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METHOD AND SYSTEM FOR DISPLAYING 
AN ANALOG IMAGE BY A DIGITAL DISPLAY 

DEVICE 

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

RELATED APPLICATIONS 

The present application is related to co-pending US. 
Patent Application entitled, “A Method and Apparatus for 
Upscaling an Image”, Filed Concurrently with the present 
application, Serial Number UNASSIGNED, Attorney 
Docket Number: PRDN-OOOl, and is incorporated in its 
entirety herewith. 

The present application is also related to and is a continu 
ation of application Ser. No. 08/803,824 ?led Feb. 24, 1997, 
now US. Pat. No. 5,796,392, entitled “Method and Appara 
tus for Clock Recovery in a Digital Display Unit.” 

CROSS REFERENCE T 0 RELATED 
APPLICATIONS 

More than one reissue application has been ?led for the 
reissue of US. Pat. No. 6,320,574. The reissue applications 
are application Ser. Nos. 10/720,001, now US. Pat. No. Re 
40,859, 11/408,528, and 11/408,669, the latter two ofwhich 
are divisional reissues of US. Pat. No. 6,320,574, and 
11/624,053 is a Continuation of Divisional Reissue No. 
11/408,669. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to graphics system, and 
more speci?cally to a method and apparatus for recovering a 
clock signal associated with an analog display data received 
in a digital display unit (e.g., ?at-panel monitor) of a graph 
ics system. 

2. Related Art 

Digital display units are often used to display images. A 
?at-panel monitor generally used in lap-top computers is an 
example of such a digital display unit. A ?at-panel monitor 
typically receives a source image from a graphics controller 
circuit and displays the source image. Flat-monitors which 
are being increasingly deployed with desk-top computers is 
another example of such a digital display unit. The source 
image is usually received in the form of analog data such as 
RGB signals well-known in the art. 

Digital display devices often need to convert the received 
analog data into a sequence of pixel data. The need for such a 
conversion can be appreciated by understanding the general 
layout of a typical digital display device, which is explained 
below. 

Digital display devices generally include a display screen 
including a number of horizontal lines. FIG. 1A is a block 
diagram illustrating an example display screen 100. Each 
horizontal line (shown as 101 through 106), in turn, is 
divided into several discrete points, commonly referred to as 
pixels. Pixels in the same relative position within a horizon 
tal line may be viewed as forming a vertical lien (shown as 
dotted line 108). 

The number of horizontal and vertical lines de?nes the 
resolution of the corresponding digital display device. Reso 
lutions of typical screens available in the market place 
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2 
include 640x480, 1024x768 etc. At least for the desk-top 
and lap-top applications, there is a demand for increasingly 
bigger size display screens. Accordingly, the number of hori 
zontal display lines and the number of pixels within each 
horizontal line has also been generally increasing. 

Thus, to display a source image, the source image is 
divided into a number of points and each point is displayed 
on a pixel. Each point may be represented as a pixel data 
element. Display signals for each pixel in display 100 may 
be generated using the corresponding display data element. 
However, as noted earlier, the source image may be received 
in the form of an analog signal. Thus, the analog data needs 
to be converted into pixel data for display on a digital display 
screen. 

It is helpful to understand the typical format of the analog 
data to appreciate the usual conversion process. Generally, 
each source image is transmitted as a sequence of frames, 
with each frame including a number of horizontal scan lines. 
Image is generated on display screen 100 by displaying 
these successive frames. 

Usually, a time reference signal is provided in parallel to 
divide the analog signal into horizontal scan lines and 
frames. In the VGA/SVGA environments known in the art, 
the reference signals include VSYNC and HSYNC. The 
VSYNC signal indicates the beginning of a frame and the 
HSYNC signal indicates the beginning of a next source scan 
line. The relationship between HSYNC and the analog sig 
nal data is illustrated further with reference to FIG. 1B. 

Signal 150 of FIG. 1B represents an analog display data 
signal in time domain. Analog signal 150 represents a dis 
play image to be generated on display screen 100. The dis 
play signal portions 103B, 104B, 105B etc. represent display 
data on corresponding horizontal lines 103A, 104B, and 
105B respectively. The portions shown as straight lines cor 
respond to a ‘retrace’ period, which signi?es the transition to 
a next horizontal line. 

Such transitions are typically indicated by another signal 
(e.g., HSYNC signal in computer displays). Pulses 103B, 
104B, and 105B represent such transitions. Thus, after a 
transition, the display portion of the signal may be sampled a 
number of times. The exact number may be proportional to 
the number of pixels on each horizontal line on display 
screen 100. Each display portion is generally sampled the 
same number of times to generate samples for each pixel. 

Thus, to convert the source image received in analog sig 
nal form to pixel data suitable for display on a digital display 
device, each horizontal scan line is converted to a number of 
pixel data. For such a conversion, each horizontal scan line 
of analog data is sampled a predetermined number of times. 
The sampled value is represented as a number, which consti 
tutes a pixel data element. 

Each horizontal scan line is typically sampled using a 
sampling clock signal. That is, the horizontal scan line is 
usually sampled during each cycle of the sampling clock. 
Accordingly, the sampling clock is designed to have a fre 
quency such that the display portion of each horizontal scan 
line is sampled a desired number of times. The desired num 
ber can correspond to the number of pixels on each horizon 
tal display line of the display screen. However, the desired 
number can be different that the number of pixels on each 
horizontal display line. 

Using the sampling scheme described above, each hori 
zontal scan line of a source frame is represented as a number 
of pixel data. It will be readily appreciated that the relative 
position of source image points needs to be properly main 
tained when displaying the source image. Otherwise, some 
of the lines will appear skewed in relation to the other on the 
display screen. 
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To maintain a proper relative position of the source image 
pixels, the sampling clock may need to be synchronized With 
the reference signal. That is, assuming for purposes of expla 
nation that HSYNC signal is used as a time reference, the 
beginning of sampling of analog data for a horizontal display 
line may need to be synchronized With HSYNC signal pulse. 
Once such a synchronization is achieved, the folloWing pix 
els in the same horizontal lines may also be properly aligned 
With corresponding pixels in other lines. 

Phase-locked loop (PLL) circuits implemented using ana 
log components have conventionally been used to achieve 
such a synchronization. FIG. 2 is a block diagram of an 
example PLL circuit 200 Which is implemented for such a 
synchronization. In addition, PLL circuit 200 generates the 
sampling clock signal also. PLL circuit 200 includes phase 
detector 210, ?lter 220, ampli?er 230, voltage controlled 
oscillator (VCO) 240, and frequency divider 250. Phase 
detector 210 compares a time reference (e.g., VSYNC) 
received on line 102 and sampling clock (more accurately, a 
signal having a predetermined fraction of the sampling 
signal) received on line 251. The tWo signals are referred to 
as f1 and f2 for brevity. 

