ADC CALI BRATI ON TO ACCOWODATE TEMPERATURE VARI ATl ON
USI NG VERTI CAL BLANKI NG | NTERRUPTS Inventor: John
Thomas TECHNI CAL FI ELD [ 0001] The invention relates to
di spl ay devices. Mire specifically, the invention
relates to calibration of analog to digital converters
used in digital displays. BACKGROUND [0002] Figure 1
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: BACKGROUND

[0002] Figure 1 illustrates a broad schematic of an arrangement to generate images

and to display the images digital form. In particular, a host 102 (for example, a
personal computer) generates an image in digital format. Digital to analog converter
{(DAC) circuitry 104 associated with the host 102 converts the digital image data
generated by the host 102 into analog image data (typically, in RGB format) to be sent
out over a connection 106 to digital display circuitry 108. Analog to digital converter
(ADC) circuitry 110 associated with the digital display circuitry 108 converts the
analog image data back into digital image data, which is then provided to a display
112 such as a liquid crystal (LCD). The operation of the digital display circuitry 108
1s typically under the control of a processor (not shown) that is either “on-board” (or
otherwise relatively tightly coupled to the circuitry of the digital display circuitry 108)
or “off board” (or otherwise less tightly coupled to the circuitry of the digital display
circuitry 108).
[0003] With particular respect to the ADC circuitry 110, variation in silicon process
may result in internal offset voltages of the ADC circuitry 110 varying with
temperature. As a result, when temperature varies, the RGB output data through the
ADC circuitry 110 may show data drift. |




tenperature. As a result, when tenperature varies, the
RGB out put data through the ADC circuitry 110 may
show data drift. 1 [0004] The internal offset voltages
depend on factors such as threshold voltage m smatch,
overdrive voltage and transistor m smatches. The
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[0088) t¢:SHvedtionally, offset values and gain values are initialized at the power up of
the digital display circuitry 108 (including the ADC circuitry 110) and stored in a non-
volatile RAM (NVRAM). Thus, color balance is achieved, at least initially.
However, thg output data from one or more channels of the ADC circuitry 110 may
shift based on changes in operating conditions, such as changes in operating
temperature.
[0007] 1t is thus desirable to respond to such changes in operating conditions and, in

particular, to respond in a way that is not nominally visible to a typical viewer of

images on the display 112.




However, the output data fromone or nore channels of
the ADC circuitry 110 may shift based on changes in
- operating.conditions, such as changes in operating
tenperature. [0007] It is thus desirable to respond to
such changes in operating conditions and, in
particular, to respond in a way that is not nomnally
visible to a typical vie i-mages on the display
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[0010] Figure 2 broadly illustrates processing to
operate the Figure 1 circuitry to account for changes
in operating conditions of the ADC circuitry 110.

[0011] Figure 3 is a flowhart illustrating

initialization processing relative to the ADC
cal i bration processing shown in Figure 2.




[0012] Figure 4 is a flowhart illustrating the ADC
cali bration processing shown in Figure 2. 4 DETAILED
DESCRI PTI ON [ 0013] In general, a nethod is described
to operate digital display circuitry such that the
ADC circuitry 110 of the Figure 1 digital display
circuitry 108 is calibrated during vertical blanking
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gircuitry 110. By using the internal DAC as i nput
for the ADC circuitry 110 during calibration,
extraneous influences can be minimzed or elimnated.
For exanple, interferences such as change of anplitude
and external anal og noise fromthe external ADC
circuitry 110 inputs can be mnimzed or elim nated.
[0016] Turning now to Figure 3, reference nuneral 300
nmerely indicates an entry point into the Figure 3
processing. At step 302, the internal DAC enabl ed as
input to the ADC circuitry 110. The output of the
internal DAC is progranmed to ADC TEST DACVALUE (a
user - progranmabl e paraneter to the processing). Al so,
the ADC circuitry 110 bandwidth is set to zero, which
el i m nates high frequency band




