferably
includes a plurality of transistors, and, preferably, the trans-
mitter circuit further includes a first transistor circuit for
changing the direction of the current applied to the load
resistor depending on the upper bit of the digital data and a
second transistor circuit for changing the magnitude of the
current applied to the load resistor depending on the lower
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bit of the digital data. An exemplary second transistor circuit
is connected to the current sink.

[0023] Preferably, the direction determining circuit
includes a self-biased differential amplifier including a plu-
rality of transistors for recovering the upper bit of the digital
data from the direction of the current in the load resistor, and
the magnitude determining circuit comprises a comparator
for recovering the lower bit of the digital data from the
magnitude of the current in the load resistor. The receiver
circuit preferably further includes a buffer connected to an
output of the differential amplifier for controlling timing of
the output of the differential amplifier in coincidence with an
output of the comparator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by refer-
ence to the following detailed description when considered
in conjunction with the accompanying drawings in which
like reference symbols indicate the same or the similar
components, wherein:

[0025] FIG. 1 shows a digital data transceiver circuit
according to an embodiment of the present invention;

[0026] FIG. 2 is a table illustrating the operation of the
transceiver circuit shown in FIG. 1;

[0027] FIGS. 3A to 3D show the outputs of the receiver
shown in FIG. 1 as function of the inputs;

[0028] FIGS. 4A and 4B show waveforms of voltages
applied to the termination resistor of the circuit shown in
FIG. 1,

[0029] FIGS. 5A to 5E show simulation graphs for the
signals of the circuit shown in FIG. 1,

[0030] FIG. 6 shows a digital data transceiver circuit
according to another embodiment of the present invention;

[0031] FIG. 7 is a table illustrating the operation of the
circuit shown in FIG. 6;

[0032] FIGS. 8A to 8D show the outputs of the receiver
shown in FIG. 6 as function of the inputs;

[0033] FIG. 9 is a circuit diagram showing a detailed
structure of the comparators shown in FIG. 6;

[0034] FIGS. 10A and 10B show exemplary waveforms
of the signals in the digital data transceiver circuit shown in
FIG. 6;

[0035] FIG. 11 shows a digital data transceiver circuit
according to another embodiment of the present invention;

[0036] FIG. 12 is a table illustrating the operation of the
circuit shown in FIG. 11;

[0037] FIG. 13 shows exemplary waveforms of the sig-
nals in the digital data transceiver circuit shown in FIG. 11;

[0038] FIG. 14 shows a digital data transceiver circuit
according to another embodiment of the present invention;

[0039] FIG. 15 is a table illustrating the operation of the
circuit shown in FIG. 14;
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[0040] FIGS. 16 to 18 show exemplary waveforms of the
signals in the digital data transceiver circuit shown in FIG.
14,

[0041] FIG. 19 shows an exemplary transmitter of a
digital data transceiver circuit according to another embodi-
ment of the present invention;

[0042] FIG. 20 shows an exemplary receiver circuit of a
digital data transceiver circuit according to another embodi-
ment of the present invention;

[0043] FIG. 21 shows signal waveforms at the transmitter
circuit of the digital data transceiver circuit shown in FIG.
19; and

[0044] FIG. 22 shows signal waveforms at the receiver
circuit of the digital data transceiver circuit shown in FIG.
20.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0045] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the inventions
invention are shown. The present invention may, however,
be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein.

[0046] Now, preferred embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings.

[0047] First, a digital data transceiver circuit according to
an embodiment of the present invention will be described
with reference to FIGS. 1 to 5.

[0048] A digital data transceiver circuit shown in FIG. 1
is a modification of a conventional LVDS, which transmits
2-bit data during one clock period.

[0049] As shown in FIG. 1, the digital data transceiver
circuit according to this embodiment includes a transmitter,
a receiver, and transmission lines 11 connecting the trans-
mitter and the receiver.

[0050] The transmitter includes a pair of current sources
I and I, connected by an NMOS transistor NM1 and a set
of four NMOS transistors NM2-NM4 connected to the
current sources I,;, and ID,. The transistor NM1 switches
the current from the current source I, to be joined with the
current from the current source I, in response to a lower bit
D2 of input data (D1, D2). The set of four transistors
NM2-NMS5 is connected to a node N1 where the currents
from the two current sources I; and I, join together and
determines a current path in response to an upper bit D1 of
the input data (D1, D2).

[0051] In detail, the set of the four transistors includes two
pairs of NMOS transistors NM2 and NM4; and NM3 and
NMS5 connected in parallel between the node N1 and a
predetermined voltage such as ground. Two transistors NM2
and NM4; or NM3 and NM5 of each pair are connected in
series. Nodes N2 and N3 between the serially-connected
transistors NM2 and NM4; and NM3 and NM5 are con-
nected to the transmission lines 11.

