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VIDEO SIGNAL CONVERTING APPARATUS 
AND DISPLAY DEVICE HAVING THE SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

More than one reissue application has been filed for the 
reissue of US. Pat. No. 6,037,925. The present application 
is a continuation ofReissue application Ser. No. 10/097,118, 
?led Mar 14, 2002, and reissued on Aug. 24, 2004, as RE 
38,568, which is a reissue application of US. Pat. No. 
6,037,925, which issued on Mar 14, 2000, from US. appli 
cation Ser. No. 08/840,892. The entire disclosure oftheprior 
applications application Ser. Nos. 10/097,118 and 08/840, 
892 are hereby incorporated by reference. Four (4) Divi 
sional Reissue application Ser. Nos. 11/151,718, filed Jun. 
14, 2005, 11/151,719,?led Jun. 14, 2005, 11/151, 720, ?led 
Jun. 14, 2005, and 11/151,721, filed Jun. 14, 2005, are 
divisional reissues of the present application and one (1) 
Continuation Reissue application Ser. No. 11/094, 752, filed 
on Mar. 31, 2005, is a continuation ofthe present applica 
tion that has been abandoned. 

CLAIM OF PRIORITY 

This application makes reference to, incorporates the 
same herein, and claims all bene?ts accruing under 35 
U.S.C. §ll9 from two applications entitled A Video Signal 
Converting Apparatus and a Display Device Having the 
Same earlier ?led in the Korean Industrial Property Office on 
Apr. 17, 1996 and Dec. 10, 1996, and there duly assigned 
Ser. No. 96-11554 and 96-64026, respectively, by that 
Office. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an apparatus for convert 
ing a low-resolution signal applied from a host into a video 
signal having diiferent-resolution, and a display device 
having the same. 

2. Background Art 
Display devices, such as a liquid crystal display (LCD) 

device and plasma display device, have a plurality of pixels 
for displaying an image, wherein the pixel brightness is 
controlled in accordance with video information provided 
from a host. 

An exemplary active matrix LCD device, which is pro 
vided with an LCD control unit and an LCD panel, displays 
an image on the screen of the LCD panel in a such manner 
that pixels are turned on/oif by means of switching elements 
corresponding respectively to the pixels. The LCD control 
unit converts analog color signals from a host (e.g., a 
personal computer) into digital RGB color signals and 
generates a horizontal output signal, a vertical output signal 
and a dot (i.e., pixel) clock signal in response to horizontal 
synchronization signals and vertical synchronization signals 
from the host. The LCD panel has an LCD driving unit 
therein. The digital RGB color signals, dot clock signal, 
horizontal output signals and vertical output signals, which 
are provided from the LCD control unit, are supplied to the 
LCD driving circuit incorporated in the LCD panel. 
An exemplary LCD control unit, which is provided to 

control the LCD panel, has a phase locked loop (PLL) circuit 
and an analog-to-digital converter (ADC). When the PLL 
circuit receives a horizontal synchronization signal, it gen 
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2 
erates a horizontal output signal and a dot clock signal. Also 
the ADC circuit converts analog color signals of R (red), G 
(green) and B (blue) from the host into digital color signals 
of R, G and B, respectively, which are supplied to the LCD 
driving circuit. The horizontal output signal Hout is pro 
duced from the horizontal synchronization signal, and the 
frequency of the horizontal output signal is equal to that of 
the horizontal synchronization signal. Meanwhile, the polar 
ity of the horizontal synchronization signal being fed to the 
PLL circuit may be changed in accordance with the kinds of 
the host, and the PLL circuit outputs the horizontal output 
signal having a predetermined polarity. For example, in the 
LCD device having the driving circuit which is operated in 
synchronization with the horizontal output signal having 
negative polarity, even though the horizontal synchroniza 
tion signal of positive polarity from the host is supplied to 
the PLL circuit in the LCD device, the PLL circuit supplies 
the horizontal output signal of negative polarity for the LCD 
driving circuit. The PLL circuit, as well known in the art, has 
a phase detector, a voltage controlled oscillator (VCO), a 
divider, and an output generator. 

In general, the exemplary LCD device embodies a single 
display mode, for example, Video Graphics Array (VGA) 
mode, Super VGA (SVGA) mode or extended Graphics 
Array @(GA) mode. Accordingly, if the VGA mode video 
signals of 640x480 active resolution are provided to the 
XGA mode supporting LCD device having the active reso 
lution of 1024x768, an image is displayed on only a partial 
area of the LCD screen, and is not displayed on the screen’s 
remaining area. If the SVGA mode signals having the active 
resolution of 800x600 are also provided to the XGA LCD 
device, the results are similar to the above case. Thus, one 
of several problems in the exemplary LCD device, if low 
resolution display mode signals from the host are fed to an 
LCD device capable of supporting high-resolution display 
mode signals, is that an image is partially displayed on the 
LCD screen. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a video signal converting apparatus which may convert a 
low-resolution video signal from a host into a different 
resolution video signal capable of being displayed on the 
entire screen of a high-resolution supporting display device. 

It is another object to provide a display device in which, 
even though low-resolution display mode signals from a 
host are provided to the display device, the low-resolution 
display mode signals may be displayed on the entire screen 
thereof. 

