CHAPTER 3

NEW ADDRESSING TECHNIQUES FOR MULTZPLEXING LCDs
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© 3.1

3. NEW ADDRESSING TECHNIQUES FOR MULTIPLEXING LCDs
WITH RMS RESPONSE -ANALYTICAL STUDIES

- Various addressing techniques, curently available for multiplexing TNLCDs
were reviewed and the need fo1 new addressing techniques was discussed in
chapter 2. This chapter is exclusively resetved o1 the piesentation of
analytical studies on some new addressing techniques proposed for duiving
LCDs. The line-by-line addressing §orms the basis for most of the addre-
Aéihg techniques used for multiplexing a matiix display. A logical question
at this stage could be, '1s line-by-line selection the only way to addzess a
matiix display?' The Binaty Addiessing Technique (BAT) put forth girst
in this chapter 3 an attempt to answer thiy question. BAT 1equites simple
addre ssing wduéﬁoimb; but, it is suitable only when the number of lines to
be multiplexed (N) i small. The selection 1atio of BAT is lower than that
of the conventional APT and 1APT. However, a lower selection 1atio 601'
a small N is not a serious problem, since NLC mixtures suitable for mubti-
plexed displays with N greater than 64 are available at present. The Hybuid
Addiessing Technique (HAT) discussed next is an extension of BAT to make
it suitable for addressing matiix displays with a large N. However, the
selection 1atio of HAT is also lower as compazred to that of APT. This
i a major Emitation of HAT, considering the fact that N is large here. The
Improved Hybrd Addressing Technique (IHAT) presented next achieves
the maximum selection 1atio possible §o1 any addressing technique, i.e.,
the same as that of APT. In addition to this, IHAT requites a lower power
supply voltage and has a better brightness uniformity of the pixels as compa-
1ed to 1APT land APT). These advantages in IHAT a1e achieved by increasing
the complexity of ihe addressing waveforms of HAT. The tiade-off between

the selection tatios and the complexity of the addiessing waveforms 43
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discussed next. A detailed analysis of these techniques is covered in this
chapter along with a comparison of their performance gor displaying general

patteins in matrix displays based on electrio-optic effects with 1ms 1esponse.

The importance of Restricted Pattern Addressing Technique (RPAT)
was also covered in the previous chapter. Considering the limitations of
the existing techniques, new ones for displaying 7restricted pattewns aze
also proposed in this chapter. The selection 1atio in this case i independent
of the matuix u’ze‘ and & just depends on the number of selected pixels

in each cofumn.

3.1. BINARY ADDRESSING TECHNIQUE (BAT)

The binary addressing technique follows a totally different approach
to multiplex a mattix display as compared to the conventional techniquve/s
based on tine-by-line add'zebbingl. All the lines to be multiplexed are simulta-
neously 5efecté-d in BAT instead of one line at a time as in the case of

APT. Important aspects of BAT azre considered in this section.

3.1.1. Background

The {ollowing conditions are satirfied in a matuix display used §or
numeric and alphanumeric applications:-
‘- Individual pixels are in two states only, i.e., either ON o1 OFF, and

- The data to be displayed in a cofumn s an N-bit binary pattern.

Hence, the N 1ows to be multiplexed in a matuix display can as well be
simultaneously selected with voltages coresponding to an N-bit binary

pattewn. In genewad, the row-select voltages can be tV{ and the column
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voltages can be £V, The voltages actoss a pixel, §or the'ua'dous combina-
tions of the 10w and column voltages are given in Table 3.1. Only the
voltage amplitudes are considered here since LCDs 1espond equally welt
to both positive and negative voltages. The following conditions are desited

in a multiplexed display:-

- Al the OFF pixels should get as low a voltage as possible

ac10ss them, and

- AWl the ON pixels should get as large a voltage as -

possible actoss them.
Hence a pixel & said to get a favourable voltage when -
= the OFF pixel has a voltage |Uy - U] actoss it; or |
= the ON pixel has a voltage |V, + V.| actoss it.
The voltage pattern ac1oss the pixels in a column n general coriesponds f
to edther -

= the 1ow-select pattewn itself, when the sign of the column voltage

is the same as that of wow-select voltage for logic 0, o1

- the complement of the 1ow-select pattewn, when the sign of the

column voltage is the same as that of tow-select voltage for logic 1,

when [Uy - Vo| and |V, + Vol are assigned logic 0 and logic 1 zespectively.

In general, the data pattern will be different from the row-select
pattewn o1 its complement. Hence, some of the pixels in a column will get
an ungavoutable voltdge. The unfavourable voltage o1 er1o1 in this context

means, either the column voltage & -



Table 3.1. Pixel voltages gor different Row and
Column Voltages

» Resultant
Ez%agh ng?argg Z‘ﬁ:éqle across
Yy -V -, -v,)
-V, oy, -[u1+uc]
+ Uy -V, v, s V)
* Y, + V. £V, -V,

Table 3.2. Column voltages of BAT for all the possible data patterns
and the row-select volftages

Data

e ttoums 43 o o 0 0 1 1 1 1
RO d, 6 0 1 10 0 1 I
voltages d e 1 o0 1 0 1 0 1

as az a !

Column voltages

0 0 0 0 0 0 Y, 0 v, v, v,
0 0 U6 0 0 U& 0 U& 0 Vb U6
0 Vb 0 0 Ub 0 0 Ub Vb 0 UA
0 VA Ub Ub 0 0 0 (/6 U6 Ub 0
Vb 0 0 0 V5 V6 UA 0 0 0 UA
UA 0 Ub Ub 0 Ub Ub 0 0 Vb 0
v, Ub 0 Ub v, 0 v, 0 UA 0 0
Ub UA U& UA v, Vb 0 Ub 0 0 0

3.4
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~ out-of-phase with the row-select voltage for an OFF pixel, resulting

in a vottage of |V, + V| instead of |U, - U, | actoss &, ox

= in-phase with the row-select voltage for an ON pixel, 1esulting

in a voltage of |V, - U,| instead of |V, + U,| actoss it.

The presence of an unfavourable voltage across a pixel can be tolerated

in a multiplexed display for the following reasons :-

-  TNLCDs 1espond to the 1ms voltage 1ather than the instantaneous
voltage, due to their slow 7esponse time. Hence the presence of
an ungavourable voltage actoss a pixel does not tumm ON o1 tutn OFF.
the pixel, as long as its duration i3 smaller than the response time

of the display, and

-  TNLCDs respond to the external electric §ield, only above a thieshold
voltage (Vg )- Hence, the OFF pixels can accommodate a voltage

below Uth without being turned ON.

However, the presence of an ertot either -
“=  increases the wms voltage across the OFF pixel, o1

- decreases the tms voltage across the ON pixel.

This feads to a‘decfceabe 'in the selection ratio from the ideal value, i.e.,
nginite. A similar situation i encouniezed in the line-by-line addiessing
due to the presence of the column voltage aciou the pixels in the unselec-
ted rows. Hence the number of 'enou should be minimum for1 a given
pixel. The number of ertots in a column can be 0-N depending on the data
and the 1ow-select pattewns. However, this can be 1educed to be less than

o1 equal to (N/?2) by a proper choice of the sign of the column voltage.
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This i dustrated in Appendix é.a. The number of erto1s in each pixel

will be different for the following reasons: -

- the number of mismatches and -hence the ertor depends

on both the row-select and the data patteins, and

- the data pattewn s different fo1 each column.

The wms voltages across the pixels in the same state should be equal
in otder to ensure display uniformity. This s possible only when the numbex
of erto1s s equal fo1 the pixels in the same state. This can be achieved
by selecting the 7rows with all the ZN binaty pattewns one after another
gor an equal duration of time. The number of er1014 fo1 each pixel (both
ON and OFF) in the display i the same and it increases with the vatue
of N. This feads to a dectease in the selection 1atio as the number of 1ows
(N) in the matrix increases. This & similar to that of the conventional line-
by-Line .add'cewng techniques (APT, 1APT, etc.), wherein the decrease in
the selection 1atio with the increase in N is due to the increase in the
duration of the. column voltage appearing across the pixels when the corie-

sponding 1ows azre unselected.