Phase detector 210 provides on line 212 a signal having a 
difference of the frequencies of f1 and f2. The signal on line 
212 may also include several harmonics of the difference 
frequency. Filter 220 is generally designed as a loW pass 
?lter to eliminate undesirable components. When the fre 
quencies f1 and f2 are close, but not equal, line 223 Will 
carry a signal With the difference frequency. VCO 240 is 
designed to generate a signal With a predetermined fre 
quency. HoWever, the frequency is altered depending on the 
voltage level received on line 234. 

Ampli?er 230 ampli?es the signal on line 223 to provide a 
desired level of voltage on line 234 to modify the frequency 
of VCO 240. The voltage level is generated so as to achieve a 
synchronization of the frequencies f1 and f2. Frequency 
divider 250 divides the frequency of clock signal received on 
line 245 by a factor of n. By choosing an appropriate value of 
n, analog signal data for each horizontal source scan line can 
be sampled a desired number of times. The signal on line 
245 can be used for such a sampling. 

HoWever, it is Well knoWn in the art, the reference fre 
quency (HSYNC) can vary by a slight value from an average 
frequency during normal operating conditions. In addition, 
the reference frequency can drift over a prolonged period of 
time due to, for example, temperature changes in the circuits 
generating the analog source image data. Further, jitter may 
be present in both the reference signal and the clock signal 
generated by the analog PLL. 

In general, it is desirable that the PLL of FIG. 2 track the 
long term drifts While eliminating the jitters. This may be 
achieved by having a PLL circuit With loW bandWidth (e.g., 
100 to 1000 Hz). HoWever, such a loW bandWidth generally 
requires a capacitory having a large size, Which may be hard 
to integrate into a relatively small-sized integrated circuits. 
Some prior approaches have placed the capacitor external 

to the integrated circuit, With the capacitor being coupled to 
the integrated circuit by pads. One problem With this 
approach is that noise is introduced into the analog PLL loop 
due to the external couplings. Analog PLLs are generally 
sensitive to such noises, leading to instability in the PLL 
loop. Without a loW bandWidth in the loop, PLL 200 may be 
unable to track deviations in the reference signal closely, 
Which may be unacceptable in some situations as explained 
beloW. 

Deviations of about 5 to 20 nano-seconds in time refer 
ence period can be common in a typical graphics environ 
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4 
ment. These deviations are usually more problematic for 
larger size display screens. To illustrate this point With an 
example, a 640x480 size display screen has a pixel process 
ing period (i.e., average time to display each pixel) of 40 
nano-seconds, While a large 1280x1080 size monitor can 
have a pixel processing period of about 8*9 nano-seconds. A 
deviation of 20 nano-seconds may not have a perceptible 
impact on the display of a 640x480 screen due to the rela 
tively larger pixel processing period, Whereas the same 
amount of deviation can cause the display on the large moni 
tor to be skeWed by tWo pixels. 

Such a skeW betWeen lines is generally perceptible for the 
human eye and the resulting display quality may be unac 
ceptable. The display quality is further exacerbated if the 
number of such skeWs is larger. As is Well knoWn in the art, 
the display quality problems can be ameliorated by a circuit 
Which can track the time reference signal more closely. 
Therefore, What is needed is a circuit Which tracks the time 
reference signal closely. 

SUMMARY OF THE INVENTION 

The present invention is directed to a clock recovery cir 
cuit implemented in a digital display unit. The digital display 
unit receives an analog signal data and an associated time 
reference signal. Together, they represent an image to be 
displayed on a digital display screen usually provided in the 
digital display unit. 
The clock recovery circuit provides a sampling clock 

based on the time reference signal. The sampling clock is 
used to sample the analog signal data, and the resulting pixel 
data is used to generate display signals on the display screen. 
The clock recovery circuit includes a digital phase-locked 

loop (PLL). The bandWidth of the PLL can be instanta 
neously changed because of the digital implementation. In 
addition, the long term frequency and the temporary phase 
?uctuations are tracked using different control loops. As a 
result, considerable ?exibility is available to a designer to 
track the time reference signal. 

Further features and advantages of the invention, as Well 
as the structure and operation of various embodiments of the 
invention, are described in detail beloW With reference to the 
accompanying draWings. In the draWings, like reference 
numbers generally indicate identical, functionally similar, 
and/or structurally similar elements. The draWing in Which 
an element ?rst appears is indicated by the leftmost digit(s) 
in the corresponding reference number. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be described With reference to 
the accompanying draWings, Wherein: 

FIG. 1A is a block diagram of an example display screen 
including several pixels arranged in horizontal roWs; 

FIG. 1B is a diagram of a signal shoWn in time domain 
illustrating an example time reference signal for an analog 
display data; 

FIG. 2 is a block diagram of a conventional PLL circuit 
implemented using analog components; 

FIG. 3 is a block diagram illustrating an embodiment of 
the clock recovery circuit of the present invention; 

FIG. 4 is a block diagram of a digital PLL circuit illustrat 
ing independent loops for tracking frequency and phase; 

FIG. 5 is a block diagram of an example analog ?lter to 
?lter undesirable frequency components from the output of 
the digital PLL; 



US RE41,192E 
5 

FIG. 6 is a block diagram of an example implementation 
of a digital PLL in one embodiment of the present invention; 

FIG. 7 is a block diagram of an example graphics system 
implemented in accordance With the present invention; and 

FIG. 8 is a block diagram of an example digital display 
unit in accordance With the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

1. Overview and Discussion of the Invention 
The present invention is described in the context of clock 

recovery circuit 300 (FIG. 3) Which includes digital PLL 
circuit 310 and analog ?lter 320. The output of PLL circuit 
310 is coupled to the input of analog ?lter 320. PLL circuit 
310 is implemented using digital components and signals. 

In operation, PLL circuit 310 receives as input a time 
reference 301 and generates output signal 312. While gener 
ating the output signal, PLL signal 310 attempts to synchro 
niZe the output signal 312 With time reference. Analog ?lter 
320 ?lters any undesirable spectral components in the output 
signal 312 and provides the ?ltered signal as input to PLL 
circuit on input 302. 

PLL circuit 310 is implemented using digital components 
and a designer is provided considerable ?exibility to specify 
the degree or manner in Which output signal 312 should 
track reference signal 301. Due to such a ?exibility, the 
bandWidth of PLL circuit 310 can be dynamically varied 
such that PLL circuit 310 can be made to adequately track 
reference signal 301. Such a close tracking may prevent rela 
tive skeWing among the display lines. 
As PLL circuit 310 is implemented using digital 

components, the circuit can be implemented to have a nar 
roW bandWidth loop. Conventional analog PLLs may require 
large capacitors to implement an equivalent circuit. As 
already explained in the background section, integration of 
large capacitors into a semiconductor integrated circuit may 
be problematic. 

