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Driving Passive Matrix LCDsWith Lower Hardware Complexity
And Reduced Supply Voltage )

5.1. Introduction

The intrinsic non-linearity of the electro-optic effect is exploited to drive passive matrix
liquid crystal displays (LCDs). If the electro-optic characteristicis steeper than necessary
for the matrix display, the selection ratio need not be maximized. In this case the selection
ratio can be reduced to match the electro-optic characteristic of the liquid crystal material
in the display. As a result supply voltage of the addressing technique can be reduced.
Reducing hardware complexity of the drive eectronicsis an important step to reduce the
cost. Hybrid Addressing Technique (HAT) [16], Improved Hybrid Addressing
Technique-S3 (MAT-S3) [19] and Improved Hybrid Addressng Technique—S4
(MAT-%4) [19] have lower hardware complexity as compared to Improved Hybrid
Addressing Technique (MAT) [18] or Multi-Line Addressing (MLA)[21][22] and these
techniques are considered in this chapter. Supply voltage of these techniques are studied
when the selectionratiois reduced to match the steeper electro-optic characteristicsand the
resultsare compared with MAT and MLA.

5.2. Principle

Supply voltage of an addressing technique is determined by the maximum swing in the
addressing waveforms and it is minimum when maximum swingsin the row and column
waveforms are equa. Supply voltage is a minimum in the case of Improved Hybrid

Addressing Technique (MAT) as well as Multi-Line Addressing (MLA) when s = JN .
Where N is the total number of rows in the matrix LCD and s is the number of rows
selected ssimultaneously. Supply voltage requirement can be further reduced by following
a scheme proposed by Kuijk et.al., [39][40] for MLA technique. Walzen et.al., (1989)
had shown the possible reduction of supply voltage in the case of line by line addressing
technique [38]. In both the cases electro-optic characteristics of the display is steeper than
necessary for the N rows matrix LCD. Here the difference between the rms voltage across
the ON and OFF pixelsis more than necessary for multiplexingN rows of the matrix LCD
asshownin the Figure5-1. Therms voltage acrossthe ON pixel can beloweredto V, (see

Figure 5-1) without affecting the contrast of the display. The selection ratio need not be
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maximized, instead selection ratio can be reduced to match the electro-optic characteristics

. V -
o thedisplay. That is selection ratio is reduced to ;/"- and is referred to as the reduced
t

selection ratio. This leads to a reduction in the supply voltage of the drive electronics
without any loss o contrast in the display. The hybrid addressing (HA) techniques[17]
HAT, MAT-S3 and MAT -4 reviewed in chapter 2 section 251 have alower hardware
complexity as compared to MAT and MLA. The sdection ratio of these addressing
techniques are lower than that of IHAT due to the restrictionsimposed on the number of
voltage levelsin the column waveforms. Lower sdlection ratio is not a problem since the
electro-optic characteristics for driving N rows matrix is steeper than necessary. Supply
voltage of these techniques are determined after reducing the selection ratio to match the
electro-optic characteristicsand the resultsare presented in this chapter.
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Figure5-1 Schematicrepresentation of thedectr o-opticcharacterigiccurve (V,n > Vi),

53 Technique
Hybrid addressing (HA) techniques reviewed in section 251 of this thesis is briefly

explained here. The N rowsin the matrix are divided into (ﬁ)non-i ntersecting subgroups
A

with s rowsin each subgroup. At a given instant of time, one subgroupis selected with s-

bit row select patterns. Here, row select pattern correspond to one of the 2° binary pattern.
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The amplitudesof row select voltages are either + V_forlogic0 and -V, for logic 1. The

remaining (N —s) unselected rows are grounded. The data to be displayed in the selected
subgroup in any column is also an s-bit word with logic O for an ON pixel and logic 1 for
an OFF pixel. The column voltageis decided by the number of mismatches (1) between

the row select pattern and the data vector in the selected subgroup.

5
1= 0, j)®dy.; 5. 1)

i=l

Where, O, j)=0(1,),0(2, j).....00, j).....0(s, j) is an s-bit row sdect pattern
(1< j<2%) and d,,;is the data in the k¥ subgroup (k =0,1,2,. -1)) Column

voltages are redtricted to two, three and four in the case of HAT, MAT-S3 and MAT-$4
respectively. The groupings of mismatches for these addressing techniques are tabulated

in Table5-1.

