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Displaying Gray Shades In Passive Matrix LCDs

4.1. Introduction

In LCDsgray shadesare displayed by varying the rms voltage across the pixel between the
threshold and saturation voltage levels. The existing techniquesfor displaying gray shades
in passive matrix LCDs were reviewed in chapter 2 (section 2.7).  Successive
approximation technique to display gray shades using multi-lineaddressing is discussed in
this chapter.

42 Approach

A successive approximation analog-to-digital converter (ADC) uses a digital-to-analog
converter (DAC) and a comparator to perform binary search to find a digital value, which
Is approximately equal to theinput voltage. The search tree starts with most significant bit
(MSB) and ends with least significant bit (LSB). In successive approximation ADC, g
comparisons are necessary in the binary search to achieve a g-bit resolution. For example,
Figure 4-1 showsthe binary search tree used in successive approximation ADC.

By=1 B,=0 B-1 :E B;=0
B=l /NBi=0  B=L/A\BE=0 B~1/ B0 B~

L 1 = 1/\Bo=0

Figure4-1 Binary search treeused in successiveappr oximation approach ADC.
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A similar approach is used for displaying gray shadesin matrix LCDs as explained in the

following text. Todisplay 28 gray shades, g framesare used and in each frame both row

and column voltages are multiplied by afactor f(= \/-27 ) Wherein f correspondsto

f ™ bit and ranges from 0....(g —1). One of the 28 gray shades is displayed using g

successive frames by modulating the amplitude of the row and column waveforms. In each
frame the datais considered to be +1 or -1 for logic O or logic 1 respectively of the gray
shade bit used for scanning the frame as shown in Figure 4-2. Here, three bits are used to
represent each pixel and are mapped into three bi-level images as shown in the figure. In
this case, 8 gray shades can be displayed using the three frames. Technique for displaying
gray shades based on successive approximation using multi-lineaddressing is discussed in

the next section.
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Figure4-2 Pixd gray shadedata
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43 Technique
The multi-line addressing technique reviewed in chapter 2 (section 2.5.2) is modified to
display gray shades based on the principle of successiveapproximation as described here.

The N rows in the matrix are divided into (Q/_J non-intersecting subgroups, with each
§

subgroup consisting of s rows. A subgroup is selected at a time while the rows in the

unselected subgroups are grounded. Here, g frames are necessary to display 28 gray
shades. Gray shade value of apixel may be represented by

g-1

f
2 df 2 4.1)
f=0

The data to be displayed in each frame in'the sdected subgroup in any column is

represented as d Fks+i Thisis ™ bit of the ithpixel in the k" subgroup, wherein f

rangesfrom O to (g —1). The value of k rangesfrom 0 to (ﬁ - 1) and correspondsto the
)

selected subgroup. The data d Fhs+i = -1 or +1 corresponds to logic 1 or logic O

respectively. The amplitude of the row voltage is x erinstead of V.. Column voltageis

the dot product of the row select pattern and the data vector (see equation 2.21). This can
be mathematically represented as

S
Crpl)=D 061 df ., .2)
-

where C 7 . () is the column voltage (normalized to V,) of the f * frame which

corresponds to jth row select pattern for the kth subgroup and O(;, j) is the element of the

orthogonal matrix. The column voltages are multiplied by Ky which corresponds to the bit

f of the gray shade data for thef ™ trame. Both the row and column voltages are applied
simultaneously to the matrix display for a time duration 7. A frame is complete when all
the subgroups are selected with al the row select patterns once. The entire process is
repeated using another bit of the gray shade data with the corresponding multiplication

factor x f for therow and column voltages. A cycleconsistsof g frames corresponding to
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the g bits of the gray shade data. The display is refreshed continuously with a frame
frequency high enough to avoid any flicker. The rms voltage across the pixel is
independent of the sequencein which the bits are selected in g frames. The scanning of the
sequence in which row select patterns are selected while scanning the matrix can be done
in a number of ways as discussed for multi-line addressing in chapter 2. The subgroup
may be selected with all the row select pattern once before selecting another subgroup. The
typical addressing waveformswith s = 3 are shown in Figure4-3.
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Figure4-3 Typical addressing waveform of successiveapproximation based on ML A by selectingthree
rowsat a timefor displayingeight gray shadesusing three frames.
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In fast-responding LCDs transmission of OFF pixels increases due to clustering of large
amplitude row select pulses. This may lead to the frame response phenomenon (see

section 2.4.6).