Analog ?lter 320 can be conventional and is implemented 
using analog components in a knoWn Way. The output signal 
of analog signal corresponds to the clock (e.g., sampling 
clock) synchronized With the time reference REF. The out 
put signal is divided by K, Where K may correspond to the 
number of samples taken per each horiZontal source image 
line. 

Before describing the invention in great detail, it is useful 
to describe an example environment in Which the invention 
can be implemented. The details of implementation and 
operation of clock recovery circuit 300 are then explained in 
detail. 

2. Example Environment 
In a broad sense, the invention can be implemented in any 

graphics system having a digital display unit. Such systems 
include. Without limitation, lap-top and desk-top personal 
computer systems (PCS), Work-stations, special purpose 
computer systems, central purpose computer systems, and 
many others. The invention may be implemented in 
hardWare, softWare, ?rmware, or combination of the like. 
One or more embodiments Which can use the clock recovery 

circuit of the present invention is described in the 
co-pending application entitled “A Method and Apparatus 
for Upscaling an Image”, Which is referred to in the section 
above entitled “Related Applications.” 

FIG. 7 is a block diagram of computer system 700 in 
Which the present invention can be implemented. Computer 
system 700 is only an example of a graphics system in Which 
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6 
the present invention can be implemented. Computer system 
700 includes central processing unit (CPU) 710, random 
access memory (RAM) 720, one or more peripherals 730, 
graphics controller 760, and digital display unit 770. All 
these components communicate over bus 750, Which can in 
reality include several physical buses connected by appropri 
ate interfaces. 

Graphics controller 760 generates analog image data and 
a corresponding reference signal, and provides both to digi 
tal display unit 200. The analog image data can be generated, 
for example, based on pixel data received from CPU 710 or 
from an external encoder (not shoWn). In one embodiment, 
the analog image data is provided in RGB format and the 
reference signal includes the VSYNC and HSYNC signals 
Well knoWn in the art and explained above. HoWever, it 
should be understood that the present invention can be 
implemented With analog image data and/or reference sig 
nals in other formats. For example, analog image data can 
include video signal data also With a corresponding time 
reference signal. 

Digital display unit 770 can include a display screen hav 
ing pixels as explained With reference to FIG. 1A. Digital 
display unit 770 includes a clock recovery circuit in accor 
dance With the present invention. Using the clock recovery 
circuit, digital display unit 770 samples the analog signal 
data. The manner in Which analog signal data is sampled if a 
sampling clock is provided to generate pixel data is Well 
knoWn in the art. Due to the clock recovery circuit of the 
present invention, digital display unit 770 may display an 
image corresponding to the analog signal data Without a 
relative skeWing of the lines. 
CPU 710, RAM 720 and peripherals 730 are conventional 

in one embodiment of the present invention. CPU 710 can 
be, for example, a processor such as a Pentium Processor 
available from Intel Corporation. RAM 720 represents the 
system/main memory for storing instructions and data. The 
instructions and data may be read from a peripheral device 
such as hard-disk. CPU 710 executes the instructions using 
the data to provide various functions. As a part of executing 
the instructions, CPU 710 may send commands to graphics 
controller 710, Which generates analog display signal data in 
a knoWn Way. The manner in Which an example embodiment 
of digital display unit 770 displays the image corresponding 
to the analog display signal Will be explained in further 
detail beloW. 

3. Example Embodiment of Digital Display Unit 770 of 
the Present Invention 

In one embodiment, digital display unit 770 is imple 
mented to operate With a computer system. Digital display 
unit 770 can be in the form of a ?at-panel monitor used in 
lap-top (note-book computers), a ?at-monitor used in desk 
top computers and Workstations, among other forms. 
HoWever, it Will be apparent to one skilled in the relevant 
arts hoW to implement a digital display unit for other graph 
ics system environments such as ?at monitor television sys 
tems by reading the description provided herein. 

FIG. 8 is a block diagram of digital display unit 770 
including analog-to-digital converter (ADC) 810, upscaler 
820, panel interface 830, clock generator circuit 850, and 
display screen 100. The output line of ADC 810 is coupled to 
the input line of upscaler 820. The output line of upscaler 82 
is coupled to panel interface 831. The output of panel inter 
face is coupled to display screen 100. Clock generator circuit 
850 is coupled to ADC 810, upscaler 820, panel interface 
830. 

In operation, ADC 810 receives analog signal data on line 
801 and a sampling clock signal on line 851. ADC 810 is 
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conventional and samples the analog signal data according 
to the sampling clock signal. ADC 810 provides the pixel 
data on line 812 to upscaler 820. 

Upscaler 820 uses the pixel data received on line 812 to 
optionally upscale the image represented by the pixel data. 
The image may be upscaled, for example, due to the lager 
size of display screen 100. An embodiment of upscaler 820 
is described in co-pending application entitled, “A Method 
and Apparatus for Upscaling an Image”, Which is referred to 
above in the section entitled “Related Applications.” In the 
co-pending application, upscaler 820 may be described as 
including the clock generation circuit 850 also. 

Clock generator 802 generates the clock signals to ADC 
810, upscaler 820 and panel interface 830. The individual 
clock signals may have different frequencies depending on 
the overall design. One or more the individual clock signals 
may be synchronized With time reference signal 802 by 
using the clock recovery circuit of the present invention. The 
manner in Which different frequencies may be computed in 
one embodiment is also described in the co-pending applica 
tion entitled “A method and apparatus for upscaling an 
image.” 

In one embodiment, time reference signal 802 may corre 
spond to HSYNC signal. In another embodiment, time refer 
ence signal 802 may correspond to VSYNC signal. 
HoWever, it should be understood that time reference signal 
802 may correspond to any other signal (including a combi 
nation of HSYNC and VSYNC) as suited in the speci?c 
environment. 

Display screen 100 is explained in detail above. Display 
screen 100 may be implemented using any digital screen 
technologies such as active/passive liquid crystal display 
(LCD) technologies. Panel interface 830 is designed to gen 
erate display signals to display image on display screen 100. 
Panel interface 830 can be implemented in a knoWn Way to 
generate display signals to display screen 100 from the pixel 
data received from upscaler 820. 

The manner in Which the clock recovery circuit synchro 
nizes (or attempts to synchronize) the generated clock With 
the time reference Will noW be explained in detail. 
Speci?cally, PLL circuit 310 Will be explained ?rst. Then, 
analog ?lter 320 Will be explained. For purpose of 
illustration, the time reference Will be assumed to include a 
HSYNC signal. HoWever, the present invention can be prac 
ticed With other types of reference signals as Well. 

4. OvervieW of Digital PLL Circuit of the Present Inven 
tion 

FIG. 4 is a block diagram illustrating internal blocks of an 
example embodiment of digital PLL circuit 310. PLL circuit 
310 includes phase and frequency detector (PFD) 410, fre 
quency correction logic 420, phase correction logic 430, 
adders 440 and 450, DTO 460 and DAC 470. Phase correc 
tion logic 430 and frequency correction logic 420 are con 
nected to the output of PFD 410. First adder 440 is coupled 
to the output of frequency correction logic 420. The output 
of ?rst adder is coupled to second adder 450. Second adder is 
also coupled to phase correction logic 430. The output of 
second adder 450 is coupled to DTO 460. The output of 
DTO is in turn connected to digital to analog converter 470. 