Table5-1
Technique Mismatches (1) Column Voltage(V,)

HAT 1<\%) +Ve
(0dd 5) I>(s7) -V
0<I<m +V,

MAT-S3 m<l<(s—-m) 0

(evens) (s-m)<I<s v
= 'm
0 <7 < ml + le
MAT-S4 Wi <I<% + V2
(odd s5) )/2$IS(s—m1) V.
(s-m)<Ills S

The column data for al the columns in the matrix are computed and transferred to the
column driver. Both the row and column voltagesare applied smultaneoudy to the matrix
display for a time duration ©. The processis repeated with another row select pattern by
selecting the same subgroup or a different subgroup. A cycle is completed when all the
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subgroups are sdlected with all the row sdect patterns once. The display is refreshed
continuoudy by repeating thiscycle.

54. Aalysis
The generd expressonsfor the rms voltage across the ON and OFF pixelsis given by,
aVE+BV, V. +y V2
Von = (5.2)
)
2 2
aV:-pV, V.+vYV,
Voff =J r B g C (4 (5. 3)

The coefficients o,B,y and 6 for various addressing techniques are given in the Table
5-2. The grouping of mismaiches of MAT-S3 and MAT-$4 have severa possible

combinations. The coefficients of a, B, y and 6 for HAT, IHAT-S3 and MAT-$4 for
some o the possible combination for various values of s are caculated and tabulated in

Vv
Table 5-3. Sdlection ratio [‘YL"] of the addressing techniques can be reduced to [Tfi]
off t
while usng a steep eectro-optic characteristic than necessary. Let the reduced selection
ratio bev/% . The condition for the reduced selection ratiois determined asfollows,

Von —_

SR, educed = = J
Vojf

2
aVZ+BV, V. +y V2 Vi 54
aVZ-BV, V. +yV2

Thisexpresson can be smplifiedto

2
’ +B x+
SR, educed = ox +Bxty_ Jk (5.5)

o x2—B x+v

Wherein x = % Solving for x, we get
C

e B(Er1), [B(ke1 Y _y (5.6)
200 k-1) V|20 k-1 o .
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Tables-2

Technique B 14 o
APT 1 2 N N
IAPT 1 2 N N
MAT | o 2 os(N 2s(_"£)

s 52 s
(s—1)
2s—1 2 § 23—1 E 2s—1(ﬂ
HAT 4 ZA,- -2 - -
i=0
(
H'IAT"S3 s—l m N m 25—1 .Il
2| [zm,- >} ;[zm,- 5) :
1= i=0
2 2 -1 N
HAT-S4 | 2571 2 | F+ 26 Npi(PSYE 2° (—)
s EF §
[ N N
w8 e e

(s—1) !

A = B:ﬂ
it (s-i-1)! i (s-i)!

ml
D= Z(A,- +B;)
i=0

(s—%
E= Z(A,- +B;)

ml
F= Z(Al - Bl) =
i=ml+1 i=0

q isthetotal number of columnsin the orthogonal matrix.

(s—%
2 (4; - B;)

i=mi+l
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Table5-3

Technique | s | « B Y 0 Column voltage levels with grouping of
mismatches(7)
4N 4N o,1) (2,3)
34| 4| 3 | 3 +V, -V.
16N | 16N 0,1,2) (3,4.5)
HAT |5 | 16| 12 — e +V, _v,
64N 64N (0,1,2,3) (4,5,6,7)
7,64 40 | 5 | T +V, vV,
s e | N
N A o,
4 N | 8N (0) (1,2,3) 4)
8 2 7 4
22N | 32N
IHAT-S3 30 | 20 ~ | &
TN 32N (0,1 2,34 (5,6)
6|32| 10 | & | 6 +V. 0 -V,
N 32N ) (1,2,3,4,5) (6)
32 2 -6_ T +Vc 0 _Vc
16 | 36 | 69N | 16N =
5 050 | s e 2y (2, T
5 10 10
(0) (1,2) (3.4) (5)
16 | 26N
16 | = | =22
3 5
HAT-54 64 | 688 | 9976N ” e .
+V. T I i Ve
21 | 2205| 7 +( = )/c (105 }/C
O,1) (2,3) 4,5) 6,7
7|64 | 8 | 18N 64N | 4V (1 (1 -V
3 63 7 3¢ 3¢
()] (1,2,3) (4,5,6) (7
64 | 848 | 424N | 64N +V, 19 19 -V,
63 | 441 | 7 +(5}'€ ‘(5)’0