[0052] The input data (D1, D2) are entered by two bits for
one clock period, the upper bit D1 of the input data (D1, D2)
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is applied to the gates of the pair of the NMOS transistors
NM3 and NM4, and an inverse D1of the upper bit D1 is
applied to the pair of the NMOS transistors NM2 and NM5.
Therefore, either the NMOS transistors NM2 and NM5 or
the NMOS transistors NM3 and NM4 are simultaneously
turned on based on the status of the upper bit D1. Here, it can
be said that the upper bit D1 indicates the direction infor-
mation of the transmitter current and the lower bit indicates
the current amount information.

[0053] In the meantime, the provision of the current from
the current source I, is determined by turning on or off
NMOS transistor NM1 which in turn determined by the
status of the lower bit D2 of the input data (D1, D2).

[0054] The receiver includes a termination resistor R
connected between the transmission lines 11 through nodes
a and b and an output circuit 12 connected across the resistor
R. The output circuit 12 includes three comparators 13, 14
and 15 and an OR gate 16. A positive input (+) and a
negative input (=) of the comparator 13 are connected to the
nodes a and b, respectively, a positive input (+) and a
negative input (-) of the comparator 14 are connected to the
node a and a reference voltage V_, respectively, and
positive input (+) and a negative input (-) of the comparator
15 are connected to the node b and the reference voltage
V... The output of the comparator 13 is provided as an
output OUT1 of the receiver, and the outputs of the two
comparators 14 and 15 are logically summed by the OR gate
16 and provided as another output OUT2 of the receiver
thereafter. The reference voltage V., provided for the com-
parators 14 and 15 is preferably set as (power supply
voltage-1.5IR).

[0055] A table shown in FIG. 2 shows the current Iy
flowing through the termination resistor R and the voltages
Va-Vb across the termination resistor R as function of the
input data (D1, D2). For example, if the input data (D1, D2)
is (0, 1), the current in the termination resistor R flows from
the node b to the node a and has a value 21, assumed that
the currents from the current sources ID1 and ID2 have the
same value I,. (This assumption will be available through-
out the specification.) On the contrary, if the input data (D1,
D2) is (1, 0), the current in the termination resistor R flows
from the node a to the node b, and has a value 1.

[0056] Referring FIG. 3A, when the input data (D1, D2)
is (0, 0), a current having an amount of I, flows in the
termination resistor R from the node b to the node a. Then,
both the outputs OUT1 and OUT2 become '0'. In FIG. 3B,
when the input data (D1, D2) is (0, 1), a current having an
amount of 21, flows in the termination resistor R from the
node b to the node a. Then, the output OUT1 becomes '0',
while the output OUT2 becomes '1'. In FIG. 3C, when the
input data (D1, D2) is (1, 0), a current having an amount of
I, flows in the termination resistor R from the node a to the
node b. Then, the output OUT1 becomes '1', while the output
OUT2 becomes '0'. In FIG. 3D, when the input data (D1,
D2)is (1, 1), a current having an amount of 2I, flows in the
termination resistor R from the node a to the node b. Then,
both the outputs OUT1 and OUT2 become '1".

[0057] Therefore, the output OUTI of the output circuit 12
indicates the upper bit D1 of the input data (D1, D2), and the
output OUT?2 indicates the lower bit D2 of the input data
(D1, D2). Meanwhile, the reference voltage provided for
each comparator 14 or 15 is (power supply voltage-1.5IR).
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[0058] FIGS. 4A and 4B show waveforms of voltages
applied to the termination resistor R. Referring to figures,
the voltage swing has a maximum of 4I,R depending on the
input data. The maximum voltage swing is generated when
the input data (D1, D2) changes from (0, 1) to (1, 1) and
power consumption has also a maximum value.

[0059] FIGS. 5A to 5E illustrate simulation graphs for the
signals of the circuit shown in FIG. 1. The graphs are
obtained by a program HSPICE.

[0060] FIG. 5A shows a waveform of the upper bit D1 of
the input data (D1, D2), FIG. 5B shows a waveform of the
lower bit D2 of the input data, FIG. 5C shows waveforms
of the voltages Va-Vb and Vb-Va across the termination
resistor, FIG. 5D shows waveforms of the outputs OUT1
and OUT?2 of the receiver, and FIG. 5E show waveforms of
a data recovered by a decoder (not shown).

[0061] In this simulation, two current sources of 3.5 mA
and a lossless transmission line having a modeled charac-
teristic impedance of 100 and a load capacitance of 30pF
were used.

[0062] In FIG. SE, for input data D1 (0, 1, 1, 0) and D2
(0, 1, 0, 1) in the transmitter, the recovered data of odd data
(0, 0, 1, 1) and even data (0, 1, 0, 1) after performing
exclusive OR operation by a decoder (not shown) in the
receiver are shown. The original data supposed to transmit
from the transmitter are (0, 0, 0, 1, 1, 0, 1, 1).