In operation, PFD 410 compares the phase and frequency 
of time reference (HSYNC) signal and feedback signal. PFD 
410 is conventional and generates signals on EARLY and 
LATE lines depending on Whether reference signal lags or 
leads the feedback signal. In one embodiment, a pulse is 
generated according to the lead or lag and the duration of the 
pulse is proportional to the amount of lead or lag. 

20 

30 

35 

40 

45 

50 

55 

60 

65 

8 
The resynchronization process is achieved by having tWo 

separate blocks for correcting long term frequency drifts and 
phase jitters in the reference signal. By having tWo separate 
blocks, the designer may have more control over the resyn 
chronization process. 

In general, frequency correction logic 420 is designed to 
correct the long term frequency drifts in the reference signal. 
The frequency drifts generally correspond to a change in the 
reference frequency, typically in the range of feW hertz. The 
drifts can be a result of, for example, temperature ?uctua 
tions in the source system generating the source image. Fre 
quency correction logic 420 can be advantageously designed 
to track the reference signal over a prolonged period. 
Adder 440 adds (subtracts) the frequency correction num 

ber provided by frequency correction logic 430 to Pnom 
frequency. Pnom corresponds to an expected frequency of 
the sampling clock and is used during the frequency acquisi 
tion phase. Frequency acquisition phase refers to a time 
duration during Which the PLL loop is stabilizing and lock 
ing With the frequency of the reference signal. By providing 
the Pnom signal, the frequency acquisition period can be 
decreased. 

HoWever, digital PLL 310 can operate Without Pnom sig 
nal. In this case, the frequency acquisition can take an 
extended period of time. After the frequency acquisition 
period is complete, Pnom may not be used. Phase correction 
logic 430 tracks phase ?uctuations in the time reference. The 
output of phase correction logic 430 represents the degree 
(or amount) of phase by Which the clock signal being gener 
ated should be corrected due to the phase difference betWeen 
time reference signal and feedback signal. 
The output of adder 440 represents the current frequency 

of the loop. The outputs of phase correction logic 420 and 
adder 440 are added using adder 450. Thus, the output of 
adder 450 represents the total of Pnom, frequency correction 
provided by frequency correction logic 420, and phase cor 
rection provided by phase correction logic 430. This total 
represents hoW far the phase in DTO 460 is advanced per 
DTO clock cycle. This total can change during each refer 
ence clock cycle. 
DTO 460 is conventional and is also knoWn as a phase 

accumulator. DTO 460 generates as an output a ramp signal 
having a fundamental frequency and other undesirable spec 
tral components. The fundamental frequency represents the 
frequency of the clock Which is synchronized With the time 
reference signal. The spectral frequencies are undesirable as 
they may contribute to clock jitter. Accordingly, these spec 
tral frequencies are eliminated using the analog ?lter 320. 
DAC 470 converts the digital output of DTO into an analog 
form suited for processing by analog ?lter. Analog ?lter 320 
is explained in further detail beloW. Before describing ana 
log ?lter 320 in detail, an implementation of digital PLL 
circuit 310 is explained ?rst. 

5. An Implementation of Digital PLL 
From the overvieW provided above, several alternative 

embodiments of digital PLL can be implemented Without 
departing from the scope and spirit of the present invention. 
One of such embodiments Will noW be described With refer 
ence to FIG. 6. 

FIG. 6 is a block diagram illustrating the design and 
operation of an example implementation of digital PLL cir 
cuit 310. PLL circuit 310 includes several components and 
signals interconnecting the components. Each component 
and signal Will be explained in further detail beloW. Broadly, 
PLL circuit 310 Will be described in three separate sections: 
(1) phase comparison, (2) frequency correction, and (3) 
phase correction. 



US RE41,192E 
9 

As to phase comparison, PFD 603 has tWo output signal 
lines early 604 and late 605 indicating Whether the feedback 
signal (FBACK) is early or late in phase in relation to time 
reference signal REF. In one embodiment, PFD 603 gener 
ates a pulse on early 604, With the pulse having a duration 
Which is proportional to the phase by Which FBACK signal 
is early in comparison to REF signal. The pulse duration is 
measured in number of reference clock periods, Where refer 
ence clock refers to a clock of Which PLL circuit 310 oper 
ates. The pulses on early signal 604 and late signal 605 Will 
be generally referred to as an error pulse. Late signal 605 is 
similarly explained. 
PFD 603 stops comparing REF and FBACK signal When 

STOP signal is asserted. When the comparison is stopped, 
both LATE and EARLY signals are unasserted. Charge/ 
discharge control 650 causes STOP signal to be asserted 
When the phase correction integrator can over?ow. Compari 
son signal limiter 610 causes STOP signal to be asserted 
When the phase difference exceeds a predetermined number. 
As to the frequency correction, frequency correction con 

trol 620, multiplexor 630, adder 627 and ?ip-?ops 625 oper 
ate to provide the frequency correction. When PLL circuit is 
initialiZed (e.g., during the beginning of phase acquisition) 
as indicated by INIT signal, frequency correction control 
620 causes multiplexor 630 to select as output the value on 
input having number 2. At the same time, A/ S (Add/ 
Subtract) signal is asserted to loW, causing adder 627 to be 
set to a Zero value by subtracting current accumulator value 
from itself. 

Frequency correction control 620 then causes multiplexor 
630 to select the Pnom value. Pnom corresponds to an 
expected frequency of the sampling block being generated. 
Accordingly, the frequency acquisition period is reduced to a 
feW cycles assuming that the REF signal has a frequency 
Which is in slight deviation from the expected frequency. 
Without Pnom, frequency acquisition may take several 
cycles. 

After frequency acquisition, frequency correction control 
620 causes Fdp value to be selected by multiplexor 630. The 
Fdp value is added/ subtracted during each reference clock 
cycle there is the error pulse. Addition of the Fdp value 
causes the clock frequency to be increased and subtraction 
causes the clock frequency to be decreased. 

Fdp value is provided from a register. The Fdp value rep 
resents the loop bandWidth. A higher value of Fdp implies 
that the PLL 310 Will respond faster to changes and loWer 
value implies that the PLL 310 Will be more stable. 
HoWever, as the Fdp value can be changed instantaneously 
(i.e., Within a reference clock cycle) by setting the register, 
the loop bandWidth can also be changed instantaneously. 