In order to suppress the frame response, all the subgroups in the matrix

LCD may be selected with one row select pattern once before changing to another row
select pattern. Good brightness uniformity of the pixel can be obtained by changing the
row select pattern whenever a new subgroup is selected as discussed in chapter 2. The

typical addressing waveformsare shown in Figure4-4.
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Figure4-4 Typical addressingwaveform of successiveapproximation based on MLA by selectingthree
rowsat a timefor displayingeight gray shadeswhilerow select pulsesaredistributedin each frame.
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In multi-line addressing technique the number of voltage levels in the row and column
waveforms are three and (s+1) respectively. Where, s is the number of rows in each
subgroup. Amplitudes of both row and column waveforms are modified by a factor

kp = 2/ o<f < (g -1) in g frames. The number of voltagelevelsin any oneframeis

same as that of multi-line addressing technique. The voltages necessary for row and
column waveforms for the g frames are generated in voltage level generators (VLGs).
Anaog multiplexers are used to select the voltages corresponding to each frame. These
multiplexers are common to the both row and column drivers as shown in the Figure 4-5.
Hence, the row and column driversthat are used in multi-lineaddressing to display bi-level
images can be used for displaying gray shades using success veapproximation technique.

Column Driver
1
<
Voltage o E H
Lvd | | Andog | E —\ Matrix
Generators Multiplexers | : ‘3 _'/ LCD
(VLGS) i° | B

Frame Signal
Figure4-5Block diagram row and column driver requirement for displayinggray shadesusing

successiveapproximation.

The detailed analysis of the successive approximation using multi-line addressing
techniquefor displaying gray shadesis discussed in the next section.
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4.4. Analysis
A subgroup is selected with voltages corresponding to one of the row select pattern. “The
voltagesare +V, and -V,, corresponding to +1 or —1. The row voltageis zero during the

(—IY- - 1)ti meintervals. The column voltageis the dot product o the row select pattern and
s

the data vector, which is given by

N

Cf,k(j)=2[0(i,j)df’ks+i ] v 4.3)
i=1

To display any one o the 2* gray shades g frames are used. Both the row and column

voltages are multiplied by afactor Kp = v2f , Wwherein f rangesfromOto (g —1). The

squared the voltagefor the f " trameacrossthe it pixd in the k™ subgroup is given by

g , Vil 5
Y lev06i-c, v+ Y Yle,0v.]
j=1 n=0 j=1

2 - n#k (4. 4)

Vv .
foks+i (1%) g

N1 4
z l]]—ZKVKVZOl] il +22[cn fc]

2 _ n=0 j=l

Vi ksi = (IV)
Kfcvfio(i, j) —2&vyd, k&HZO(z, +K2V22220(u f,,ﬁ,

2 _ Jj=1 n=0 i=l j=1

(m

2

s
K;Vrzq - 2KerV df ks+id T qu c Z 2( f ns+t)
V2 _ n=0 i=1

Foks+i = (I%) .
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24,2 2 2,2
’ Ker q- ZKerVcdf,ksﬂ'q + KfVc Ng

vZ, =
foks+i q(l%) :

Hence, therms voltage acrossthe i pixel in the & subgroupover acycleisgiven by

4.5) )

g—1
2,2 2
K¢ (Vr 9= 2Verdf,ks+iq +V Nq)

~

=0 @. 6)

Vis+i =1 ‘g (%)

If the selected pixel in the (ks+i )" location is OFF, then df’ksﬂ. =+1,for al f ranging

from0to(g —1). Therms voltageacrossthe OFF pixel isgiven by

& 2( 2 2 )
Y G-y, +viN
v =1f=° @.7)

g (%)

Similarly, for an ON pixel df,km. =-1 for al f . Thus the rms voltage across the ON

pixel isgiven by,

-1
S22y +vin)
fyr rc c
== 4.8)

K )

The Selection ratiof SR) defined as | ~22- | and is maximum when

Vs
V.=JN V, @.9)
sp o [YN +1 (4.10)

1w

Supply voltage requirement
OFF pixelsin the display are biased near the threshold voltage (V) in order to obtain a
good contrast ratio. Hence, Voﬁr =V,
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r c C Vh
N t
¢ V)
g-1
Where, Ki, = 2% —1and substituting V. =+/N V.
£=0

s (V) )
g -1) en-24R) "

VC:J( g \ ‘/ﬁ Vv 4.11)

28 —IJZS(W—I) th

V.=

Supply voltage requirement depends on the maximum swing in the addressing waveforms.

Amplitude of the row select voltage (Kg_IVr) is lower than the maximum amplitude of

2

column voltage (Kg_lsVC) for N<s’and is greater when N> s“. Hence, the supply

voltage requirement (Vsup) isdetermined separately for thesetwo conditions.

Casel: (N<s?)
Vsup = ZSKg_IVC

s VN
Voup 2J2g—\[ —1J2sJﬁ 1) K

-1
_ 2s g28
Vsup = 1 [23 ] Vth 4.12)
(- Viw)
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Casell: (N 2 52)
v -2k, _V

sup =“"g~1"r

Vop = 228 1IN v,

vsup=2\/;g_\/_\/( 15 (J\/—— ] v,

g-1
V. = 2N 82 Va, (4.13)
o1 26 -1 !
Jiw
Supply voltage requirement when successive approximation is used for displaying gray

g-1
shadesis higher than bi-level display by afactor g Z (see equation 2.33 and 2.34 for a
2

comparison). Supply voltagefor displaying 256 gray shadesusing 8 framesistwice that of
bi-leve display (see Figure 4-6).
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Figure4-6 Supply voltage (Nermalised to that of bi-level display) ver susnumber of bits/pixel while
using successiveappr oximation to display gray shades.

