ADC CALI BRATI ON TO ACCOVMCODATE TEMPERATURE_VARI ATI ON
USI NG VERTI CAL  BLANKI NG | NTERRUPTS | nventor: John

o 01 spl ay devices. Nore speci fically. the i nGASEAMN

relates to calibration of analog to digital conveniees
used in digital displays. BACKGROUND [0002] Figure 1
illustrates a broad schematic of an arrangenent to

Porm | n SR CAGTBRATION 30 ACCINIADATE
For i1 EMBBRATURERSREATIAT O ide \BERotre AL

104 associated wth the host 102 converts the digital
i mge data generBLANKING INFERBIUPAS anal og
i mge 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
associ ated with the digitaf™vewmeplay 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 (bKePrhonidte operati on of the
digital display circuitry 108 is typically under the
control of a processor (not shown) that is either
P "on-board" (or otherwi se relatively tightly coupl ed
9 to the circuitry of the digital display circuitry 108)
or "off board" (or other@HIECAEFIELDONt!Y coupled to
the circuitry of the digital display circuitry 108).
(@193 B Thevinvientien relates tardisplayplevices. Mbiesspédificaly; theiinvention
110 vari.ati.on in siljicon process may. result. i
felies KietBi8R of rlemgalBd cotaramesel incietal fisplys

varying with

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

b 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 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. -
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tenperature. As a result, when tenperature varies, the
RGB out put data through the ADC circuitry 110 may
show data drift. [0004] The internal offset voltages
depend on factors such as threshold voltage m smatch,
overdrive vol tage and transi stor m smat ches. The
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[0006] Conventionally, 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] It 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 images on the display
112. 2 SUMVARY [0008] Inggivgmiady di splay circuitry,
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images and to display the inmages in digital form

- [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. Ef 4
DETAI LED DESCRI PTION [0013] In general, a nmethod is
described to operate digital display circuitry such
that the ADC circuitry 110 of the Figure 1 digita
display circuitry 108 is calibrated during vertica
bl anki ng i nterval s of the anal og display signal sent
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flogutel?e 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
elimnated. [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 programed to
ADC _TEST_DACVALUE (a user-progranmabl e paraneter to
the processing). Also,



the ADC circuitry 110 bandwidth is set to zero, which

el imnates high frequency band interference. [0017]

At step 304, the ADC Data registers (output) are read.
In the illustrated exanple, each ADC Data register is
read nmultiple tinmes. As discussed inmedi ately bel ow,
this provides an opportunity for better ensuring the
quality of the read ADC output data. [0018] For
exanple, in sone exaPRrLA.EFPEICRIPTIONDEr rant out put
values of the ADC circuitry I10 are discarded. In a
116913] dulgemeralx amethed is desodbadas oparatediigicad display nirtuitrg juch that

readings, of a partjcular ADC Data register is greater .
tthf'aﬁD(g‘B@_“m #@ﬂﬁm@mﬁhgttﬂéhsnlw%we@ & aliggpted during

(BT FRtipk Tudrifts Ok o ey Sllnlf G5! pofiion 106

- 0814 For ekarhiple, Wil reRitiviéito Badude 2, i6cantieqEd tﬂ@tohtDeéﬂmi (which is

this noving average is used as input to the A

oatsiderthe vemicaldlankangsinteryval, By B mgludes proosssing taidisplay an image

sl ow novj ando oise exhibited in the ADC, 0 u
Snclbni B0 BEGEPRR e ST A b liFisapugplional”Slept 204 and
0B A R the VBRf ARRYp D6 g?&féﬁs’i oRUAGSE a8jultdhe §RFRIAIE the
Data register is read OFFSET_ARRAY tines,” an average
VDG eircwitiyrdil @ fori oheuges ioperatengOERGEINARRSer 204dnominab@,g.,

and t hen ' aver age val is.rounded to the neargst
SenlERat) U arot i g o Rerepir e a Sels e 202
. T 3 ; 2 i . a
YOUSE Bt 3 10a HBRCEAOMbl g Sh ERapifle o e ASTRARESGP
pravesongs 2@ asing an interhal DA€ asiigput € e ADT Eiaduiitoy &10. dBy using

rocessi in a evious VBI). If the difference
\plsgRal LHAC b inpuior edbDS oa R0 diriee ealibrationy Piageous
$RRn3Q% ah B8 WhihinS¥&LELlinfidted. Fﬁﬁ%&'gngne, G R OC&RE LMY
goes to step 310. At step 310, the new ADC