Accordingly, a designer of the digital PLL 310 is given 
considerable ?exibility to change the loop bandWidth 
depending on the speci?c situation. For example, during 
phase acquisition loop, Fdp value can be set fairly high, and 
it can be set to a loW value once the loop stabiliZes. In 
addition, Fdp can be based on adaptive schemes Which base 
individual Fdp values on the historical values of phase cor 
rections. The manner in Which Fdp value is set in one 
embodiment Will be explained beloW. Frequency correction 
control 620 enables FC-CE signal only during the length of 
the error pulse. The output of ?ip-?op 625 represents the 
current average frequency of the clock being generated. 
As to the phase correction, phase correction is broadly 

explained ?rst. Charge/discharge control 650 along With the 
associated circuitry may be vieWed as a leaky integrator, but 
implemented in digital domain. The integrator is charged to 
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a level using the PPDP value. The level to Which it is charged 
depends on the duration of the error pulse length. After it is 
charged, the integrator is sloWly discharge using the NPDP 
value. The NPDP value is smaller in value in comparison to 
PPDP value and thus the discharge occurs during an 
extended period of time. The phase correction is performed 
during the discharge cycles. The manner in Which charging 
and discharging are performed is explained in further detail 
beloW. The manner in Which NPDP and PPDP values are 
computed in one embodiment Will then be explained. 

Charge/discharge control 650, multiplexor 655, adder 
660, and ?ip-?op 665 together determine the charge on the 
integrator. It should be noted that ?ip-?op (and other ?ip 
?ops described here) in reality includes several ?ip-?ops, 
With each ?ip-?op storing one bit. The value in adder 660 is 
cleared at the beginning of each time reference cycle (e.g., 
When a HSYNC pulse is received). The PPDP value is added 
to adder 660 during each reference cycle (i.e., the internal 
clock of PLL) the error pulse is present. If the result of the 
addition exceeds a predetermined threshold, the integrator is 
determined to have over?oWn, and the integrator over?oW 
detector 673 causes the STOP signal coupled to PFD 603 be 
asserted. When the end of the error pulse is encountered, 
?ip-?op 665 stores a value indicative of the charge on the 
integrator. 

After the charging is complete, the discharge phase is 
begun. Phase correction of the clock is performed during the 
discharge phase. During the discharge phase, charge/ 
discharge control 650 causes NPDP value subtracted itera 
tively from accumulator 660 during each reference clock 
cycle. During each discharge clock cycle, inactive 
REMINDER signal causes NPDP value to be selected by 
multiplexor 652. Also, phase correction control 675 provides 
PCORR signal so as to gate the output of AND logic 677 to 
adder 680. OtherWise, PCORR signal is set at loW signal 
level (logical value of 0) to set the output of AND logic 677 
to Zero. Phase correction control 675 asserts the A/ S input of 
adder 680 to cause the output of adder 677 to be added or 
subtracted. The value is added if the REF signal is ahead of 
FBACK signal and subtracted otherWise. 
As NPDP value is subtracted during each reference clock 

cycle, it is possible that the result after the subtraction may 
be a negative number. In this case, the clock signal has been 
over corrected. Accordingly, sign and Zero crossing detector 
670 detects that the phase has been over corrected and 
causes charge/discharge control 650 to take corrective 
action. The negative number is stored in ?ip-?op 674. 

Charge/discharge control 650 asserts REMINDER signal 
to l to cause multiplexor 652 to select the value stored in 
?ip-?op 674. The selected value to provided to adder 680, 
Which corrects the overcorrection. Phase correction control 
675 sWitches the value on the A/ S input to adder 680. That is, 
if previously the a 0 value is provided, a value of l is pro 
vided When forWarding the overcorrection parameter. 
The operation of DTO has been explained above With 

reference to FIG. 4 and Will not be repeated here in the 
interest of conciseness. Brie?y stated, DTO 460 generates as 
an output a ramp signal representing phase of a fundamental 
frequency and other spectral components such as images 
resulting from the digital sampling. The fundamental fre 
quency represents the frequency of the clock Which is syn 
chroniZed With the time reference signal. The spectral com 
ponents are undesirable as they may contribute to clock 
jitter. The remaining portion of the circuit is designed to 
eliminate these other frequencies While preserving the fun 
damental frequency. 
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LUT 690 is conventional and translates the phase output 
of DTO 460 to an amplitude value. The phase value may be 
converted to either a sine Wave or a triangle as is also knoWn 
Well in the art. DAC 695 converts the output of LUT 690 to 
an analog signal for suitable processing by analog ?lter 320. 
An embodiment of analog ?lter 320 is explained later. 

It is again noted, that the above description of FIG. 6 is 
merely an example implementation and it Will be apparent to 
one skilled in the art to implement various modi?cations 
Without departing from the scope and the spirit of the present 
invention. In the above description, Pnom, NPDP and PPDP 
values have been described to be used. One example Way of 
computing these parameters is explained. 

6. Computation of the loop parameters 
Pnom can be calculated based on the number of reference 

clocks in the hor line (HoriRcount): 

HorfRcount-Th/Trclk (1) 

Where Trclk represents the clock period of reference clock 
and Th represents the horiZontal period (time betWeen tWo 
successive Hsync pulses). 

Pnom=eraihtotal*Qdto/HoriRcount (2) 

Here, Qdto is DTO module, (i.e., 2**n, Where n is the num 
ber of bits in DTO). It should be noted that Pnom isn’t 
dependent on locking scheme. That is, the clock signal can 
be locked on HSYNC, VSYNC, or the like. 

Positive slope (Charging) parameter for phase correction 
loop is derived from Pnom. It is also independent of the 
locking scheme. Kpdp controls damping of phase correction 
loop. For optimal tracking it may be set to 3 or 3. 

Pdpd=Pnom/Kpdp (3) 

Negative slope parameter (discharging) is derived from 
Ppdp. NPDP is usually close to Ppdp if loop is unlocked and 
several times smaller (8 . . . 16) if loop is locked (to mini 
miZe phase jumps). 

Knpdp=2 . . . 16 

Frequency correction parameter is dependent on locking 
scheme. It means amount of frequency adjustment per one 
Rclk phase tracking error. 

If the FBACK signal is locked on HSYNC pulses as a time 
reference 

Fdp=Pnom/(Kfdp *Vdiv’gHoriRcount) (5 a) 

If FBACK signal is locked in Vsync pulses as a time ref 
erence 

Fdp=Pnom/(Kfdp *Vtotal* HoriRcount) (5 b) 

Here Vdiv is vertical Hsync divider (l . . . n). If Vdiv is 1, 
every Hsync is used for comparison. If Vdiv is 2, every other 
Hsync is used, etc. Vtotal is number of lines in the source 
frame if VSYNC locking is used. 