According to an aspect of the present invention, a liquid 
crystal display (LCD) device receives horizontal, and ver 
tical synchronization signals and at least one analog video 
signal synchronized with said horizontal video signal from 
a host and displays an image on a screen thereof. The LCD 
device comprises a display mode discriminating means for 
discriminating a display mode supported by the host in 
response to horizontal and vertical synchronization signals 
to generate ?rst and second mode signals and ?rst, second, 
third and fourth data signals related to a discriminated 
display mode. A clock generator generates ?rst and second 
pixel clock signals in synchronization with the horizontal 
synchronization signal, and the ?rst and second pixel clock 
signals have frequencies corresponding to ?rst and second 
data signals, respectively. The pulse number of the ?rst pixel 
clock signal corresponding to one horizontal line is equal to 
a value of the ?rst data signal and the pulse number of the 
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second pixel clock signal corresponding to one horizontal 
line is equal to a value of the second data signal. An 
analog-to-digital converter (ADC) converts at least one 
analog video signal into a digital video signal in synchro 
nization With the ?rst pixel clock signal. A memory for 
storing the digital video signal. A horizontal output genera 
tor for receiving third and fourth data signals in response to 
the vertical synchronization signal and generating a hori 
zontal output signal, the digital video signal from the 
memory being in synchronization With the horizontal output 
signal, the pixel number per one cycle of the horizontal 
output signal being equal to a value of the third data signal, 
and the pixel number per a pulse Width of the horizontal 
output signal being equal to a value of the fourth data signal. 
And, a memory controller is provided to enable the digital 
video signals to be stored in the memory in accordance With 
the mode signals, the horizontal synchronization signal and 
the ?rst pixel clock signal, and enable the digital video 
signals stored in the memory to be read from the memory in 
accordance With the mode signals, the horizontal output 
signal and the second pixel clock signal. 

In the embodiment, the memory comprises ?rst, second 
and third memory blocks corresponding to R (red), G 
(green) and B (blue) data of the digital video signal each of 
the memory blocks having at least three line memories, each 
of Which stores the corresponding digital R, G, B video 
signal from a corresponding ADC and corresponding to one 
horizontal line, and ?rst, second and third multiplexers for 
selectively outputting data of the line memories of the 
corresponding memory block in response to a data selection 
signal from the memory controller. The memory controller 
comprises a ?ag generator for generating a plurality of ?ag 
signals indicative of the line memories into or from, Which 
the digital video signal is stored or read, a memory selector 
for generating the ?rst and second memory selection signals 
selecting the line memories in response to the ?ag signals to 
block simultaneous read and Write operations of each 
memory line, and a memory operation control circuit for 
receiving the horizontal, and vertical synchronization sig 
nals and the ?rst and second pixel clock signals, and 
controlling an access operation to the memory by means of 
the memory selector. The memory, the horizontal output 
generator and the memory controller are constituted by a 
single chip. 

According to another aspect of the present invention, a 
video signal converting apparatus is provided to convert a 
?rst display signal of serial format into a second display 
signal of parallel format. The converting apparatus com 
prises a circuit for detecting a ?rst resolution signal indica 
tive of a resolution of the ?rst display signal using horizontal 
and vertical synchronization, signals related to the ?rst 
display; a circuit for comparing the ?rst resolution signal 
With a second resolution signal indicative of a reference 
resolution; and a circuit for converting the ?rst display 
signal into the second resolution signal, if there is a differ 
ence betWeen the ?rst and the second resolution signals. 

According to a further aspect of the present invention, a 
display apparatus receives horizontal and vertical synchro 
nization signals, and a video signal of serial format syn 
chronized With the horizontal synchronization signal from a 
host, and displays an image on a screen composed of a 
plurality of horizontal lines, each of Which has a plurality of 
pixels. The display apparatus comprises a circuit for detect 
ing the pixel number corresponding to the video signal from 
the host using the horizontal and vertical synchronization 
signals; means for comparing the pixel number With a 
reference pixel number; and a circuit for sampling the video 
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4 
signal using a ?rst frequency clock is generated in accor 
dance With a difference betWeen the pixel number and the 
reference pixel number and a display for displaying the 
sampled video signal on the screen in synchronization With 
a second frequency clock generated in accordance With the 
difference. 

According to another aspect of the present invention, a, 
video signal converting apparatus is provided to convert an 
analog video signal into a digital video signal. The video 
signal converting apparatus comprises a memory for storing 
the digital video signal. A horizontal output generator 
receives ?rst and second data signals in response to a vertical 
synchronization signal and generates a horizontal output 
signal, the digital video signal being in synchronization With 
the horizontal output signal. The pixel number per one cycle 
of the horizontal output signal is equal to a value of the ?rst 
data signal, and the pixel number per a pulse Width of the 
horizontal output signal is equal to a value of the second data 
signal; and a memory controller for enabling the digital 
video signal to be stored in the memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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 reference to the 
folloWing detailed description When considered in conjunc 
tion With the accompanying draWings in Which like refer 
ence symbols indicate the same or similar components, 
Wherein: 

FIG. 1 is a schematic block diagram shoWing the con 
struction of an exemplary active matrix LCD (liquid crystal 
display) device; 

FIG. 2 is a block diagram shoWing the circuit construction 
of an exemplary LCD control unit; 

FIG. 3 is a diagram shoWing the image display area 
de?ned on the LCD screen by means of an exemplary XGA 
mode supporting LCD control unit, When VGA signals are 
fed to the LCD control unit; 

FIG. 4 is a diagram shoWing the image display area 
de?ned on an LCD screen by means of a novel XGA mode 
supporting LCD control unit according to the present 
invention., When VGA signals are fed to the LCD control 
unit according to the principles of the present invention; 

FIG. 5 is a block diagram shoWing the circuit construction 
of a novel video signal converting apparatus according to the 
principles of the present invention; 

FIG. 6 is a block diagram shoWing the circuit construction 
Which are associated With memory blocks shoWn in FIG. 5; 

FIG. 7 is a detailed circuit diagram of an output selection 
circuit shoWn in FIG. 5; 

FIG. 8 is a diagram shoWing the Write and read operations 
of the line memories When VGA mode signals are fed to the 
LCD control unit according to the principles of the present 
invention; 

