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A programmable buffer )ate~outed circuit v hich can be pro-
granmkcd to outputs sct ofgamma correction rcferencc volt-
ages to bc used uk LCD displays. Once progrmnmcd, thc
buffers will continuously output the progranimed value 'the
device incorporates a pmgrwnming interface to allow the
programming of the buffer outputs to the desired values dur-
in mamkfacturing and test of the panel. Multiple sets of
values can be progranuned to provide difTerent ganuna cor-
rection curves for different user or application requirements.
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FIG. 5
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1

GAM1VLk REFERENCE VOLTAGE
GENERATOR

('OSS-Rl:I'IIRIIN('li 'I'0 RIII.AI'I:.D
APPLICATION

llus application claims pnonty under 35 U.S.C. 0 120
Ironl Bnd ls II contulilB(lon Bpphciinon of U.S. paten! Bpph-
cation Ser. No. )0/746.333 filed l)ec 23, 2003 now tJ 5 Pat.
No 7,233,305. which claims priority fnlm U S. Provisional tc
Application Ser No 60/477,680 filed on .Iun I I, 2003.

FIELD OF THE INVENTION

ilail thc dcsui 0 Ganund coll'ection Is Bchlcvcd. Thc vB)it i 1 01
the I'P voltages are then used to calculate the resistors needed
for the particular display under test fl)I/f) and the resistors
are nlounted on the PG board

More recentiy quite conlplex approaches to Ciamma cor-
rectionhaiebeenpubfish&.U.S Pat. No. 6.593.934 (I) and
U.S. Pat. No. 6.046.719 )2) arc examples ofulvcntions wluch
ehminatc the "sclcxt-on-test" resistors. Both Inventions (inch
quite complex digital approaches to this "analog" pmblem;
cmisequently both inventions are quite expensive. Accord-
ingly, it Is desirable to design a gmnma reference architecture
that automates ganuna adjustment and provides reprogram-
mable capability and achieves acceptable cost.

1'he invention relates genemlly to the field of liquid crystal
displays, and more particularly to TFT flat panel disphsys and
a method of generating a gamma reference volm e.

I)I:S('RIP J1ON Oil RIII,A'I'I it) Al('I'0
Ganuna Correction has long been a problem for the manu-

facturers ofThin Film Transistor (TFT) Fiat Panel Displays.
Thc Ganuna Corrixuon mirvc bccomcs morc complex as thc
display resolution ulcreases. Each display of(mt has a differ-
ent response to the gantma correction reference voltages,
resulting in the need to genemte specific gamma reference
voltages for each model of display as weil us compensating
for display to display venation due to manufacturing process
Var I B t lou S.

A tmditional approach to the (ianuna Reference Cienera-
tion problem has been to use Select-00-1'est Resistors. I'hese
resistors allow the reference voltages to be fine-tuned ro the
requirements of the individual display. The testing. selection
and mountin of these resistors has become a major produc-
non problem since thc process ls a mdmial onc and prohibits Ss
autonuitcx) assembly and test. In addinon, once the resistors
are ntounted on the display PG board, the resistors caiulot be
easily changed to nieet the growing requirement ~ of indi-
vidual customers for a specific Ciamma characteristic.

Ol'course, cvenw 1th thcmamial labormvolvcx), Select-On- do
Test resistors aresull thc least expensivesolunon to tlus
pmblent l)evices such as potentiometers. I'.)ectrically Iiras-
able Potentiometers /l I2POi S). digitally-controlled potent&-
ometers (DCPs) and Di ital to Analog Converters (DAGs) all
could perform this function m some ways bener thun the d-
Select-On-Test resistors. but the cost is unaccepmbie.

FI(i I is a block diagram illustrating a conventional
amma reference circuit filr a Tl "I'isplay 105 using Select-

On-Test-Resistors. In this case, source drivers 110. 111....
and 112 require a total of I 6 gamma reibrence voltages 121 o

GMI 122 GM 123 CiMS 124 GMS 125 GMI 126 CMs
12'7 GM 128 CiMB 129 CiMV 130 GM]v 131 GMI] 132
GM~ I 133 0M~ I 134 0M~ S 135 GM] Ind 136 GM] I ThC
gmnma reference voltages m e derived by a resistive divider of
17 resistors 141 R,, 142 RC. 143 R,, 144 R, 145 Rs. 146 R, 1