3.1.2. Technique

The data to be displayed in a column is an N-bit word and is repre-

sented by

d,,d, d

1 dos , dN ; di =001 1 (3.1)

wherein, logic 0 and logic 1 nepresent OFF and ON pixels’ 1espectively.

Similarly the row-sefect pattern i an N-bit word and 8 represented by

Apy Qps Agy wovensy Ay 5 aj. =0011 {3.2)
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The vatious steps involved in BAT aze given below.

il An N-bit word i chosen as tow-select pattetn. The 1ow-select voltages

aze chosen to be zero for logic 0 .and v, gor logic 1 ;

i) . The row-select and the data patteins aze compared bit-by-bit using

digital compamators, viz., exclusive-OR gates ;

i) The number of mismatches { between these two patteins is deter-
mined by counting the number of exclusive -OR gates with logic

1 output ;

v} The column voltage V o decided by a majority decision. The column
voltage s zero {logic 0 ) if ¢ 8 less than N/2 and s V s {{ogic 1) if &

i greater than N/2 .

The steps (i) - liv) can be summarized as follows:-

N
( = ., © d. : 3.3
{ 2; a! ; ( .)

and

{ 0 for i<IN/2)
(3.4) -

U'5 gor & =>(N/2)

The condition i = IN/2) & avoided in this majority decision by choosing N
to be odd ;
v] The column voltages §or each column in the matuix are determined
independently by 1epeating the steps (i) - {iv) ;

vil Both the row-select and the column voltages are applied simulta-

neously to the matrix display for a time duzation T;
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vit) A new 1ow-sefect pattewn i chosen and the column voltages are
determined for this by using steps (i) - (v). The new 1ow and column
voltages are applied simuftaneously to the wmatuix display o1 an

equal duration of time at the end o4 T ;

vitd) A cycle 4 completed when all the oN binary pattewns aze covered

as row-select patterns once; and

) The display 5 1e§reshed by repeating this cycie continuously.

The time dutation T should be small as compared to the 1esponse time
of the display, in order to ensure the wms behavior of the display. The

N

time duration of a cycle (= 27 .T) should be low in order td avoid glicker

in the display.

The wms voltage across the pixels i independeni of the sequence in
which the M 10w setect pattetns ate chosen §or addressing the display.
This allows some greedom in the choice of the sequence to suit the display

characteristics.

The column voltages o1 all the possible combinations of the 1ow-select
and data patteins, for N = 3 are shown in Table 3.2 as an example. Fiom

this table, it s evident that the column voltage i -

~  complemented when either the 1ow-select pattern o1 the data patten

i complemented ; o1

- the same when both the 1ow-sefect and the data patteins ate comple--

mented.

Typical addressing waveforms of BAT fo1 N =3 are shown in Fig. 3.1. The

1ow waveforms RO-RZ fowm the eight binaty row-select pattewns. The
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column wavegorms requited to display the eight data patterns (CO- C?) are
shown  here. The waveforms across the pixels in the {irst 1ow aze also

included in this gigure, to dlustrate the inherent de-free operation of BAT.

3.1.3.  Analysis

Let the number of 1ows (N) be odd, and the 1ow-select voltage be
-V, tot logic 0 and +V, for logic 1. Similarly, let the column voltage be -V o
for logic 0 a,ndec gor logic 1. Only one column need be considered for
the purpose of analysis, since the data is multiplexed thiough the column

line. The number of er101s per pixel duting a cycle s calculated as foblows:-

The number of N-bit row-sefect pattewns which differ §1om the

N=-bit data pattein by i bits & given by

C. = N: (3.5)

¢ AN -

In this context, C; gives the number of row-select pattewns with { mismatches.
The total number of mismatehes (= iC/) are equally dibt’(fbuted over
the N pixefs in the column. Hence, the number of mismatches per pixel
when there are i mismatches in the column & given by

o

(3.6)
N

An expression ot B(. in texms of N and ¢ i3 obtained by substituting gor

C; using eqn. (3.5). Hence,

{ N N -d! (N -1 ’

Since the number of ertors is the same as the number of mismatches when i

i less than N/2, only those Zw'” row-sefect patteins which difger from the
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(N-1)

data pattewn by less than N/2 bits ate considered hete. The 1est of the 2
pattewns with the number of mismatches greater than N/2 also give the
same number of erwors per pixel with the column voltage cortesponding |

to logic 1.

The number of times a pixel gets a favourable voltage when the C;

1ow-select pattewns with i mismatches are considered is given by,

_ T NY  dN -1
A= -8 = Ll - dwre o] -4

which is simpligied to

. _ N1 4 - N - 1) .
At gt Wod s T 13.9)

The summations of A; and B; over { tanging from 0 to (—Ngl) give the number
of times a pixel gets a favourable voltage and ertor 1espectively during the
gIN-1] time intetvals consideted. The maximum value of error is lﬂ—?l } since

N & odd hete. Hence,

ULl
A - é' W - 1) | (3.10)
T 5, TN-1-1T ’
and
g - & ;W:JV (3.17)
=0 *© ‘ v

Hence, a pixel will get a favourable voltage during ZA time intervals in a
eyele. Similady a pixel will get an unfavourable voltage ot errot duting 2B
time intewals in a complete cycle. The expression for the wms voltage
across the ON and OFF pixels ate arived .at using the above statistics and

the definitions of favourable and unfavourable voltages.
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2.aTW, + v ) + 28T W, - v ) 172
UON('Lmé) =[ N ] (3.12)
Nt
and
ATV, - v )%+ 2.8.7 W, +v ) 172
UOFF('cmb) = [ ZN - {3.13)

The selection 1atio (R) given by VonYorr should be a maximum, in order
to achieve a good disctimination between the ON and OFF pixels in the

display. Here, the sefection 1atio 8 a maximum for

U'L/Uc = 1 (3.74)

Hence the number of voltage levels in the addiessing waveform {5 just two.
A dec-free operation is ensured independent of the polarity of the row and
column voltages since every row-select patten has its complement within

N

the 27 combinations. Hence unipolar add«uu'ng wavegorms with two voltage

levels, i.e., 0 and Ub aze sufficient in BAT.
The maximum selection 1atio i

U~y l1ms) :
UOFF('LmAl

The sefection 1atio can also be expressed in terms of A and B using the

1elation given below.

(A+B = 2N (3.16)

Hence

1/

2 IN-T) o
R - [ZN';\- A] S [ | (3.17)



3.13

The selection 1atio of BAT s compared with that of APT lo1 1APT)

using Neq as gollows.

1/2 ye N2 a & |
_TA . A | egq
R - [5] - [2 N-T -A] : [NI/Z_ ,] 13.76)
Hence,
(N-1)
A+ B 2
(BAT) = (3.79)
N e R P

The selection 1atio of BAT is compated with that of 1APT in Table 3.3 for
difgerent values of N. It i evident that the selection natio of BAT i lower
as compared to that of 1APT. The value of N eq §or BAT is highex than N and

this also 1eflects the above observation.

The OFF pixels azre biased close to Vg S0 as to obtain the best contrast
1atio in the display. Hence the voltage v, (= Uc) can be determined in

tetms of Uth as follows.

(N-1) /2
- I LV -A).2? :
Vorr = Yth [ JR=T) ] Vo (3.20)
Therefo1e,
(n-3) 172 -
Uc = [—Z-W—_T)—_—Z .Vth (3.2”

.