FIG. 9 is a diagram shoWing the operations of the line 
memories When SVGA mode signals are fed to the LCD unit 
according to the principles of the present invention; 

FIG. 10 is a detailed circuit diagram of the PLL circuit of 
the clock generator shoWn in FIG. 5; 

FIG. 11 is a timing diagram for explaining the operation 
of the PLL circuit shoWn in FIG. 10; 

FIG. 12 is a circuit diagram of the horizontal output 
generation circuit shoWn in FIG. 5; 

FIG. 13 is a timing diagram of a vertical synchronization 
signal and a horizontal output signal applied to the LCD 
control unit of FIG. 5; 
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FIG. 14 is a circuit diagram of the ?ag circuit shown in 
FIG. 5; 

FIG. 15 is a circuit diagram of the memory selection 
control circuit shoWn in FIG. 5; 

FIG. 16 is a timing diagram for explaining the selecting 
operation of the line memory for the read operation during 
the Write operation according to the principles of the present 
invention; and 

FIG. 17 is a circuit diagram of the memory operation 
control circuit shoWn in FIG. 6. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

An exemplary active matrix LCD device, Which is pro 
vided With an LCD control unit 20 and an LCD panel 30 as 
shoWn in FIG. 1, displays an image on the screen of LCD 
panel 30 in a such manner that pixels are turned on/olf by 
means of sWitching elements corresponding respectively to 
the pixels. LCD control unit 20 converts analog color signals 
from a host 10 (e.g., a personal computer) into digital RGB 
color signals and generates a horizontal output signal Hout, 
a vertical output signal Vout and a dot (i.e., pixel) clock 
signal Dclk in response to horizontal synchronization signals 
Hsync and vertical synchronization signals Vsync from the 
host. LCD panel 30 has an LCD driving unit 40 therein. The 
digital RGB color signals, dot clock signal Dclk horizontal 
output signals Hout and vertical output signals Vout, Which 
are provided from LCD control unit 20, are supplied to LCD 
driving circuit 40 incorporated in LCD panel 30. 

Referring to FIG. 2, an exemplary LCD control unit 20, 
Which is provided to control LCD panel 30, has a phase 
locked loop (PLL) circuit 21 and an analog-to-digital con 
verter (ADC) 22. When PLL circuit 21 receives a horizontal 
synchronization signal Hsync, it generates a horizontal out 
put signal Hout and a dot clock signal Dclk. Also, ADC 
circuit 22 converts analog color signals of R (red), G (green) 
and B (blue) from the host into digital color signals of R, G 
and B, respectively, Which are supplied to LCD driving 
circuit 40. Horizontal output signal Hout is produced from 
horizontal synchronization signal Hsync, and the frequency 
of horizontal output signal Hout is equal to that of horizontal 
synchronization signal Hsync. Meanwhile, the polarity of 
horizontal synchronization signal Hsync being fed to PLL 
circuit 21 may be changed in accordance With the kinds of 
the host, and PLL circuit 21 outputs horizontal output signal 
Hout having a predetermined polarity. For example, in the 
exemplary LCD device having driving circuit 40 Which is 
operated in synchronization With horizontal output signal 
Hout having negative polarity, even through horizontal 
synchronization signal Hsync of positive polarity from the 
host is supplied to PLL circuit 21 in the LCD device, PLL 
circuit 21 supplies horizontal output signal Hout of negative 
polarity for LCD driving circuit 40. PLL circuit 21, as Well 
knoWn in the art, has a phase sensor, a voltage controlled 
oscillator (V CO), a divider, and an output generator. 

In general, the exemplary LCD device embodies a single 
display mode, for example, Video Graphics Array (VGA) 
mode, Super VGA (SVGA) mode or extended Graphics 
Array @(GA) mode. Accordingly, if the VGA mode video 
signals of 640X480 active resolution are provided to the 
XGA mode supporting LCD device having the active reso 
lution of 1024X768, an image is displayed on only a partial 
area “A” of the LCD screen, and is not displayed on the 
remaining area “B”, as shoWn in FIG. 3. If the SVGA mode 
signals having the active resolution of 800X600 are also 
provided to the XGA LCD device, the results are similar to 
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6 
the above case. Thus, one of several problems in the 
exemplary LCD device, if loW-resolution display mode 
signals from the host are fed to an LCD device capable of 
supporting high-resolution display mode signals, is that an 
image is partially displayed on the LCD screen. 

It is assumed that a novel video signal converting appa 
ratus according to the present invention is connected With an 
XGA mode supporting LCD panel and VGA mode video 
signals are fed from a host to the apparatus. The video signal 
converting apparatus then functions as an LCD controller. 
With the apparatus, the frequency of the vertical synchro 
nization signal Vsync is kept constant therein, and the 
frequencies of a horizontal synchronization signal Hync and 
a dot clock signal Dclk are increasingly changed by 1.6 
times to each input frequency, as shoWn by the beloW Table 
1. As a result, an image of VGA mode can be displayed on 
the Whole screen of the LCD device leaving the resolution 
of the XGA mode. 

TABLE 1 

Before Conversion After Conversion 

Horizontal Vertical Horizontal 
Resolution Frequency Frequency Frequency Resolution 

(dots X lines) (KHZ) (Hz) (KHz) (dots X lines) 

640 X 350 31.50 70.0 50.40 1024 X 560 

(800 X 449) (1280 X 718) 
640 X 480 31.50 60.0 50.40 1024 X 768 

(800 X 525) (1280 X 840) 
640 X 400 31.50 70.0 50.40 1024 X 640 

(800 X 449) (1280 X 718) 
640 X 350 37.87 72.8 60.59 1024 X 768 

(800 X 520) (1331 X 832) 

In the above Table 1, the resolution represents the active 
resolution, the value in the parentheses represents the total 
resolution. 
As shoWn in the above Table 1, for example, the ratio of 

the resolution before conversion to the resolution after 
conversion is 1:16, since the resolution of 640X480 is 
converted into 1024X768. With this conversion method, 
color signals of R, G and B corresponding to 5 lines are 
changed into color signals corresponding to 8 lines. 