147 R . 148 Rs„149 R, 150 Riu. 151 Ri i. 152 Ri1. 153 Ri s,
154 RIS 155 Ris 156 Rid 157 Ri1 connected between a
rel'crcncc 1 oltagc 160 and ground 161. Sulcc the loadulg of
thc source drivers 110, 111, and 112 changes dynanucally, it
is not possible to sunply connect the resistive divider 141 RO ic
14Z R„ 143 R,. 144 Rd. 145 Rs. 146 Rr. 147 RI. 148 Rs. 149

R„. 150 R„,, 151 R „. 152 R,, 153 R„, 154 Sac )55 R „, 156

Ri I 157 Ri to 'the inputs of the source drivers I I 0. 1 1 I. and
112, and some type of buffermg are used. such ammu refer-
ence buffer ICs 170 and 171. Ss

Initially the PG board is assembled witlxlut the resistors.
An external test apparatus drives the test points 'I'Pl-1'P16

SIJMMARY Ol'll II I INVI INTION

The invention is a pro~vammable bufl'er integrated circuit
which can be progcdnunixl to output a sct of ganuna correc-
tion rcfcrcnce voltages to bc used in Liquid Crystal Displays

/LCDS 
). Once pmgrammed. the bu ffer w 0 I conuuumi sly out-

put the pmgramnted value; if power is removed, since the
voltage value is stored in non-volatile. programmable
memory. the gamma correction is retained. The device incor-
porates a programming interface to allow the pro gmsnuning of
the bulfcr outputs to lhc dcsircd values dunug mamifactunng
and test of the panel. Muluplc sets of ganmla values can be
progranuncd Bnd sku cd ki p1 os k)0 op tunlzixl gtluuua

collecti-

onon curves for different user or application requirements.
In the preferred embodiment. the present invention allows

automated assembly of an entire PC board, automated test
and ganuna adjustment. smaller and thinner physical size,
low cr power consumption, repro granmlab1eand non-vol Bole

seItings. Furthcrmorc. (hc present ulvcnuon advantageously
allovvs a stand-alone solution such that It Is uot ncccssary to
incorporate a micm controller unit (MGU)

Other stnictures and ntethods are disclosed in the detailed
description below. This sununary does not purport to define
the invention. The invention is dehned bv the claims.

l3RII IF Dl IS('RIP) ION OI'I Il: DRAWIN(IS

FICi. 1 is a prior art block diagram illustmting a conven-
tional gamma reference circuit for a TFT display usin
Select-On-Tcs(-Resistors.

FICi 2 is an arclutcctural diagram Illustrating a gimlma
reference circuit entploying gamnta reference controllers tilr
a 1'1st display in accordance ivith one embodiment of the
1l Ivcntlon.

FICi 3 ls a block dmgram illustrating one embodiment of a

gdBuna rcfcl 0'ace controlicr ul di cord luce w 1 th thc llri cull iin.
FICi. 4A and FICI. 4B are descriptions ofone alternative pin

out.
FICi 5 shows cxcmplary clectncal parameter specilica-

tions Of one embodiment.
FICi 6 is an alternative block diagmm of one embodiment

of thc ulvention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

FICi. Z is an architecniral diagram„200, illustrating a
ganuna reference circuit inlplementation employing gamma
reference controllers. 210 mid 220, for u TFT panel 280. The
gdnuna Icfcrcncc cucult conlprlsiu B Erst gtlnuua rcfclcncc
controller 210, a second gamma refi:rcncc controller 220, a

pmgramming interface 230. source drivers 240, 241, and 242,
and a 'I'IIT panel 280 1'he amma reference controller 21()

Petitioner Hisense USA Corporation 
Exhibit 1001 - Page 8 of 11



LJS 7,557,788 Bj

dnves a first set of eight gamma reference voltages (IM1-
(IMS to the source drivers 240, 24(.. and 242.'I'he ganuna
reference contmller 220 drives a second set of eight gamma
reference voltages (IM9-(IM)6 to the source drivers 240,
241.... and 242

The Programming Interface 230 comprises a conunon
Aiuilog Input (Anv) which will be used Io set Ihc reference
ifiililgi: Ii:vl:I. Illtci: dddrcss inputs (AD,AI ill&i!As) to detcr-
niine which reference level is beino writteii Biid a R/W contml
signal for each ofthe first gamma reference controller 210 and in

second amnma reference controller 220. in this case nvi&, that
are on the board

During nomial opemstion. the R/W pin is pulled High and
the rel'crencc voltugc outputs will reflect ihe value last pro-
granuued into thc nonvolatile memory cells. I