l * Begt grouping to get higher selection ratio.
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The rms voltageacross the OFF pixelsis controlled to be near the Vy, in order to get a good
contrast ratio in thedisplay. Hence,

2 N
a x - X+
Voﬁ =J SB L VC = Vth

3
-
o x“—-Bx+y

Vin 5.7

The supply voltageis determined by the maximum swing in the addressing waveforms.

The expressionsfor the supply voltage are

Voup =2 V¢ for (V, <V,)
Voup =2 > 0 Vi, for (V, <V,) (5.8)
o x“-Bx+y "
Vap =2V, =2xV, for (v, 2V,)
5 >
Voup = 2x 5 Vy, for (V,2V,) 5.9)
o x“-Bx+y

Supply voltage is a minimum when the maximum swing in the addressing waveforms (row
and columns) are equal (When x = % isl). That iswhen

c

k+1
=l — |-0o 5.10)
¥ k—-l) (

Table 54 shows the minimum supply voltage (Normalised to Vi) with the reduced
sdlection ratiosfor various vauesof s
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Table5-4

Technique| Reduced | S| Npi(HA) Voup MLA
Sdlection (x=1)
Retio = (Norm. toVy,) | Npin(MLA) Vaup
x=1) (Norm. to Vi)
3 27 2.0000 51 3.3665
: 4,082
11055 5 30 1.9760 75 0825
HAT 7 35 1.9428 91 4.4969
3 42 2.0025 84 34059
. 4.237.
10668 5 50 1.9828 130 373
7 56 1.9680 168 48174
4 40 24911 o4 37712
1.1055
MAT-S3 6 42 2.3525 84 4.3205
4 68 25020 108 3.8620
1.0668
6 72 2.3692 150 45518
5 55 29183 75 4.0825
1.1055
MAT-S4 7 56 2.7047 92 45766
5 90 2.9707 130 4.2373
1.0668
7 98 2.7481 168 4.8174

5.5. Resultsand Discussions
Supply voltagesd hybrid addressing techniques with reduced selection ratio were studied
by using two different liquid crystal mixtures. The liquid crystal mixture 1 (LC1) suitable

t

o multiplexing 100 lines i.e., [‘;—“]:I.IOSSand the liquid crystal mixture 2 (LC2)

t

capable of multiplexing 240 lines i.e., G’/LJ:LO%S were consdered for the analyss.

TheIHAT has the same reduction in supply voltageasthat d MLA technique[20]. Thisis
expected since the row sdlect patterns of MLA[21] isa subset of the row select patterns of
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IHAT[18]. The number of time intervals to complete a cycle is the only parameter that
differs between MAT and MLA while all other parameters like supply voltage, selection
ratio etc., arethe samefor MAT and MLA (see section 251 and 2.5.2). Supply voltages
for HAT, MAT-S3 and IHAT-S4 were caculated for different matrix size (N). In the case
of IHAT-S3 and IHAT-$4 some o the possible combination of grouping of mismatches
were consgdered while assigning the column voltage levels and they are tabulated in the
Table5-3, in the same table the best groupings which givesa higher selection ratio arealso
shown. Figures5-2 to 5-15 shows the supply voltage (normaised to V) versusthe number
of addresslines (N) for different s vauesin the case d HAT, IHAT-S3 and IHAT-$4 as
compared to the MLA (or MAT). Minimum supply voltage is achieved when maximum
swingsin the row and column waveforms are equal. Supply voltages of HAT, IHAT-S3
and THAT-S4 are less than that of MLA[40] over certain ranges of N. From the anaysis
and the plotsin the Figures5-2 to 5-15, supply voltagefor the case of IHAT-S3 and IHAT-
HAislower only for the best grouping of mismatches as marked in the Table 5-3. Hence,
only best grouping for MAT-S3 and MAT-$4 are consdered for comparison with the
results o MLA. Table 5-4 gives the number of lines being multiplexed when the supply
voltage is a minimum (Nn;,) for the hybrid addressing (i.e., for HAT, IHAT-S3 ad
IHAT-S4) Npun(HA) and multi-line addressing Npyi»(MLA). The supply voltage of MLA
when the selection ratio is a maximum has also been plotted for comparison. The number
of address lines for which supply voltages of HAT, IHAT-S3 and IHAT-$4 are amost
equal to that of MLA (N,g) are shown in Table5-5. Supply voltagedf hybrid addressingis
lower than that o MLA when N (number of lines being multiplexed) is less than Negs. A
good reduction in supply voltageisachieved when N is less than Nuiz(HA). The percentage