interference. [0017] At step 304, the ADC Dat a
registers (output) are read. In the illustrated
exanpl e, each ADC Data register is read nultiple
times. As discussed immediately below, this provides
an opportunity for better ensuring the quality of the
read ADC output data. [0018] For exanple, in sone
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[0016] Turning now to Figure 3, reference numeral 300 merely indicates an entry
point into the Figure 3 processing. At step 302, the internal DAC enabled as input to
the ADC circuitry 110. The output of the internal DAC is programmed to
ADC_TEST_DACVALUE (a user-programmable parameter to the processing). Also,
the ADC circuitry 110 bandwidth is set to zero, which eliminates high frequency band
interference.

[0017] At step 304, the ADC Data registers (output) are read. In the illustrated
éxample, each ADC Data register is read multiple times. As discussed immediately
below, this provides an opportunity for better ensuring the quality of the read ADC
output data.

[0018] For example, in some examples, apparently aberrant output values of the ADC
circuitry 110 are discarded. In a particular example, if values in adjacent (in time)
readings of a particular ADC Data register is greater than
ADC_GLITCH_THRESHOLD, then the values are not considered in the ADC

calibration processing,




[0021] In one exanple, the processing at step 310 is
such that the OFFSET2 value is adjusted only slightly
(e.g., by one bit) each tinme the Figure 3 processing
is executed. In this exanple, if further adjusting of

the OFFSET2 value is required to bring the ADC
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[00925 748 stepe19, {8 oPBraARRR AN value is restored to the ADC circuitry 110
in place of the zero GAIN value used during Figure 3 calibration processing. Then
ADC calibration processing exits at step 314,
[0023] If the difference between the current step 306 result and the previous step 306
result do not exceed ADC_THRESHOLD, then the OFFSET? value is not adjusted.
Processing then continues at step 312 to restore the operational GAIN value, and the
ADC calibration processing exits at step 314.
[0024] We now turn to Figure 4, which is a flowchart illustrating initialization
processing for the ADC calibration of Figure 3. Portions of the Figure 4 processing
are the same as processing of Figure 3, and these same portions are denoted by
identical reference numerals. The Figure 4 processing is typically executed upon |
power up of the digital display circuitry 108, and may be executed at other times as
appropriate, such as when called by an on-screen display setup function.
[0025] Reference numeral 400 merely indicates an entry point into the Figure 4
processing. At step 402, it is determined whether the ADC circuitry 110 has been




di scontinuity in the output function of the ADC
circuitry 110. [0026] For exanple, the ADC out put
function may be such that there are 255 different
output digital codes, in steps of one, if the input is
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mintmizing the effect of glitches or other wrong values being recorded and stored into
NVRAM. At step 410, the averaged OFFSET1 value is rounded to the nearest integer
and stored into NVRAM.

[0028] At step 302 (like in Figure 3), the DAC is enabled and programmed to output a
“desired test output value as input the ADC circuitry 110. At step 412, new OFFSET2
and GAIN values are calculated for each color channel of the ADC circuitry 110.

[0029] At step 304, the ADC data registers are read, accounting for the potential of
glitches in the reading, as in the Figure 3 processing. At step 306 the data values are
averaged, as in the Figure 3 processing. Finally, at step 414, the new ADC DATA and
OFFSET?2 values are stored, to be used as initial values in subsequent Figure 3
processing during VBI intervals.