Thisincrease in supply voltageis due to varying amplitude of row and column voltagesin

different frames. The minimum supply voltage can be obtained when N = & asin the
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case of multi-line addressing technique [20][21]. The hardware realization of a new LCD
controller for displaying gray shades using successive approximation based on multi-line
addressing techniqueis discussed in the next section.

4.5. Design and implementation

A smple block diagram of a system for displaying gray shades using successive
approximation based on multi-lineaddressing i s as shown in the Figure 4-7. Information
to be displayed is stored in the memory. Row select patterns for selecting s-rows in the
selected subgroup are generated in row select patterns generator. The s-bit row select
pattern and the s-bit data from the data memory are used to generate the column datain the
column signal generator (CSG). The column data is then shifted into the column driver.
Subgroup sequencer generatesthe row data, which determines the subgroup to be selected
at agiveninstant of time. Row select patternistransferred to row driver to select therows

in the subgroup. The row and column voltages are scaled by afactor V27 in g frames(i.e.,

0<f <g-1)todisplay 2% gray shades using successive approximation. All the voltages
necessary for the row and column drivers are generated using a voltage level generator.
The row and column voltages corresponding to each frame are selected using analog
multiplexers. The control unit generates all the control signals for the various sub-blocks
and synchronisestheflow of the datato scan the matrix display.

Column Signal / > .
—/— " Generator y ] CdumbDiive
Data hry g
Memor J\/L
y Row Sdect Pattem X
Generaotor / -
) 2 .
T / i 5 | 32x32Matrix
* SbGrow| | & [/ LCD
Control VOltage W —/ o/
Unit Level /- Multiplexer{—/— (SGS)
Generators - X
7

Figure 4-7 Block diagram of MLA driven display system using successive approximation for gray
shades.

A controller for displaying gray shades has been implemented usng a Complex
Programmable Logic Device (CPLD). Figure 4-8 shows the detailed block diagram of the
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display system used for displaying gray shades. The controller has been designed to
display 16 gray shadesusing a 32x32 matrix LCD by selecting 3 rowsat atime. Hardware
design and implementation of the LCD controller is discussed in the next sections.

P, PISO
Daa Ll >y 5 o/P CSG Column Driver
, cpl 7| L_2x32-Bit SIPO Shift register
EPROM - o7 [P PO o CDI_] XCLK
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Po<— P i | | Do
P3<—1/ Control Voltage . - | -
CLK_l«— Unit Level />Multiplexersi |q + group
CLK 2« Generators Sequence Row Driver
CLK 3« P 1 __']
VSEL

Figure 4-8 Detailed block diagram of the display system for displaying gray shades using successive
approximation based on multi-lineaddr essingtechnique.

4.5.1. Data memory

The information to be displayed is stored in the memory. To display 16 gray shades 4 bits
are necessary to represent the data of each pixel. These 4-bit data can be stored in
consecutive memory locations. In each frame one bit from the memory is extracted to
compute the column data. Alternatively, each bit (MSB to LSB) of thefour bit data may be
separated and stored in four consecutive memory blocks. In each memory block the datais
stored as hit-mapped memory asin the case of datafor bi-level image. To demonstrate the
technique using a 32x32 matrix LCD, image data are stored in EPROM as bit-mapped
Imagein four consecutive memory blocks. EPROM 2764 is used to store bit plane images.
In each memory location of the EPROM 8-hits can be stored. Hence, 8-bits in each bit
plane image are grouped to form a byte as shown in the Figure 4-9(a). Each hit is
represented as P;; corresponds to i row and j column in each bit-plane image. The bit
mapping of imageinto the EPROM is shown in Figure4-9(b).
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The reading data from the memory is sequential while selecting three rows at a time. To
read all 4x128 memory locations, nine address lines are necessary (EPROM_Add[8..0]).
The 8-hit data from the memory is loaded into the three 8-bit paralel in seria out (PISO)
shift registersas shown in the Figure4-10.

€-8-bit->"€-8-bit->r&-8-bit->&-8-bit-> Memory

Py 25.P1 52 PP | GOOH
P33-P23 | 0001H
Ps3.Pys | 0002H
Py o.Py3s | 0003H
P29-P236 | 0004H
0005H
0006H
0007H
1 0008H
0009H

PIJ"Pl,l P]_,g..Pl,w -

Py).Pag | P2g.P2ys |1 Pjas.Pa32

P’_B--Pssz

P3 .I"PS $ P3 g..Pz 16

P321--Pa2s {P320-P3216

P32.17--P32.24P32,x--1’32.32

Bit plane of animage

(@)