Veup(MLA) - Vg, (HA)
Veup (MLA)

reduction in supply voltage 100 |is dmost constant when N is
less than or equal to Nyin(HA) compared with MLA[40]. Thisreduction in supply voltage
is plotted in Figure 5-16 for the various hybrid addressing techniques. Table5-6 givesthe
maximum reduction (percentage) in supply voltage compared to MLA[40] technique when
N is equa to Nnin(HA). The supply voltage for line by line addressing is calculated by
lowering the selection ratio to match the electrooptic characteristics. The supply voltages
o Alt and Pleshko Technique (APT) [4] and Improved Alt and Pleshko Technique
(IAPT)[6] are the samefor lower valuesof N (in the region where the reduced row select
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PUISE Vireduced)< Vereauced) )- The supply voltagesfor APT and IAPT are amost equal to that
of HAT as shown in Figures 5-17 and 5-18 in the region Vigeducedy | Vetreducea):  The supply
voltage is a minimum when amplitudes of row and column waveforms are equal (when
N =19 and N =30for the liquid crystal mixturesLC1 and L C2 respectively).

Tables-5
Technique Reduced s Nogs Vsup
Selection Ratio (Norm. to Vis)
3 44 34115
1.1055 5 61 4.1527
HAT 7 _ -

3 72 3.4008
1.0668 5 108 4.2979
7 130 | 4.9355
4 60 3.7534

1.1055
IHAT-S3 6 77 4.4337
4 102 3.8616

1.0668
6 138 4.5963
5 73 4.0752

1.1055
[HAT-S4 7 87 4.5592
5 127 42384

1.0668
7 161 4.8306

The active addressing (23] where in al the rows are selected simultaneoudly needs the
same supply voltage as that of APT. The hardware complexity of column drivers as well
asthe controller is high for the active addressing. Hencethis technique is not attractivefor
practical implementation even though the reduced supply voltage is also same as that of
APT. Comparison of lowered supply voltages of hybrid addressing techniques with that of
APT, IAPT and MLA with reduced selection ratiosis shown in Figures5-17 and 5-18. The
hybrid addressing techniques show a good reduction in supply voltage. The addressing
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techniques which has the lowest supply and the range d N over which the supply voltage
islow are given in Tables5-7 and 5-8 for LC1 and LC2 respectively. The HAT haslow
hardware complexity (two voltage levelsin the column waveformsand three voltage levels
in the row waveforms) and has the lowest supply voltage for lower values of N. The
MAT-S3 and THAT-S4 has the lowest supply voltage for the mid range of N while the
MAT aswel asMLA hasthe lowest supply voltagefor higher valuesof N.