'lite ivri ting or prograniming operation is accomplished by
fir&t ac)actin the output or channel of the device to be pro-
grammed v ith the A2-AO inputs At this point. R,'W on the
device to be written is driven low and the device enters Track-
in Mode. During Traclong Mode. the output of the selected 20

cluutncl tracks thc input voltage on thc Analog lnpu!. (An
Op tloiiBI illtCrllBl volta gC lllil I iipl ICr COIIVCI B IIIC 0-3V Aliiilog
input to a 0-10 'v'i&lt output )

Once the desired voltage is found by varying the Analog
input ti&r a particular channel, the Ib'W signal is driven high
and the value on the Analog Input is written into the nonvola-
tile meniory for the output channel selected by the A2-AO

lllpil la.
In tlus mmmcr, each ol'he ganuna reference voluigcs can

be written in a sequential manner during display testing. 30

Alternatively, the first gamma reference controller 2)0 and
second gantma reference controller 220 can be pre-loaded
with a default confimfrat)on, which is close to Ifistorical val-
ues for the majority of displays. In this approach. only those
pnrmncters that nccd to bc adlustcd are changed in Iestuig &s

lhc Iirst ganmin rcfcrcuce controller 210 and second
gunund rcferencc controller 220 provide the manu Ibct urcrs of
'I'I 3'isplays a solution to the setting ofthe gamma reference
voltages Autontated testing of the displays and re-prognsnt-
ming of the gamma characteristics is enabled. even after the 40

display is completed. The first ganmia refbrence controller
210 and second granma rcfcrcnce coinroller 220 provide
rixluced oscrall unplemcutation cosis, reduced power con-
sumpnon. reduced physical size mxl flexibihty over the tra-
ditional Select-On- I'est resistor techniques.

11(i 3 is a block diagrant illustrating one embodiment of a
amma reference controller 300. The ganuna reference con-

troller 300 comprises 0 programmin en ine or interface 310,
a mux 320. progranminble analog floanng gate memory cells
330. through 337, and dnvcrs 340 through 347. Thc program- 0

nnng migine 310, coupled to the muxs compnses an Analog
input which ivill be used to set the reference voltage level and
a IO'W contml signal fi&r a corresponding gamma reference
controller. The mux 320 connects signals from the program-
ming engine 310 to any one of the progmnmiable analog &o

flontmg gate memory cells 330 tluough 337, dcf&endutg on
tin ca address uiputs (Afn A,, and AB). Address inputs are used
to select which cell is being wnncn Io at any time.

I iach output is internally connected to Bii Bi&slog storage
cell which can be written with analog values, for example, of fc
f024 step (IO Bit) resolution. The outputs. channel 0 (CHO),
channel I (CHI).. channel 6 ((:H6). and chmmel 7(CH7),
arc uitcnded to directly drive thc refcrcnce volta e inputs of
thc source driver IC. An uit cnm I voltage nni1 tip 1 ter, havuig a
multiplication factor M, produces tm output of zero up to ds

typically 13 5 or alternatively )6 Volts. In I f3(i 3, the channel
0, ('110, is driven by a driver 34(l, which connects to the

progranunablc mialog flodting gate mmnory cells 330. Thc
channel 1, CHI. is driven by a driver 341, which connects to
the programmable analog floating gate memory cells 331.
'I'he channel 6, CI 16, is driven by a driver 346. which connects
to Ihc progranuuable analog floating dtc memory cells 336.
Thc channel 7, CH7, is dnvmt by a du vcr 347, w luch coiuicc Is

to the pro ranunable analog floating gate memory cells 337.

During read mode. all channels continuously output their
corresponding stored voltages. Applying a logic "0" to the
R/W pin irutiatcs a truck and write cycle nnd thc RDV) pin
goes Io logm "I". Thc addressed chunncl now outputs a volt-

age which is equal to the voltage applied to the Vin pin,
multiplied by the voltage multiplication factor M 'I'he chan-
nel iuldress may be changed during trucking mode. AI Ihe
using cdgc of RIW a wnte cycle is initiated mid thc prcscnt
voltage applied to &m is automatically stored in the analo
meniory corresponding tothe addressed channel ('ompletion
of thc write cycle Is uidica Icxf by a lu gh to low trmis ition at the
RDY pui.

TABLE I

I mie Dcs nptioii Viiu Ranee Fun iion

VI&D Suppl inp
Vd sp D spies

Sllppl
RBV Read'Wnie

Inb De
ii . di

3 SS fifo md
CHfh Analoe
CH7 Ouipnts
VI.I Ailalog Illpili
'ic .\ A hi em

inp i.

