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ADC CALI BRATI ON TO ACCOWODATE TEMPERATURE VARI ATI ON
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 arrangenment to
gener at e ARMgdSATaHBRA TIGN T tA€ Coaged QI uA TR
form In particular, a host 102 (for exanple, a

per SOfEENPRRATUREY ARIA FIONEIS RATCAL
format. Digital to anal og converter AC) Circuitry
104 associ ated w \ the digital

i mage data gengﬁiﬁéﬁﬂﬁ§ﬁﬁﬁiIﬁ@fﬁﬁgglf?ﬂﬁ% 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 conygskgt- (ADC) circuitry 110
associated with the digital display circuitry 108
converts the analog inage data back into digital

i mage data, which is then_prqoyided to a display 112
such as a liquid crystal {‘E’B&)ﬁ."mf’ﬁe 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 coupl ed

" to the circuitry of the digital di%ol ay circuitry 108)
or "off board" (or ot Eg&m_!ghtly coupled to

L.Qi -di.spta cidcyitry. 108) .
Mgt itngbet o 8o s R ot Bhon
1elbles tv aslibastionrofianals td GighalWoReatess usdBYn Aiga displtys.
internal offset voltages of the ADC circuitry 110

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
out over a connection 106 o 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 circuifry 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. |




tenperature. As a result, when tenperature varies, the
RGB out put data through the ADC circuitry 110 may

show data drift. 1 [00041 The internal offset voltages
depend on factors such as threshold voltage m smatch,
overdrive voltage and transi stor m smatches. The"
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[b(mél i(,aolnlvP.(ritionally, 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 conditioﬁs, 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.




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. [00071 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) | nSUMMARY display circuitry,
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~generate |nages and to display the imges in digital

form ff [0010] Figure 2 broadly illustrates
processing to operate the Figure 1 circuitry to
account for changes in operating condltlons of the ADC
C|rCU|try 110.
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[0011] Figure 3 is a flowhart illustrating
initialization processing relative to the ADC
calibration processing shown in Figure 2. [0012]
Figure 4 is a flowhart illustrating the ADC
calibration 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 1BRIEfDERERE Of ; spl ay

Cireatidry. 108 ks calibr uring, vertical blankin

(0D il 428 p oo A sl P bt ol e and to
qﬁqﬂgqmbgﬁwggalmghgqgﬂﬁ.For exanple, with reference to
Sbgure 2, it can be seen that step 202 (which is
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12) Fappe 4 ispyflowehartdilustrating dict AD( qgﬁbm@gs progessingishown in
gﬁ$§§2p 202. [0015] Figure 3 is a flowhart
i[Fustrating an exanple of the ADC calibration
processi ng 206, using an internal DAC as input to the
ADC circuitry 110. By using the internal DAC as input
for the ADC circuitry 110 during calibration,
extraneous influences can be mnimzed 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 mnim zed or

el imnated. [0016] Turning now to Figure 3, reference
nuneral 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 DACis programed to




ADC_TEST_DACVALUE (a user-progranmabl e paraneter to
the processing). Also, the ADCcircuitry 110

bandwi dth is set to zero, which elimnates 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

multiple tines. As discussed i mediately below, this
provi des an opportu ring the
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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 valnes in adjacent (in time)

_. rgadings of a particular ADC Data register is greater than
ADC_GLITCH_THRESHOLD, then the values are not considered in the ADC

calibration processing,
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ADC_THRESHOLD, then processing goes to step 310. At
step 310, the new ADC data is saved and the OFFSET2

val ue is adjusted. [0021] In one exanple, the
processing at step 310 is such that the OFFSET2 val ue

is adjusted only slightly (e.g., by one bit) each
t{DOE9] tRuethbringiue, s ShaWiPASEH VG, 4 MoPMBaWErBEL of th@ ADIU Sutput data
gxanple, if further adjusting of the SET2 value 1s
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Fi %:re 3. Portions of the Figure 4 processing are the
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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 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 F igure 4
processing. At step 402, it is determined whether the ADC circuitry 110 has been




NVRAM | f so, then processing at step 404 executes to
perform m ssing code calibration. Mssing code
calibration handl es the case where there is an
apparent discontinuity in the output function of the
ADC circuitry 110. [0026] For exanple, the ADC out put
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minimizing 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
OFF SET2 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