Table5-6
Reduced [VSUP(MLA) “Vou A ) 156 4
, s Selection| Np.(HA) Vsup (MLA)
Technique Ratio

, 1.1055 27 431181
1.0668 42 42.7758
1.1055 30 56.2569

HAT S
1.0668 50 55.8848
1.1055 35 63.3475

7
1.0668 56 62.8546
A 11055 40 37.2776
1.0668 68 37.0377

IHAT-S3

1.1055 42 51.4586

6
1.0668 72 51.1898
: 1.1055 55 32.2687
1.0668 0 320971

MAT-HA

. 1.1055 56 46.8262
1.0668 93 46.5939

The row and column waveformsof HAT, MAT-S3 and IHAT-$4 were generated using the
waveform generator WFG 500 for various values of s and N in order to verify the results
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experimentally. The rms voltage across the ON and OH pixels were measured using the
HP 3467A, a logging multi-meter capable of messuring true rms voltage. Table 5-9,
Table5-10 and Table5-11 shows the measured rms voltagesand the percentage of error as
compared to the theoretica vaue for different vaues of N and s in the case of HAT,
MAT-S3 and MAT-S4 respectively. The rms voltages and the sdlection ratio obtained

from these measurementsagree within £0.8% o thetheoretica values.

The hybrid addressing techniques have a lower supply voltage. The hardware complexity
of the column drivers o these techniques are lower than that of MAT and MLA. It is
important to note that the higher number o time intervals to complete a cycle for the
hybrid addressing techniques as compared to MLA is not a disadvantage. In fact, the
Hadamard as well as the Walsh matrices are. subset df the matrix corresponding to the
Rademacher functions. For example, the Rademacher functions for selecting four rows at
a given instant of time has 16 row sdlect patterns (4x16 matrix). This matrix can be
interpreted asfour orthogona matrix of 4x4. Hence the large number of row select patterns
just corresponds to using more than one orthogona matrix or functions. This helps in
increasing the brightness uniformity of the pixels and decrease the hardware complexity of
the column drivers. In summary the hybrid addressng techniques with lower hardware
complexity and reduced supply voltage are a better choice for driving passive matrix
LCDs, especialy in portable equipment like mobile phonesand PDA:s.
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Tables5-7

Reduced Sdlection Ratio : 1.1055
Minimum supply voltage
Supply Voltage (V)
Technique| Ranged N (Normalised to Vi) Visup
N (Normalised to Vi)
APT/
o | 3sNs<19 | 210021 V,52088 | 19 20548
(';f;) 3<NS2T | 200751V, 520000 | 27 2.0000
(?fg) SSN<32 | 208515V,,<1963 | 30 19761
HAT | 7<N<43 | 208021V,,<23100 | 35 19428
XT3
(=g | 4BENS52 | 23468<V,,<268% | 42 23525
'\@;)54 521 N187 | 273241 V,,<4.5592 | 56 27048
(i":L'% 871 N<100 | 46005<V,, 156344 | 9l 4.4969
Table5-8
Reduced Sdlection Ratio : 1.0668
Supply Voltage (Viup) Minimum supply voltage
Technique| Ranged N (Normalisedto V) Viup
N (Normdised to Viy)
APT/ 1 3<N530 | 20646 <V,, 120348 | 30 20348
|APT < 0646 < Vs 1 2. -
(?:A;) 31N543 | 206351 Vi, 1 20008 | 42 20025
(ng) SSN<53 | 206015V,,519770 | 50 19828
(gf; 7<N572 | 205671 V,,<23489 | 56 19680
'\’éﬁjé??’ 721N588 | 236921 V,, 1 27727 | 72 23602
H?f‘_T'S“ 88<N<161 | 2.7712<V,,,<4.8306 | 98 2.7481
MLA
§=D | 161SN<240 | 48531 <V,,<81275 | 168 4.8174
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Figure5-2 Supply voltage (Nor malised to V) versusN for HAT and MLA whens =3 and SR=1.1055.
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Figure5-3 Supply voltage (Normalisedto V) versusN for HAT and MLA whens = 3 and SR=1.0668.
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Figure5-4 Supply voltage (Nor malised to V) versusN for HAT and MLA whens = 5and SR=1.1055.
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Figure5-5 Supply voltage(Normalised to V) versusN for HAT and MLA when s = 5 and SR=1.0668.

Driving Passive Matrix LCDs With Lower Hardware Complexity And Reduced Supply Voltage 162



% = Xi%

N
T

Supply Voltage (Normalised to

T

- MLA
— MLA(Reduced)
— HAT

—— HAT(Reduced)

s=-,Reduced Sdlection Ratio 1.1055

30 40 50 gs'o 20
Number of address lines(N)

80

90

100

Figure5-6 Supply voltage (Normalised to V,,) versusN for HAT and MLA whens = 7 and SR=1.1055.