[0063] Next, a digital data transceiver circuit according to
another embodiment of the present invention will be
described with reference to FIGS. 6 to 10.

[0064] A digital data transceiver circuit shown in FIG. 6
is a modification of a conventional TMDS, which transmits
2-bit data during one clock period.

[0065] As shown in FIG. 6, a digital data transceiver
circuit according to this embodiment includes a transmitter,
a receiver, and a transmission line 30 connecting the trans-
mitter and the receiver. The transmission line 30 has two
current paths I1 and I2.

[0066] The transmitter includes an NMOS transistor NM1,
a current source generating a reference current I g, two pairs
of NMOS transistors NM2 and NM3; and NM4 and NMS5,
each pair including two NMOS transistors NM2 and NM3;
or NM4 and NMS5 connected in parallel to the corresponding
current paths I1 and I2 of the transmission line 30 and
having a mirror relationship to the NMOS transistor NM1,
a plurality of switching transistors S1, 82, S3 and S4 for
controlling the conduction of the paths including the respec-
tive NMOS transistors NM2, NM3, NM4 and NM35, and a
plurality of gates 21, 22, and 23 for determining input
conditions of the switching transistors S1, S2, S3 and S4
using 2 bit input data (D1, D2).

[0067] The receiver includes a load circuit including two
pairs of resistors, each pair including two resistors R con-
nected between a supply voltage and the respective current
paths I1 and I2, and an output circuit 40 outputting outputs
based on the voltage value of predetermined nodes of the
load circuit. The output circuit 40 includes three comparator
41, 42 and 43 and a gate 44 performing logic sum (OR)
operation on the outputs of the two comparators 42 and 43.
The output of the comparator 41 is provided as an output
data D1'and the output of the gate 44 is provided as an output
data D2".
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[0068] The transmitter of the digital data transceiver cir-
cuit according to this embodiment of the present invention
controls the currents I1 and I2 flowing in the two current
paths I1 and I2 of the transmission line 30 in response to the
2-bit input data (D1, D2), thereby enabling the transmission
of the input data. The output data D1' and D2' of the receiver
indicates the output data for the input data (D1, D2).

[0069] The currents I1 and I2 are transformed into volt-
ages by the load circuit, and the transformed values are
compared to each other. If I1 is larger than 12, then the output
data D1' becomes '0', and if I1 is smaller than 12, then the
output data D1' becomes '1'. In addition, the value of the
output data D2' is determined by the difference between the
currents I1 and 12. If the difference between the two currents
I1 and 12 is 21, then it becomes '1". This means that one of
the two currents I1 and I2 has a value of 3I .. It can be
known from the transmitter circuit that each of the currents
I1 and I2 can have one of the values of I, 2I ., and 3I .

[0070] The switching transistors S1, S2, S3 and S4 of the
transmitter 20 are turned on or off based on the value of the
input data (D1, D2) to control the activation of the respective
current paths including the corresponding NMOS transistors
NM2, NM3, NM3 and NM4 configured to generate prede-
termined current values. As shown in FIG. 6, the NMOS
transistor NM2 generates a value equal to the reference
current I by the NMOS transistor NM1 and the current
source, the NMOS transistor NM3 generates a value twice
the reference current I ¢, the NMOS transistor NM4 gener-
ates a value equal to the reference current I, and the
NMOS transistor NM5 generates a value twice the reference
current I ;. Therefore, the value of the current I1 or 12 of
each current path of the transmission line 30 canbe I, 21,
or 31,

[0071] FIG. 7 is a table showing the on/off status of the
switching transistors S1, S2, S3 and S4 and the currents I1
and I2 of the current paths of the transmission line 30 as
function of the input data (D1, D2). For example, if the input
data (D1, D2) is (1, 0), only the switching transistors S1 and
S4 are turned on, and accordingly, the currents 11 and 12
become I,¢ and 21, respectively.

[0072] FIGS. 8A to 8D show the output values of the
comparators 41-43 and the OR gate 44 for respective values
of the input data (D1, D2). In FIGS. 8A to 8D, the output
of each comparator 41, 42 or 43 has a high level if the
voltage of the positive input (+) is larger than the voltage of
the negative input (-), and, if not, it has a low level.

[0073] Referring to FIG. 8A, when the input data (D1,
D2) is (0, 0), I1 =2I,.; and I2=I,_; from the table shown in
FIG. 7. Then, the voltage Va at a node a becomes
Va=V,25x2] ¢, the voltage Vb at a node b becomes
Vb=V, ,-50x2I _;, the voltage Vc at a node ¢ becomes
Ve=V ;25%1,., and the voltage Vd at a node d becomes
Vd=V,,-50x1,.;, where V, is a power supply voltage. As a
result, the output data (D1', D2) is (0, 0).