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.



data is saved and the OFFSET2 val ue is adjusted.
[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 furt her adjusting
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{095:5 Fyrthemieye, 35 Séawn 8t sten 306, a mpving average of ﬂp@rADC output data

o deRhitgd Wad ltlﬂs a@?}t g%ﬁl JﬁXd s e t{)ﬁ‘? Alt)CQ:ahbratlon

subsequen EXECU processi ng

sprocaeingnBy MBihg $he m{)ﬂﬂg Eirerﬂ’%:e ﬁbﬁﬁn&ﬁﬂg ranB6mdRE %khlﬂﬂéﬂ in the
GAIN value is restored to e ADC circuitry 110 in

phAREcousput dpta carbo “wuaraged qutie Ing paftiduler implementationdf moving

h
st Basghifly BERIROCTag Seiber sl PEFRETLARRAY, e, an
blekp8 Vakhib §s drin@itd Forf Bhe ORI WRR ARG edd\Ealis E¥dQHEN this
step 306 result do not exceed ADC THRESHOLD, then the

QVEBET Yalua fisroundedrio theaujarest ipteger. Pr ocessi ng then
t 312 .t t he, operatio
&Qﬁ%@”ﬁasi@ai o eRpyced Fsraaed S Patis s Frgv b ep
r
e e Lk Tt @@g@ﬁabfacﬂtm o

tthe Figfe lADCb@@librmtmrqfroEﬁsgug énd prdR(i)dittsl \OBB Ofthé Mference

Fi gure processin are the sane as processing of
g‘me@ the Cuipeat stpR %&6 Ecawb ansbihe Pevious step BOR sesal esgeed

A0 SARESHOLTS SRE e TRRE ebes g e 01T e i RE P A0

diagyik ayvediand tHet OFFSIOR, vahigis Aajstos. execut ed at ot her
tines as appropriate, such as when called by an

dA0Zid a epe a#asrmlwh%@pe@smaﬁ&@tmalo {SGQQSﬂhaF@ﬁ FEREE2 value is
%Hﬁl‘é{ealogﬁp&lggﬁ gés. . gsngrkctﬁé 3l atE}'Bg [Herlsl gur}g I3 eggn(l)%}s Ci:xecuted

Figure tep

\kh ettidn exanﬁﬂ‘le‘, ifAfXdher adjusting Yf ﬂtﬂaﬁ)mm«e i6 r&iuﬁ‘édi ebring the
calibrated and the determ ned ADC OFFSETI val ue has
Beeh cieyixd 1P fr eplibragionaiben fhesferthqrr@éwsmg)wegléuqqgurataturally asa

$L8R ot SRR LR uliShsR R CETT fr?r'o@e%sﬁg oh subsequent VBI's.
[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 OFFSET2 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 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



calibration. Mssing code calibration handles the case
where there is an apparent discontinuity in the

out put function of the ADC circuitry 110. [0026] For
exanpl e, the ADC output function nmay be such that
there are 255 different output digital codes, in
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minimizing the effect of glitches or other wrong values being recorded and stored into
NVRAM. At step 410, the averaged OFFSET]1 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 OFFSET?2

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] 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



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,

t he new ADC DATA and OFFSET2 val ues are stored, to be
used as initial values in subsequent Figure 3
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VBI's. f \~ 8 Wiat is clained is: 1. In digital

di splay circuitry, configured to display an inage
encoded in an anal og display signal, the digital
display circuitry including anal og-to-digital.
converter (ADC) circuitry to recover pixel data

el ements of the imge, 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 -j) information in the

anal og display signal into digital representations of

qu t.a elenments. 2. The nethod of claim1l,
vﬁ@\ﬂgf mﬂ?@ Balibrati ng step includes deterni ning
nor e acceptable values for certain ones of the
operational paraneters of the ADC circuitry. 3. The
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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 sanme for each step of providing
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determining a representative output val ue based on
the plurality of output values; and in the conparing
step, & he rThomesthod efidlaim 7 further coraprising:s used to
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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.