[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

CRESBEVRenvalchi egenty fre dbtetted, in kb exangeh, ADC BitlbraHon is not
val ues |n subsequent Figure 3 processing during VBI
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avai |l abl e for such processing during a VBI. In this

case, the Figure 3 processing is made re-entrant,

e.g., by utilizing a tiner 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 multiple VBI's. 8 What is clainmed is: 1. In

digital display circuitry, configured to display an

i mage encoded in an anal og di splay signal, the

digital display circuitry including anal og-to-digital




converter (ADC) circuitry to recover pixel data

el emrents 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

CWhatistclaimied isonvert information in the anal og

di splay signal into digital representations of the

pi xel data elenments. 2. The nethod of claim]1,

wherein: the calibrating step includes determ ning

nore acceptable values for certain ones of the

oper at]| onalln giaftalnBéR s sl r% [ ' i T :

met hod of claim 2, I\ﬁivhyzcrnfe();iturﬁltylfq ﬁoe aeiatgar3 gﬁ%’@t‘éége Hfoded in

i2A @nale display sigualdiha digitabdiepley eirauitnenichudity dnalogtto digitab

%8‘}8[? ci.rcyitry, and ,rgcei ving at |east one

Sttt CISHESHE TegaverRirel rtarelenents efifbe raage, o msthod

¥@hpsind:0 the ADC circuitry and, based thereon,

determning the nore acceptable values for the

cer t afwringrestical blahking freteratls 0N the aploa ARDRY Signdl, cdlitRating the
thad of claim 3, wherein: the step of providing a

gﬁ ’ test input value to the ADC circuitry

el ) : i i -t Q- | t DAC
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information in the amaley didslay Signalise Gig@ﬂhlﬁeﬁ%eﬂt@ﬁénsi_lg{]f%pixﬁ data

%al ue as an output of the DAC circuitry. 5. e met hod
POSHS of clains 3-4, wherein: 9

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:
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while receiving the at | east one output value, setting
the val ues of operational paranmeters of the ADC
circuitry, other than the certain ones of the
operational paraneters, to particular test

operational values. 6. The nethod of claim5, wherein

t he pavhileaeteiving @mtat toastioat oomal valad, etting theaklues 6f dgeational
sanme for E@Ch step of providing the predeterm ned test

iR3FRCtSrs PLde ¢ gicuikpothar thagi the gertain ones ef thetoperatiotal
' ri.sing. prior to receiving the at
fﬂéﬁdﬁ@t %?fetg %{"EE{M '\%’g{%g%aﬁlgﬁ%ﬁ aﬁlﬁlﬁ t he oper alt ?”ongl

paraneters of the ADC to the predeterm ned test
values. 8. The method of claim7, further conprising:
prior 6 o t dhaimathadnf chimtShwhoreint the phrtichlantestroperational values

AL s RE Bhchihicp RO B B R e P e § the
BC oeédiggl of any of clains 3-8, wherein: deternining

the nore acceptabl e operational paraneters includes
conparing the at |east one output value of the ADC

circuitry an .indi.cation_of previously- obtained
out puf* val Eﬁgﬂﬁﬁﬂﬂwécﬁm%cﬂffgmwnsm based on a

resul %)ri&f to tr&%fxﬁléﬁ;ﬁ ot 1Rkt oHE ngtﬂiq g cﬁgﬁg*n@ﬁe: operational

acceptabl e va or the cC al n one

ppeneeisarfdhe ARCaosheprsdetdthincthestitdeed of claim 9,
wherein: the at | east one output val ue includes a
plurality of output values for a sane test input

val ueg theryml, rises. determning a
representat VeQ%gg%g%l&%g?,ufgﬁgﬁ'scgglpngwgt he plurality of

out putriorad teeminatiog of the tvbsicalqmﬂmgwmeﬁﬁpahahgﬁ% the operational

representative output value is used to indicafe the
paregn fﬁ'x b

eters 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 compating
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 ¢laim 10, wherein:

10




plurality of output values. 11. The nethod of claim
10, wherein: 10 determ ning the representative output
val ue based on the plurality of output values

i ncl udes determ ning an average of the plurality of
out put values. 11. The nethod of claim 10, wherein:

t he stdgierainiogthemeprasentptive outputevahgeaséd drhthe pluzality of yutput
o%alougﬁ) t vgl ues. i ncl udes: &Jihrst determning if any
oY1 AR deteripinine ag,vprEe obth pliralis eEPupY vlnes.
aberrant; and di sregarding the aberrant val ues when
determ ning the average. 12. The nethod of claim 11,
wher ei Il t lEheshathoddf ddetoerOyivhbiegn:i f any of the

pl ural&ht%/ of .out put val ues appear to be aberrant
i ncl udBSten gf dederapning therpuergeeipfthe plaraity ofioytput vakiles éncjudes:

conpari ng tieRne: of  {he rajity o ut.put val ues

to at | eas:d}%ﬁigl ot here &8?3( &1%351”6‘}%}’?{?}38‘#" h{eﬁa]epea: to be
val uesberaa; Mhdt er mi ni ng that one of the plurality of

out put values is_aberrant based on a result of the
conparing §isegarding thyaberrast aluesobhemndetapminih@themvarage,
wherein: a single step of calibrating the ADC i
circuitry is executed in one vertical blanking
interyal . The mbhRdWELRAH 19/ wRinof claims 1-12,
wherein: a single step of calibrating the ADC

ci r cutherstepiof deteuiniregrif amy gftthaplaralithafoupe values bppat to be

| ng i.nterval.. . The method of claim 14, further
%%: : @?quaﬁzs, o each ofl tﬁe plura?lty of output values,
comparing that one of the plurality of output values to at least one other

of the plurality of output values; and

=D

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 ADCVCiICUitIy 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;

confrolling the calibrating step to exccute 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,