[0074] Referring to FIG. 8B, when the input data (D1, D2)
is (1, 0), the output data (D1', D2') becomes (1, 0) since I1
=, I2=21_, Va=V,,-25xI_, Vb=V, ,~50xI
Ve=V _25%°1 _;, and Vd =V ,-50x21__,.

[0075] Referring to FIG. 8C, when the input data (D1, D2)
is (0, 1), the output data (D1', D2") becomes (0, 1) since

ref?
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11=31., 1I2=1., Va=V44-25x31.,,
Ve=V, ,25x1,.¢, and Vd=V 4,—50x31 .

[0076] Referring to FIG. 8D, when the input data (D1,
D2) is (1, 1), the output data (D1', D2') becomes (1, 1) since
11=Iref’ I2=3Iref’ Va:Vdd_Q’SXIref’ Vb:Vdd_SOXIreb
V=V, ,-25%3I1,_;, and Vd=V,50x3 ;.

Vb=V ,~50x3L,.,

ref>

[0077] FIG. 9 shows an exemplary detailed configuration
of the comparator 41, 42 or 43 used in the circuit shown in
FIG. 6. Referring FIG. 9, the comparator includes a pream-
plification unit 411, a comparison unit 412 determining an
output based on the voltage values at positive and negative
inputs, and an output buffer 413.

[0078] FIGS. 10A and 10B show exemplary waveforms
of the signals in the digital data transceiver circuit shown in
FIG. 6, which are obtained by HSPICE.

[0079] FIG. 10A shows exemplary waveforms of the
input data (Dinl, Din2), the gate voltages applied to the
switching transistors S1, S2, S3 and S4 and the currents I1
and I2 flowing in the transmission line shown in FIG. 6.
FIG. 10B shows exemplary waveforms of the node voltages
Va, Vb, Vc and Vd in the load circuit of the receiver and the
output data (Doutl, Dout2). The upper part of FIG. 10B
shows low voltage swings between the nodes a, b, ¢ and d.
It can be seen from FIGS. 10A and 10B that the output data
Doutl and Dout2 are (0, 1, 0, 1) and (0, 0, 1, 1) for (0, 1, O,
1) and (0, O, 1, 1) of the input data Dinl and Din2 and the
transceiver circuit according to this embodiment produces
the correct result.

[0080] In this embodiment, voltage differences Vbe, Vbd,
and Vba between the positive input and the negative input of
the comparators have a maximum value of about 31,,,x25 V
for the termination resistor of 25 ohms depending on the
amount of the current. Here, 1,.¢ is 7mA, and the character-

> Tre:

istic impedance of the transmission line is about 100 ohms.

[0081] Next, a digital data transceiver circuit according to
another embodiment of the present invention is described
with reference to FIGS. 11 to 13.

[0082] A digital data transceiver circuit shown in FIG. 11
is the one using CM-MVL (Current Mode Multi-Valued
Logic), which is able to transmit 2-bit data during one clock
period and resistive against noise during signal transmission.

[0083] As shown in FIG. 11, the digital data transceiver
circuit according to this embodiment includes a transmitter,
a receiver, and a transmission line 50 connecting the trans-
mitter and the receiver.

[0084] The transmitter 10 includes a current source having
two current paths with respective predetermined currents I,
and 21, and two NMOS transistors NM2 and NM3 con-
nected to the two current paths for controlling the activation
of the current paths based on input data (D1, D2). The
current paths are joined after passing through the NMOS
transistors NM2 and NM3 and connected to the transmission
line 50. The current source includes a PMOS transistor PM1
and a NMOS transistor NM1 connected in series between a
power supply voltage and a ground and two PMOS transis-
tors PM2 and PM3 configured have mirror relations to the
PMOS transistor PM1 and forming the respective current
paths with the currents I and 21, _., respectively. The PMOS
transistor PM1 and the NMOS transistor NM1 has gates
connected to each other.
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[0085] The receiver includes a current source forming
three current paths with 0.5, 1.51 ., and 21, _,, respectively,
a plurality of transistors NM4, NM5, NM6 and NM?7 for
transmitting the current from the transmission line 50 to the
three current paths, and three gates 51, 52 and 53 for
detecting output data according to the differences in the
currents between the three current paths. The three gates
51-53 includes an inverter 51 for inverting a signal at a node
B and providing as an output data, an AND gate 52 for
performing logical multiplication of the output of the
inverter 51 and a signal at a node C, and a NOR gate 53 for
performing NOR operation on the output of the AND gate 52
and a signal at a node A and provides the resultant signal as
output data.

[0086] The digital data transceiver circuit shown in FIG.
11 is driven with low power consumption because it gener-
ates the currents using the combination of the MOS tran-
sistors without a separate current source and consumes the
power only upon the turning on and off of the MOS
transistors NM2 and NM3 in response to the input data. In
addition, the digital data transceiver circuit according to this
embodiment of the present invention generates the output
data by detecting the differences, using the logic gates,
between the predetermined currents of the three current
paths and the current from the transmission line.