Next, if the SVGA mode signals are fed to the LCD 
controller (i.e., the video signal converter) according to this 
embodiment, the frequency of the vertical synchronization 
signal Vsync is kept to be constant, and the frequency of the 
horizontal signal Hsync and that of the dot clock signal Dclk 
is increased by 1.25 times to each input frequency, as shoWn 
in the beloW Table 2. As a result, the image can be almost 
displayed in the resolution of the XGA mode on the LCD 
screen, as shoWn in FIG. 4. 

TABLE 2 

Before Conversion After Conversion 

Horizontal Vertical Horizontal 
Resolution Frequency Frequency Frequency Resolution 

(dots X lines) (KHz) (Hz) (KHz) (dots X lines) 

800 X 600 35.16 56.2 43.95 1000 X 750 

(1024 X 625) (1280 X 781) 
800 X 600 37.88 60.3 47.35 1000 X 750 

(1056 X 628) (1320 X 785) 
800 X 600 48.08 72.0 60.10 1000 X 750 

(1056 X 628) (1320 X 785) 

In the above Table 2, the resolution represents the active 
resolution, and the value in the parentheses represents the 
total resolution. 
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The ratio of the resolution after conversion to the reso 
lution before conversion may be 1:1.28. As a matter of 
convenience for conversion, hoWever, the ratio of the reso 
lution before conversion to the resolution after conversion is 
established to 1:125, since the resolution of 800x600 is 
converted into the resolution of 1000x750, as shoWn in 
Table 2. In accordance With this conversion process, color 
signals corresponding to 4 lines are converted into the color 
signals corresponding to 5 lines. 

FIG. 5 shoWs the circuit construction of the video signal 
converting apparatus Which converts the VGA or SVGA 
mode signals into XGA mode signals according to the 
present invention. 

Referring to FIG. 5, the video signal converting apparatus 
comprises a microcomputer 100, a clock generator 102, a 
horizontal output generator 108, a memory section 110, an 
analog-to-digital (ADC) circuit 116 and a memory controller 
118. 

The horizontal signal Hsync and the vertical synchroni 
zation signal Vsync from the host are provided to micro 
computer 100. Microcomputer 100 discriminates the display 
mode supported by the host (hereinafter, referred to as “host 
supporting display mode”) by using horizontal signal Hsync 
and vertical synchronization signal Vsync, and generates 
?rst and second mode display signals MD1 and MD2 Which 
represent the results. If the host supporting display mode is 
a SVGA mode, ?rst and second mode display signals MD1 
and MD2 of high level are fed from the microcomputer 100, 
and if the host supporting display mode is a VGA mode, ?rst 
mode display signal MD1 of loW level and second mode 
display signal MD2 of high level are fed from microcom 
puter 100. Also, When the host supporting display mode is 
XGA mode, ?rst mode display signal MD1 of loW level and 
second mode display signal MD2 of loW level are fed from 
microcomputer 100. Microcomputer 100 also generates tWo 
data signals, one of Which is a ?rst data signal TA indicative 
of the number of pixels (i.e., pixel clocks) per cycle of 
horizontal output signal Hout being identical With the hori 
zontal synchronization signal for XGA mode and the other 
is a second data signal PW indicative of the number of pixels 
corresponding to the pulse Width of horizontal output signal 
Hout. 

Besides the above signals, the microcomputer 100 gen 
erates tWo data signals, Which, are used to control Write and 
read operations of the memory section 110, one of Which is 
a data signal WPCN indicative of the number of pixel clocks 
(i.e., the pixel clock number per one horizontal line accord 
ing to the resolution of the detected host display mode) 
required to Write video information of one horizontal line in 
the memory section during a Write operation, and the other 
is a data signal RPCN indicative of the number of pixel 
clocks (i.e., the pixel clock per one horizontal line according 
to the resolution of the LCD supporting display mode) 
required to read video information of one horizontal line 
from the memory section during a read operation. If VGA 
mode is supported by the host 10, each value of data signals 
WPCN and RPCN is determined in the range of 1000 to 
2500 in accordance With the horizontal and vertical frequen 
cies. If SVGA mode is supported by the host 10, each value 
of data signals WPCN and RPCN is determined in the range 
of 1000 to 2000 in accordance With the horizontal and 
vertical frequencies. 
As described above, microcomputer 100 detects the pixel 

number of the video signal (i.e., the resolution of the video 
signal) from the host by using the horizontal and vertical 
synchronization signals and compares the pixel number 
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8 
detected thus (i.e., the detected resolution) With the prede 
termined reference pixel number (i.e.,i, the predetermined 
reference resolution). 

Clock generator 102 comprises tWo PLL circuits 104 and 
106 Which are respectively initialized by the signals WPCN 
and RPCN from microcomputer 100. PLL circuits 104 and 
106 generate the Write and read dot clock signals WiDclk 
and RiDclk for the memory Write and read operations, 
respectively. Clock signals WiDclk and R Dclk have fre 
quencies corresponding to the signals WPCN and RPCN in 
synchronization With horizontal output signal Hout. 

Horizontal output generator 108 generates horizontal out 
put signal Hout by using the vertical synchronization signal 
Vsync from the host, ?rst and second data signals TA, PW 
from microcomputer 100, and the read clock RiDclk from 
PLL 106, as Will be discussed later With respect to FIG. 12. 