7. Analog Filter 320 
As noted above, analog ?lter 320 is designed to preserve 

the fundamental frequency generated by DTO While elimi 
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nating the other frequencies. Analog ?lter 320 can be imple 
mented using active or passive ?lters or using a phase-locked 
loop as is Well-knoWn in the art. An example embodiment of 
analog ?lter 320 is illustrated With reference to FIG. 5. 
Analog ?lter 320 is conventional and includes a DAC 

reconstruction ?lter 510. Schmidt trigger 520 slices the sine 
Wave in a knoWn Way to convert the sine-Wave into digital 
signal (tWo level quantization). The PLL loop comprising 
PFD 530, charge pump 540, loop ?lter 550, VCO 560, and 
divider 580 is designed to eliminate all the undesirable 
frequencies, While preserving the fundamental frequency. 
The value of N in divider 580 is kept relatively small (at or 
beloW 8). VCO 560 may be designed to generate sampling 
clock signal, Which can be used to sample the analog signal 
data. Dividers 570 and 580 may be used to shift the Vco 
frequency into the operating range of Vco 560. 

Thus, the output of analog ?lter 320 includes ?ltered sig 
nal With Well-suppressed spurious spectral components. 

16. Conclusion 
While various embodiments of the present invention have 

been described above, it should be understood that they have 
been presented by Way of example only, and not limitation. 
Thus, the breadth and scope of the present invention should 
not be limited by any of the above-described exemplary 
embodiments, but should be de?ned only in accordance With 
the folloWing claims and their equivalents. 
What is claimed is: 
[1. A circuit for use in a digital display unit of a computer 

system, and circuit for generating a plurality of pixel data 
elements from an analog image data received by said digital 
display unit, said digital display unit further receiving a time 
reference signal associated With said analog image data, said 
time reference signal having a high frequency, said circuit 
comprising: 

an analog-to-digital converter (ADC) for receiving said 
analog image data, said ADC sampling said analog 
image data using a sampling clock to generate a plural 
ity of pixel data elements corresponding to said plural 
ity of pixels, Wherein said sampling clock has a sam 
pling frequency equal to said high frequency; 

a clock generator circuit comprising a phase-locked loop 
(PLL) circuit for generating said sampling clock, 
Wherein said sampling clock is synchronized With said 
time reference signal With a jitter of less than a feW 
nano-seconds, said PLL comprising: 

a discrete time oscillator (DTO) for receiving a digital 
input and generating a signal representative of said 
sampling clock With a frequency determined by said 
digital input; and 
a digital circuit for receiving said time reference signal 

and a feedback signal, Wherein said feedback signal 
is generated by dividing said sampling clock, said 
digital circuit generating said digital input according 
to the difference of the phases of said time reference 
signal and said feedback signal, said digital input 
causing said DTO to generate said signal synchro 
niZed With said time reference signal, said digital 
circuit comprising: 
a frequency correction logic for adjusting the phase 

of said sampling clock according to the long-term 
drifts in the frequency of said time reference sig 
nal; and 

a phase correction logic for adjusting the phase of 
said sampling clock according to the phase differ 
ence in said feedback signal and said time refer 
ence signal, 

Wherein said frequency correction logic and said 
phase correction logic are implemented as tWo 
separate control loops, 
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wherein a panel interface included in said digital display 
unit can generate display signals for a display screen 
based on said plurality of pixel data elements 

[2. The circuit of claim 1, Wherein said clock generator 
circuit further comprises an analog ?lter to eliminate any 
undesirable frequencies from said signal representative of 
said sampling clock to generate said sampling clock.] 

[3. The circuit of claim 1, further comprising a phase and 
frequency detector for determining the difference of phase 
betWeen said feedback signal and said time reference sig 
nal.] 

[4. The circuit of claim 3, further comprising a charge/ 
discharge control logic for determining the amount of phase 
correction to be made based on the determination of said 
difference of phase.] 

[5. The circuit of claim 1, Wherein said analog image data 
and said time reference signal are received on tWo separate 
signal paths 

[6. The circuit of claim 5, Wherein said reference clock 
comprises a binary signal.] 

[7. The circuit of claim 1, Wherein said digital circuit dis 
tributes phase error betWeen said feedback signal and said 
reference signal during a comparison cycle by changing the 
phase of individual clock pulses in said sampling clock.] 

[8. The circuit of claim 1, Wherein said frequency correc 
tion logic generates a multi-bit number, Wherein said multi 
bit number is representative of the amount of phase advance 
of said sampling clock generated by said DTO during a DTO 
clock period, and Wherein said multi-bit representation 
enables said PLL to reach said sampling frequency Within a 
short duration.] 

[9. The circuit of claim 1, Wherein said frequency correc 
tion logic comprises: 

a ?rst multiplexor accepting as input Pnom and Fdp 
values, Wherein Pnom represents an expected fre 
quency of said sampling clock and Fdp represents the 
correction due to the long-term frequency drifts; 

a ?ip-?op for storing a value representative of the phase 
correction corresponding to the frequency correction 
logic; 

an adder for adding or subtracting the output of said ?rst 
multiplexor from the value stored in said ?ip-?op, 
Wherein the output of said adder is stored in said ?ip 
?op; and 

a frequency correction control coupled to said ?ip-?op 
and said adder, Wherein said frequency correction con 
trol causes said ?ip-?op to be set to Pnom at the begin 
ning of a phase acquisition phase, and Wherein said 
frequency correction control causes said adder to add or 
subtract Fdp depending on Whether the sampling clock 
is early or late in comparison to said time reference] 

[10. The circuit of claim 1, further comprising: 
a phase and frequency detector for determining the differ 

ence of phase betWeen said feedback signal and said 
time reference signal, Wherein said phase and fre 
quency detector asserts an EARLY signal a number of 
clock pulses proportionate to the difference of phase by 
Which said feedback signal is earlier than said time ref 
erence signal and a or a LATE signal a number of 
pulses proportionate to the difference of phase by 
Which said feedback signal is later than said time refer 
ence signal; and 

a charge/discharge control logic implemented using digi 
tal components, said charge/discharge control logic 
including a phase integrator, said charge/discharge con 
trol logic charging said phase integrator according to 

14 
the number of pulses said EARLY signal or said LATE 
signal is asserted, said charge/discharge logic discharg 
ing over a longer period of time than the charging 
period so as to spread the difference in phase over a 

5 comparison cycle, Wherein the phase of said sampling 
clock is corrected during the discharging period.] 

[11. The circuit of claim 10, further comprising a sign and 
Zero crossing detector for correcting any over-correction 
performed by said charge/discharge logic during said dis 
charging period.] 

12. A memory e?icient display controllerfor upscaling a 
source image at a?rst resolution to a destination image at a 
second resolution, comprising: 

an interface arranged to receive source image pixel data 
in accordance with a first clock; 

a line bu?‘er having a size in accordance with a?rst reso 
lution scan line length arranged to receive the source 
image pixel data at the first clock and store the received 
source image pixel data therein; and 

20 an interpolator coupled to the line bu?‘er and arranged to 
form the destination image using selected stored source 
image pixel data readfrom said line bu?‘er in accor 
dance with a second clock. 