[0087] Since the MOS transistors perceive the voltage
higher than 2.5 V as a high level and that lower than 2.5 V
as a low level by their characteristics, the transmission rate
of the circuit increases. Also, the circuit adopting the current
transmission is strongly resistive against a noise generated
during data transmission.

[0088] FIG. 12 shows signal values of the nodes A, B and
C and output values of the logic gates of the receiver shown
in FIG. 11 for the input data (D1, D2). In FIG. 12, Inverterl
indicates the output of the inverter 51, and Inverter2 indi-
cates the output of the NOR gate S3.

[0089] FIG. 13 shows exemplary waveforms of the input
data (D1, D2) and the signals at the nodes A, B and C of the
digital data transceiver circuit shown in FIG. 11 for the input
data (D1, D2) given as (0,0), (1,0), (0,1) and (1,1), which are
obtained by SPICE.

[0090] Next, a digital data transceiver circuit according to
another embodiment of the present invention is described
with reference to FIGS. 14 to 18.

[0091] A digital data transceiver circuit according to this
embodiment of the present invention is able to transmit 3-bit
data during one clock period, which can be obtained by
modifying the transceiver circuit shown in FIG. 11.

[0092] As shown in FIG. 14, the digital data transceiver
circuit according to this embodiment includes a transmitter,
a transmission line, and a receiver.

[0093] The transmitter includes a current source having
three current paths with respective predetermined currents I,
2I and 41 and three NMOS transistors NM2, NM3 and NM4
which are connected to the respective current paths for
controlling the activation of the corresponding current paths,
based on input data (D1, D2, D3). The current paths are
joined to the transmission line (indicated by 'lin'in the
figure). The current source includes a PMOS transistor PM1
and a NMOS transistor NM1 connected in series between a
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power supply voltage and a ground and three PMOS tran-
sistors PM2, PM3 and PM4 configured to have a mirror
relation to the PMOS transistor PM1 and forming the three
current paths with the respective currents I, 2I and 41. The
PMOS transistor PM1 and the NMOS transistor NM1 has
gates connected to each other. Sources of the PMOS tran-
sistors PM2, PM3 and PM4 are connected to drains of the
NMOS transistors NM2, NM3 and NM4, respectively, and
sources of the NMOS transistors are commonly connected to
the transmission line.

[0094] The receiver includes a current source forming
seven current paths having 0.51, 1.51, 2.51, 3.5I, 4.51, 5.51
and 6.51, respectively, seven NMOS transistors NM6-NM12
for transmitting the current lin from the transmission line to
the seven current paths, and an output circuit 60 for detect-
ing output data according to the differences in current
between the seven current paths. Sources of the seven
PMOS transistors PM6 to PM12 are connected to drains of
the corresponding NMOS transistors NM6 to NM12 and the
signals at nodes A, B, C, D, E, F and G between the PMOS
transistors PM6-PM12 and the corresponding NMOS tran-
sistors NM6-NM12 are provided for the output circuit 60. In
addition, a pair of a PMOS transistor PM5 and an NMOS
transistor NM13 is connected to the PMOS transistors PM6
to PM12 to have a mirror relation.

[0095] The output circuit 60 performs predetermined logic
operations the signals at the seven nodes A, B, C, D, E, F and
G and generates 3-bit output data (D1, D2, D3). The output
data can be expressed by D1=AB+CD+EF+G, D2=BD+F,
and D3=D, where A-G indicates the signals at the nodes
A-G, respectively. The output circuit 60 includes seven
inverters 61, 62, 63, 64, 65, 66 and 71 inverting the signals
at the node A, C, E, G, B, F and D, respectively, four AND
gates 67-70 multiply the output of the inverter 61 and the
signal at the node B, the output of the inverter 62 and the
signal at the node D, the output of the inverter 63 and the
signal at the node F, and the output of the inverter 65 and the
signal at the node D, respectively, and two OR gates 72 and
73 performing OR operations on the outputs of the three
AND gates 67-69 and the inverter 64 and the outputs of the
AND gate 70 and the inverter 66. The outputs of the OR
gates 72 and 73 and the inverter 71 are provided as the
outputs D1, D2 and D3, respectively.

[0096] The digital data transceiver circuit shown in FIG.
14 generating the currents I, 2I and 41 using the current
mirror including the combination of the MOS transistors
without any specific current source and provides a current
with a value I to 71 for the transmission line by switching the
MOS transistors NM2, NM3 and NM4 in response to the
3-bit input data (D1, D2, D3). If the reference current I is set
to 0.5 mA, the current in the transmission line ranges from
0.5mAto 3.5mA. The digital data transceiver circuit has low
power consumption because the power is consumed only
when the MOS transistors are turned on/off.

