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Gamma Tnmster and Method for Gnmma Rafamnma Vultage |
Gen hh‘.n for Displays

Inventi _
The invention relates r.ml]y?ﬁthe field of computer displays, and more
particulaely to TFT flat panel displays. e

Description of Related Art

Gamma Correction has long been a problem for the manufacturers of Thin Film
Transistor (TFT) Flat Panel Displays. The Gamma Correction curve becomes more
complex as the display resaluﬁun increases. [Each display often has a different response
to the gamma correction reference voltages, resulting in the need to generate specific
gamma reference voltages for each model of display as well as compensating for display
to display variation due to manufacturing process variations.

A traditional approach to the Gamma Reference Generation problem has been to
use Select-On-Test Resistors. These resistors allow the reference voltages to be fine-
tuned to the requirements of the individual display. The testing, selection and mounting
of these resistors has become a major production problem since the process is a manual

one and prohibits automated assembly and test. In addition, once the resistors are

mounted on the display PC board, the resistors cannot be easily changed to meet the

growing requirements of individual customers for a specific Gamma characteristic.




s .ﬂmnj;'l:m Select-On-Test resistors, but the cost is prohibitive.
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~ FIG.1isablock diagram illustrating a conventional gamma reference circuit for a

TFT display 105 using Select-On-Test-Resistors. In this case, source drivers 110, 111, ...
and 112 require a total of 16 gamma reference voltages 121 GM,, 122 GM,, 123 GM;,
124 GM,, 125 GMs, 126 GMsg, 127 GM3, 128 GMg, 129 GMg, 130 GMjq, 131 GM;,, 132
GM,;, 133 GM,3, 134 GM,4, 135 GMsand , 136 GM,¢. MThe gamma reference voltages
are derived by a resistive divider of 17 resistors 141 Ry, 142 Ry, 143 Rj, 144 Ry, 145 Rs,
146 Rg, 147 Ry, 148 Rs, 149 Ry, 150 Ryp, 151 Ryy, 152 Ryp, 153 Ryz, 154 Ryg, 155 Rys,
156 Rys, 157 Ry7 connected between a reference voltage 160 and ground 161. Since the
loading of the source drivers 110, 111, and 112 changes dynamically, it is not possible to
simply connect the resistive divider 141 Ry, 142 Ry, 143 Ry, 144 Ry, 145 Rs, 146 R, 147
Ry, 148 Ry, 149 Ry, 150 Ryq, 151 Ryy, 152 Ry, 153 Ry3, 154 Ry, 155 Rys, 156 Rye, 157
Ry7 to the inputs of the source drivers 110, 111, and 112, and some type of buffering are
used, such gamma reference buffer ICs 170 and 171.

Initially the PC board is assembled without the resistors. An external test

appamujs drives the test points TP1-TP16 until the desired Gamma correction is

achieved. The values of the TP voltages are then used to calculate the resistors needed
¥ }




automates gamma adjustment and provides reprogrammable capability.

r,urqmé«  SUMMARY OF THE INVENTION

Aprogrunmable buffer integrated circuit which can be programmed to output a
set of gamma correction reference voltages to be used in Liquid Crystal Displays (LCDs).
Once pmgmmmed, the buffers will continuously output the programmed value even if
power is removed. The device incorporates a programming interface to allow the
programming of the buffer outputs to the desired values during manufacturing and test of
the panel. Multiple sets of values can be programmed to provide different gamma
correction curves for different user or applications requirements.

Advantageously, the present invention allows automated assembly of an entire PC
board, automated test and gamma adjustment, smaller and thinner physical size, lower
power consumption, and reprogrammable settings. Furthermore, the present invention
advantageously allows a stand-alone solution such that it is not necessary to incorporate a
micro controller unit (MCU).

Other structures and methods are disclosed in the detailed description below. This

summary does not purport to define the invention. The invention is defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a prior art block diagram illustrating a conventional gamma reference
circuit for a TFT display using Select-On-Test-Resistors.
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employing gammaref:rence controllers for a TFT display in accordance with the present

FIG. B'isﬁ'*iilmk}dmn illustrating one embodiment of ngmmarefueum

controller in accordance with the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT(S)

Figure 2 is an architectural diagram illustrating a gamma reference circuit 200
employing gamma reference controllers for a TFT display 280. The gamma reference
circuit 200 comprises a first gamma reference controller 210, a second gamma reference
controller 220, a programming interface 230, source drivers 240, 241, and 242, and a TFT
panel 250. The gamma reference controller 210 drives a first set of eight gamma
reference voltages GM1 — GM8 to the source drivers 240, 241, ... and 242. The
gamma reference controller 220 drives a second set of eight gamma reference voltages
GMO — GM 16 to the source drivers 240, 241, ... and 242.

The Programming Interface 230 comprises a common Analog Input (Ap) which
will be used to set the reference voltage level, three address inputs (Ag, A;, and A,) to
determine which reference level is being writing to and a R/W control signal for each of
the first gamma reference controller 210 and second gamma reference controller 220, in
this case two, that are on the board.

Duﬁngmrma!opnﬁﬁmthaniuispuﬂed}thandtherefmthWIMge

outputs lpﬂﬂl reﬂmt_the value last programmed into the nonvolatile memory cells.
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output or channel of the device to be programmed with the A2-A0 inputs. At this point,

“R/W on the device to be mtim—m*dti‘m—low-md—thc—dcﬂm enters Tracking Mode.