N

Supply Voltage (Norma I sed to =’l)

[
(=
T

0
T

()
T

==« MLA

- — MLA(Reduced)

— HAT
—— HAT(Reduced)

[ [ [ [ 1
s=7,Reduced Selection Ratio1.0668

0
0

60

© 10 120 o 160
Number of addresslines(N)

1
180

200

220

240

Figure5-7 Supply voltage (Normalisedto V,;,) versusN for HAT and MLA whens = 7 and SR=1.0668.

Driving Passive Matrix LCDs With Lower Hardware Complexity And Reduced Supply Voltage

163



14 T T T T T T T
s=4,Reduced Selection Ratio 1.1055 -
e« MLA
~ 12} — MLA(Reduced) i
>S5 | — IHAT-S3(a) [(0,1)2)(3.4)]
Q — IHAT-S3(a) Reduced
| - THAT-S3(b) [(0)(1,2,3)(4)] )

E 10| —— IHAT-S3(b) Reduced
<
E sf .
Z
S 6f
=
S
S
(=B
[=H
=

2F .

0 1 i L 1 L 1

0 10 20 40 50 80 90 100

30 60 70
Number of addresslines(N)

Figure5-8 Supply voltage (Normalised to Vi) versus N for IHAT-S83 and ML A whens=4and
SR=1.1055.

14 T T T T T T T T
S =4,Reduced Selection Ratio1.0668
==+ MLA
12F — MLA(Reduced) i
— IHAT-83(a) [(0,1)(2)(3,9)]
— IHAT-S3(a) Reduced
10F --- THAT-S3(b) [(0)(1,2,3)(4)]

—— IHAT-S3(b) Reduced

0
T

Supply Voltage (Normalise do \61)

| 1 1 1 1 i 1 1 [l 1
00 20 0 60 30 100 120 140 160 180 200 220 240

Number of addresslines(N)

Figure5-9 Supply voltage (Normalised to V) versusN for IHAT-S3and MLA whens=4and
SR=1.0668.

Driving PassveMamx LCDs With Lower Hardware Complexity And Reduced Supply Voltage 164



14 1 1 | 1 1 ] 1 ] ]
§ = 6,Reduced Selection Rti0 1.1055
==+ MLA
~_ 12} — MLA(Reduced) .
>= %, — IHAT-83(a) [(0,1,2)(3)(4.,5,6)]
o 5, — IHAT-S3(a) Reduced
a 1ok 5, e THAT-S3() [0,D23.45.6)]
0 g —— IHAT-S3(b) Reduced
= S e IHAT-83(c) [(0)(1,2,3,4,5)(6)]
g . —— THAT-S3(¢) Reduced
3
00)0 6— ‘_—"‘ T
'g /
A
ES 1
[«9
g
A 2F .
0 1 1 1 1 i 1 1 1 1
0 10 20 80 0 100

30 40 50 60 70
Number of addresslines (N)

Figure5-10 Supply voltage (Normalised to V,,) versusN for IHAT-S3 and MLA whens =6 and
SR=1.1055.

14 T T T T T T T
8 = 6,Reduced Sdlection Ratigl.0668
MLA
— MLA(Reduced)
12+ — IHAT-S3(a) [(0,1,2)(3)(4,5,6)]7

= IHAT-S3(a) Reduced

----- IHAT-S3(b) [(0,1)(2.3,4)(5,6)]

—— [HAT-S3(b) Reduced i
""" THAT-83 (C) [(0)(192:3’435)(6)]

—o— THAT-83(c) Reduced..-=="

—
(=4
T

o
T

Supply Voltage (Normalised to \él)

)
T

L i —_—

L L ~n R T T 1 1 L
% 20 C s 8 100 120 140 160 180 200 220 240
Number of addresslines(N)

Figure5-11 Supply voltage (Normalised to Vi) versusN for IHAT-S3 and MLA whens=6and
SR=1.0668.