[0097] The operation of the receiver of the digital data
transceiver circuit shown in FIG. 14 is described in detail.
The current ranging I to 71 from the transmission line is
equally transmitted to the seven NMOS transistors NM6 to
NM12 via the transistor NM5, which is a current mirror. In
addition, currents 0.51, 1.51, 2.51, 3.51, 4.51, 5.51 and 6.51
flow through the respective PMOS transistors PM6 to PM12
by the current mirror. The output circuit 60 compares
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between upper parts and lower parts of the current paths
using signals on nodes A, B, C, D, E, F and G between the
PMOS transistors PM6 to PM12 and the NMOS transistors
NMG6 to NM12, and recovers an output data from the current
differences between the upper parts and the lower parts of
the respective current paths.

[0098] FIG. 15 shows the levels of the signals at the nodes
A, B, C, D, E, F and G of the receiver, and the values of
output data (D1, D2, D3) as function of the input data (D1,
D2, D3).

[0099] FIGS. 16 to 18 show exemplary waveforms of the
signals in the digital data transceiver circuit shown in FIG.
14, which are obtained by HSPICE. The simulation was
obtained under the condition that the data transmission
frequency is 20MHz and the characteristic impedance of the
transmission line is 100 ohms.

[0100] FIG. 16 shows the current of the transmission line
according to the 3-bit input data (D1, D2, D3).

[0101] FIG. 17 shows the voltages on the nodes A, B, C,
D, E, F and G, where the voltages are expressed as 5V when
the currents generated by the current mirror are larger than
the current from the transmission line and as OV in opposite
case by comparing two current values.

[0102] FIG. 18 shows the input data and the output data
of the digital data transceiver circuit. The signal delay was
about 8 nanoseconds and a theoretical maximum data trans-
mission frequency is about 100 MHz. However, a practical
transmission frequency may not reach the theoretical value
due to the characteristics of the MOS transistors. The subject
of the transmission rate can be improved by optimizing the
circuit configuration.

[0103] Next, a digital data transceiver circuit according to
another embodiment of the present invention is described
with reference to FIGS. 19 to 22.

[0104] A digital data transceiver circuit according to this
embodiment of the present invention is able to transmit 2-bit
data during one clock period. This embodiment is distin-
guished from the above-described embodiments in regard
that it uses both a current source and a current sink to
increase the stability of the transmission current and that it
operates with a predetermined common voltage.

[0105] FIGS. 19 and 20 arc an exemplary transmitter
circuit and an exemplary receiver circuit of a digital data
transceiver circuit according to another embodiment of the
present invention, respectively. The digital data transceiver
circuit according to this embodiment transmits 2-bit digital
data (DO, D1) and the transmission of the data from the
transmitter to the receiver is performed using current trans-
mission. That is, the digital data to be transmitted is trans-
formed by the transmitter into a current with an amount and
a direction determined based on the digital data, and trans-
mitted to the receiver, which recovers the digital data by
detecting the amount and the direction of the received
current.

[0106] Asshown in FIG. 19, a transmitter of a digital data
transceiver circuit according to another embodiment
includes a pair of transistors M1 and M2 forming a current
mirror to act as a current source, three transistors M12, M14
and M15 forming a current mirror to act as a current sink,
a transistor M13 for changing the amount of the current
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based on a lower bit of a data to be transmitted, four
transistors M4, M5, M6 and M7 for determining the direc-
tion of the current based on an upper bit of the data to be
transmitted, and a load resistor R1 which functions as a
transmission line.

[0107] When the operation of the digital data transceiver
circuit starts, a predetermined current is generated by the
transistors M1 and M2 and flows to the drain of the transistor
M2. The transistors M12, M14 and M15 act as a current sink
to absorb the drain current of the transistor M2. The tran-
sistor M13 turns on or off depending on the status of the
lower bit D1 of the digital data to be transmitted, and the
drain current of the transistor M2. increases or decreases
depending on the on/off status of the transistor M13.

[0108] On the other hand, the drain current of the transis-
tor M2 is applied to the load resistor R1 through a path
determined by the transistors M4, M5, M6 and M7 depend-
ing on the status of the upper bit DO of the data. For example,
when the upper bit DO is high level, the transistors M4 and
M35 are turned on, and the transistors M6 and M7 are turned
off. Therefore, the current flows from a node a to a node b
across the resistor R1.

[0109] Regardless of the status of the lower bit D1, one of
the transistors M8 and M10 and one of the transistors M9
and M11 are turned on to form a current path. For example,
the transistors M8 and M9 are turned on when the lower bit
D1 is high level, while the transistors M10 and M11 are
turned on when the lower bit D1 is low level. For another
example, the transistors M6 and M7 are turned on when the
upper bit DO is low level, and the transistors M4 and M5 are
turned off. Therefore, the current flows from the node b to
the node a across the resistor R1 in this case.