Figure 4-9 Schematic of the data storage in the memory (a) Bit plane of an image to be displayed in
32x32 matrix LCD, (b) bit mapped linear array of memory.
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EPROM_Add P2 | Load BB | Daa 1
Clk_2—>{ Ck
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Data_2
P3——{Load ﬁﬁiﬁ‘ ——
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Figure4-10 Schematic diagram of thedata extractionfrom the memory for column data computation.
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The sequence of reading the 8-bit data from the memory and loading into the PISO shift
register is shown in the Figure 4-11.. At every rising edge of the Add-ck the address lines
of the EPROM ( i.e., EPROM-Add) is incremented to fetch the 8-bit data from the
memory corresponding to eight columnsof the selected subgroup. The data corresponding
to the 3 rowsin the selected subgroup is loaded when P1, P2 and P3 are high into the three
PISO shift registers at the rising edge of the clock pulses clk_1, clk_2 and clk_3
respectively. When P1, P2 and P3 arelow the sameclock pulsescik_1, clk_2 and clk_3 are
used to shift the data seridly as Data—0, Data_1 and Daa—2 respectively to the column

signal generator.

Add_Clk

B

EPROM y )
Add[8..0]\

P1

Clk 1 :

-
-
=
—

L
UL
.

Data [0..2] :H_ SEEEE

Figure 4-11 Control signals to load the 8-bit data paralld in to the 3 shift registers and shifting it
serially tothecolumn signal generator.

4.5.2. Row select pattern generator

The s-bit row select pattern is generated for selecting the subgroups in the matrix LCD.
The row select patterns used to select the subgroupsare columns of the Hadamard matrix.
The generation of the orthogona matrices and their matrix representation is given in
Appendix B. The three orthogona functions [RSP_2,RSP_1,RSP_0] and its matrix
representation isas shown in the Figure 4-12.
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Figure4-14 Timing sequence of row select patternsin oneframe.
Table 4-1
Frame #1 Frame #2 Frame #3 Frame #4
VSEL | VSEL | VSEL | VSEL | VSEL | VSEL | VSEL | VSEL | VSEL | VSEL | VSEL | VSEL | VSEL [ VSEL | VSEL | VSEL
00 01 10 11 00 01 10 11 00 01 10 11 00 01 10 11
Scan | Scan | Scan | Scan | Scan | Scan | Scan | Scan | Scan | Scan | Scan | Scan { Scan | Scan | Scan | Scan
#1 # #3 #4 #1 # # #4 #1 #2 # #4 #1 #2 #3 #4
SGO 0 6 3 5 5 0 6 3 3 5 0 6 6 3 5 0
sG1 5 0 6 3 3 S 0 6 6 3 b} 0 0 6 3 5
sG2 3 5 0 6 6 3 5 0 0 6 3 5 5 0 6 3
sSG3 6 3 5 0 0 - 6 3 5 b 0 6 3 3 5 (¢} 6
SG4 0 6 3 5 5 0 6 3 3 5 0 6 6 3 b 0
SGS 5 0 6 3 3 5 0 6 6 3 5 0 0 6 3 5
SG6 3 5 0 6 6 3 5 0 0 6 3 5 5 0 6 3
sG7 6 3 b 0 0 6 3 5 5 0 6 3 3 5 0 6
SG8 0 6 3 5 5 0 6 3 3 5 0 6 6 3 5 0
SG9 5 0 6 3 3 5 0 6 6 3 5 0 0 6 3 5
SG10 3 5 0 3 5 0 0 6 3 5 5 0 6 3

The entire sequenceof row select patternsin acycleis tabulated in the Table 4-1. The row
select pattern which is skipped at end of every frame has been shaded in the Table 4-1 for
easy identification. Thisis essential for dc free operation. This shifts the sequence of row
select pattern while selecting the subgroups by one row select pattern at the beginning of
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every frame. After four such frames (i.e., one cycle) the entire sequence repested to
refresn the display continuoudly.

4.5.3. Column Sgnal Generator (CSG)

Column signal generator computesthe dot product of the row select pattern and thedatain
the selected subgroup. It requiress one-bit multiplier and a serial adder to add s output bits
of the multipliers to compute dot product. An Ex-OR gate has been used as a 1-hit
multiplier and Table 4-2 snows the truth table of Ex-OR gate as well as 1-bit multiplier.
The outputs of the s Ex-OR gates are summed (with equal weightage) to compute column
data. The output from the summer is shifted to the column driver card. The generation of
columndatain all the g framesis same as that for displaying bi-level image.

Table4-2
Truth Table Truth Table
Ex-OR gate 1-bit multiplier
Input Input Input Input
A B Output A B Output
(Data) | (RSP) Y (Data) (RSP) Y
0 0 0 : : +1 +1 +1
0 1 1 +1 -1 -1
1 0 1 -1 +1 -1
1 1 0 -1 -1 +1
Full Adder
A S '—>CDO
Data_l RSP_I ' ' > »B

N,

C,—>CD,

E(')

Pt e Lo

Figure4-15 Schematic of the column signal gener ator to generate the column data when sdectingthree
rowsat atime.