11. The method of claim 10, wherein:

10



11. The nethod of claim 10, wherein: 10 detern1n|ng
the representative output val ue based on the plurality
of output values includes determ ning an average of
the plurality of output values. 12. The nethod of
claimla, wherein: the step of determ ning the average
of the plurality of output values includes: first
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val ues, conparing that one of the plurality of output

val ues tthe gep p Mmmgqﬁf thdrplupalityr afl dutput whlues includes:
out put val ue det er at .one. of the
plurality of %ﬂ%ﬁ?{mﬂ é}qg‘b&f‘?‘é‘ﬂf°ft?é‘§é’t§val8?§ appear to be

resul t Qj)eﬂrhﬁ 4ndnpari ng step 14. The nmethod of any of
cl ai ns .13] wherein: a single step of calibrating

t he ADC ci r cdisregarding the @bertantivaluesovien\detetindng the average.
bl anki ng interval . 15. The nethod of any of clains -
1-13,, wherein: a single step of. calibrating the ADC

circuityy is i I- than one vertical
1Y, 1S TR Bfedicad fic ITLHg 1?}2\%/%3}1

bl anki ng I nterval. 16. of claimE5, further

conpris |ﬂrﬁgstemmfrdetenﬂrﬁﬂimif myeof:thé phrality oot alués appear to be
execute in l%rea}ter lt1 e vertical bl anking
aberrant incl Or ¢ac. the p urality 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 aresult of the comparing step.

14.  The method of any of claims 1- 13; wherein:

a single step of calibrating the ADC'circuitIy 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,
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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 initiate the calibrating

controlling step of whether to continue executing a

previ ously ideterthiningglateepartiouddrivegicalblanking integval tvetether to

18, .The net hod of any of clainms 1-13, further )
coMphptsitha caligmating contrplling sten efsvhethes tksoninneexscytinga previously

[ et qugr@ | ich the <calibrating step
i Smé%‘gﬁfélﬂﬁa . ﬁgf%?tﬁﬁg of claim 18, wherein: the

step of limting the time during which the calibrating
step is executed during a particular vertical
bl anki nd8. nt di¢ method of enyefelhims 113, furthienpomprising: r upt .

20. The of.clgim19. wherein:. executing of a
cal i braf Hﬁ%@&%gﬁq@ @ﬁﬁ%eé@?ﬁmw é‘e&%‘f g yfhich the
vetilitiaing PRlekaGtddnt er val based on occurrence of the
timer interrupt. 21. The nethod of any of clainms 1-

20, wherein: based on an indication of higher priority
rocessing of the

Egloicg?: gg ﬁg%&% i i%fﬁbggaﬁ%%llaﬁrapr vertical bl femki ng
nunber - o Eof g e ke Ao HiCH B oAl i i feclied

pr daaxsd pyytiodlat veeticat blanking irtergalds spposivead a@xes iitatpit.s

predeterm ned to be at |east a particul ar nunber of
consecutive vertical blanking intervals.

20. The method of claim 19, wherein:

executing of a calibrating stép 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.

22, 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 number 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.
24,  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
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23. The nmethod of claim21, wherein: the higher
priority processing is communication of data between
the digital display circuitry and a host device. 24.
The met hod of any of clains 2-21, wherein: determ ning
the nore acceptabl e values for the certain ones of the
operational paraneters includes determ ning val ues
for which, if the certain ones of the 12 operationa
paranmeters are adjusted thereto, the change in the
i mage di splayed by the digital display circuitry wll
be below a particular threshold. The nethod of claim
24, further conprising: initially determ ning the
p &refagionahparameters sl adjusteé therElvetherehdngelindtie image dispRyed by the digital
W'a%@ﬁ Bircuitr Wil R Ibbibw AaRibdr McB@oluhe particul ar
t hreshol d i ncl udes consi dering nom nal properties of
human vi sion. 27. The nethod of any of clainms 1-.26,
f ur t hegs.conghe siethgd offdizim X dethierd coprising: cal | brating step
for a pt ' ' power up of the
digitaﬁﬂﬁ$§%¥é§hﬂ§?F%%ﬁk@%ﬁﬁ%%SBThe nmet hod of any of
claims 1-?7, wherein calibrating the ADC circuitry is
to aczount Themembaoesm 4 whereldr nal of fset vol t age of
the cal BoLEHkbinte ek BB AR Rioe Ry eGP por bEohues o
abU®pP ¥pPR val ues for certain ones of the operationa
paranmeters of the ADC circuitry, wherein the certain
ones of _the rat | onal ra ers include adjustnents
to the?int erTﬁgﬁ'e%P gfg}ny \9%1? "5%@ 0, fujter 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 circuitry 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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