[0110] FIG. 21 shows exemplary signal waveforms in the
transmitter of the digital data transceiver circuit shown in
FIG. 19. The uppermost waveform in FIG. 21 indicates the
voltages of the node a and the node b, the next waveform
indicates the voltage difference between the node a and the
node b, the next waveform indicates a common voltage, and
the lowermost waveform indicates a digital data (D0, D1) to
be transmitted. As shown in FIG. 21, it can be known that
the common voltage becomes more stable by using both the
current source and the current sink in this embodiment.

[0111] As shown in FIG. 20, a receiver circuit of a digital
data transceiver circuit includes a plurality of transistors
M16 to M21 forming a self-biased differential amplifier, a
comparator COM, and a plurality of transistors M22 to M25
and M36 to M39 forming a buffer.

[0112] The transistors M16 to M21 detects a voltage
between the nodes a and b across a resistor R1 by means of
amplification and determines whether it is high or low level
depending on the polarity. Since the transistors M16 to M21
are self-biased, they do not need an external power supply
voltage. The data obtained from the transistors M16 to M21
is provided as an upper bit OUTO of an output data after
passing through the buffer.

[0113] On the other hand, the comparator COM compares
voltages at the nodes a and b across the resistor R1, and
outputs a signal with a high or low level depending on the
voltage difference, and the output is provided as a lower bit
OUT1 of the output data.
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[0114] The buffer coincides the timings of the upper bit
OUTO and the lower bit OUT1 of the output data.

[0115] As a result, the receiver circuit recovers the digital
data to be transmitted from the transmitter based on the
amount and the direction of the current received from the
transmitter.

[0116] FIG. 22 shows exemplary waveforms of signals
used in the receiver circuit shown in FIG. 20. The upper-
most waveform shows voltages of the node a and the node
b across the resistor R1, the middle waveform shows an
output voltage of the comparator, and the lowermost wave-
form shows an output voltage of the buffer.

[0117] The digital data transceiver circuit according to this
embodiment uniformly maintains the common voltage and
enhances the stability of the transmission current using both
a current source and a current sink in the transmitter. In
addition, the transceiver circuit has an advantage that it does
not require an external power supply voltage because it uses
a self-biased differential amplifier in the receiver.

[0118] To summarize, various types of digital data trans-
ceiver circuits are described: an LVDS type transceiver
circuit transmitting 2-bit data during one clock period; a
TDMS type transceiver circuit transmitting 2-bit data during
one clock period; and current transmission type transceiver
circuits transmitting 2-bit and 3-bit data during one clock
period, respectively. Since the digital data transceiver cir-
cuits according to the embodiments of the present invention
transmits 2-bit or 3-bit data during one clock period, they are
applicable to high-speed image transmission system of
QXGA (2048x1536) class. The current transmission type
data transceiver according to the embodiments of the present
invention has advantages comparing with the voltage trans-
mission type transceiver, that it is resistible to the noise and
effective to long distance transmission.

[0119] While the present invention has been described in
detail with reference to the preferred embodiments, those
skilled in the art will appreciate that various modifications
and substitutions can be made thereto without departing
from the spirit and scope of the present invention as set forth
in the appended claims.

What is claimed is:
1. A flat panel display comprising:

a transceiver transmitting a data including at least two bits
during one clock period and including a transmitter
transmitting the data as a current having a predeter-
mined magnitude and a predetermined direction
depending on bit values of the data and a receiver
recovering the data from the current with the predeter-
mined magnitude and the predetermined direction.

2. A flat panel display comprising:

a transmitter including a first current source producing a
first current, a second current source producing a sec-
ond current, a first switching circuit for supplying the
second current to the first current to form a third current
depending on a value of a lower bit of an input data, and
a second switching circuit for determining a direction
of the third current depending on a value of an upper bit
of the input data and generating a signal based on a
magnitude and the direction of the third current;
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a transmission line transmitting the signal from the trans-
mitter; and

a receiver including a termination resistor having first and
second ends connected to the transmission line and an
output circuit for generating an output data based on
voltages at the first and the second ends of the termi-
nation resistor.

3. The flat panel display of claim 2, wherein each of the
first and the second switching circuits comprises at least one
MOS transistor.

4. The flat panel display of claim 2, wherein the second
switching circuit comprises first and second groups of
transistors provided with the third current and connected in
parallel, the transistors in each group are connected in series,
and the transistors of each of the first and the second groups
are connected to the transmission line and applied with
values different from each other depending on the upper bit
of the input data.

5. The flat panel display of claim 2, wherein the output
circuit comprises:

a first comparator for comparing the voltages at the first
and the second ends of the termination resistor and
generating a first output representing an upper bit of the
output data;

a second comparator for comparing the voltage at the first
end of the termination resistor and a predetermined
reference voltage;

a third comparator for comparing the voltage at the
second end of the termination resistor and a predeter-
mined reference voltage; and

an OR gate for ORing outputs of the second and the third
comparators and generating a second output represent-
ing a lower bit of the output data.