The maximum swing in the addiessing waveforms is 2.V, since, the column
voltages wete assumed to be +U, and -V o Hence, the supply voltage for

this technique i

1/2
S

Vappty = 2Ve * L o -A] Ve (3.22)



Table 3.3.. BAT vs. IAPT - A comparison

PARAMETERS

No. of
lines Selection 1atio (R) N Supply voltage normalized to U, Y (BAT) Duty cycle
multiplexed eq supply 1
(N} BAT IAPT g01 IAPT with a ze- ———x 100% BAT IAPT
: 12 NI/Z .1 1 BAT BAT IAPT duced selection ubu i {IAPT-R)
[A/B] S 1atio (IAPT-R) PRy
1/2
NTT -1
3 1.732 1.932 4 2.000 2.972 2.449 §1.65 3/4 1/3
5 1.483 1.618 7.01 1.789 3.07% 2.461 72.69 ‘ 11716 1/5
7 1.382 1.488 10.24 1.706 ~ 3.249 2.558 66.69 42/64 1/7
9 1.324 1.414 13.37 1.659 3.464 2,668 62.17 163/256 1/9
11 1.286 1.365° 16.51 1.629 3.652 2.77§ 58.63 ‘638/7024 1/11

vig
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The supply voltage rtequitement of BAT can also be expressed in terims

of B as gollows:-

VAu.ppfy ol -l BR Uth (3.23’_

The addiessing waveforms of BAT can be made unipolar by shifting them by
+V, (=+V1). Hence, the 1ow and column voltages ate 0 fo1 logic 0 and
v, gor logic 1. However, the supply voltage requizement 1emains the same

>The supply voltage requitements of BAT and IAPT ate also given in
Table 3.3. It is evident that BAT 1equites a lower supply voltage as compated
to 1APT. Moteover the supply voltage 1equitement of BAT decreases with
N, while it increases with N in the case of APT and 1APT. However,
the selection ratio of 1APT is higher than that of BAT. The selection ratio
of 1APT can be reduced to that of BAT in order to properly compare the
Vsuppty of these two techniques. Let x be the reduced (V,C'/Uc)' of 1APT
and K ‘be the square of the selection 1atio of BAT. The value of x can

be determined §1om the following equation.

2
7 x +1)°+(N-1)
R 2ok (3.24)
BAT -1+ N-1)
- Hence,
. (K + 1) -f(l( + I}Z - K - ”2 N]]/Z (3.25)

K -1]
The supply voltage tequired for this 1APT with a 1educed selection 1atio

(IAPT - R) is obtained on the same lines as eqn. (2.18)

v

: 1/2
. N )
suppty TAPT - Rl = (u{wc):[_________] (+1)0,,  (3.26)

=112 +IN-1)
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The V - §or this 1APT-R leading to the same selection 1atio as BAT

supply
i also given in Table 3.3 o1 comparison. It {3 evident that the supply voltage
of BAT i lower even when it {5 compared with that of the modified 1APT.
This i85 primardly due to the large duty cycle of this technique. The pixels

get a favourable voltage during 2A time intervals in a single cycle. Hence,

the duty cycle of BAT &
Duty cycle = 5 = (3.27)

The duty cycle of BAT i3 also compated with that of 1APT in Table 3.3.

3.1.4. TDiscussion

The merits and demexits of BAT are listed in Table 3.4. This tech-
nique s not suitable gor displays with a large number of lines (N), since
the number of time intewvals to complete a cycle (=2N ) increases 1apidly
with N. The fower selection 1atio of BAT i not a setious problem f§rom the

gollowing considerations : -
- This technique s suitable only for a small N, and

- The contrast 1atio in the display need not be compromised, since
NLC mixtures that are suitable for multiplexing more than 64 lines

are available at present.

The BAT can also be used to multiplex a display with even number of
10ws by choosing the column voltage to cortespond to either logic 0 or
logic 1, when the number of mismatches i N/2. However, the selection
ratio obtained is the same as that of the next odd integer, ie., (N + 1).
A higher selection ratio i possible, if the column voltage is chosen to

be mid-way between the voftages coresponding to logic 0 and logic 1.



Table 3.4. Mexits and Demerits of BAT

Mexits

Simple addtessing waveforms with just two voltage levels ;
- Standard CMOS ICs usable for 1ow and column diiving ;

- Natutwal dc-f1ee operation ;

- Low supply voltage and decreases with increase in N ;

- Large duty cycle

Demeils

- Not suitable for multiplexing displays with large N ;
- Selection 1atio lower as compared to l1APT ;

- N tobeodd.

3.17
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However, the number of voltage levels in the column waveform will then
be 3 instead of 2. This i not preferted since the main advantage of BAT
will be lost. Hence, an additional dummy 10w can be added (not connected
to the display) when N is even. This satisgies the condition that N should
be odd. | |

3.2. HYBRID ADDRESSING TECHNIQUE (HAT)

The hybrid addressing technique presented here 5 an extension of
BAT, in order to make it suitable for multiplexing a farge number of lines
(N). Although theie is no theoretical limit on the value of N in BAT, the
duration of a cycle (= ZN.T) ncreases rapidly with N as discussed in the
previous section. Hence, BAT i suitable ohly when the number of lines to
be multiplexed in a display s small. The HAT proposed in this section is
a combination of BAT and APT. The number of time intewvals to complete
a cycle & low in HAT as cqmpa'zed to that of BAT. Impoitant aspects

of HAT are analysed here.

3.2.1. Background

The N add'ceM’ lines to be multiplexed in a display can be divided
into non-intensecting subgroups, when N s large. Each of these subgroups
can be addressed one at a time using the BAT. This & similar to the line-by-
Line addressing in APT. The number of time intewals to complete a cycle

4 not high here fo1 the §ollowing 1easons:-
-~ Only the subgroups are addressed at a time ; and
- Only a few address lines are present in each subgroup.

The number of address lines.in the subgroup &) should be odd since, BAT i
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used to address them. Moreover N should be an integral multiple of ! §ox
this technique.
3.2.2. Technigue

The data to be displayed in the selected subgioup in any column .

i an l-bit word and i 1epresented by
Bterr Dptegr =+ detet d dppej = 0 011 (3.28)

wherein, logic 0 45 for an OFF pixel, logic 1 is fo1 an ON pixel. The value
of k 1anges from 0 tofIN/l - 1] corespondingto the sefected subgroup. Simi--

larly the row-select pattern i3 an I-bit word and is 1epresented by
akl”. ak[*Z’ coce , akb!; ak[*i = 0 o1 1 | (3.29,

The vatious steps involved in HAT aze given below : -

i) One subgroup at a time is selected for binary addiessing;
“)  An I-bit word s chosen as the tow-select patten;

i) The row-select voltages azre chosen to be 'V': gor logic 0 and

+U, for logic 1, while the (N-Ul unselected rows are grounded;

v} The 1ow-select and the data pattewns in the selected subgroup
are compared bit-by-bit using digital comparators, viz., exclusive-OR

gates;

vl  The number of mismatches ¢ between these two patteins {8 detewmined

by countfngv the number of exclusive-OR gates with logic 1 output;

vil The sign of the column voltage V e i decided by a majority decision.
The column voltage is -V o i ¢ i less than U7 and is +V, othewwise.

The condition i = /2 is excluded here by choosing ! to be odd.



vid)

viii)

ix)

x)

The steps liv)

3.20

(vi) are similar to those in BAT and are summarized

as goblows : -
{
and
negative for i < (/2)
Vc = (3.31)
positive for i >(l/2)

The sign of the column voltage §o1 each column in the matix i

determined independently by 1epeating the steps (iv) - (vi) ;

Both the 1tow and column voltages azre applied simultaneously to

the matuix display for a time duration T ;

A new 1ow-select pattewn s chosen and the column voltages aze
determined by using steps (i) - (vi). The new 7ow and column
voltages are applied to the matrix display for an equal duzation
of time at the end of T ;

The binary addressing of a subgtoup 8 completed when all the 7!

binary patteins are covered as row-select pattetns once ;

xi) A cycle i completed when all the subgroups (= N/I) are subjected

x4£4)

to binary addressing once ;

The display s 1efreshed by 1epeating this cycle continuously.