Driving Passive Matrix LCDs With Lower Hardware Complexity And Reduced Supply Voltage 165



14 1 1 1 T ] 1 ]
s=5,Reduced Sdlection Ratio 1.1055 -
==- MLA
—~ 12 — MLA(Reduced) -
s — IHAT-54(2),[(0,1)(2)(3)(4,5)]
Q —— IHAT-S4(a) Reduced
10| - THAT-S4()[(0X(1,2)(3.4XS)] |
9 —— THAT-S4(b) Reduced
=
E s ]
2
S 6
3
=
S
S
&
=
w2t .
0 1 I L 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 0 100

Number of addresslines(N)

Figure5-12 Supply voltage (Normalised to V) versusN for IHAT-S4and MLA whens=5and
SR=1.1055.
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Figure5-13 Supply voltage (Normalised to V) versusN for IHAT-S4 and MLA whens=5and
SR=1.0668.
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Figure5-14 Supply voltage (Normalised to V,,) versusN for IHAT-S4 and MLA whens =7 and
SR=1.1055.
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Figure5-15 Supply voltage (Normalised to Vi) versus N for IHAT-S4 and MLA whens =7 and
SR=1.0668.
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Figure5-16 Per centagereduction in supply voltage versusnumber of addresslines (N) in comparison
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Figure5-17 Supply voltage versusN for variousaddr essng techniquesindicatingtherangewherein
thesupply voltagein thelowest for LC1.
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Table5-9

Hybrid Addressing Technique (HAT)

Liquid crystal materia (LC1) : Selection Ratio (SR) = 1.1055

Theoretica : V,, =1.1055V, V,;, =1.0000V, V,, =1V

N S | Vap(V) | Vou(V) | % Error | Vo V) | % Error R % Error
18 3 | 204 11044 00995 |0.9995 | 0.0500 1.1049 0.0543
27 3 2.00 | 1.1047 | 0.0724 | 0.9983 | 0.1700 1.1065 -0.0905
51 3 4.05 | 1.1022 | 0.2985 0.9972 | 0.2800 1.1053 0.0181
20 5 2.02 | 1.1025 | 0.2714 | 0.9965 | 0.3500 1.1063 -0.0724
30 5 2.00 |1.1055 | 0.0000 | 0.9997 | 0.0300 1.1058 -0.0271
50 5 3.20 | 1.1051 | 0.0362 | 0.9986 | 0.1400 1.1066 -0.0995
Liquid crystal materia (LC2) : Selection Ratio (SR) = 1.0668
Theoretica : V,, =1.0668 V, V,, =1.0000V, V, =1V
N $ | Vaup(V) | Vor(V) | % Error | Vor(V) | % Error R % Error
18 3 2.04 |1.0645 | 0.2156 | 0.9986 | 0.1400 1.0660 0.0750
42 3 2.00 | 1.0640 | 0.2625 | 0.9982 | 0.1800 1.0659 0.0844
84 3 402 | 1.0625 | 0.4031 | 0.9965 | 0.3500 1.0662 0.0562
126 3 6.38 | 1.0677 | -0.0844 | 1.0023 | -0.2300 1.0652 0.1500
20 5 2.04 | 1.0661 | 0.0656 | 0.9986 | 0.1400 1.0675 -0.0656
45 5 200 | 1.0663 | 0.0469 | 0.9971 | 0.2900 1.0694 -0.2437
100 5 394 | 1.0681 | -0.1219 | 0.9996 | 0.0400 1.0685 -0.1594
130 5 538 | 1.0655 | 0.1219 |0.9982 | 0.1800 1.0674 -0.0562
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Table5-10

Improved Hybrid Addressng Technique-S3 (IHAT-S3)

