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).
[0} Theiitvention telated tardisptspievices. OMobespbEiGcally, @i inf¥ntion
1%12, variation in %i licgon process may result in

Felptes frgaliSration of guplegiglisil comeertarsesed incdigital displays.
varying wwth tenperature. As a result, when
tenperature varies, the RG output data through the

ADC circuitry 110 may sBACKGROUNDf!t.

[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.




1 [0004] The internal offset voltages depend on
factors such as threshold voltage m snmatch, overdrive
vol tage and transistor m smatches. The internal offset
vol tages are cancelled out depending on the val ues of
OFFSETI and OFFSET2 registers for each of the RGB
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itﬁe gital 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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particular, to respond in a way that is not nomnally
visible to a typical viewer of images on the display

112. 2 SUWMMARY [0008] In digital display circuitry,
configured to display -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 intervadisvMMAR anal og di spl ay
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[ enesoff the opgratiopal; paramaiers wé therADC cirasityat | ng

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
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vertical blanking intervals of the anal og display
signal sent over connection 106. [0014] For exanpl e,
with reference to Figure 2, it can be seen that step
202 (which is outside the vertical blanking interval,
or VBI) includes processing to display an image on

di splay 112. The step 202 processi ng naybe entirely
conventional. Steps 204 and 206 are during the VBI.
At step 206, proBREE DESORIPTION OFadie $iGiRESOPEr at i on
of the ADC circuitry 110 for changes 1 n operating
colf#P?9] Bigure Las adrasd solpmatiedHustrtios ef girquitry trgenstateoingigys and to
VB: [ .OGCUr Thereafter, processing returns
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el.imnated. [0016] Turning now to Figure 3, ‘'reference :
ndi8H&EZ. 300 nerely 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 out put

of the internal DAC is programmed to ADC- TEST

DACVALUE (a user-programmabl 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
circuitry 110 are discarded. In a particul ar exanpl e,

if values in adjacent (in tinme) readings of a :
particul ar ADC Data register is greater than
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ADC- GLI TCH THRESHOLD, then the val ues are not
considered in the ADC calibration processing. 5
[0019] Furthernore, as shown at step 306, a noving
average of the ADC output data is determ ned, and
this noving average is used as input to the ADC
calibration processing. By using the noving average,
sl ow nmovi ng random noi se exhibited in the ADC out put

data can be "aver agephEIWIl EDIDRSCEPTIORU! ar
iDga)l enentation of noving average processing, each ADC
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|on §SS|£%H exits at step 314. [0023] If
6 current step 306 result and

'I@Wﬁmﬁ@ﬁgﬁ% &
THREg o (PN, BB ‘F]S%Qﬁooﬁﬁ%g’gﬂnﬁme {en entry
point into the Flgure 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.




Processing then continues at step 312 to restore the
operational GAIN value, and the ADC calibration
processing exits at step 314. [0024] W now turn to
Figure 4, which is a flowhart illustrating
initialization processing for the ADC calibration of
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Me‘ﬁﬁﬁ tga Ze[p aﬁmv it wsed e 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 typicallf 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




ADC OFFSETI val ue stored into NVRAM then processing
at step 408 executes to calibrate the ADC circuitry
110 to determ ne a suitable OFFSET 1 val ue. By

.perform ng the OFFSETI calibration nultiple tines and

averaging (i.e., referring to Figure 4,
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ocessing during a VBI. In this
%Yﬁimf% z:h Sffect of Ehlp hex or osher %’vrong Vah?es being recorded and stored into
NVRAM. At step 410, the averaged OFFSET1 value is rounded to the nearest 111teger
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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Figure 3 processing is nmade re-entrant, e.g., by
utilizing a tinmer 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. 0j E3 8 Wiat is clained is: 1.