The time dutation T should be small as compated to the response time

of the display, in order to ensure wms behavior of the display. Apart from

the choice in the sequence of tow-select pattern as in the case of BAT,

the HAT has additional f§reedom in the manner in which the subgroups
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aze selected as given below : -

- A subgroup can be selected with 2! ww-wl@t patteins conbecutivdy
begore selecting the subsequent subgtoup. Here § can 1ange from
0 to L. However a cycle will be completed only when all the 2

row-select pattewmns are covered for each subgroup in the matrix.

- The 3equence in which the subgroups are selected can also be altered

as long as all the subgroups ate addressed with BAT.

Although the tms voltage i the same for all the cases discussed above,
the {requency components of the addiessing waveform are different for
each case. The addressing sequence can be selected to suit the display

characteristics.

The column voltages for all the combinations of 1ow-select voftages

and data pattetns when ! i 3 ate shown in Table 3.5,a4 an example.

Typical addressing waveforms of HAT with !=3 aze given in Fig.3.2.
The addressing waveforms of HAT are naturally de-free since the subgroups
are addressed with BAT. Every 1ow-select pattewn has ity complement .

within the 2!

row-select patterns and hence the polatity of the 1ow as
well as the column voltages ate 1eversed within a cycle. This s evident
from the waveforms across the pixel shown in the same figure. The sequences
of the 1ow-select pattern are also different for the two subgroups. This
i also shown in Fig.3.2. It is evident that the wms voltage ac1oss the pixel

4 independent of the sequence in which the row-select pattetns azre applied

to the subgroups.



Table 3.5. Column voltages of HAT fo1 all the possible data patteins

and the row-select voltages
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Data dyes | 0 0 0 0 I 1 1 j

pattens
Row- dkl+2 0 0 1 1 0 0 ! 1
select
voltages dpres 0 1 0 1 0 ! 0 1
ez tsz YRE

Column voltages

-V, —U,l —U,l -Uc -Vc —Uc +UC -V +Uc V. *Uc
'U‘l. —U,‘ +Vl -Uc : -Uc +Uc -Uc *U(‘_ _Uc +U(‘, +Uc
Ve oy Yy Vo Ve Voo Voo VU, #U, V HU,
'Vz +, W, +V, -Vc Ve Ve W, W, W, -V,
+U,l -U,l —U,l —Uc +UC +Uc +Uc —Uc —Uc -Uc +Uc
We Ve We Voo e WU Vo Ve UV,
+U1 +U1 —U,l +Uc W, -Uc +Uc _uc +Uc _UC -Uc
+U,l +U{, +U1 +Uc +Uc 'Uc —Uc +Uc -Uc -U —Uc

Table 3.6 Neq of HAT for practical values of !

The number of tows HAT
in a subgroup 1Y) NQQ for
3 @&
5 64N
5

~~
~
=iy
~lon
z
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' +HV, V)
Wr : ON +{v; -V¢)
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0 R1"" : ”l”nt_:_t v°
~Ve
_(Vr"VQ)F
Ve v : ~(Ve +V¢)
e ) OFF _.‘ J-
al L——ﬂ (- “ I ez
-
-vr —J ) ‘ ) v
: +(vr¢ve)
Y F_U' +(Vp=Ve)
-—- +Vec
o 4 r3—@)— l””__s_a e
—l__4 I“ -{vr-ve)
Ve (V4 V)

[ IRaa's Il

Al oyl

" - | M.
:‘—]J‘ } _LF—RG—‘_ UU‘UHI ah

1

enran Ao N V2
“l I”l” ” c1 v, =(T) v,
—vc - -

}-'—-— 1Cycte ——» HAT, 1=3

Fig. 3.2. Typical addtessing wavegorms of HAT, when t =3.
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3.2.3.  Analysis

Let the row-select voltage be V, gor logic 0 and +V, for logic 1.
The (N-1) 1ows in the unselected subgroups ate grounded. Similarly the
column voltages are -V ° and +U o coresponding to logic 0 and logic 1 1espec-
tively. The instantaneous voltage actoss a pixel i either |U1+Uc| 01
|V, -4l as shown in Table 3.1. Hee again, only a single column is considered
go1 the purpose of analysis, since the data is multiplexed through the column
kine. The statistics of the occurience of 5dvou1able and unfavourable voltages
actoss a pixel duting a cycle can be aruved at in a manner sitilar to that

in the case of BAT.

The number of times a pixel gets a favourable voltage dutring a

cycle s obtained as follows, based on egn. {3.10) : -

Ll 1
=7 E . |
L- 1) ,
A s 2E A TR oo (3.32)

Similarly the number of times a pixel gets an ertor b obtained by 1ewriting

egn. (3.11) in teams of L as follows : -

(f—l . 1-1
_ _ (-101
B =1 ":20 Bf = ? (’:éo ol - 0! . 13.33)

The pixels get a voltage U, duting 71est of the 21#-1_} time  intervals,
when the corwtesponding 1ow i unselected. Hence, the wms voltage across
the ON and OFF pixels ate as gollows : -

2.1/2

2 V4 N !
2.A.T.W1+Uc) + 2.B.T (U{-Uc) + (T - 1)2 .T.Uc

IN
Z.T

Uy lams) =
ON . T

(3.34)
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and

Y

2 2 N ! 2.1/2
2.A.T. (U,(—Uc) + 2.B.T W1+Uc) + (T—H.Z 'T‘Uc]
2 77

Vopelimsl = [
(3.35)

The selection ratio (R) given by VON/VOFF should be high in order to

get a good contiast 1atio in the display. R is a maximum for the condition

v 1/2
o - [—}’] (3.36)
c .
and the maximum Aelectiqn ratio (4
Vg msl [z’(ﬁl’)’” + 20A - B) ]’/Z 537
R - - 3,37
Uorr Ttms) = | AN g4 - )

The selection ratio can also be expressed as follows by ‘uu'ng the 1elation

given below.

(a+B = 2t (3.38)
Hence,
2L 4 A - z’)]’/z [z’.e’}’—)’” + (2 - 4B 530
R = = 3.39
LA - LA 2t ym)

The selection 1atios of HAT fox two values of 1, i.e., £=3, 5, are compared
with those of APT (same as 1APT) as a funclion of N in Fig. 3.3. It s -
clear from this that the selection 1atio of HAT is lower as compared to
that of APT o1 1APT. The N, q of HAT i3 also evaluated as before to get
an idea about the performance of thi5 technigue in relation to the standard

APT ot IAPT.
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/
LN\ 1/2 1/2 N,1/2 1/2 172 1/2
2 k—) + 2(A -B) ([A+B)) " + (A - B) NS+ 1
R [ 17 | ] : [ 1\5 72 : [ 7 ]
2 (—) - 2(A - B}l (A+BNT} - (A - B) Neq -1
«.{3.40)
Therefore,
_ A+B '
Neq = [ ] %—) (3.41)

The tetm within the squate brackets in the above equation i3 the same
as the N eq for BAT. This appears here since the subgroups are subjected
to binawy addressing in HAT. The values of N'eq‘oé HAT {01 various values
of ! ate given in Table 3.6. It is qbaewed here that the value of Neq 73
higher than N and this confizms the lower selection 1atio of HAT as compa-

red to APT lo1 1APT).

The expressions for the 1ms voltages for a maximum selection zatio is

obtained by substituting the condition of eqn. (3.36) in eqns. (3.34) and (3.35).