DmngTrnckmgModc thﬁmn;unnfﬂwzelectednhmneltracks the input voltage on the
Analog Input. (An optional internal voltage multiplier converts the 0-3V Analog Input to
a 0-10Volt output.)

Once the desired voltage is found by varying the Analog Input for a particular
channel, the R/W signal is driven high and the value on the Analog Input is written into
the nonvolatile memory for the output channel selected by the A2-A0 inputs.

In this manner, each of the gamma reference voltages can be writien in a
sequential manner during display testing.

Alternatively, the first gamma reference controller 210 and second gamma
reference controller 220 can be pre-loaded with a default configuration, which will be
close to being correct for the majority of displays. In this approach, only those
parameters that need to be adjusted are changed in testing.

The first gamma reference controller 210 and second gamma reference controller
220 provide the manufacturers of TFT displays a solution to the sefting of the gamma
reference voltages. Automated testing of the displays and re-programming of the gamma
characteristics is enabled, even after the display is completed. The first gamma reference
controller 210 and second gamma reference controller 220 provide reduced overall

implementation costs, reduced power consumption, reduced physical size and flexibility

over the traditional Select-On-Test resistor techniques.




controller 300. The gamma reference controller 300 comprises a programming engine

--—.—-u—,_,_'—-pg_»i;mufnm_?.lﬂ,..amux 320, proglmmahle_malqg_ﬂmnnggam memory cells 330,

10

15

20

. through 336, and drivers 340 through 347. The programmable engine 310, coupled to the

mux, comprises an Analog Input which will be used to set the reference voltage level and
a-w control signal for a corresponding gamma reference controller. The mux 320
connects signals from the programming engine 310 to any one of the programmable
analog floating gate memory cells 330 through 336, depending on three address inputs
(Ag, Ay, and A;). Address inputs are used to select which cell is being written to at any
time.

Each output is internally connected to an analog storage cell which can be written
with analog values, for example, of 1024 step (10 Bit) resolution. The outputs, channel 0
(CHO), n::hataml 1 (CH1), ... channel 6 (CH6), and channel 7 (CH7), are intended to
directly drive the reference voltage inputs of the source driver IC. An internal voltage
multiplier, having a multiplication factor M, produces an output of 0-10Volts. In FIG. 3,
the channel 0, CHO, is driven by a driver 340, which connects to the programmable
analog floating gate memory cells 330. The channel 1, CHI, is driven by a driver 341,
which connects to the programmable analog floating gate memory cells 331. The channel

6, CH6, is driven by a driver 346, which connects to the programmable analog floating

gate memory cells 336. The channel 7, CH7, is driven by a driver 347, which connects to

the programmable analog floating gate memory cells 337.




voltages. Applying a logic “0” to the R/W pin initiates a track and write cycle and the

RDY\ pin goes to logic “1”. The addressed channel now outputs a voltage which is equal

to the voltage applied to the Vin pin, multiplied by the voltage multiplication factor M.

5  The channel address may be changed during tracking mode. At the rising edge of R/'W a

write cycle is initiated and the present voltage applied to Vin is automatically stored in

the analog memory corresponding to the addressed channel. Completion of the write

cycle is indicated by a high to low transition at the RDY\ pin.

Table 1

Name Description Value Range Function

VDD Supply Input Mo 55V

R Read/Write CMOS Input When driven to an active low input, places the
selected output inlo tracking mode. The Rising
Edge of R/W wriles the voltage on the analog input
into the appropriate analog memory location

Rdy Device Ready TTL Compatible Output

VES Ground

CHO-CH? Analog Outputs ov-10v Analog Output Voltage Channels

VIN Analog Input 0V -vDD-1 Analog Input Voltage

AD-A3 Address Inputs CMOS Inputs Selects which output is placed in tracking mode or
is written to during a wrie operation

10

Table 1 shows an example of the pin descriptions associated with a gamma

reference controller.

Table 2

S}:mhnl Parameter Min Typ Max Units Condition
| Vi Input Low Voltage Vppx0.3 |V

Vin input High Vopx0.7 v

Voltage

Voo Output Low Voltage 01 V] o = 1R

Viou Qutput High Voltage V0.1 v lou=-11R

Voo | ‘Output Low Voltage 0.4 v I..::_ﬁI = 0.3mA

: -8-

ALTA-POOT
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) Ve
Vi
Voo Gurmlt {Gpmﬂng} mA
1.0 mA Rea=¢
1.5 mA Rext = ¢
..... Eﬁ"’ﬂ:“:m =i 1n _m
_VH w 1] Vnp —-08 |V
Ru Resistance 1.0 M
AVyy crurmnl Gain_ 2 VN | Vi to Vour

Table 2 shows an example of the electrical parameters associated with a gamma
reference controller.
| The above embodiments are only illustrative of the principles of this invention
and are not intended to limit the invention to the particular embodiments described.
Although the above embodiment describes the application of a gamma trimster for a TFT
display, one of skill in the art should know that the present invention can be practiced in
various type of displays and screens. Accordingly, various modifications, adaptations, and

combinations of various features of the described embodiments can be practiced without

departing from the scope of the invention as set forth in the appended claims.
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incorporates a pmgmmmmg interface to allow the
programming df the huﬂ'er c;utputs to the desired values
during manufacturing and test of the panel. Multiple sets of
values can be programmed to provide different gamma
correction curves for different user or applications

requirements.
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