. Vlo
Iu V in 12 V

CMOS input

I I I

I'op:iibl
Ouiplli

DV-ID V

DV V
I'Mf&S

IVhendmento an a Ice lou
uiput. places the selected output
!lifo ilachulg uiofic The Rlslll
Educ of RAV wnfcs ihc oli:igc on
ihc analog inpuiinto thc

foal m

Analog Output Voltage Chamicls

An.ito Input Vnhs e

fiunil .'I sl'I'io opcl'a'ilofl

TABLE 2

SVIII

bol Parunctm
C 11-

M!Il Tvp M:ls Units d tloll

i'n I p i in
Vnltage

V,u IllplliH h
Vnltage

Vo„,i Anain Output
Lo Voltage
Vui = 0 I

V'dfsp= I 0 V

iiigh Volt: F,

VI
3 tw& = I 0 V

Vof Lng Output
L w Voltage

Voa Lng Output
H h Voiiage

Ifa Input Lcahagc
Coffel

li'fs

"07

Vnn — 0 S

0 3

Vnn 0 I V

V Ios ——

II& niA

V II,=
— I I& m S

ff 4

I 0

Iof. =

fl.3 mA
Ioa=

su
pA

I'able I shoivs an alternative exantple of the pin descrip-
tlotlS for d galllllla Icfi:leliCC Ciilitiolli:r.
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TABLE 2-continued

Svm-
anl patvuetcr

IDD V DD
C Un CI)1,

COU-

Mal Ttp Maa Cllae sale)i

UIA RE IT =

10 UIA RE IT =

Ise
C UITCUft)

IC USX

) el« I 'vt,C Iataaet os U

IU

\ II — t) tl

mA RFET=

)IA

MCE

VV VD tn
1'Dt r

'lable 2 shows an alternative example of the electrical
parameters for a gamma reference controller.

Examples of eight to eighteen channel Cianuna reference
controllers have been used; clearly larger ones. 256 chaiuiels
and higher. are encompassed by Ihe uivcntion. Various output
it11lagc Iallgcs arc optlnilill as well, 0-SV ilp ln 0-16V,
depending on Ihc display requircmcnts. Spcwiiic ranges or
limits of the various pamsmeters are used herein as exantples
of different embodinients and are not intended to linut the
scope of the invention.

In one enibodiment of the invention. the integrated circuit,
termed the ACi1818. Is a programmable ganmta reference
gcncrator with integrated output buipers Io directly tlrive thc
source driver inputs of a display, m nnc cmbodnnent thc
display is a 'll "I I.('D 'I'he circuit requires a ~ingle 3.3 volt
supply. I 5 mA operating current and consiunes 10 OA in
standby mode FICiS. 4A and 4B chow an alternative pin out
of this embodunent.

Eipetteen output channels are provided with an output
range of 0 to 13.6 Volts aud a dnvc capabihty nf 10 milli-
amps. Each output m internally connecIDTI Io an analog non-
iolatilc storage cell wluch can bc un(ten miIh 1.024 mialog
values. providing 10 bit resolution, or. said another way. to
better than 15 mV resolution 'lite output of these analog
nonvolatile memory cells is internally buffered to allow for
the high voltages and current needed to directly drive the
rcfcrencc inputs on thc source dnvers. Thc outputs can bc
prngranuncd from 0.2 volts to 0.2 volts below Ihe VREFH
)slue. FIG. 5 shows rcprcscntativc ehutncal speciiications

In one embodiment the A(i1818 has capacity tn stnre and
retrieve eight independent banks or groups of reference volt-
ages. The banks of ganuna voltages are stored and selected
tin ough the tluce address inputs BO, BI. B2. Tlus allows thc
g;muna voltages to be changcxt either fi)r dyn unic ginnma
correction or apphcation based gamma variatinn 'I'his feature
can also be used to switch between different gamma settiags
based on the infnrniation tn be displayed for implententing
dynamic gamma correction A block diagram in FICi. 6 illus-
trates one

alternative

embodnnent.
During read mode, all clmnncls conunuously output Ihcir

correspondin stored voltages based on the bank selectni by
the i30-132 address inputs When deemed appropriate an inter-
nal damping circuit creates a clow transition. about 10 msec.,
between banks to prevent dtsniptive display artiihcts caused
by rapnl Irmisitiom on the ganuna rci'crence voltages tluruig
operation. Altemauvc dmnping circuits may bc empluycd
winch allow thc transition bctwccn banks Io bc considerably
sin)ver, titr instance, nile second, as may be required by the
display manufacturer's iequirements