Thus,
- [z’ B+ tea - 2 (—’}il’/z] & 5.0
v ms , .V 42
ON T, A R
and
2t W) - (aa - 2 g2 12
Vopr limsl [ T LU, (3.43)

The magnitude of the column voltage i85 determined by equating Vorr to

Uy dince the OFF pixels ate biased neat Vy,. Hence,
v = .U .
e /! ‘_)}, A - D F1;_/,1/2 c Vth
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The magnitude of v, can be obtained by using eqn.(3.36) as
_[N77?
v, =[] -v, (3.45)
The maximum voltage swing in the addiessing waveforms of HAT, as evident

ftom Fig.3.2 is ZU,L. Hence the supply voltage requizement of HAT i deter-

mined using eqns. (3.44) and (3.45) as below:-

2 1/2

v = U = v
spply T |y g oty Tt

(3.46)

The supply voltage of HAT i compated with that of APT as well
~as 1APT in Table 3.7. It is clear that HAT requites a lower supply voltage

as compated to APT and 1APT. This i mainly due to the farge duty cycle

zf\—t} as compared to that of APT o1 IAPT (= %,). The large
2N

duty cycle feads to a fow V{/U o and hence a low supply voltage. However,

of HAT (=

the selection 1atio % lower as compated to that of 1APT. In o1der to have
a fair comparison, these two techniques ate compared gor the same selec-
tion watio. Let R% of HAT be K, the supply voltage of the IAPT-R having
the same selection 1atio as HAT is calculated as begore. The egns. (3.26)

i reproduced here for the sake of convenience:-

1/2
N
v (IAPT-R) = x + 1)V (3.47)
supply [ (x - N2+ (N-1) th
where
2 2 .,,1/2
X - (K + 1, - [(K + ', - (K - 1, N] (3.48’

(K -]

The supply voltage 1equitement of HAT {8 compared with that of IAPT-R fot
various values of N in Table 3.7. This indicates that the supply voltage
of HAT is lower for fimited values of N, when the comparison i made

for the same selection ratio.



Table 3.7. HAT Us. IAPT - A compatison

Supply vol-

Selection Ratio|R] tage of HAT 52/‘!&‘ ced Usupply HAT
N (notmalized 17¢ e x 1 00%
HAT IAPT  to Uy of IAPT-R  Vsuppty IAPT-R
3 1.732 1.932 2.000 1.000 §1.65
6 1.447 1.543 2.487 1.415 95.62
5 1.483 1.61§ 1.789 1.214 .72’69
10 1.312 1.387 2.333 1.718 §3.73
15 1.24¢6 1.302 - 2.767 2.105 §9.7¢
20 1.209 1.255 3.138 2.432 93.80
25 1.184 1.225 3.466 2.714 96.87
30 1.167 1.203 | 3.764 2.981 99.05
? 1.382 1.488 1.706 1.400 56.69
14 1.252 1.315 2.266 1.977 76.00
21 1.200 1.248 2.706 2.422 §0.97
28 1.17‘1 1.211 3.079 2.794 §4.42
35 1.151 1.186 3.409 3.132 §6.60

3.29
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3.2.4. Discussion

The mexits and demerits of HAT are given in Table 3.6. The HAT
extends the BAT for higher values of N and can be considered as an inter-

mediate step between the BAT and the IHAT, discussed in the next section.

3.3. IMPROVED HYBRID ADDRESSING TECHNIQUE (IHAT)

The IHAT proposed in this section s similar to the HAT discussed
earlier, excepl fo1 the choice of the column voltages. This technique has
the same selection 1atio as that of the conventional APT o1 1APT, which
{8 higher than that of HAT. A considetable 1eduction in the supply voltage
requirement <5 possible in THAT, as compared to 1APT ot APT. In APT, the
supply voltage requited increases with the number of addiess lines (N). The
IHAT presented here, 1équi1u a flower supply voltage as compared to 1APT
even when the value of N i large. Impottant aspects of IHAT are consi-

deted in this section.

3.3.1. Background

The number of voltage fevels in the column waveform i3 restricted
to just two in BAT and HAT. However, the column voltage can be chosen
depending on the number of mismatches (i) between the 1ow-select and
the data pattewns. The IHAT discussed here, has multiple voltage fevels
in the column waveform and the choice of the column voltage depends on
the value of i. Hence, both the amplitude and the sign bﬂ the column voltage
depend on the value of i in IHAT, while only the sign of the column volftage
&4 chosen according to the value of ¢ in HAT. This increased greedom 1esults

in the following improvements in IHAT as compared to HAT:-
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Table 3.8. Mexits and Demenits of HAT

Me1its

- Extension of BAT for high values of N ;
- Good pixel biightness uniformity ;
- Natutal dc-free operation ;

- Lowe1 supply voltage 1equitement as compated to 1APT
' for limited values of N ;

- High duty cycle as compated to 1APT .

Demeits

T - Selection 1atio tower than that of 1APT ;

- Number of time intervals to complete a cycle higher
‘than 1APT .
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- A higher selection 1atio ;

- A considerable reduction in the supply voltage 1equirzement as compa-
ted to 1APT for all values of N by a proper choice in the value of
{, and

- The value of { can be odd ot even as against odd only in the case

o§ HAT.

3.3.2. Technique

The N 7tows to be multiplexed in a display are divided into N/I non-
inteueéting subgroups, each consisting of ! address lines. Here again, the .
data to be displayed in the selected subgroup in any one of the columns is

an 1-bit word 1epresented by ,

dkl‘*,, dkl+2’ esse 3 dkl"’l; dk!"‘j = 0 o1 ’ (3.49,

whezrein, logic 0 and fogic 1 1epresent the OFF and ON pixels respectively.

The 10w-select pattern i again an I-bit word 1epresented by,

akl+’, a.k!+2 9 eeees akl+l; akl"‘j’ = 0 01 , (3.50)

The value of k 1anges from 0 to [(N/8-1] cowvesponding to the selected

subgroups.

The IHAT i35 similar to HAT except for the choice of the column

voltage. The vatious steps involved in IHAT aze given below:-

i) One subgroup is selected at a time o1 addiessing ;
i) An I-bit word is chosen as the 1ow-select patten ;
i) The row-sefect voltages are -V, fot logic 0 and +V, o1 logic 1,

while the (N-f) unselected 1ows are grounded ;
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W) The row-select and the data pattewns in the selected subgioup ate
compated bit-by-bit using digital comparators, viz., exclusive-OR

gates ;

vl The number of mismatches ¢ between these two patteins is determined

by counting the number of exclusive-OR gatéb with logic 1 output ;

The steps (iv) and (v] can be summazrized as fotlows:-

!

vi) The column voltage is chosen to be U i i the number of mismatches
34
vif) The column voltage for each column in the mattix i determined
independently by 1epeating the steps (iv) -(vi) ;
viid) Both the tow and column voltages are applied simultaneously to the .

matuix display for a time duration T ;

ix) A new row-select pattemn is chosen and the column voltages are
determined using steps (iv) - lvil. The new 1ow and column voltages
ate applied to the display for an equal dutation of time at the end
of T;

'x) A cycle is completed when all the subgroups (= N/I) are selected

{

with all the 2° 1ow-select patteins once ;

x{) The display i 1efreshed by 1epeating this cycle continuously.

The time dutration T should be small as compared to the 1esponse

time of the display, in order to ensure the wms behavior of the display. The
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IHAT has the same f§reedom as in the case of HAT in the choice of the

row-select sequence and the subgroup selection as given below:-

- The sequence in which the 2 row-setect pattewns aze applied to

the subgroup can be changed as in the case of BAT.

- A subgroup can be selected with 2 row-select patteins consecuti-
vely before selecting the next subgroup. Here, § can 1ange from

0 to L

- The order in which the subgroups ate sefected can also be changed
as long as all the subgroups are selected with all the 21 row-select

" pattens.

The wms voltages actoss similar pixels are equal in all the cases discussed
above, but the frequency components are different in each case. One of
these combinations can be chosen as the'add'cemng sequence to suit the

display chatacteristics.

The column voftage V; for the various values I and‘i aze given in
Table 3.9. The column_ voltages here azre notmalized to V o Adressing wave-
forms of IHAT with { = 2 and 3 are shown in Fig.3.4 and 3.5 1espectively,
as typical examples. The natural de-free operation of IHAT is evident

from the waveforms actoss the pixels dlustrated in Fig. 3.4.

