ADC CALI BRATI ON TO ACCOMMCDATE TEMPERATURE VARI ATI

USI NG VERTI CAL BLANKI NG | NTERRUPTS I nventor: John
Thonmas 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
illustrates a broad schematic of an arrangement to
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104 associated with the host 102 converts the digital

i mge data gener BIeA NKTNIG; INSTERIZURTS anal og

i mge data (typically, in RGB fornmat) to be sent out
over a connection 106 to digital display circuitry
108. Analog to digital converter (ADC) circuitry 110
associated with the digitalmengptay circuitry 108
converts the analog inage data back into digital

i mage data, which is then provided to a display 112
such as a liquid crystal (bgPPrhomhe operation of the
digital display circuitry 108 1s typically under the
control of a processor (not shown) that is either
"on-board" (or otherwi se relatively tightly coupl ed

:to the circuitry of the digital display circuitry 108)

or "off board" (or othesMggc tipohtly coupled to
the circuitry of the d?‘ggtt%q—‘(%y' circuitry 108).
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1%12, variation in %i licgon process may result in
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BACKGRQUND

[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
is 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 silicoﬁ 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 vol tage and transi stor m smatches. The
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[0006] Conventlonally, 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, the 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.
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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 viewer of imges 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.
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[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
intervals of the anal og di splay signal sent over
connection 106. B BESER![PWHE"FI@URE erence to
Fi ure 2, it can be seen that step 'S
DolFignre lis pbrasdischsinaaticiiHystiation ofjeircuitoy to\@h):rate images and to

cessi di splay an image on display
gkﬂgﬁéws g% 9*%@@§5§3|ng maybe entirely

co F l9.
Ao FIBR2 bro i AldR Ao idcesthl 15D Bl o
of accoumt foxmﬁamges uuoparmmmﬁmbns:hﬂhe @&SD(E pir@eY210.ng

Cco, 8 ep 204 nonlnal e.g., conventiona
E@ Hl S‘§§| @a E’G}l‘%’f 1 ,lzqﬁlpucpmssmgg redativerte the ADC
t%aﬁﬁﬁﬁo@? cess %%é&m@ﬁf#ﬁet% Is a flowchart

['ustrating an~-exanple e ADC calibration
pr{08r2 SHigge 4062 flowtingt iMbstAn@thah Dl i
ADC ci rc%?t ry 110. By using gtﬂliﬁhfal I nt erlﬁgtilﬁ{)ﬁ%%&caegﬁ?%%wnm'
f gHEWRE ADC circuitry 110 during calibration
extraneous influences can be minimzed or elimnated.
For exanple, interferences such as change of
anpl i tude and external anal og noise fromthe externa
ADC circuitry 110 inputs can be mnimzed or
el i mnated. [0016] Turning now to Figure 3, reference
nunmeral 300 nerely indicates an entry point into the
Figure 3 processing. At step 302, the internal DAC
enabled as input to the ADC circuitry 110. The out put
of the internal DAC is programmed to ADC- TEST
DACVALUE (a user-programmbl e paraneter to the
processing). Also, the ADC circuitry 110 bandwidth is
set to zero, which elimnates 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 inmmediately below, this provides
an opportunity for better ensuring the.quality of the
read ADC output data. [0018] For exanple, in sone
exanpl es, apparently aberrant output values of the ADC
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change of amplitude and external analog noise from the external ADC circuitry 110

inputs can be minimized or eliminated.
[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
example, 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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[0022] At step 312, the operational GAIN 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?2 value is not adjusted.
Processing then continues at step 312 to restore the operatioﬁal 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 denotéd 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

vari ed by one. Sonetines, due to internal ADC
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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
QFFSET2 values are stored, to be used as initial values in subsequent Figure 3
processing during VBI intervals.