As shoWn in FIG. 5, the video signal converting apparatus 
of the present invention has a memory section 110 and an 
ADC circuit 116 Which is provided to convert an analog 
video signal of serial format (i.e., analog RGB color signals) 
into a digital video signal of parallel format (i.e., digital 
RGB color data signals). Memory section 110, Which is 
provided betWeen ADC circuit 116 and LCD driver 40, has 
three memory blocks 112a 112b and 112c corresponding 
respectively to signals of R, G and B and an output selector 
114. Each ofmemory blocks 112a 112b and 112c has at least 
three line memories. 
The analog video signal from the host is sampled by ADC 

circuit 116 in synchronization With the Write clock signal 
WiDclk having a frequency Which is determined by a 
difference betWeen the resolution of the analog video signal 
detected by microcomputer 100 and the resolution supported 
by the LCD panel. That is, ADC circuit 116 is provided to 
convert a serial video signal for the CRT display apparatus 
of the host into a parallel video signal for the LCD device. 

Horizontal synchronization signal Hsync is also referred 
to as Hin. Horizontal synchronization signal Hin, clock 
signals WiDclk and RiDclk from clock generator 102 and 
horizontal output signal Hout from the horizontal output 
generator 108 are supplied to a memory controller 118. 
Memory controller 118 has, as shoWn in FIG. 5, a ?ag circuit 
120, a memory selection control circuit 128 and a memory 
operation control circuit 130. Memory controller 118 is 
provided to control the Write operation of memory section 
110 in response to horizontal synchronization signal Hin as 
Well as a Write pixel clock signal WiDclk and to control the 
read operation of memory section 110 in response to the 
horizontal output signal Hout and the read pixel clock signal 
RiDclk 

Flag circuit 120 generates ?ag signals indicative of the 
respective line memories for carrying out the Write and read 
operations in each memory block in a predetermined order. 
Memory selection control circuit 128 generates memory 
Write and read selection signals WiSel and RiSel, Which 
are utilized to prevent the simultaneous occurrence of Write 
and read operations in any one line memory of each memory 
block and to select line memories for carrying out the Write 
and read operations separately. Memory operation control 
circuit 130 is provided to manage the Write and read opera 
tions of the line memories in each memory block in response 
to the memory selection signal WiSel. Memory operation 
control circuit 130 controls an access operation (i.e., Write 
and read operations) to the line memories constituted by the 
respective memory block by means of memory selector 128. 

In this embodiment, the horizontal output generator 108, 
the memory section 110 and the memory controller 118 may 
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be constituted by a single chip. Thus, the signal converting 
apparatus has a compact structure. 

Referring again to FIG. 5, memory 110 has three memory 
blocks 112a, 112b and 112c, and an output selection circuit 
114 constituted by three 3><1 multiplexers 114a, 114b and 
114c corresponding to each memory block. 

FIG. 6 shoWs the connection of one of the memory blocks 
112a, 112b and 112c, betWeen one of the multiplexers 114a, 
114b and 114c, and memory operation control circuit 130, as 
shoWn in FIG. 5. The other tWo memory blocks of FIG. 5 are 
connected to the memory operation control circuit 130 in the 
same manner as shoWn in FIG. 6. Each of memory blocks 
112a, 112b and 112c has three line memories LMO, LM1 and 
LM2. Each of the line memories have at least 1344 Words><8 
bits of storage capacity. Memory operation control circuit 
130 comprises a Write/read control 132, an address generator 
134, an address selector 136 and a pixel clock selector 138. 
Write/read control 132 controls the Write and read operations 
of line memories LMO, LM1 and LM2 of each memory 
block in response to the Write memory selection signal 
WiSel from memory selection control circuit 128. Address 
generator 134 generates Write/read addresses WiAdd and 
RiAdd for memory Write and read operations in response to 
horizontal synchronization signal Hin and horizontal output 
signal Hout. Address selector 136 selectively provides the 
Write and read addresses WiAdd and RiAdd to the line 
memories LMO, LM1 and LM2 of each memory block in 
response to the output of Write/read control section 132. 
Pixel clock selector 138 is selectively controlled by the 
output of the Write/read control section 132, and selectively 
provides the Write and read pixel clocks WiDclk and 
RiDclk to line memories LMO, LM1 and LM2 of each 
memory block. 

FIG. 7 shoWs an example of output selection circuit 114a, 
114b or 114c shoWn in FIG. 6. Referring to FIG. 7, three 
input terminals of 3x1 multiplexer 114a, 114b or 114c are 
connected to each of the data output ports (not shoWn) of 
line memories LMO, LM1 and LM2, and selectively outputs 
any of data from line memories LMO, LM1 and LM2 in 
response With to read memory selection signal RiSel, i.e., 
RiSelO and RfSell, output by memory selection control 
circuit 128. The outputs Rout, Gout and Bout of each of the 
multiplexers 114a, 114b and 114c are supplied to LCD 
driving circuit 40. 

If the mode signals of loWer resolution than that of the 
corresponding LCD device are fed to the LCD control unit 
of the example from the host, the Write and read operations 
of line memories LMO, LM1 and LM2 of each respective 
memory block 112a, 112b and 112c are carried out as 
folloWs. 

In relation to each of the color signals, the memory Write 
operation is carried out in synchronization With the horizon 
tal synchronization signal Hin, and the memory read opera 
tion is carried out in synchronization With the horizontal 
output signal Hout. The memory Write operation starts in the 
line memory LMO of each memory block, the memory read 
operation starts in the line memory LM2 of each memory 
block, and the line memories of each memory block are 
selected in rotation for the Write/read operation of each 
memory block. HoWever, When a line memory during the 
Write operation is required for a read operation, the read 
operation of the line memory Which has just completed the 
previous read operation must be carried out once more. 