13. A display controller as recited in claim 12, wherein 
said interpolator comprises: 

a vertical interpolator unit arranged convert a first reso 
lution number ofscan lines to a second resolution num 
ber of scan lines; and 

a horizontal interpolator unit coupled to the vertical 
interpolator unit arranged to convert each of the sec 
ond resolution number of scan lines each having the 
first resolution scan line length to a second resolution 
scan line length. 

14. A display controller as recited in claim 13, wherein the 
interpolator further comprises: 

30 

35 

a second line bu?‘er coupled to the vertical interpolator 
and the line buferfor storing only aprevious scan line. 

15. A display controller as recited in claim 14, further 
comprising: 

a third line bu?‘erfor storing a current scan line used with 
the previous scan line by the vertical interpolator to 
convert the first resolution number of scan lines to the 
second resolution number of scan lines. 

16. A display controller as recited in claim 13, wherein the 
line bu?‘er is a singleport memory type line bu?‘er or wherein 
the line bu?‘er is a dualported memory type line bu?‘er 

17. A display controller as recited in claim 16, wherein 
when the line bu?‘er is the single port SDRAM then the line 
bufer further comprises a first bank and a second bank each 
having a size in accordance with the?rst resolution scan line 
length. 

18. A display controller as recited in claim 17, wherein 
when pixel data corresponding to a source image scan line is 
received in the first bank, then pixel data corresponding to 
another source image scan line can be concurrently read 
from the second bank as many times as required. 

19. A display controller as recited in claim 16, wherein 
when said line bufer comprises the dual-ported memory, the 
data is readfrom a port that is di?'erentfrom a port that 
receives the source image pixel data. 

20. A display controller as recited in claim 12, wherein the 
second clock is locked to said?rst clock in aproportion. 

2]. A display controller as recited in claim 20, wherein the 
proportion is equal to (Htotal.sub. —src. times. Vtotal.sub.— 
src)/(Htotal.sub.—dst.times. Vtotal.sub.—dst), wherein 
Htotal.sub. —src and Htotal.sub.-dst represent the total num 
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ber of pixels in each source scan line and each destination 
scan line respectively, and Vtotal.sub.—src and Vtotal.sub. 
dst represent the total number of lines in the source image 
and the destination image, respectively. 

22. The display controller ofclaim 2], wherein the source 
image pixel data is received using an externally generated 
first clock that is locked to said?rst clock 

23. The display controller of claim 12, wherein said 
source image has a source image aspect ratio and said des 
tination image has a destination image aspect ratio that can 
be not equal to said source aspect ratio. 

24. The display controller ofclaim 12, wherein when said 
source image is an analog source image then the?rst clock is 
provided to a sampling circuit coupled to the interface that 
samples the analog source image at a samplingfrequency 
such that each scan line in said source image is sampled a 
number oftimes equal to a number ofpixels in each scan line 
in the destination image. 

25. A display controller as recited in claim 12, wherein an 
overrun condition in the line bu?‘er is avoided by commenc 
ing writing the source image pixel data in aparticularpor 
tion of the line bufer after the reading of the stored pixel 
data has commenced in that same portion ofthe line bu?‘er 

26. A display controller as recited in claim 12 further 
comprising: 

an incomplete interpolated scan line suppressor unit 
coupled to the interpolator unit arranged to suppress a 
last incomplete scan line after the horizontal interpola 
tion based upon a truncated vertical scaling factor 
(VSF). 

27. A display controller as recited in claim 26, wherein the 
truncated VSF is derived by truncating a fractional portion 
of VSF where VSF is equal to the ratio Vsize.sub.—src/ 
Vsize.sub. —dst. 

28. The display controller ofclaim 12, wherein said dis 
play controller is coupled to a display unit. 

29. A display controller as recited in claim 28, wherein 
said display unit comprises an?xed array monitor selected 
from a group comprising: an LCD monitor and a plasma 
monitor 

30. A display controller as recited in claim 29, wherein 
display unit ispart ofa television system. 

3]. A display controller as recited in claim 12, wherein the 
first resolution corresponds to VGA and wherein the second 
resolution corresponds to a resolution selected from a group 
comprising: XGA, SXGA, UXGA, WQSXGA, and QSXGA. 

32. A display controller as recited in claim 12, wherein the 
display controller isformed as a single integrated circuit. 

33. A memory e?icient method for upscaling a source 
image at a?rst resolution to a destination image at a second 
resolution, comprising: 

receiving source image pixel data in accordance with a 
first clock; 

receiving the source image pixel data a line bu?‘er having 
a size in accordance with the first resolution at the first 
clock; 

storing the received source image pixel data in the line 
bufer; 

reading selected stored image pixel data from the line 
bufer at a second clock; and 

forming the destination image using the selected stored 
source image pixel data. 

34. A method as recited in claim 33, wherein theforming 
the destination image comprises: 

converting a first resolution number of scan lines to a 
second resolution number of scan lines; and 
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16 
converting each of the second resolution number of scan 

lines each having a?rst resolution scan line length to a 
second resolution scan line length. 

35. A method as recited in claim 34, wherein the convert 
ing the first resolution number of scan lines to the second 
resolution number ofscan line is based upon using a current 
scan line and aprevious scan line. 

36. A method as recited in claim 33, wherein the line 
bufer is a single port memory type line bufer or wherein the 
line bu?‘er is a dual ported memory type line bu?‘er 

37. A method as recited in claim 36, wherein when the line 
bufer is the single port SDRAM then the line bu?‘er further 
comprises a first bank and a second bank each having a size 
in accordance with the?rst resolution scan line length. 

38. A method as recited in claim 37, wherein when the 
pixel data corresponding to a source image scan line is 
received in the first bank, then pixel data corresponding to 
another source image scan line can be concurrently read 
from the second bank as many times as required. 

39. A method as recited in claim 36, wherein when said 
line bu?‘er comprises the dual-ported memory, the data is 
read from a port that is diferent from a port that receives the 
source image pixel data. 

40. A method as recited in claim 33, further comprising: 
locking the second clock to the first clock in a proportion. 
41. A method as recited in claim 40, wherein the propor 

tion is equal to (Htotal.sub.—src.times. Vtotal.sub.—src)/ 
(Htotal.sub.—dst.times.Vtotal.sub.—dst), wherein 
Htotal.sub. —src and Htotal.sub.-dst represent the total num 
ber of pixels in each source scan line and each destination 
scan line respectively, and Vtotal.sub.—src and Vtotal.sub. 
dst represent the total number of lines in the source image 
and the destination image, respectively. 

42. A method as recited in claim 33, wherein the source 
image pixel data is received using an externally generated 
first clock 

43. A method as recited in claim 33, wherein said source 
image has a source image aspect ratio and said destination 
image has a destination image aspect ratio that can be not 
equal to said source aspect ratio. 