6. A flat panel display comprising:

a transmitter including a current source generating a
reference current, a first transistor connected to the
current source, a plurality of current paths connected to
the first transistor, and a logic circuit for determining
activation of the current paths based on an input data,
the plurality of current paths including first and second
sets of the current paths, each current path including a
mirror transistor forming a current mirror with respect
to the first transistor and a switching transistor con-
trolled by the logic circuit to activate the current path;

a transmission line for transmitting currents from the
transmitter, the transmission line including first and
second transmission paths, the current paths in the first
and the second sets of the current paths joined to form
the first and the second transmission paths, respec-
tively; and

a receiver including a load circuit transforms currents
from the first and the second transmission paths into
first and second voltages and having a plurality of
nodes and an output circuit for generating an output
data based on the first and the second voltages and
voltages at the nodes of the load circuit.

7. The flat panel display of claim 6, wherein the load
circuit includes a first group of resistors connected between
a predetermined voltage and the first transmission path and
a second group of resistors connected between the prede-

Sep. 4, 2003

termined voltage and the second transmission path, and the
output circuit comprises a first comparator for comparing the
first and the second voltages and generating a first output,
second and third comparators for comparing the voltages at
the nodes of the load circuit, and an OR gate for ORing
outputs of the second and the third comparators and gener-
ating a second output forming the output data together with
the first output of the first comparator.

8. The flat panel display of claim 7, wherein each of the
first to third comparators has positive and negative inputs
and comprises a preamplifier, a comparison unit connected
to the preamplifier for determining an output based on
voltages on the positive and the negative inputs, and an
output buffer connected to the comparison unit.

9. The flat panel display of claim 7, wherein each of the
first and the second groups of resistors comprises two
resistors connected in series.

10. The flat panel display of claim 6, wherein the number
of the current paths in each of the first and the second sets
of the current paths is two.

11. A flat panel display comprising:

a transmitter including a first current source for forming
a plurality of first current paths with respective prede-
termined reference currents and a plurality of transis-
tors respectively connected to the corresponding first
current paths for controlling activation of the first
current paths depending on an input data;

a transmission line for transmitting a current in a trans-
mission path, the first current paths joined together to
form the transmission path; and

a receiver including a second current source for forming
a plurality of second current paths with respective
predetermined reference currents, a plurality of tran-
sistors for transmitting the current from the transmis-
sion line to the respective second current paths, and a
logic circuit for generating an output based on differ-
ences between the reference currents in the second
current paths and the current from the transmission
line.

12. The flat panel display of claim 11, wherein the first

current source of the transmitter comprises:

a first PMOS transistor and a NMOS transistor connected
in series between a power supply voltage and a ground
and having common gates; and

a plurality of PMOS transistors forming a current mirror
together with the first PMOS transistor and forming the
first current paths.

13. The flat panel display of claim 11, wherein the number
of the first current paths is two and the number of the second
current paths is three.

14. The flat panel display of claim 13, wherein ratio of
values of the predetermined reference currents of the two
first current paths and the three second current paths is
1:2:0.5:1.5:2 in sequence.

15. The flat panel display of claim 11, wherein the number
of the first current paths is three and the number of the
second current paths is seven.

16. A flat panel display comprising:

a transmitter circuit for transmitting a digital data, the
transmitter circuit including a current source and a
current sink for generating a current having a direction
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and a magnitude determined by an upper bit and a
lower bit of the digital data;

a load resistor provided with the current from the trans-
mitter circuit and having first and second ends; and

a receiver circuit for recovering the digital data by detect-
ing voltages at the first and the second ends of the load
resistor, the receiver circuit including a direction deter-
mining circuit for determining the direction of the
current in the load resistor from polarity of a voltage
difference between the first and the second ends of the
load resistor and a magnitude determining circuit for
determining the magnitude of the current in the load
resistor from a magnitude of the voltage difference.

17. The flat panel display of claim 16, wherein the current

source and the current sink comprises a plurality of transis-
tors, and the transmitter circuit further comprises a first
transistor circuit for changing the direction of the current
applied to the load resistor depending on the upper bit of the
digital data and a second transistor circuit for changing the
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magnitude of the current applied to the load resistor depend-
ing on the lower bit of the digital data.

18. The flat panel display of claim 17, where the second
transistor circuit is connected to the current sink.

19. The flat panel display of claim 16, wherein the
direction determining circuit comprises a self-biased differ-
ential amplifier including a plurality of transistors for recov-
ering the upper bit of the digital data from the direction of
the current in the load resistor, and the magnitude determin-
ing circuit comprises a comparator for recovering the lower
bit of the digital data from the magnitude of the current in
the load resistor.

20. The flat panel display of claim 19, wherein the
receiver circuit further comprises a buffer connected to an
output of the differential amplifier for controlling timing of
the output of the differential amplifier in coincidence with an
output of the comparator.
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