11




controlling the calibrating step to execute in greater

than one vertical blanking interval. 16. The nethod

of claim 15, wherein: the step of controlling the

calibrating step to execute in greater than one
~vertical bl anki ng interval includes, 11 determ ning,

at a parti cddtermining,tal € phrtibhlankérticpl biunking dhterval) ethagier t00

i.ni.tiate the calibrating controlling step of whether

tels P Rk ol Sop 00 PO omiAe AXeening a previously

Gaitiaidabiing o RS j step. |T The nethod of any of

cl ai ns 1-112, ?urnﬁlﬁgirﬂgggs prising: during the vertical

bl anking intervals, limting the tinme during which the
calibrating_step is executed. 18. The nethod of claim

\%_, " r ei ntheigthed efgnyof plaims 1ﬂ§,ﬁlﬁbzltci01dmﬁ§ingi ng
. uted .. :
o 1 Sufi B yoicl by on e THERBE B e Bl high e,

aalibramig itep Brekbifited. 19. The net hod of claim 18,

wherei n: executing of a calibrating step is term nated
during a particular vertical blanking interval based

on ocgyrre of,. t.h i i pterrupt. 20. The net hod
of anii/g'of gﬁgﬂ?@of-o%fmaﬁé’r‘gﬁﬂ?mbased on an indication
of hi glReteprifiimhiti tSER R vhi éﬁmﬁ-ﬁ' :
processi r]gm of ﬁ%ﬂ%zgl I brati nghlg?{ehﬁ% uri nf%%ﬁ Siegﬁ?ué?d
Juring apartienlarvertingl blanking irtervalid respinesivietd haiinerfintetraptm
20, wherein: the a nunmber of vertical bl anking
intervals during which processing of the calibrating
step ig NOThEEmYA 8Fclhtn P§ SHRLGRM ned to be at |east a
particul ar nunber o ’ ’

executing of a calibrating 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 a 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

12
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consecutive vertical blanking intervals. 22. The

met hod of claim 20, wherein: the higher priority

processing i s comruni cati on of data between the

digital display circuitry and a host device. 23. The

met hod of any of clains 2-20, 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

parameters are adjusted thereto, the change in the

i mage displayed by the digital display circuitry wll
Preraiena perameinsarecasiugted therets ihel ciang 4 thdinegendislaeid of the digital
didpfaly ety wiilbeltd Rl a0 EIbSthiBghold, | Ni tial |y determ ning

the particular threshold. 25. The method of claim 24,

wherein: initially determ ning the particul ar

t hr esHol d Theolethde sf aaim B dethengmposiagnal  properti es of

hu B Ryt p d@mird e theT;;H?hc[]EF #Rchyf any of-clainms 1-25,

further conprising: Not executing the calibrating step

for a predeterm ned period after power up of the

di gi L&l diTaphatrod ofidahiRd, hereid7. The net hod of any of

cl ai I e Al

o el dherp NG Bl Bl IeRe o P P paglonafies o
human Yiges-circui try. 28 The nethod of cIa|n127 wher ei n

t he callbratlng step includes determ ning nore

acceptabl for rta nes of the operationa
h@ar a%ét ergh%@ éﬁ{ﬁd%fﬂf%o Shdall ??‘3}] TMBYH'%t he certain

hegculing the éalibatingsteien Pisdetermined period ptiérpdeeraofi e nigital gisplay

- ckavittyhe i nternal offset voltages. }

27. The method of any of claims 1-26, wherein calibrating the ADC circuitry is to
account for changes in internal offset voltage of the ADC circuitry.

28. The method of claim 27, 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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13 ABSTRACT ADC CALI BRATI ON TO ACCOVMODATE

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 inter S§TBAGke anal og di spl ay

Si gnahbC CABIBRBTIGN ITO UACCOMMOTRTE AlEMbErtresk vaMt Si1dR (918 VERTICAL
vertical blanking inteBuslKINGtINTERXBTSI rcuitry i s used

t o corw digital displayreirduitny, iconfifiged @ridplyy a6 ifRgaync@dedél an
into ig{'taj reg@ese_nt ations_ of the pixel data .

Sndpg Atslay sigpal, thehgifal display cirauitry inglydeg analge-tordigitalconverter

SRR R PR R AR BBl e Rlagf Db o banting

intgrvald of 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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