3.3.3. Analysis

Let —V{‘ and WV, be the row-select voltages of the {-bit word. The
(N-t) tows in the unselected subgroups are grounded. Let the column voltage
be U(-, cortesponding to the i mismatches between the ww-aé[ect and column

voltages. Let the sign of the column voltage be in-phase with the 1ow-select
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Table 3.9. Column voltages of IHAT fo1 various values of L and i

N

Column voltages cot1esponding to number of mismatches =
0 ] 2 3 4 5 6 7
-1 0 +1 - - - - -
-1 -% +—'3 +] - - - -
-1 lz 0 +% +1 - - -
T R A
T R A A
IR I

Table 3.10. Supply voltage 1equirements
of IHAT Us. APT gor N > 17

No. of address - (IHAT)

lines in a _Ep_lm?ﬂ_ x100%

subgroup Vbuppty -

70.71
57.74
50.00
44.72
40.82
37.80

“~ N W N
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Fig. 3.4. Typical addressing waveforms of IHAT, when L= 2.
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Fig. 3.5. Typical addressing waveforms of 1HAT, when ! = 3.
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voltage cortesponding to logic 0. The instantaneous voltage actoss the pixels

ate either |V, + U;| ot [V, - U]

The number of times the [-bit 1ow-select and data pattetns differ

by i bits < based on eqn.|3.5). Thus,

c. - T

¢ T oTm-an 13.52)

The number of times a pixel gets a favoutable voltage, when the number of

- mismatches in the column i { {5 based on egn. (3.9) as given below:-

] (-1)"
Ap T TT- 7o (3.53)

Similatly, the. number of times a pixel gets an unfavoutrable voltage o1

erron, within the C‘. row-select pattens considered is given below:-

5o il (.54

The ON pixels get a voltage of |V, + V| duting A time intewals and
a voltage |O{ - U(.I duting B; time intewals out of the total C, (= A;+B)
time intetvals considered, when the comesponding wow i selected. These
pixels also get a voltage IUL.I duting (%I-Hci time intewvals, when the
coresponding 1ow {8 unselected. The 1ms voltage across the ON pixel
i determined by summing these voltages §or all possible value of mismatches,
{.e., summation over { f1om 0 to L, as follows:-

.
vG, tms) -(S AU+ ) i BV ) +§

| 2\ [
- IMA+B) U )/(2 N/1)

The 1ms voltage ac1oss an OFF pixel can be arvved at in a similar way as

gollows: -

(3.55)
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! !
2 N 2 {
The 1atio UON/QOFF should be a maximum in order to achievera good con-

trast in the display.

t p ! t
| 2
U oplims) 2 £ |Ap#B w T 2 (A+BJIV; + zg (A~BJV, V.
_ ( 0 = =
[—-————J , l (3.57)
L Vopglms) g (apBvE + A2 (asBl-2 5 1a-BY,
=0 =0
This 1atio (s of the foim
Von 12 6, + 4
[U—O—N - At (3.58)
OFF LY
where,
s N, L
6, = Vi 1A+ B)+ ) = 1A+ B (3.59)
. =0 - i=0 |
and
t
f, = 2V, £ |A;-BJV, (3.60)
Ti-o

The gollowing equations must be satisfied fo1 obtaining an optimum selection

1atio.
§ 6! = f, -4, (3.61)
] ZU,l IU{ ?
and
b6y, = fhy-dp for {=0to! (3.62)
{ {
where,
o c Y, i (A; + B (3.63)
1 T =0 )

’IV = ZFT-,.(A(- + Bi, . U(' . (3064’
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{
6'2(} = 2 % (A‘. - B‘.l U‘. : (3.65)
1 {=0
and
6’2% = Zu,l(A(. -B{-) (3.66)

The following 1elation (5 obtained by substituting for 62, 6;(1 and 6'2(/ n
1 1

eqn.(3.61)
N ! !
62 2 1A-BY; - [2v, g A 8)]2v, (i() A, - B, (3.67)
o1 .
, ! |
6 = Wi E (A8 (3.68)

The f§ollowing 1elation {4 well known f§1om the propeities of binomial co-

efgicients: -
L TN
(A, + B.) = C., = 7 = 2 {3.69)
0 ¢ { 0 ¢ (.:0411-4!
Hence,

The following equations are obtained by substituting for 6'1(}. and 6'2(/,4'"
{ {

eqns. (3.62)

. N ,
§,2V,0A; - B) = 2FlA; + BV, for alt i's (3.77)
Hence,

. = tant for all {*s (3.72)
A+ BV, 710 § cons
{ L4 1]

A relation between the column voltages for i and j mismatches can be
obtajhed, since the tewm on the 1ight hand side i a constant in the above

equation. Hence,
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1A, -B) (A. - B)
(A—T_(. + BV, : r—"—)i‘Aj + 31. V,' : (3.73)
o1
V. A.-BJ)IA, + B.
Di : A B il B’) : (3.74)
f lA; + B) A - B)

The column voltages can be notmalized with any one of the column voltages.
However, it is convenient to normalize them to VU o’ {.e., the column voltage
coresponding to zero mismatches. Substituting fo1 A o {=1) and B (=0)
in eqn. (3.74), the column voltage for { mismatches is,
(A, - B)

v, = ——— v, (3.75)
(A; + B))
This can be further simplified by substituting for A and B‘.'ﬁwm eqns.

(3.53) and (3.54). Hence,

-2 FA
Vi = 1 Y | (3.76)

It can be shown (Appendix3.a) that

UU“(', = - Vi (3.?7,

Hence, the column voltages §o1 i and (l-i) mismatches have the same ampli-
tude and they differ only in phase (sign). The number of erro1s in a column
& made to be the same for { and (l-{) mismatches in both BAT and HAT by
a proper choice of the polarity of the column Qo!tage. A simiar condition

i imposed here by egn. (3.77).

The equation (3.68) can be rewritten as follows by substituting 4ot

61 §1om eqn. (3.59):-
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o s (A+B)-—A—/-é(A+B)U2 (3.76)
1 £ VA B = 2 A+ BV (3.
=0 =0
However, Uf. {5 obtained §rom eqn. (3.75) as foblows:-
2
(A. - B)
‘Ai + B
Hence, the eqn. (3.78) becomes
2
L (A. - B
vl g A ey - N L L2 (3.50)
T L7 = 0
=0 =0 (Ai + B(.)

The following telation is obtained by substituting for A; and B, from eqns.

(3.53) and (3.54) in the above equation.

! ! 2
7 0 _ N 2 (- 1)t - 20)
Ve E o "% fo U=t (3.87)
It can be shown {Appendix 3b) that
! ! 2
£ . -1t -2 t
oo - 420 -4 z (5.82)
Hence,
2 B N 2
Ve ot g% (3.83)
The selection 1atio s a maximum o1 the following conditions:-
1/2 -
- N _
Vy =+ 7Y, (3.54)
and
v, = (3.85)
{ ] 0 .

The gunction 52 §1om eqn.13.60) can be wmodified to the following form by
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Substituting o1 V; in texms of A and B, using eqn. (3.75). Thus,

6 é , 1 (A;-B) |
= 2V (A, -BJ. = 20V _— (3.56)
4 Yo ¢t 100 (A; + B)
It can be shown |Appendix 3.c) that
| 2
! (A, -B) 4
g 4 . L (387
=0 (Ai + B‘-)
Hence,
A ,
f, = 20V 1) (3.58)
Substituting for V . using eqn.(3.84),
1/2
+1 N 2

The selection 1atio is obtained by substituting §or §, and §, using eqns. (3.70)

and (3.89) in egn.(3.58)

1/2
1N 2 1 2
T VA, (1ms) 2 A A 7 Y%
ON { r“ .
R - 7 (3.90)
Vogg (1tms) .zm_/g*uz _ T NTT 2
! 0 ]
or
1/2
VON (1ms) ) N1/2+ I
R _ - 7 (3.91)

The selection natio hete, is the same as that of the APT o1 IAPT. This is
the maximum value possible §o1 any addressing technique [ 69 1. However,
the complexity of the column waveform i3 more in IHAT, since the number
of column voltages ;'A (4+1) instead of fust 2 in HAT. The sign of the column

voltage V; i assumed to be in-phase with the tow-select voltage coriespon-
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ding to logic 0. The column voltages ate notmalized to V, where , B o1
logic 0 and +, i gor logic 1 in the f-bit row-select pattein. This is given

in Table 3.9.