In
dijgn! Wheﬂisgm Qbnfsl Sl o incsg)ﬂge:o g@%geféﬁgﬁic%ﬁh%%og 18 not

i mge encoded i.n" an analog _ o
dipgrfomteddostilest £ predeteiniied Mahbis b YBIRA b?@n%ﬁ’strﬂélﬂéﬂe%mple,
at a

c%@yenter (ADC) circuitry to recover pixe
e tSisHplepentadby, inighzing a HOITYAFF coumperiupon deteckion ofghe higher

< Bl et AR R HOL BT coffef sl B wentiming

t RDQ ealibrstivn ﬂﬂb@ﬁéih%"ﬁlﬁl %@HWFM{QE Ieﬁb:rﬁa og Zero.

circuitry to conver i nformation I n
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néetod thefFigira Bipréessifipoeamalteiate sthébebhbOVBI§ Pand the Figure 3
includes: providing a predeterm ned test input value

{ RFOPFSEINE prcactied it o gr multiple \BES.vi ng at | east one

out put value of the ADC circuitry for the test input
value to the ADC circuitry and, based thereon,

determ ning the nore acceptable values for the

certain ones of the operational paranmeters. 4. The

nmet hod of claim 3, wherein: the step of providing a
predeterm ned test input value to the ADC circuitry




i ncl udes: enabling digital-to-anal og converter (DAC
circuitry of the ADC circuitry; causing the DAC
circuitry to provide the predeterm ned test i nput

val ue as an output of the DAC circuitry. 5. The nethod
of any of clainms 3-4, wherein: 9 while receiving the
at t put val ue, setting the val ues of
osgpg?ﬁgﬁgﬁﬁdggraneters of the ADC circuitry, other
than the certain ones of the operational paraneters,
to particular test operational values. 6. The nethod

- of claim5, wherein the particular test operationa

val uesy tha the.sane for each step. of providing )
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télen&DC circuitry; and based on a result of the
conparing, determning the nore acceptabl e val ues for
the certain one of the operational paraneters. 10. The

met hod, of ofai M. 3@0?51’% ﬂ: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:




the at | east one output value includes a plurality of
out put values for a sane test input value; the nethod
further conprises determning a representative out put
val ue based on the plurality of output values; and in
the conparing step, the representative output value is
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wherein: the step of determ ning the average of the
plurality of output values includes: Bust determning
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d 8wabamgithe same foe ezvhastepg providing Heqredetdmméhedftest irpubvalue to the
j##tgr.ei n. the step of determning if any of the

pftrat e %f out put val ues appear to be aberrant

i ncl udes, for each of the plurality of output val ues,
conmparing that one of the plurality of output val ues

to at T.east Thomethiollef claii 6} fethe dohipistng: of out put

val ues; .and determning that one of the plurality of
out putPRRYI Eeceivingthe at lsast opaewput velneachaagingtthedperational

i el f -of cl ai 1-13i
PERARS RO IR R e Che ape

circuitry is executed in one vertical blanking
interval . 1 .
8. The method of claim 7, further comprising;

prior to termination of the vertical blanking interval, 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




2, .
N
L

~./ 15. The nmethod of any of clainms 1-13,, wherein: a
single step of calibrating the ADC circuitry is
executed in greater than one vertical blanking
interval. 16. The nethod of claim 15, further
conprising: controlling the calibrating step to
execute i,n greater than one vertical blanking

i nt er val detpfa Eepresentyiveoutpuhvale; basedorethe phirhlity of cutput

hopriseptgiveonipu |
or cxnBes Rt oy §brigh F e Ry BF et Vebeselos

11 determning, at a particular vertical blanking

interval, whether to initiate the calibrating

cont r ol Hng s Themethodkf claime 11, wheseid:i nue executing a
ini.tiated calibrating controlling step.

previ ous ‘ :
18. The hétsFﬁ?d’fG‘Fte%‘?m&f ¢ #erags o the pluralify of ewtput values includes:

conpri sing: dgfd [ anki ng intervyals
limting the fifst Qelepmui né?fvﬁs%&%ﬁlhteﬁ’t‘“‘r’]tk%’? B‘FB?’iW!P%PBEF‘“ to be
i s execughekanttand The net hod of claim 18, wherein: the
step of l'imtinhg the tinme during which the calibrating
step i s execufiggsards thepbarra values when determiiniag the average.

bl anki ng interval i.s responsive to a tinmer interrupt.