[0030] Tn accordance with some examples, there are events of higher priority than

- ADC calibration that should be serviced during VBI’s. One such event is
communication of data between the digital display circuitry 108 and the host device




averaged, as in the Figure 3 processing. Finally, at
step 414, the new ADC DATA and OFFSET2 val ues are
stored, to be used as initial values in subsequent
Figure 3 processing during VBI intervals. [0030] In
accordance with sone exanples, there are events of
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timer interrupt to save the state of the Figure 3
processing on an alternate stack between VBI's, and
the Figure 3 processing is carried out over nmultiple
VBI's. 8 What is clainmed is: 1. In digital display
circuitry, configured to display an i nage encoded in
an anal og display signal, the digital display
circuitry including anal'og-to-digital converter (ADC)
circuitry to recover pixel data elenents of the inmage,
a nethod conprising: during vertical blanking
intervals of the anal og display signal, calibrating

t he




ADC circuitry; and outside the-vertical blanking
intervals, using the ADC circuitry to convert
information in the anal og display signal into digital
representations of the pixel data elenents. 2. The
nmet hod of claim1l1l, wherein: the calibrating step

Wheat isqdaimedtissr ni ni ng nore acceptabl e val ues for
certain ones of the operational paranmeters of the ADC
circuitry. 3. The nethod of claim2, wherein the
calibrating step includes: providing a predeterm ned
test input value to the ADC circuitry; and receivVving
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2, The method of claim 1, wherein:

the calibrating step includes determining more acceptable values for certain

ones of the operational parameters of the ADC circuitry.

3. The method of claim 2, wherein the calibrating step includes:
- providing a predetermined test input value to the ADC circuitry; and
receiving at least one output value of the ADC circuitry for the test input value
to the ADC circuitry and, based thereon, determining the more acceptable values for

the certain ones of the operational parameters.

4, The method of claim .3, wherein:
the step of providing a predetermined test input value to the ADC circuitry
includes: .
enabling digital-to-analog converter (DAC) circuitry of the ADC
circuitry;
causing the DAC circuitry to provide the predetermined test input
value as an output of the DAC circuitry.

5. The method of any of claims 3-4, wherein:




6. The nmethod of claim5, wherein the particul ar test
operational values that are the sane for each step of
providing the predeternmined test input value to the
ADC circuitry. 7. The nethod of claim®6, further
conprising: prior to receiving the at |east one output
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determ ning a representative output val ueébase
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step, the representative output value is used to
indicate the plurality of output values. 11. The

met hgd of TR fletRodOf cita 7S filtther ddtnprising:
prior to termination of the vertical blanking interval, changing the operatioxial

parameters of the ADC to be other than the predetermined test values.

9. The method of any of claims 3-8, wherein:
determining the more acceptable operational parameters includes comparing
the af least one output value of the ADC circuitry to an indication of previously-

obtained output values of the ADC circuitry; and

based on a result of the comparing, determining the more acceptable values for

the certain one of the operational parameters.

10. The method of claim 9, wherein:

the at least one output value includes a plurality of output values for a same

test input value;

the method further comprises determining a representative output value based
on the plurality of output values; and
in the comparing step, the representative 6utput value is used to indicate the

plurality of output values,

11. The method of claim 10, wherein:
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determining the representative output val ue based on

the plurality of output values includes determ ning

an average of the plurality of output values. 11. The

met hod of claim 10, wherein: the step of determning
of out put, val ues

th _of the pluralit
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basedibedtitaandesul t of the conparing step. 13. The

met hod of any of. cl.ai 1-12. wherein: a single step
of cali bré%r%%fn%lﬁg Rt values yhea defe ¢ VSRR
vertical blanking interval. 14. The nethod of any of
clainms 1-12, wherein: a single step of calibrating the
ADC dir cuiTtheyndtlsodeofataitneld , iwhegireat er t han one

verti,cal bltac{%ki ng .interval . 15. The nmethod of claim

14, fREERS Eﬁ%‘ﬁ"%%fgmyef)ﬂlemfﬁmﬁg)fpﬁwu_é&ﬂ}l@g?pﬁfgo be
S LB G AR Q2 o

comparing that one of the plurality of output values to at least one other

of the plurality of output values; and

determining that one of the plurality of output values is aberrant based

on a result of the comparing step.

13.  The method of any of claims 1-12, wherein:

a single step of calibrating the ADC-circuitry is executed in one vertical
blanking interval.