The wms voltages across the ON and OFF pixels, when the sefection
1atio 6 a maximum aze as foblows:-
1/2

1/2 1/2

1 ,,2
2 VEIN + N5 ) 8 1/2
) 0 2N + N ,
vUON (tms) = [ [2 2( N ] = [——WT————] Uo {3.92)
and

01,2, 172, , . 1/2 1/2

v (xms) = L VN -NTI - M;_A_’l/z_’ v (3.93)
OFF B A NI o

The OFF pixels in the display are biased near Ven in order to obtain a

good contiast ratio. Hence,

o1 .
1/2
v, - [—’*im—] Ve (3.95)
2IN - N7

The supply voltage 1equitement s detewmined by the maximum swing in
the addressing waveforms. The amplitude of the row select voltage (V)
& lower than v, for N< 12, & the same as v, go1 N=lz and 5 greater
than U 0 gor N> . The column voftages for i>=0 are however fower o1
equal to U (Table 3.9). Hence, the supply voltage of IHAT is calculated

o1 two 1anges of N as given below:-

) 2
Usuppty THAT) = 2V, for N<! (3.96)

and
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N7/2 9
Hence,
4 1/2 ,
and
. - 1/2 .
i 4N/ 2 ,
Ubupplg (IHAT) = [m} Uth for N>{ (3.99)

The supply voltage of APT §01 a compatison is obtained 5wm' eqn. {2.17)

as gollows:-

N2 N "
V. IAPT) - - | — ] (3.100)
supply [[2(1 - N"’Z)J’”] [zn RIS |

The supply voltage requitement of IHAT is .compared with that of APT using

the following 1atio:-

v (IHAT) d 12 jor Nt
Supply - N , (3.107)
oty 'APT) u for N3t

It is evident that this 1atio is independent of N, when N>1L. This condition-
can be met with a proper choice of ! for a given N. The supply voltage
requitements. of IHAT for various values of ! (N 2!2) aze compazred with
that of APT in Table 3.10. From this table, it is clear that IHAT 1equites

a lower supply voltage as compared to APT.

The 1APT i3 popular at present, due to its lower supply voltage requite-
ment as compazed to the APT. Hence, the supply voltage of IHAT i also
" compared with that of 1APT.
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The supply voltage of 1APT i» 1ecalled f1om equation (2.18)

’ 1/2
NS+ 1)
v (IAPT) =
supply (21 - N—r/znr/z

(3.102)

Hence,

2/ 6 2
B { 01 N<
Y suppty BHATY { W 4 (3.103)

v (1IAPT)

ain/?

supply
(N1;2 +1)

fo1 N;IZ
The supply voltage 1equirement of IHAT is compared with that of 1APT fox
vatious values of N and { in Figs. 3.6 and 3.7. The following points

aze evident §rom these figures :-
- The neduction in the supply voltage i maximum when N = 12, and

- It 8 possible to achieve a considerable 1eduction in the power supply
voltage as comparted to 1APT by a pioper choice of the value of

L

Table 3.11 gives the value of ! leading to a good reduction in the supply
voltage 401 a wide range of values of N. From this table it is clear that
IHAT with £=7 i quite adequate f§o1 a wide 1ange, especially fo1 high
values of N (N >49). The supply voltage increases with N in general. It
i {mpoitant to note that 1HAT 'w.quim a considerably lower supply voltage

as compated to 1APT, even when a few thousand lines are multiplexed.

3.3.4. Discussion

The mexits and demenrits of IHAT as compared to IAPT aze given in

Table 3.12. IHAT 7requites a lower supply voltage as compared to 1APT,
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Table 3.11. Possible values of {, for different N leading to a
good teduction in the supply voltage tequitement

v {IHAT) No. of vol- No. of time
N ! supply x 1005 ‘tage levels intewals
v (1APT) °  in the in a cycle of
supply addressing {IHATJ/IAPT
wavegoims

Vth constant

4 2 94.28 3 7.

9 3 §6.60 5 4/3

12 3,4 §9.60 7,8 4/3, 8/4

16 4 §0.00 5, §/4

20 4,5 §1.73 §,9 §/4, 16/5

25 5 74.54 | 7 16/5

0 56 75.63 9,10 16/5, 32/6

36 6 69.99 7 32/6

42 6,7 70.74 10,11 32/6, 64/7

49 7 66.14 9 64/7

70 7 67.52 " 64/7
140 7 69.70 " 64/7
280 7 71.33 11 64/7
560 7 72.59 1 64/7
1120 7 73,40 1 64/7

2240 7 74.03 1 é4/7

4480 7 74.4§ 11 64/7
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Table 3.12. Mexits and Demetits of 1HAT as compated to 1APT

Medts

- Good 1eduction in supply voltaée possible by proper
choice (n the value of ! ; ’

- Better pixel brightness uniformity by choosing scanning
sequence to match display characteristics ;

- Natual de-§1ee operation ;

- Higher duty cycle .

Demerity

- Number of voltage levels in the column wavefoims i {1+])
against four in 1APT ; )

- Number of time intetwvals to complete a cycle higher by a

gactor 21y
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especially for a high value of N. However, the hardwaze complexily of IHAT
increases with I, since (I+1) switches are 1equited in each column driver

to generate the column waveforims.

3.4. IHAT - SPECIAL CASES [IHAT-S)

The IHAT presented in the previous section & well suited gor mudti-

plexing TNLCDs, wherein the selection ratio is an important parameter.

However, displays based on SBE exhibit steep electio-optic characteristics..

Hence, a selection 1atio lower than that of IHAT o1 1APT is acceptable

hete. This gacilitates a 1eduction in the hardware as the number of voltage

levels in the column waveform can be 1estricted as in the case of HAT. The |

trade-off between the hardware complexity and the resulting sefection 1atio

as well as the supply voltage 1equizement {4 analyzed in this section.

3.4.1. Background

The number of voltage lfevels in the column waveform (nc) can

be 7estricted by grouping the number of mismatches (i) and assigning a

column voltage go1 each group. The value of n, can be restricted to 3

in the case of even ! and 4 in the case of odd 1 instead of (l+1) in the
case of IHAT. This leads to a lower selection 1atio as compared to that
of IHAT. An optimum grouping of mismatches with a minimum degradation
in the selection ratio, can be arrived at by an exhaustive search of all

the possible groupings for each L.

3.4.2. Techniques

The technique for even values of ! will be regerted to as 1HAT-S3,

since the number of column voltages is restricted to 3 hete. This technique
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& similar to IHAT except for the choice of a column voltage (U (,) as given

below: -
- Vm for 0gigm
Vo = 0 for m<i<(t-m) (3.104)
+Um for U-ml<i<t

The number of column voltages i3 1estricted to 4 in the case of
odd values of L and will be referred to as IHAT-S4. Here again, the technique
& simidar to IHAT except for the choice of a column voltage (V) as given
below:-

-V for 0< i< mi
for mi<i<(¥/?)

v = 3 (3.105)
for W/2)< i< l-ml)

+ U for U-ml)lg i <!

3.4.3. Analysis

Case 1: IHAT-S3

Thuee groups, coveting the 1ange 0 to ! ate formed when the value

of L is even and are zepresented as given below:-

(O,1,00e,m) 5 M+1,...... A-m-1) ;  m ; ... , ' (3.106)

The numbexr of entiies in the §irst and the last group azre chosen to be
equal here since the number of er101s can be minimized by a proper choice
of the polatity of the column voltage. This is similar to the other techniques

discussed earlier.