Au indcq)cadent prngrmmnuig interface allows thc dcvicc
to be programmed in-sini tlnis providing the ability to indi-
vidually program nr adjust the amma reference voltages fitr
an individual display 1'he device can also be pn)gramined
prior to mounting on the pc board or display. The progmsm-
mtng interface consists of four signals. The V» ts a hi/I
vnhagc input uscxt Io select Ihe progranuning mode mid also
provalcs thc high voltage pulscs used to progrimi the indi-
vidual cells. In the A(rl818 embodiment. VFF is supplied

In from an external source, an I( or other nicene I'he Ao,.r
analog output is used to read the cell which is currently being
pro rammed to verify the vvrite operation and proper output
volta e let el. The AO throughAI inputs are used in conjunc-
tion m 1th thc BO-B2 inputs to select Ihe location Io be m nuen.

Ouc ahcrnatnc method of progriunming thc uidividual
cells starts by placing AO. A I. i 30, 131, 132 lines in the f I, I, I,
I, I 3 ctate and taking the VFF pin high: this places the A(i 1818
in the Program mode; the read niode is the default mode Next
the particular bmd is addressed through BO-B2: V» is pulsed

zn a ain, latching the bank address Next the cell to be pro-
granuucd in the sclcctcd bank is addressed using the AO, Al,
BO. Bl, B2 luics: VFF is pulsed again, a third time. At tilts
point prngranuning of the selected storage cell is initiated by
pulsin VFF)vith adjustable voltage pulses between approxi-
mately 8 and 14 volts When the selected cell has achieved the
desired voltage level the AO„AI, BO„BI. B2 lines are a ain
placed in the (1. I, I, I, 13 state: the VFF pin is pulsed: this
returns the AG1818 tn the read mode. Progranmiing of addi-
tional cells proceeds from thc begimuug sixN ence, any order

so of prograniming storage cells. mndom or sequential, can be
applied

1(ey variables in the pro ramming process are program-
ming voltage amplitude, rise and fall time of the pulse, and
pulse duration: each ofthese variables is Inffuenced by desi@I

ic and process paramctcrs nf Ihc particular wafer fabncation
facility. Real time mnrutoring oi'hc cell vnluigc lcvcl ts
accomplished through thc An„r piu wluch reilccts Ihe cell
voltage as it is in the output buffer ivhich is the voltage which
will be applied tn the display column I'he use of the Ao,.r pin

sn provides an essential countermeasure to the vagaries of the
design and fabrication processes. Independent of what volt-
age actually ts stored in Ihe cell tlm Ant T pin gives thc ability
for closed loup progriumnuig such that a prccisc ganuna
rcfcrcncc voltage ts provided to a spimilic column. As men-
tioned previously, this pmgmmming step can take place prior
to ntating the ganuna reference chip with a display wherein a
predetermined set of voltage values is stored. Alternatively,
the programming can take place after the gamma reference
clup and display arc ma Ink in Ibis case tlm display qu ah ty cmt

o bc evaluated as thc g;muna refbrcncc chip is being pro-
granuucd ii'rcquircd.

One knowledgeable in the art that understands that other
addressing schemes, such as a serial one, are possible,
enabling an overall reduction in the pin count. Having bank

). sv itchin capability ensures that the optimum gamma curve
is used for each individual display and clunina tea thc aced for
rc-work duc Io display numuiactunng process vauatinns. A
PC based progranunuig mterfacc is available Ibr prototypuig
and gamnm optimization I'his P('rogramniing interface

ti! may be an alternative source of the VFF signals l&isptay
optimization al oritluns may be located in such a PC: which
also may be connected to nu&nitors feeding back data from the
display duung Ihc opunnzauon tunuig at tune nf manuiac-
IUre.

sc This uivmition also enables set eral addiuonal fi:atures Ior
the user and manufacturer. Automating the testing of a panel
can be achieved )vith optical sensors and feedback to the
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gilnuud colzccnon sccnon ol'he display. Once Ihc Optical
sensors have modulated gamn&a reference voltage levels for
die columns to achieve the predetermined light matching for
the display these values can be saved in the gamma reference
circuitry. In this v ay different application conditions can be
pretested and stored. For the user. a sensor can be supplied
0 i lb Ihc display w h&ch responds to Ihe lempcra lure, hghlulg
or other conditions present The mnput of Ihc sensor can be
nlatched to a predetermined application condition which
selects the corresponding gamma value set &0