FIG. 8 illustrates the Write and read operations of the line 
memories in each memory block When the VGA mode 
signals are fed to the LCD device capable of supporting 
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XGA mode. As shoWn in FIG. 8, the VGA mode color 
signals of 5 lines are converted into the XGA mode color 
signals of 8 lines. When the conversion of the color signals 
begins, the Write operation is carried out in a ?rst line 
memory LMO of the line memories, and the read operation 
in a second line memory LM2. After the read operation of 
line memory LM2, the read operation of line memory LMO 
must folloW, but, as shoWn in FIG. 8, line memory LMO is 
continuously carrying out the Write operation at the time t1, 
eg at the time the read operation of line memory LM2 is 
nearly completed. Thus, after the completion of the read 
operation of line memory LM2, the read operation Which is 
previously carried out must be repeated once more in line 
memory LM2 so as to carry out the read operation of line 
memory LMO. At time t2, eg when the read operation of the 
second line memory LM2 is nearly completed, line memory 
LM1 is continuously carrying out the Write operation. 
Accordingly, if a second read operation of the line memory 
LM2 is completed, a third read operation is carried out in 
line memory LMO, as shoWn in FIG. 8. Also, after the third 
read operation carried out through line memory LMO, a 
fourth read operation must be carried out in line memory 
LM1, but, line memory LM1 is continuously carrying out 
the Write operation even after time t3, eg at the time the 
fourth read operation starts. Thus, the third read operation 
Which is previously carried out in line memory LMO must be 
repeated once more after the completion of the third read 
operation. 
As described above, subsequent Write and read operations 

are carried out such that the Write and read operations are not 
be generated simultaneously for the same line memory. The 
Write operation is carried out ?ve times and the read opera 
tion eight times until time t4, as shoWn in FIG. 8. Thus, if 
the color signals R, G and B corresponding to ?ve horizontal 
lines are fed from ADC circuit 116 to their respective 
memory blocks, the color signals corresponding to eight 
horizontal lines are generated from the corresponding 
memory block. This means that the ratio of the input line 
number to the output line number of each memory block is 
111.6. Ultimately, a VGA mode signal as an input signal of 
the memory blocks is converted into a XGA mode output 
signal of the memory blocks. 

FIG. 9 illustrates the operations of the line memories 
When SVGA mode signals are fed to the LCD device 
according to the present invention. In FIG. 9, if the color 
signals corresponding to ?ve lines are Written into each of 
the memory blocks, the color signals corresponding eight 
lines are read from the corresponding memory blocks 
according to the stated memory Write/read processes. Thus, 
the SVGA mode color signals of four lines are converted 
into the XGA mode color signals of ?ve lines. 

FIG. 10 illustrates PLL circuit 104 or PLL circuit 106 in 
clock generator 102. Each PLL circuit comprises a phase 
detector 104, a loW pass ?lter 142, a voltage controlled 
oscillator (VCO) 144 and a divider 146. Divider 106 in PLL 
circuit 104, for a memory Write operation, receives data 
signal WPCN from microcomputer 100 and generates a 
reference signal WHref. Phase detector 140 generates a DC 
voltage signal capable of being varied in accordance With a 
phase difference betWeen horizontal synchronization signal 
Hsync from the host and reference signal WHref. The DC 
voltage signal is provided to loW pass ?lter 142 so that 
noises contained in the voltage signal are ?ltered out. VCO 
144 generates, as shoWn in FIG. 11, an in-phase clock signal 
as the clock signal WiDclk. The in-phase clock signal has 
the frequency corresponding to the level of the DC voltage 
signal applied through loW pass ?lter 142. Divider 106 in 
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PLL circuit 106, for a memory read operation, receives data 
signal RPCN from microcomputer 100 and a reference 
signal RHref. Phase detector 140 generates a DC voltage 
signal capable of being varied in accordance With a phase 
difference betWeen horizontal synchronization signal Hsync 
from the host and reference signal Rikef. The DC voltage 
signal is provided to loW pass ?lter 142 so that noises 
contained in the voltage signal are ?ltered out. VCO 144 
generates, as shoWn in FIG. 11, an in-phase clock signal as 
the clock signal RiDclk. The in-phase clock signal has the 
frequency corresponding to the level of the DC voltage 
signal applied through loW pass ?lter 142. 

With reference to FIG. 12, horizontal output generator 
108 has a doWn counter 148, tWo comparators 150 and 152 
and a JK ?ip-?op 154. DoWn counter 148 is enabled to load 
?rst data signal TA <l0:0> of eleven bits from microcom 
puter 100 in response to vertical synchronization signal 
Vsync. When doWn counter 148 has an output count value 
of zero during Vsync, ?rst data signal TA is loaded therein. 
DoWn counter 148 then counts doWn from the loaded values 
at each rising edge of read pixel clock RiDclk. Comparator 
150 outputs a high level signal, When the value of ?rst data 
signal TA is equal to the output count value of doWn counter 
148. At that time, a loW level signal is fed from the negative 
output terminal O of JK ?ip-?op 154, as shoWn by PW in 
FIG. 13. Comparator 152 outputs a high level signal, When 
the value of the three least signi?cant bits of the output count 
value of doWn counter 148 is equal to the value of three bit 
second data signal PW <2:0> from microcomputer 100. At 
this time, the O output of J K ?ip-?op 154 is inverted to high 
level, as shoWn in FIG. 13. When doWn counter counts doWn 
to zero, ?rst data signal TA <l010> is again loaded into 
doWn-counter 148 While enabled by Vsync, at Which time 
comparator 150 again outputs a high level signal and the O 
output of JK ?ip-?op 154 is again a loW level, as shoWn in 
FIG. 13. 