Column signal generator has been implemented using three Ex-OR gates and a full adder
as shown in the Figure 4-15 since three rows are selected simultaneously at a given instant
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of time. The two bit column data from the full adder are represented as CD; and CD, are
shifted to the column driver. The 3-bit data (i.e., Data_0, Data_1 and Data—2) changes at
every rising edge of the Clk_3 as shown in the Figure4-11. Thefalling edge of the same
clock (i.e, Clk_3) has been used to shift (i.e., XCLK) thedatain the column driver.

4.5.4. Voltage Level Generator
The simplest way to generate drive voltages required for the row and column driver is to
use voltage divider network as shown in the Figure 4-16. Capacitor (C)is connected as

shown to reduce thedistortion of the drive waveforms at the time of voltage switching.

VEET

Figure4-16 Voltagelevd generator using voltagedivider network for MLA techniquewhileselecting
threerowsat a time.

Number of voltages in the column waveform is st1 when s rows are selected
simultaneously and three voltagelevels Y, 0 and - V. are necessary for the row driver.
The voltage level generator (VLG) shown in Figure4-16 isfor the MLA techniquefor bi-
level image while selecting three rows at a time. The potentiometer (R,) is used to adjust
the display contrast by changing the absolute value of the row and column voltages without
affecting their ratios. In order to display gray shades using successive approximation row

and column voltages are multiplied by a factor x f in g frames. The row and column
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voltages for four frames for displaying gray shades using successive approximation
method can be generated in two different ways as shownin Figure4-17 and Figure 4-18.

In the Figure 4-17 only one voltage level generator is used and the potentiometers Ry, R;,
R; and R, are connected to it through 4:1 analog multiplexer. One of the potentiometersis
connected to the resistor network using the 2-bit frame signal as control input to a 4:1
analog multiplexer. The scaling factor is varied in each frame by fixing the potentiometer

Ry, Ry, Rsand R, intheratios 24/2 :2 :4/2 :1 respectively.

2
F_rame_+_) 4:1 Analog Mux
Signal

L % C;L S

VEE

Figure4-17 Schematic of thevoltageleve selector usingsingle VLG for generatingrow and column
voltagescorresponding tothe four frames.

Alternatively the schematic shown in Figure 4-18 uses four voltage level generators with
the scaling factors x f (wheref ranges from 0 to 3) while scanning the display in 4

successiveframes. This method has been implemented to generate voltagesfor the row and

column drivers.
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Figure 4-18 Schematic block diagram of the voltage level selector corresponding to the four frames
usingfour VLGs.

The potentiometer (P) is used to adjust the display contrast by changing the absolute value
of the row and column voltages without affecting their ratios. The scaled voltage levels
from VLG1 to VLG4 correspond to the four bits from LSB to MSB respectively while
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scanning the display. Output from one of the VLG is selected corresponding to each frame
using 4:1 analog multiplexers. The control signals VSEL generated in the control unit are

used as select inputsto the 4:1 analog multiplexers.

4.5.5. Subgroup Sequencer

Subgroup sequencer generates the row data, which determines the subgroup to be selected
at agiveninstant of time. Subgroup sequencer is either aring counter of length (Nls) or a
1:(N/s) decoder. Here, a 4-hit counter is configured as a mod-11 counter. The eleven
decoded outputs SGO, SG1, ...... SG10 are used to select the subgroups one at a time
(seeFigure4-14).

4.5.6. Row Driver

In multi-line addressing techniques the row waveforms have three voltage levels. Two
voltage levels +V, and -V, to select the rows in a subgroup while Vy is applied to the non-
selected rows. These voltages are scaled by a factor Ke in the four framesto display 16

gray shades. Wherein « F= v2/ and frangesfrom 0 to 3. The voltagesfrom the voltage

level generators are selected usng multiplexers as explained in the previous sections.
Figure 4-19 shows the schematic diagram of the row driver for driving 32 rows of the
matrix LCD by selecting 3 rows at a time. Here, CMOS anaog triple 2-channel
Multiplexers/ DemultiplexersCD4053 were used to design row driver. Row voltage levels

+ KV, and - x .V, are selected from the RSP generator (i.e., RSP_0, RSP_1 and RSP_2)

using aCD4053. Here, row select patternsare used as select inputsto the 2:1 multiplexers.

The output from these multiplexersis either + x er or - K; V_depending on the row select

pattern 0 or 1, respectively named as RW-0, RW-1 and RW-2. Theseare connected to each
subgroup block to one of the inputs of each 2:1 analog multiplexer as shown in the Figure
4-19. The other input of all the 32, 2:1 multiplexers are connected to the voltage level
Kf V_generated in the VLGs. The subgroup blocks are controlled from the subgroup

sequencer outputs SG[10..0]. One subgroup is selected at any instant of time. Hence, only
three rows corresponding to the selected subgroup will be selected. For example when

Displaying Gray Shades In Passive Matrix LCDs 133



SGO is high, only first three rows are selected with the row selected patterns with voltages
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Figure4-19 Schematichlock diagram of therow driver.
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The select signalsfor the rest of the subgroups(i.e., SG 1, SG 2, ...... SG10) are low, thus
the voltage level for therest of the.rows are at fVo. At every falling edge of the latch

pulse (LP) the subgroups are selected and the voltagesare applied till the next falling edge
d thelatch pulse. The column datain the column driver which corresponds to the selected
subgroupis also latched smultaneoudly at thefalling edge of the latch pulse. Thisensures
that both the row and column voltages are applied to the matrix display at the sametime.