44. A method as recited in claim 33, wherein when said 
source image is an analog source image then the?rst clock is 
provided to a sampling circuit coupled to the interface that 
samples the analog source image at a samplingfrequency 
such that each scan line in said source image is sampled a 
number oftimes equal to a number ofpixels in each scan line 
in the destination image. 

45. A method as recited in claim 33, further comprising: 
commencing writing the source image pixel data in apar 

ticularportion ofthe line bu?‘er after the reading ofthe 
stored pixel data has commenced in that same portion 
of the line bu?‘er thereby avoiding an overrun condition 
in the line bu?‘er. 

46. A method as recited in claim 34further comprising: 
suppressing a last incomplete scan line based upon a 

truncated vertical scaling factor (VSF). 
47. A method as recited in claim 46, wherein the truncated 

VSF is derived by truncating a fractional portion of VSF 
where VSF is equal to the ratio Vsize.sub.—src/Vsize.sub.— 
dst. 

48. A method as recited in claim 33, wherein said display 
controller is coupled to a display unit. 

49. A method as recited in claim 48, wherein the display 
unit comprises an ?xed array monitor selected from a group 
comprising: an LCD monitor and aplasma monitor 

50. A method as recited in claim 49, wherein the display 
unit is part of a television system. 
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5]. A method as recited in claim 33, wherein the first 
resolution corresponds to VGA and wherein the second reso 
lution corresponds to a resolution selected from a group 
comprising: XGA, SXGA, UXGA, WQSXGA, and QSXGA. 

52. A method as recited in claim 33, wherein the display 
controller isformed as a single integrated circuit. 

53. Computer program product for memory e?icient 
upscaling ofa source image at a?rst resolution to a destina 
tion image at a second resolution, comprising: 

computer code for receiving source image pixel data in 
accordance with a first clock; 

computer code for receiving the source image pixel data a 
line bu?‘er having a size in accordance with the first 
resolution at the first clock; 

computer code for storing the received source image pixel 
data in the line bufer; 

computer code for reading selected stored image pixel 
data from the line bu?‘er at a second clock; 

computer code for forming the destination image using 
the selected stored source image pixel data; and 

computer readable medium for storing the computer code. 
54. Computer program product as recited in claim 53, 

wherein the forming the destination image comprises: 
computer code for converting a first resolution number of 

scan lines to a second resolution number ofscan lines; 
and 

computer code for converting each of the second resolu 
tion number ofscan lines each having a?rst resolution 
scan line length to a second resolution scan line length. 

55. Computer program product as recited in claim 54, 
wherein the converting the first resolution number of scan 
lines to the second resolution number of scan line is based 
upon using a current scan line and aprevious scan line. 

56. Computer program product as recited in claim 53, 
wherein the line bu?‘er is a single port memory type line 
bu?‘er or wherein the line bu?‘er is a dual ported memory type 
line bu?‘er 

57. Computer program product as recited in claim 56, 
wherein when the line bu?‘er is the single port SDRAM then 
the line bu?‘er further comprises a first bank and a second 
bank each having a size in accordance with the first resolu 
tion scan line length. 

58. Computer program product as recited in claim 57, 
wherein when pixel data corresponding to a source image 
scan line is received in the first bank, then pixel data corre 
sponding to another source image scan line can be concur 
rently readfrom the second bank as many times as required. 

59. Computer program product as recited in claim 56, 
wherein when said line bu?‘er comprises the dual-ported 
memory, the data is read from a port that is di?'erent from a 
port that receives the source image pixel data. 

60. Computer program product as recited in claim 53, 
further comprising: 

computer code for locking the second clock to the first 
clock in aproportion. 

6]. Computer program product as recited in claim 60, 
wherein the proportion is equal to (Htotal.sub. — 
src.times. Vtotal.sub. —src)/(Htotal.sub. — 
dst.times. Vtotal.sub.-dst), wherein Htotal.sub.—src and 
Htotal.sub.—dst represent the total number of pixels in each 
source scan line and each destination scan line respectively, 
and Vtotal.sub.-src and Vtotal.sub.-dst represent the total 
number of lines in the source image and the destination 
image, respectively. 

62. Computer program product as recited in claim 53, 
wherein the source image pixel data is received using an 
externally generated first clock. 

18 
63. Computer program product as recited in claim 53, 

wherein said source image has a source image aspect ratio 
and said destination image has a destination image aspect 
ratio that can be not equal to said source aspect ratio. 

5 64. Computer program product as recited in claim 53, 
wherein when said source image is an analog source image 
then the first clock is provided to a sampling circuit coupled 
to the interface that samples the analog source image at a 
samplingfrequency such that each scan line in said source 

10 image is sampled a number oftimes equal to a number of 
pixels in each scan line in the destination image. 

65. Computer program product as recited in claim 53, 
further comprising: 

computer codefor commencing writing the source image 
pixel data in a particular portion of the line bu?‘er after 
the reading ofthe storedpixel data has commenced in 
that same portion ofthe line bu?‘er thereby avoiding an 
overrun condition in the line bufer. 

66. Computer program product as recited in claim 54, 
20 further comprising: 

computer code for suppressing a last incomplete scan line 
based upon a truncated vertical scaling factor (VSF). 

67. Computer program product as recited in claim 66, 
wherein the truncated VSF is derived by truncating a frac 

25 tional portion of VSF where VSF is equal to the ratio 
Vsize. sub. —src/Vsize. sub. —dst. 

68. Computer program product as recited in claim 53, 
wherein said display controller is coupled to a display unit. 

69. Computer program product as recited in claim 68, 
30 wherein the display unit comprises an ?xed array monitor 

selectedfrom a group comprising: an LCD monitor and a 
plasma monitor. 

70. Computer program product as recited in claim 69, 
wherein the display unit is part of a television system. 

7]. Computer program product as recited in claim 53, 
wherein the first resolution corresponds to VGA and wherein 
the second resolution corresponds to a resolution selected 
from a group comprising: XGA, SXGA, UXGA, WQSXGA, 
and QSXGA. 

72. Computer program product as recited in claim 53, 
wherein the display controller is formed as a single inte 
grated circuit. 

73. A memory e?icient upscalerfor upscaling a source 
image to a destination image having more pixels than the 
source image, comprising: 

a source interface arranged to receive source image pix 
els; 

a line bu?‘er arranged to receive and store pixels from the 
source interface; and 

a display interface arranged to receivepixelsfrom the line 
bu?‘er and provide the destination image without using 
a frame bufer. 

74. A methodfor generating a plurality of image pixel 
data elements for display on a display screen, comprising: 

receiving source image pixels from a source image; 
generating aplurality ofpixel data elements by sampling 

said source image pixels; 
receiving and storing pixel data elements at a line bu?‘er; 
receiving pixel data elements from the line bu?‘er; 
providing the plurality ofimagepixel elementsfor display 

without using a frame bufer; and 
displaying a destination image having more pixels than 

does the source image using the provided plurality of 
image pixel elements. 
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