[0030] In 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
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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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processing is de re-entrant, e.g., by utilizing a
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processing on an alternate stack between VBI's, and

the Figure 3 processing is carried out over nmultiple

VBI's. 0) E3 8 What is clainmed is: 1. In digital

display circuitry, configured to display an inmge

encoded in an anal og display signal, the digital

display circuitry including anal og-to-digital

converter (ADC) circuitry to recover pixel data

el emrents of the image, a nethod :




conprising: during vertical blanking intervals of the
anal og display signal, calibrating the ADC circuitry;
and outside the vertical blanking intervals, using the
ADC circuitry to convert information in the anal og
di splay signal into digital representations of the
Piwght f¥iAmegigments. 2. The nethod of claiml,
wherein: the calibrating step includes determning
nore acceptabl e values for certain ones of the
operational paraneters of the ADC circuitry. 3. The

- method of claim2, wherein the calibrating step
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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:




paraneters of the ADC circuitry, other than the
certain ones of the operational paraneters, to
particul ar test operational values. 6. The method of
claimb5, wherein the particular test operational
values that are the same for each step of providing
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the vertical blanking interval, changing the
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determining a representative output val ue based on
the plurality of outgut. val ues; and in the conparing
step, Yhe rEiBebad af ¢loian B foxbar comprisings used to

indic EHrfbr tt&%nnﬂia’dfn? lof Eh¥ vglfticgl%%f(ﬁngvi%{e%?ﬁ; changing the operational

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 at 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 output value is used to indicate the

| plurality of output values.

i1, The method of claim 10, wherein:

10




11. The method of claim 10, wherein: 10 determ ning
the representative output value based on the plurality
of output values includes determ ning an average of
the plurality of output values. 12. The nethod of

: claimm wherein: the step of determ ning the average
b of the pluraljty of output values includes: Bust
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. ant d di [ t
o206 e, B P S o o S,

of claiml j,wherein: the step of determning if any
of the fl urality of output val ues appear to be
aber r ant 2t ncl &hemethod of elaimnimfwheredn:pl ural i ty of out put

val ues, gonparing that ope of the plurality of output

val ues tﬁlez}rfepl "éﬁgﬁmﬁlﬁw@ hyerage of thie @lyshlity of putputofalues includes:
out put val ues £ N t hat gne.of the

olural ity of - ot BeREARE Ry 39 ukaflrily 8t ual Vagpes gopearto be

resul t oébemfant;amhpari ng step. 14. The met hod of any.of

clains 1-13i erein: a single step of calibrating the
ADC ci r cui t r ydiFsgadiag theberrant yakes/when desérmining thei average.
interval. 1 ~./ 15. The nethod of any of clains ’

1-13,, wherein: a single step of calibrating the ADC

: circuitry.is 'mmah&ﬂoﬂm@q{vggmﬁlhan one vertical
o~ bl anki ng, i nteryal . 16. The nethod of claim 15, further
. O conpr i sitAgstep of determining if any of the plurality of output values appear to be

aberrant includes, for each of the 151urality of output values,

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.

14.  The method of any of claims 1- I3} wherein:

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

2, .
N
L

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

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

16. The method of claim 5, further comprising;

controlling the calibrating step to execute in greater than one vertical blanking
interval.

17.  The method of claim 16 , wherein:

the step of controlling the calibrating step to execute in greater than one
vertical blanking interval includes,

11




controlling the calibrating step to execute in greater
than one vertical blanking interval. 17. The nethod

of claim 16, wherein: 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
| nitiate the @%fmma&mﬁgp&@nﬂabvm@bhlhmgmﬁemhbmaherto

ca (PSS GG R finE 8 o Yhethon o Shuliils aventingp psviously

cl ainftfatekt cabibrating cbftfo sing: during the vertical
bl anking intervals, [imting the tinme during which the

calibrating step is executed. 19. The nethod of claim

i 18- cat THE meBo Sl b Behersomprging.

tites méﬁﬁup@éﬂ%ﬁﬂ%@eﬁ%wgﬁ o Qe it fre

whemHbrating xtep s éxeguted. a calibrating step is term nat ed
during a particular vertical blanking interval based
on occurrence of the tiner interrupt. 21. The method

of any cl . _based on an

i ndi cat ﬁ%n o?f%‘s'ﬂ%@?‘?%c}ad?ﬁ%yw 88 ssi ng, not _
execut i Al REPELEMItHY thetimé BerifAVhieh aie' daﬂbﬁhﬁgﬁéws'eﬂﬁcuted
particular vertical blanking intervals

of duripg ppattioulen ¥erdical blanking antarvabie respbnsives tiadtiher interrupt,

bl anki ng i nterval s during which processing of the
calibrating step is not executed is predetermned to

be at | east dTheadndthdddfdtai U9DPSherein:

executing of a calibrating step is terminated during a particular vertical

blanking interval based on occurrence of the timer interrupt.