In the ?ag circuit 120 shoWn in FIG. 14, the Write ?ag 
generator 124 for generating ?ags Fa, Fb and Fc for Write 
operation has identical construction to the read ?ag genera 
tor 126 for generating ?ags Fd, Fe and Ff for read operation. 
That is, each of the ?ag generators 124 and 126 has an AND 
gate and a rotating shift register composed of three D 
?ip-?ops. But, the horizontal synchronization signal Hin is 
fed to one input terminal of AND gate 156 of Write ?ag 
generator 124, and the horizontal output signal Hout is fed 
to one input terminal of AND gate 164 of read ?ag generator 
126. An enable signal at active high is provided by a voltage 
source Vcc to the other input terminal of AND gate 156, and 
an enable signal provided to the other input terminal of AND 
gate 164 is provided by memory selection control 128 as Will 
be discussed later. Reset signals at active loW are provided 
from microcomputer 100 to each of the ?ag generators 124 
and 126. The reset signal fed to ?ag generator 124 is fed to 
the set terminal of a ?ip-?op 158 and the reset terminal of 
?ip-?ops 160 and 162, the reset signal fed to ?ag generator 
126 is fed to the set terminal of ?ip-?op 166 and the reset 
terminal of ?ip-?ops 168 and 170. Flags Fa and Ff have a 
high level and ?ags Fb, Fc, Fd and Fe have a loW level, When 
the respective reset signals have a loW level. When the 
enable signal is at high level and the reset signal is at high 
level, each of the outputs of the ?ag generators 124 and 126 
are respectively shifted in response to the leading edges of 
horizontal synchronization signal Hin and the leading edges 
of horizontal output signal Hout. The ?ags are provided to 
memory selection control 128, and as a result, the line 
memory Write operation and the line memory read operation 
are synchronized With the horizontal synchronization signal 
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Hin and the horizontal output signal Hout, respectively and 
designated in rotation. 
Memory selection control circuit 128 is shoWn in further 

detail in FIG. 15. Memory selection control circuit 128 has 
a selection error supervisor section 172, a cyclic error 
supervisor section 174 and a control signal output section 
176. 

Selection error supervisor section 172 has an inverter 178 
inverting horizontal output signal Hout, D ?ip-?ops 180, 
182 and 184 receiving the read ?ags Ff Fd and Fe respec 
tively at their D input terminal and latching them in syn 
chronization With the output of the inverter 178 received at 
their clock input terminals, and a comparator for comparing 
read ?ags Ff Fd and Fe With the Write ?ags Fa, Fb and Fc, 
respectively, to determine Whether the read ?ag is identical 
With the Write ?ag. The comparator has the combination of 
AND gates 186, 188 and 190 and a NOR gate 192. As shoWn 
in FIG. 15, Write ?ag signals Fc and Fb are respectively used 
as Write memory selection signals WfSelO and WiSell, 
and read ?ag signals Ff and Fe are respectively used as read 
memory selection signals RfSelO and RiSell. Write 
memory selection signals WfSelO and WiSell and read 
memory selection signals RfSelO and RiSell from super 
visor section 172 are fed to memory operation control circuit 
130 and output selection circuit 114, respectively. Table 3 
and Table 4 shoW the selection of the line memories in each 
memory block as Write and read memories in response to the 
Write memory selection signals WfSelO and WiSell and 
the read memory selection signals RfSelO and RiSell. 

TABLE 3 

WiSell WiSelO Line Memory for Write Operation 

L L LMO 
H L LMl 
L H LM2 

TABLE 4 

RiSell RiSelO Line Memory for Read Operation 

L L LMO 
H L LMl 
L H LM2 

In the meantime, selection error supervisor section 172 
predicts Whether a line memory is selected to perform its 
read operation before the Write operation of the line memory 
is completed, and generates a read ?ag control signal RFC1 
to disable read ?ag generator 126 When the line memory is 
selected for the next read operation. As shoWn in FIG. 16, 
the selection of line memory for the Write operation is 
decided at the rising edge of the horizontal synchronization 
signal Hin, and the selection of line memory for the read 
operation is decided at the falling edge of the horizontal 
output signal Hout. For example, the line memory for the 
Write operation is decided at time tl during the range of time 
tl<t<t4 and the line memory for the read operation is 
decided at time t2 during the range of time t3 <t<t5. At time 
t2, if the line memory for the next read operation is just the 
line memory during the present Write operation, selection 
error supervisor section 172 generates the read ?ag control 
signal RFC1 of loW level. Thus, read ?ag generator 126 is 
disabled and its outputs are not rotate-shifted. As a result, the 
line memory carrying out the present read operation is used 
for the next read operation once more. In the meantime, at 
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the time t2, if the line memory for the next read operation is 
not the line memory during the present Write operation, 
selection error supervisor section 172 generates the read ?ag 
control signal RFC1 of high level. Thus, read ?ag generator 
126 is enabled and the outputs of read ?ag generator 126 are 
rotatively shifted. As a result, the line memory, Which has to 
be operated next to the line memory carrying out the read 
operation, is selected to carry out the folloWing read opera 
tion. 

As shoWn in FIG. 15, cyclic error supervisor section 174 
has a counter circuit composed of D ?ip-?ops 194, 196 and 
198, a counting range control circuit composed of an AND 
gate 200 and OR gates 202 and 204, a reset circuit 206 
composed of a single AND gate 206, and a read ?ag control 
circuit 208 composed of a single NOR gate 208. Counting 
range control circuit 200, 202 and 204 controls the output 
range of counter circuit 194, 196 and 198 in response to a 
?rst mode display signal MD1 from microcomputer 100. 
The reset circuit 206 receives the reset signal and second 
mode display signal MD2 Which are supplied from micro 
computer 100, and thus alloWs counter circuit 194, 196 and 
198 to be reset, When a XGA mode signal is fed to the LCD 
device. Read ?ag control circuit 208 generates a read ?ag 
control signal RFC2 to enable read ?ag generator 126 shoWn 
in FIG. 14. 