20. The nethod of claim 19, wherein: executing of a

cal i bratang sTieméthod &FJRiRPLL el N @ particul ar

vertical, blanking interval based on occurrence of the
timer i rih@ftempt detarmining if ampofithd pbirality pf ortpet vailues agpear to be

or CLRRE b toac R e AR PG BLefhy s T

pr ocessi ng, exec 5t he

cal i brating Sbfiparing thCoridH tﬂeﬁﬂ‘&rﬂﬁty\b?bﬁtj&/gﬂahms%g 188t one other
intervals. 22. The nmethod of cClainm 21, erein:
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.

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




the a nunber of vertical blanking intervals during

whi ch processing of the calibrating step is not

executed is predetermned to be at |east a particul ar
nunber of consecutive vertical blanking intervals.

23.- The nethod of claim 21, wherein: the higher

priority processing is communication of data between

the digital detemiinipgat » pationlpr vertica blanking dntervele whether to
The . of , cl.ai 2-?2t, wherein: determning,

{ haniEEhOAS Bty SnySiifle Sop 5F hibP G confineHeaiips Sprdiously

on%ﬁtmﬁbrmgm étéi)‘?' udes determ ni ng val ues
for which, if the certalin ones of the 12 operati onal

paranmeters are adjusted thereto, the change in the
I mge displayed by the digital display circuitry wll
be bel ow®a paﬁi“?’é‘ thad of any of glsiras 1- CIFOEPHSINE] ai m

24, furt peshingl . 1R oad | mi.ni ng.the, .
par 1 cul AingiRERi5i Bniink Hekv By hoR Rl it Which the
whesmlibrating siepiigétegutedit er mi ni ng the particul ar :
threshol d i ncl udes consi deri ng nom nal properties of
human vision. 0 27. The nethod of any of clainms 1-26,
further ;gonpriysi Ngs executing.the calibrating step
for a prlgblet e¢$ﬁrﬁégo%@°%%§fWé?l%ﬂbmr up of the

di gi tal the sBp aFliminpeh ioR (N0

clainms 1-2,7, wherein c%?g?%%ﬁ%t}tﬁhe AD%qE:D‘?% %tﬁ]g]%éreggﬁuéed
t o duEBg 8 pattionlyr ventigal planking intatvel isatspohsiveip avihéranperrapt.
the ADC circuitry. 29. The nmethod of claim 28, wherein
the calibrating step includes determ ning nore

accept abbe vatheesethd ofeRiithab'whR&ER: of the operati onal
paranmeters of the ADC circuitry, wherein the certain
ones of ckeratingef arilibmatingstep asetoinsted mutingle particulat vartidas

t obfagﬁinig%t%Wa?Las%(fi foﬁ %Ecu\{r%Léeao%%ﬁé 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




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 intervals of the anal og display
signal, the ADC circuitry is calibrated. Qutside the
vertical blanking intervals, the ADC circuitry is used
to convert information in the analog display signal

i nPRerafiogaliparametspsrase adiustedi thaneto,dife dharge(in the Imagatiaplayed by the digital

el @spyt cireuitryOlitl bR SartidBFfthfBhdidr at i ng may i ncl ude

determ ni ng nore acceptabl e values for certain ones
of the operational paraneters of the ADC circuitry.
Fig. 2284  The method of claim24, further comprising:

initially determining the particular threshold.

26, The method of claim Z&;, wherein:

initially determining the particular threshold includes considering nominal properties of
" human vision.

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

Not executing the calibrating step for a predetermined 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.
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