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

of the calibrating step during particular vertical blanking intervals,

2, The method of claim 21, 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 mumber of

consecutive vertical blanking intervals.

23..  The method of claim 21, wherein:

| the higher priority processing is communication of data between the digital

display circuitry and a host device.
2..  The method of any of claims 2-21, 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

12




consecutive vertical blanking intervals. 23. The

met hod of claim 21, wherein: the higher priority
processing i s comruni cati on of data between the

digital display circuitry and a host device. 24. The

met hod of any of clains 2-?t, wherein: determning the
nore acceptable values for the certain ones of the
operational paranmeters includes detern ning val ues

for which, if the certain ones of the 12 operationa
paranmeters are adjusted thereto, the change in the

i mge di splayed by the digital display circuitry wll

be below a particular threshold. The nethod of claim
249pgrgtionplpprameiemrdre adiupted thendto,itizd dhangedn the image digplayed by the digital
Padidplfdiraditrf Vil BRI patRutad iR, hod of claim

wherein: initially determ ning the particul ar

t hreshol d i ncl udes considering nom nal properties of

human g§si onThenedivd offttaimont fttebr edmpaisivg: of ¢l ai ms 1- 26,
furtherpg S 0GH : i the calibrating step

for a pIP gﬂg{ag%ﬁnﬁlﬂ'gebc} h%lgérqu%%?g‘% 'éc?&pomer up of the

digital display circuitry. 28. The nmethod of any of

cl ai ms 28~ 2, 7TThewhttiogionclaidlbwirtdidg the ADC circuitry is

to acc : Jdn_pnternal pffset voltage of .
the ADCHIlY dh@mibABE R B LA RAERU RS bR E gl Bimsries of
t HMM28|visiRat i ng st ep i ncl udes determi ning nore

acceptabl e values for certain ones of the operationa

par anmet ers Al [ itr erein the certain

ones of?’t heog]ﬁtgkrga old(gﬁaé.\?’oéﬁa%@ﬁé%@rfg | h%ﬂ%”gadj ustments

t N9t geequtinadheeplibratinp step fef @lpregigiesnined period after power up of the digital display

circuitry.

28. The method of any of claims 1-27, wherein calibrating the ADC circuifry is to
account for changes in internal offset voltage of the ADC circuitry. '

29, The method of claim 28, wherein the calibrating step includes determining more

acceptable values for certain ones of the operational parameters of the ADC circuitry, wherein the
certain ones of the operational parameters include adjustments to the internal offset voltages.

13
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13 ABSTRACT ADC CALI BRATI ON TO ACCOMMODATE
TEMPERATURE VARI ATI ON USI NG VERTI CAL BLANKI NG _

| NTERRUPTS In digital display circuitry, configured to
di splay an i mage encoded in an anal og di splay signal,
the digital display circuitry includes

anal og-to-digital converter (ADC) circuitry to
recover pixel data elenents of the imge. During
vertical blanking intervaABSTRAGE anal og displ ay

vert SRRl Sl bl G 41 g oo

i nt oo iEiplY %{)rese%% P Ol g i

e eatep URplaly Qlgnalg thardigital disPﬁlyQ:ﬁ'lciuB{v Aldnis BRlog-B-ti8] converter
determ ning nore accept abl e val ues for certal n ones

ko cHpbH t9 1eaever pinch detastaments af the ikDEe.cDudng wetical blanking

Fi]ﬂérvgls ¢ the analog display signal, the ADC circuitry is calibrated. Outside the

vertical blanking intervals, the ADC circuitry is used to convert information in the
analog display signal into digital representations of the pixel data elements. For

example, the calibrating may include determining more acceptable values for certain

~ ones of the operational parameters of the ADC circuitry.

Fig. 2
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