14, The method of any of claims 1-12, wherein:

a single step of calibrating the ADC circuitry is executed in greater than one
vertical blanking interval.

15. The method of claim 14, further comprising;
controlling the calibrating step to execute in greater than one vertical blanking

interval.

16. The method of claim 15, wherein:

the step of controlling the calibrating step to execute in greater than one

vertical blanking interval includes,
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the step of controlling the calibrating step to
execute in greater than one vertical blanking
interval includes, 11 determ ning, at a particular
vertical blanking interval, whether to initiate the
calibrating controlling step of whether to continue
executi ng tmmmemlaparuqular Walttledl hiaﬂmhg mtarwg whether to

II| te The n of cl
(R R ch ittt Simspline i vty festibns pri g Bmeriogely
mﬁia@dd\@hsmtﬂlgebﬁtfdmlgﬁeptl me during which the
calibrating Step is executed. 18. The nethod of claim

17, V\/nereln the step of limting the tine during

whi ¢ i bra step.is e uted during a

parti uI ar ?%i?%%ﬂ?f >§e efF@“P%%‘Eﬁ)ﬂSl ve to
8 Ul MRking WeVetifll blankh é%

wher ei n: executl ng o l%igﬁ, Eeatl n ?ep | S ’rwrlrlllcr]}la ed

cdlibriating stepéwéxiecutbdir vertical bl anking i nterval based
on occurrence of the tinmer interrupt. 20. The nethod
of any of clains 1-19, wherein: based on an indication

of hijgher 7L ot executing
procegsn ng@l dt‘@é"ﬂg‘% elrsgtk"?l%r 'Qt ep during particular

ver t itepdtedbfiidting theiae ﬂﬂhﬁ% wBibh tdealibpitingdiepfis St

2Q, wherein: the a nunbe vertical bl anking

dprngp patisulauysrtiepl hiankinginistead isiragponsive bea timef interatpt.ng
step is not executed is predeternined to be at |east a
particul ar nunber of consecutive vertical blanking

i nt eg9al SThehethbdofERIMAAY, Rheeldi M 20, wherein: the
hi gher priority processi ng i s communi cation of data
bet wexasutingoty ¢nlibrating step is terminated during a particular vertical

blanking interval based on occurrence of the timer interrupt.

20.  The method of any of claims 1-19, wherein:
based on an indication of higher priority processing, not executing processing

of the calibrating step during particular vertical blanking intervals.

21.  The method of claim 20, wherein:
the a number of vertical blanking intervals during which processing of the
calibrating step is not executed is predetermined to be at least a particular number of

consecutive vertical blanking intervals.

22, The method of claim 20, wherein:
the higher priority processing is communication of data between the digital

display circuitry and 2 host device.
23.  The method of any of claims 2-20, wherein:

determining the more acceptable values for the certain ones of the operational

parameters includes determining values for which, if the certain ones of the
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display circuitry and a host device. 23. The nethod of
any of clains 2-20, wherein: determning the nore
accept abl e values for the certain ones of the
operational paraneters includes determ ning val ues
for which, if the certain ones of the 12 operati onal

qrsrasionalarasanagiers e asdustad theretoe the, chags ip terignage displaged by the

RGBSR e olon e BaPua biBh et hod o
claim23, further conprising: initially determ ning

the particular threshold. 25. The nethod of claim 24,
wher é4n:  iThetmethdéd/ofideior 23, funthpr chmppsing:i cul ar

threshaol d i.ncl udes consi.deri inal properties of
nurm R0y SR fROP RO GEhay o cf i me 1. 25,
further conprising: not executing the calibrating step
for a predeterm ned period after power up of the

di gi 28] diThphsethal sfaldihy 34, wharein:
initially determining the particular threshold includes considering nominal

properties of human vision.

26.  The method of any of claims 1-25, further comprising:

not executing the calibrating step for a predetermined period after power up of the

digital display circuitry.
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