4.5.7. Column Driver

Column driver for displaying gray shades while using successive approximation technique
IS same as that used for displaying bi-level images. Four column voltage levels are
necessary while selecting 3 rows at a time. The conventional LCD driver supports two
voltage levelsat atime using a one-bit data. Hence, a column driver has to be designed to
support four voltage levelsat atime using a 2-bit data. In this case 2-bit column data CD;
and CDy from the CSG are shifted into the shift register seridly. This data is
simultaneoudly loaded into the latch when data corresponding to all the columns in the
display are shifted in. For a 32 column matrix LCD, 2x32 bit shift register with a parallel
latch and 32, 4:1 analog multiplexer are necessary to obtain four column voltage levels
depending on the two bit column data. The column driver requirement for each column is

as shown in the Figure 4-20.

Shift register
Column Data ercrasnec e /
CD[0..1] —/— }—>
Data out
"""" to next stage

From VLGs
z
X

To Column
Electrode

Figure4-20 Schematicof thecolumn driver required for drivingeach column.

Column driver has been implemented using standard LCD column drivers SED 1180 and
CMOS series CD4051 a 8:1 analog multiplexer (since 4:1 analog multiplexer is not
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available, CD4051 8:1 analog multiplexer has been used). Hence, the column driver has
been designed to support up to eight voltage levels. Here, two SED 1180 is used as serid
in pardld out (SIPO) shift register with latch by connecting ac drive signal FR to Vpp and
other LCD drive power inputs V,, V3 and Vgsy to ground. The SED1180 has a 16 nibble
(4-bit) shift register fed by parallel data inputs Dy, Dy, D, and D;. The 2-bit column data
CDy and CD; are connected to data input pins Dy and D;. The other two input pins Dz and
D; are connected to ground. In case one want to use eight voltage levelsD; can be used as
additional column data input. Hence, the same column driver can be used to drive eight
voltage levels with three bit data while selecting up to sevenrows at atime. CDg and CD;,
are connected to both the SED1180 and it is shifted into the SED 1180 on the falling edge
o the shift clock (XCLK) under the control o the active high enable inputs EI1 and E12
That is, when EIl is high the column data is for the first 16 columns. After shifting 16
column datafor thefirst SED1180, EI1 goeslow and EI2 is high then next 16 column data
is shifted into the second SED1180. After shifting all the 32 column data into the
SED1180, the display data is latched on the falling edge of the latch pulse (LP). The
latched output from the SED 1180 is connected to the 32, analog multiplexers (CD 4051)
as shown in the Figure4-21.
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Figure4-21 Schematic of thecolumn driver for driving 32 column matrix L CD.

The three bits from each nibble are connected to the three bit control inputs of 8:1 analog
multiplexers. The fourth bit of each nibbleis not used as shown in the Figure 4-21. Four
column voltages from output of 4:1 andog multiplexers connected to the VLGs
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(i.e.,t K 3V+ie VoKV, and - K3V, see Figure 4-18) are the inputs of all the

CD4051, the other four inputs (not used) are connected to ground. The outputsfrom the 32,
CD4051 are connected to the 32 columnsd the matrix LCD.

45.8. Control unit
Control unit generatesall the necessary signalsto control the operation d various blocks as
explained in the previous sections.

a) Shift Clock (XCLK)
The column data from the column signal generator is shifted into the column driver at
every faling edge of ashift clock (XCLK).

b) EI1 and EI2
Display data is shifted into the two SED 1180 #1 and SED 1180 #2 at the falling edge of
the shift clock (XCLK) only when correspondingenablesignasEIl or E12 are high.

c¢) VSEL
Two-bit control signal VSEL generated to select voltage levelsfor row and column drivers,

from the voltagelevel generators using 4:1 anaog multiplexers.

d) Latch pulse
After shifting all the column data to the column driver, both the column voltage and row
voltage are latched at thefalling edge of the laich pulse (LP).

The Altera’s Complex Programmable Logic Device (CPLD) EPM7128ELC-20 is used as
acontroller. All the blocks except row driver, column driver, voltage level generators have
been implemented in this chip. Inputs to the controller are Master clock (MCLK), power
on reset (Por) and 8-bit datafrom the EPROM. Power on reset (Por) isusad to reset all the
counter and flip-flops when the power switch is turned ON to ensure proper operation of
al the counters and flip-flops. The various sgnds, which are generated in the LCD
controller is shown in the Figure 4-22. All the control signals were first smulated using
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AlteraMAX-plus II software. The timing sequence for computing column data for al the
32 columns when a subgroup is selected with a given row select pattern is shown in Figure
4-23.