Liquid crystal material (LCI) : Selection Ratio (SR) = 1.1055

Theoretical : V,, =1.1055V, V,, =1.0000V, V, =1V

N 5 | Vap(V) | Von(V) | % Error | Vo (V) | % Error SR % Error
20 4 | 258 |1.1053 | 0.0181 {0.9990 | 0.1000 1.1064 | -0.0814
40 4 | 250 | 1.1051 | 0.0362 | 0.9986 | 0.1400 1.1066 | -0.0995
60 4 | 375 | 1.1058 | -0.0271 | 0.9998 | 0.0200 1.1059 -0.0362
80 4 | 588 |1.1050 | 0.0452 |0.9982 | 0.1800 1.1069 -0.1266
18 6 | 247 |1.1044 | 0.0995 | 0.9963 | 0.3700 1.1085 -0.2714
42 6 | 235 |1.1051| 0.0362 0.9951 0.4900 1.1105 -0.4523
66 6 | 3.58 |1.1058 | -0.0271 | 0.9942 | 0.5800 1.1122 -0.6061
84 6 | 524 |1.1054 | 0.0090 | 0.9944 | 0.5600 1.1116 -0.5518
Liquid crystal material (LC2) : Selection Ratio (SR) = 1.0668
Theoretical : V,, =1.0668V, V,, = 1.0000V, V, =1V
N s Vap(V) | Von(V) | % Error | Vo (V) | % Error | SR % Error
32 4 1256 1.0633 | 0.3281 | 0.9951 | 0.4900 | 1.0685 -0.1594
64 4 1250 1.0654 | 0.1312 | 0.9973 | 0.2700 | 1.0683 -0.1406
128 4 497 1.0611 | 0.5343 | 0.9942 | 0.5800 | 1.0673 -0.0469
160 4 |647 1.0665 | 0.0281 | 0.9991 { 0.0900 | 1.0675 -0.0656
36 6 (243 1.0634 | 0.3187 | 0.9944 | 0.5600 | 1.0694 -0.2437
66 6 |[238 1.0624 | 0.4124 | 0.9955 | 0.4500 | 1.0672 -0.0375
126 6 |4.13 1.0653 | 0.1406 | 0.9937 | 0.6300 | 1.0721 -0.4968
186 6 |6.80 1.0628 | 0.3750 | 0.9942 | 0.5800 | 1.0690 -0.2062

Driving Passive Matrix LCDs With L ower Hardware Complexity And Reduced Supply Voltage

171



Table5-11

Improved Hybrid Addressing Technique-SA4 (MAT-$4)

Liquid crystd materid (LC1) : Sdection Ratio (SR) = 1.1055

Theoretical : V,, =1.1055 V, V,, =1.0000 V, V, =1V

N S | V(W) | Vou(V) | % Error | v,«v) | % Error SR % Error
25 5| 309 | 11049 | 0.0543 | 09974 | 02600 1.1078 -0.2081
55 5| 292 | 11051 | 0.0362 | 0993 | 0.3700 1.1092 -0.3347
85 5| 500 |110/0| -0.1357 | 0.9985 | 0.1500 1.1087 -0.2895
28 7 | 287 | 11026 | 0.2623 | 0.9927 | 0.7300 11107 -0.4704
56 7 | 270 | 11012 | 0.3890 |0.9944 | 05600 1.1074 -0.1719
84 7 | 430 | 11024 | 0.2804 |0.9960 | 04000 1.1068 -0.1176
Liquid crystal materid (LC2) : Sdlection Ratio (SR) = 1.0668
Theoreticd : V,,, =1.0668V, V,, =1.0000V, V,, =1V
N 5 | Vaup(V) | Von(V) | % Error | y,4v) | %Error R % Error
25 5| 310 | 10650| 0.1687 | 0.9956 | 0.4400 1.0697 -0.2718
90 5| 297 | 10604 | 05999 |0.9930| 0.7000 1.0679 -0.1031
125 5| 416 | 10586 | 0.7687 | 0.9908 | 0.9200 1.0684 -0.1500
195 5 6.88 | 10608 | 0.5624 |0.9934 | 0.6600 1.0678 -0.0937
49 7 | 285 | 10594 | 06937 |0.9914 | 0.8600 1.0686 -0.1687
98 7 | 274 | 10600 | 0.6374 |0.9918 | 0.8200 1.0688 -0.1875
161 7 | 483 | 10598 | 0.6562 |0.9948 | 05200 1.0653 0.1406
189 7 | 594 |10584 | 0.7874 |0.9930 | 0.7000 1.0659 0.0844
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