The above embodiments are only illustrative of the prin-
c&plea of llus invent&ou m&d arc nol mtended 10 lmut the
invcnuon to Ihc purucular cmboduuenls dcscnbc(L Ahlx&ugh
the above enlbodiment describes the application of a gamma
trim ster for a I 1(I'isplay. one of skill in the art should know
that the present Invention can be practiced in various types of
displays and screens. Accordingly, various modifications,
adaptations, and comb&nations of various features of the
dcscnbml cmboduncnts cau bc praciiccd w&thout dcq&suing
from ihe scope ol'hc u&vcntion as sel forth ul Ihc appended 20

CIBIOIS

We claim
1. A method ol'al&braung a liquid crystal display to 0

ilt:su txi glinuua curve to conlpcnsa&c ftlr panel to panel n&BBII-

fee(Bring variations comprising thesteps'.

providing said display with ganuna reference control
capability which m elcclncally reprogrammable and
non-volalllc,

b testing said d&splay with at least one sensor with optical &0

input. wherein said sensor is separate from said display,
c. valyulg gdnuna rcfcrcnccvohagc levels on colunuls of

said display by a control circuit. wherein said contml
circuit is separate fronl said display;

d. Cplhulzhlg sdul ganuua rcgclcncc vt&11Bgc h:vcls usulg
nleans for executing a predetermined algorithm accord-
ing Io a predetermined coterie and data sensed by said at
least one sensor, wherein said means for execu&in said
predeteunined algontlun & s separate Ibom said display to
achieve the des&red gamma curve: and do

e. storing sa&d ganuna reference voltage levels in said
gamma reference control capability.

2 'I'he method of cia&nl I wherein the Inethod is repeated
more than once under different ambient display conditions to
enerate at least one different set ofgamma reference voltage

levels siored in sa&d ganuna rcfcrence control capabihly.
3. A method of pmgrammmg one or more ganmla refer-

ence voltage generator inte rated circuits attached to a liquid
crystal d&splay compns&ng thc steps.

a. sclccling Onc or more columns on said liquid crystal
display;

b. applying one or more different ganlma voltages to said
liquid crystal display columns,

c. storin said applied ganuua voltages in reprogrammable,
non& olatile cells in said gamma reference voltage gen-
clillol hucgldlcd cuculls ilppropnalc 10 saul sclcclcd
columns:

d operating mern&( for execunng one or nlore optimization
criteria algorithnls based on opt&cal enlission corre-
sponding to said selected colunuls. wherein said means
for executing said one or more optimization criteria
algorithms is sepamte from said hquid crystal display;

c. mod&fy&ng said onc or morc d&ifcrcnt apphcd ganuna
voltages based on smd onc or more opl&mization cri lena
algoritluns:

f program&ning said applied amma voltages in storage
cells in said gamma reference voltage generator inte-
grated circuits appropriate to said selected columns: and

g repeating steps (dj through (Ij until said one or more
opumiral&on en&eris lrdve been sanslicsi.

4 Thc method ol'laun 3 wherein sa&d ganuna rcfcrcnce
voltage generator integrated circuit requires an external
source f(1( high v(1lta 0 p&'ogi'Bnunlng a&cans

5 A method for a liquid crystal display. composing
providing said I iquid crystal display w&th ganuna reference

controi capability which is electrically reprogrammable
mid non-volatile,

cdlibratulg said hquid crystal display comprisulg.
1. testing said liquid crystal display with at least one

sensor with optical input;
b varying ganlma reference voltage levels on columns

of said liquid crystal display:
c. optimizing said ganuna reference voltage levels u sin

BIO&&us lol execu&Big il prcdctcmuncd (Ilg011lhnl
accord&ng to a predetcnnuled cutcria aud data scnscsi
by said at least onc smlsor; and

d. storing said gamma reference voltage levels in said
ganuua reference control capabihty;

retnevin said amma reference voltage levels Ibom said
gamma reference control capability, and

displaying an unagc on smd liquid crystal display based on
said ganuua Icfclcncc 1 Ollagc k:vela.

6 The method of clmm 5. wherein thc cahbmting step is
repeated more tlmn once under different mnbient display
conditions to generate at least one different set of gamins
reference voltage levels stored in said ganmla reference con-
trol capability.
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