4——RSPCLK CD[L..0)—2/—>
«—/2—RpP LP——e
<« 15G[10.0] XCLK——e
<«—/2—|VSEL[1.0] Ei—e

<«—/2—|EPROM_Add[8.0] ER}——e

—®\or
Data <-§/——

—>MCLK

Figure4-22 VariousI/P pinscof the L CD controller designed for displayinggray shades.
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4.6. Resultsand discussions

The addressing technique discussed in this chapter has been demonstrated using a 32x32
matrix TN LCD. Photograph 4-1 shows the matrix LCD displaying 16 gray shades.

Photograph 4-132x32 matrix LCD displaying 16 gray shades using successive approximation by
selecting threerows at atime.

The typical row and column waveforms were generated using Waveform Generator WFG
500 (see Appendix C, Figure C-2) to measure the light transmission across the pixel and
switching time between gray shades. The transmissions across a pixel for the 16 gray
shades were measured using single pixel electro-optic setup (see Appendix C, Figure C-1)
by varying the supply voltage. Figure 4-24 shows electro-optic response measured when
successive approximation method is used for displaying 16 gray shades. Supply voltage
necessary for driving the display when successive approximation method based on multi-
line addressing technique is given by (equation 4.13),

| ow gz(gl)J
Vsup S(l—%\/ﬁj[ 28 Vin

Displaying Gray Shades In Passive Matrix LCDs 140



While driving 32x32 matrix LCD by selecting 3 rows at a time to display 16 gray shades,
N =32, s =3 and g =4, hence V,,, = 7.776V. The threshold voltage for the liquid crystal
mixture used for the display is 1.599V, supply voltagerequirement isaround Vi,,=12.5V.

Transmission

L !
0 10 12

14 16
Applied Voltage (V)

Figure4-24 Transmission acrossthecell for 16 gray shadesversussupply voltage.

Figure 4-25 shows the typical response of the liquid crystal test cell when actua
waveforms were applied when the pixel is driven to display the gray shades between OFF
(Gray 0) and ON (Gray 15) states. The switching time between OFF to ON and from ON
to OFF state is around 98ms and 99ms respectively. The switching time between the all
the 16 gray shades were measured and the results are tabulated in the Table 4-3. The
switching time ranges from 48msto 122ms.
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1)Ch 1l: 5 Volt 50 ms
2YyCh2: 1 Volt 50ms

ON
(Gray 15)

OFF
(Gray 0)

Waveform
across the
pixel

Figure 4-25 Electro-optic r esponsecof a pixel when switched between ON and OFF states.

Table4-3 Responsetimemeasured (ms)
R se time (OFF to Q) —>

o | s | 2n8 [ 315 | ans [ 615 | ens | Trs | sns | 9n6 | 10M8 | 1118 | 1215 | 13116 | 14nS [ 1
] - 113 109 120 122 120 118 123 113 109 114 112 110 88 96 88
ms | 104 | . | 191 | 104 | 120 | 121 | 197 | 199 ] 108 | 19 | 116 | 110 | 108 [ 107 | 110 | e
2 | 99 | 101 - M4} 113 | 107 | 142 | 101 | 98 | 12 | 104 | 112 | 108 | 10t | 101 | 88
ans | 101 | e | es 99 | 83 | 106 | 107 | 96 | 104 | 108 | 98 | 9% | 9t | e8 | 100
T ats | 117 | 103 | 89 | 100 | - | 94 | 98 | 107 | 9% | 104 | 100 | €9 | 106 | 101 | 9 | 93
66 | 18 | 113 | es | o7 | &7 92 | 108 | 9 | % | 102 | 106 | eo | 91 | s4 | 2
g &6 | 107 | 106 { 98 | 83 | 110 | 84 & | 96 (92 | o1 | 96 88 | o | &
-z°- s | 108 | 116 | 97 | 96 | 99 | 8 | e 89 | o7 | o7 | &8 | 97 | 80 | e | 8
% 86 96 | 96 | o6 | 74 | % | .3 | 1 | 7 82 | 88 | 76 | o7 | 84 | o5 | e
-E 816 o7 | 108 | 9 | 93 | 9 | %8 | 102 | 78 | e84 EIEEENE 6
S0 1oms | 100 | 96 84 | 94 | o7 | 92 | @ | 8 | T0 13 | 75 | 86 | o5 | 7
15 | 102 | 100 | 106 | 96 | 94 | 102 | 93 | 92 | 7 | 19 | e &7 | 11 | s6 | &
1246 | s2 | 100 | 8 | 101 | 83 | 93 | 87 | 96 | 74 | 78 | &2 | 7S es | &8 | &7
1316 91 96 91 96 9 92 a5 a3 74 85 69 -3 80 54 49
vans | 92 | 107 | 93 [ 100 | 95 | 93 | o1 | e | 96 | o1 | &3 | s2 | 6 | & s