In this embodiment, read ?ag control circuit 208 gener 
ates read ?ag control signal RFC2 to enable read ?ag 
generator 126 to be activated, When the outputs of counter 
circuit 194, 196 and 198 are totally indicative of a decimal 
value “5” if the LCD device according to this embodiment 
receives a VGA mode signal, or When the outputs of counter 
circuit 194, 196 and 198 are totally indicative of a decimal 
value “8” if the LCD device receive a SVGA mode signal. 
In detail, if cyclic error supervisor section 174 receives a 
VGA mode signal, read ?ag control signal RFC2 is gener 
ated Whenever the outputs of counter circuits 194, 196 and 
198 indicate a decimal number “5”. And if cyclic error 
supervisor section 174 receives a SVGA mode signal, read 
?ag control signal RFC2 is generated Whenever the outputs 
of the counter circuit 194, 196 and 198 indicate a decimal 
number “8”. This read ?ag control signal RFC2 is utilized to 
prevent horizontal synchronization signal Hin and horizon 
tal output signal Hout from being matched. If these signals 
Hin and Hout are synchronously matched, the LCD control 
ler may malfunction. 

Control signal output section 176 comprises an OR gate 
having tWo input terminals for receiving the output signal 
RFC1 of selection error supervisor section 172 and the 
output signal RFC2 of cyclic error supervisor section 174, 
respectively, and an output terminal connected to an enable 
terminal of read ?ag generator 126. If the output signal of 
control signal output section 176 is at loW level, read ?ag 
generator 126 is disabled. At this time, even though hori 
zontal output signal Hout is input, the outputs of read ?ag 
generator 126 are not rotatively shifted. HoWever, if the 
output signal of control signal output section 176 is at high 
level, read ?ag generator 126 is enabled. At this time, the 
outputs of read ?ag generator 126 are rotatively shifted in 
response to a horizontal output signal Hout of high level. 

FIG. 16 is a timing diagram for explaining the selecting 
operation of the line memories for the read operation by 
means of memory operation control circuit 130, shoWn in 
FIG. 17, during the Write operation. 

In the memory operation control circuit 130 shoWn in 
FIG. 17, a Write/read control section 132 has inventors 212, 
214, 216 and 218, and AND gates 222, 224 and 226. First, 
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as shoWn in Table 3, ifthe signal WfSelO is at “L”, i.e., loW 
level and the signal WiSell is at “L” in each of the memory 
blocks, line memory LMO is at a Write enable state and line 
memories LM1 and LM2 all are at a read enable state. Next, 
if the signal WfSelO is at “L” and the signal WiSell is at 
“HI”, i.e., high level line memory LM1 is at the Write enable 
state and line memories LMO and LM2 all are at the read 
enable state. Finally, if WfSelO is at “H” and WiSell is at 
“L,” line memory LM2 is a Write enable state and line 
memories LMO and LM1 all are at a read enable state. Also, 
an address generator 134 has a Write address generator 228 
and a read address generator 230. Write address generator 
228 is reset in response to horizontal synchronization signal 
Hin, and operated in synchronization With Write pixel clock 
signal WiDclk to generate an address WiAdd for the Write 
operation. And read address generator 230 is initialized in 
response to horizontal output signal Hout, and operated in 
synchronization With read pixel clock signal RiDclk to 
generate an address RiAdd for the read operation. Write 
address generator 228 and read address generator 230 are 
each composed of an up-counter. 
An address selector 136 has three 2><l multiplexers 232, 

234 and 236, each of Which has tWo input terminals for 
receiving the Write and read addresses WiAdd and RiAdd 
respectively. Line memories LMO, LM1 and LM3 of each 
memory block receive the outputs of multiplexers 232, 234 
and 236, respectively. The selection control terminals of 
multiplexers 232, 234 and 236 receive the outputs of AND 
gates 222, 224 and 226 in the Write/read control section 132, 
respectively. Line memories LMO, LM1 and LM2 of each 
memory block selectively receive Write addresses WiAdd 
or read addresses RiAdd via multiplexers 232,234 and 236 
in response to the outputs of AN?D gates 222, 224 and 226 
of the Write/read control section 132. 

Additionally, a pixel clock selector 138 comprises three 
2><l multiplexers 238, 240 and 242, each Which has tWo 
input terminals for receiving the Write and read pixel clocks 
WiDclk, RiDclk respectively. Line memories LMO, LM1 
and LM3 of each memory block receive the outputs of 
multiplexers 238, 240 and 242, respectively. The selection 
control terminals of multiplexers 238, 240 and 242 receive 
the outputs of AND gates 222, 224 and 226 of Write/read 
control section 132, respectively. Line memories LMO, LM1 
and LM2 of each memory block selectively receive the Write 
pixel clock WiDclk and read pixel clock RiDclk via 
multiplexers 238, 240 and 242 in response to the outputs of 
AN?D gates 222, 224 and 226 of the Write/read control 
section 132. 

As described above, even though a high-resolution sup 
porting display device having a video signal converting 
apparatus according to the present invention receives a 
loW-resolution video signal from a host, an image corre 
sponding to the video signal can be displayed on the entire 
screen of the display device by means of the video signal 
converting apparatus. 

Although the present invention has been described in 
terms of a color signal of eight bits in the above preferred 
embodiment, it Will be understood that various other 
modi?cations, for example an embodiment regarding a color 
signal of sixteen bits or more, Will be apparent to and can be 
readily made by those skilled in the art Without departing 
from the scope and spirit of this invention. 

Accordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set forth 
herein, but rather that the claims be construed as encom 
passing all the features of patentable novelty that reside in 