1 99 | 12 | 92 | 97 | 1M1 | 97 | 92 | 9 | 92 | 60 | 7 | s2 | &6 | &8 | €6

The controller part for driving 32x32 matrix TN LCD to display 16 gray shades was
implemented using the Altera's CPLD EPM7128ELC-20. Photograph 4-2 shows the LCD
displaying 16 gray shades using successive approximation approach by selecting 3 rows at
atime. Therow and column waveforms across the ON (Gray 15 and OFF (Gray 0) and
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the resultant waveform across the pixel were captured using the oscilloscope. Figure 4-26
shows waveforms in four successive frames. Figure 4-27 shows the row and column
waveformsin one of the four frames and the resultant waveform across the pixel. The rms
voltages across the pixels were measured using a logging multimeter (HP 3467A). Figure
4-28 shows the rms voltages measured across the pixels versus supply voltage for the 16
gray shades. The selection ratio(i.e., theratio of rrns voltage acrossthe Gray 15 to that of
Gray 0) versus supply voltage is plotted in the Figure 4-29. The selection ratio obtained
from these measurements agrees within 0.5% of the theoretical value of 1.1956. The rms
voltage across the pixels were measured and compared with the theoretical vaues. Table
4-4 shows the error in rms voltage across the pixelsfor the 16 gray shades under various
supply voltagesand the error ranges between 0.1260% to 2.2207%.
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Figure 4-26 Row waveform, column waveform and waveform across the pixd captured using the
oscilloscopeshowing four frames.
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Figure 4-27 Typical addressing waveforms captured using the oscilloscope in a frame and the resultant

wavefor m acr oss the pixel.

Photograph 4-2 32x32 matrix LCD displaying 16 gray shades using successive approximation by

selecting three rows at a time.

Displaying Gray Shades In Passive Matrix LCDs

144



2.2

2.1-

R_MS \_/_oltag_e Ac_ross the Pixel

—
L
T

35— 9 95 1 D5 1 W5 1 25 B B5
Supply Valtage (V)

Figure4-28 Therms voltagemeasur ed acrossthe pixelswith 16 gray shade. versusthe supply voltage.
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Figure4-29 Selection ratio versussupply voltage.
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Table4-4

Supply % Of Error for different gr ay shades= ( Yo (Cm:ﬁ?d;:ggkm‘ﬂ 100

Voltage

(Vo) | Grayts | Graytd| Gray13| Gray12| Graytr | Gray10 | Grayd | Grays| Gray? | Gray | Grays| Grayd | Grays | Gray2 | Grayt | Grayo

9.0630| 0.1261 | 04692 | 05568 | 0.6565 | 0.7183 | 0.8781|0.8242|0.9634| 1.0771 | 0.9217 | 0.7936 | 0.6697 | 0.6442 | 0.5844 | 0.3590 | 0.1158

9.5040 0.3632 | 0.1368 | 0.4493 | 0.6024 [ 0.2219 | 0.4075 | 0.3755 | 0.5555| 0.5976 | 0.4529 | 0.2384| 0.6176 | 0.5021 | 0.2976 | 0.4776 | 0.3304
10.0130| 0.3974 | 04638 | 04513 | 0.1521 [ 0.2755 | 0.2586 |0.5598|0.1651| 0.4861 | 0.4439| 0.5105 | 0.4998 | 0.1942| 0.0723 | 0.4116 | 0.3178
105100 03087 0.0601‘ 0‘218;7 03451 02593 0,309’3‘ 0.4555 ‘0.457; 06398 05247 03188 04136 03381 01948 06498 07020
11.0150] 01762 | 03931 | 0.4830 | 0.4823 | 0.6085 | 0.6065 |0.6312|0.6799 |0.8023 |0.4895 [ 0.5390 | 0.4460 | 0.2208 | 0.1555| 0.1531 | 03741
11.5160| 0.6903 | 09898 | 0.8936 | 0.8848 | 10503 | 1.2303 | 1.1544 | 12152 11992  1.1445 | 1.2004| 0.8201 | 0.6034 | 0.8069 | 0.5818 | 0.2791
120010 08172 | 10651 | 10432 | 11168 | 11807 | 13433 | 12267 | 1.4007| 15333 | 13221 | 1.1544| 1.0724 | 0.9361 | 05737 | 03845 | 0.3997
12.5140| 08081 | 1.0044 | 12957 | 1.4285 | 1.6047 | 16682 |1.5618 | 1.6845 | 1.8985 | 1.7008 | 1.5888 | 1.5484 | 1.4734 | 1.3386 | 1.0938 | 0.8346
130270 1.2294 | 15754 | L5771 | 17156 | 18957 | 1.9674 | 1.8757| 20779 | 2.2194 | 2.0865 | 2.0423 | 2.0056 | 1.8150 | 1.5880 | 1.3702 | 10754
12.5130] 13301 | 15821 | 13940 | 17377 | 1913 | 2.0000 |19212|2.0758[ 2.2207| 2.1007 | 2.1174| 2.0669 | 18930 | 1.6973 | 1.4778 | 11043
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