Let the column voltages be Ugl’ ng and Ug3 respectively gor the

thiee groups. The following constraints are imposed on these voltages based



3.53

on the analysis of IHAT :

v = -V

gl (3.107)

93; Let IUgI' = lUg3| = IUmI
and

ng = 0 {3.7108)

Only T ow-setect pattewns leading to i < I/2) are considered here,
go1 the purpose of analysis. Lel the 1ow-select voltage be v, gor logic
0 and U, §o1 logic 1 in the row-select pattern. Here again, the instanta-

neous voltages across the pixels are classified as favourable o1 unfavourable

as given below:-

- The voltage |U1 + Uml i favourable for an ON pixel and unﬁavod'zable
o1 an OFF pixel ; and :

- The voltage |V, - V_| is favoutable fo1 an OFF pixel and unfavourable

go1 an ON pixel.

A pixel in the selected 10w gets a favourwable voltage during A; time
intewals and gets an unfavourable voltage duting B; time intewals, when C;
row-sefect patterns with ( mismatches azre considered. The expressions
o1 A(. and B(. ate 1eproduced below grom the egns. (3.53) and (3.54) for

the sake of convenience.

- '
Ag T it(zu-z’-’n: (3.109)

and

- 1)

; AT (3.110)

A pixel in the unselected tow gets a voltage |V | for the time intewals

given below:-
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N m :
PT-H s (A(.+ B‘.) (3.7111)
i=0

Hence, the voltages actoss the ON and OFF pixels ate as given below:-

S, +S,+8,+8,1/?
s 27 °37
| 2 T
and
S +S,+S,+8,1/"
S5t S5+ S5+ 3,
- !
where
m 2
S; = 2 A, V) (3.174)
(=0
m ' 2
S, = g Bi{u{-uml (3.115)
{=0
m
S = M1 % (A;+B) ui (3.116)
=0 :
s, - M.y £ (A +8)ul
4 T ) iRV (3.117)
(:
m 2
S = =AM -V ) (3.118)
i=0
and
, m ,
S, = '20 BV, + vV | (3.119)
{= -

The ratio WON/UOFF, should be a maximum in order to obtain a good discri-
mination between the ON and OFF pixels. The procedute 8 similar to
that of IHAT and & given in Appendix 4 . The selection 1atio {5 a maximum

when the gollowing condition {5 satisgied :



U{ ‘ C* N 1/2 | {
. . ' (3.120)
- - | ]
where
C* = (A.+ B = C. 3.12
{2:0 4 ! { . (';,20 { ( ” .

The maximum selection ratio is given by the following expression: -

Ch Nz my/2 . 1/2

UON {1ms) ] [ ll— J ]

R = = ' (3.122)
UOFF (1m3) Ctn N 12 Affn 172 »

By L)
where,
-1 ‘

Am vy | ey ' }(3.723}

The selection 1atio of this technique can be compazred with that of APT,

IAPT and IHAT using N, eq @ gollows : -

2
N 1/2 A 172 172
T 1/2 172
R - [l ] IZH)] o [Peger (3.124)
LT | T 7 :
) [_—]7/2 [ ] eq-1
o1 (
{-1)
2 C* N
N
Neq = Azl . (3.125)
m.

/

The values of Neq for vatious possible g;loupingb when =4 and é ate given
in Table 3.13, as typical examples. The values of N, q i greater than N as
shown in this table. This indicates that the sefection ratio 5 fower than that
of THAT, when the value of n o i 1estricted to 3. The best possible grouping
§or each I i3 indicated by an asterisk in Table 3.13. The selection zatios of

IHAT-S3 with these best possible g'coupfnga ate compated with those of

3.55



Table 3.13. Uarious possible groupings of mismatches in

IHAT-S3 - A compatison

?nzfxf:{'cghgf (i ~ Pawmeters  Row-select Bfoﬁ ~
fo1 deciding 5 voltage N g
column vols Am Cm notmalized eq 60%
tage to Up, each !
5N 172 10N
(0) 11,2,3) 14) I ALY IN
11N,1/2 §5N
{0,1,2)13)14,5,6) 10 22 l——% } 75 *
7N \1/2 112N
NI/ 32N

3.56




IAPT, fo1 ! = 4 and é in Tables 3.14 and 3.15 1espectively. The wms voltage

actoss the ON and OFF pixels when the selection ratio i3 a maxiinum,

ate given below:

1/2 N2 % /2
| L 5" G |
Uop lmsl = ( ;(W’l v, (3.126)
2(!-1] %l_
and
NI/ZCt N / AL iz
B 5 L L )
v . ‘ v 3.127
OFF "M z“‘”% ‘ m

The OFF pixels are usually biased near Uy Hence, U i determined in

tetms of Vth as gollows: -

Vorr = Yen | | (3.125)
Thus,
(f 2) H 1/2
Um * [ c* NI/2 . Ct N 1/2] 15:129)
=1 [-F )" hrr] )

The supply voltage is determined by the maximum voltage swing in the

add1essing wavegoim

v (1—1)
: . A
Ubupply (lHAT—S3)‘ = ZUm o1 N< ( = (3.130)
M- 1)
Ubupp!y (IHAT-S3) = 2V1 o1 N>(—f’7‘-_) (3.131)

Hence ,

3.5%



Table 3.14.

3.58

IHAT-S3 lwith L=4) vs. IAPT - A compatison

N

Selection 1atio of

N

v

Reduced

v {IHAT-S3)

eq supply g supply x100%
AT 1APT (I)ﬁ{AT—S3 (I)gAT—S3 (o VsupptyIAPT-RI
IAPT-R

4 1.675 1.732 4.444 2.467 1.442 90.32

§ 1.418 1.447 §.669 2.453 2.039 §1.13

12 1.324 1.346 13.333 2.575 2.497 §6.35
16 1.274 1.291 17.378 3.238 2.883 §9.79
20 1.240 1255 22.222 3.563 3.223 92.30
24 1.217 1.230 26.667 3.856 3.531 94.24
26 1099 L2 30111 4.130 3.814 95.61 .
32 1.184 1.196 35.556 4.385 4.077 97.09
36 1173 1,183 40.000 4.624 4.325 96.22
40 1.163 1.173 44.444 4.551 4.558 99.18




Table 3.15. IHAT-S3 with {{=6) vs. 1APT - A compaiison

3.59

»N Selection 1atio (R) of Neq UAupply Ee/déxce:é Uaupply (lHAT-SSPX 100%
tHaT-ss  wart Yo Bars  apre suety TR
6 1.487 1.543 7.04 2.161 1.633 77.85
12 1.314 1.346 14.08  -2.335 2.310 72.62
18 1.247 1.272 21.12 2.769 2.829 76.89
24 1.210 1.230 26.16 3.140 3.267 - 79.67
30 1.1855  1.203 35.20 3.468 3.653 81.69
36 1.168 1.183 42.24 3.766 4.001 §3.25
42 1.154 1.168 49.28 4.040 4372 §4.50
48 1.143 1156 56.32 4.296 4.620 §5.55
54 1.135 1.147 63.36 4.537 4.900 §6.43
60 1.127 1.139 70.40 4.765 5.166 §7.16
90 1.1&3 1.112  105.60 5.765 6.326 §9.89
120 1.088 1.096 140.80 6.609 7.305 91.53
150 1.07§ 1.085 176.00 7.354 8.167 92.71
300 1.055 1.060  352.00  10.278 11.550 95.77
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A1),
ZUm 601 N < (._F_‘_’
v (IHAT-S3) = m (3.132)
supply C* N 1/2 2“_”[
m *
(] v i i

Since the selection 1atio 8 lower than that of 1APT the supply voltage
1equitement of the present technique 5 compared for an equal selection
“qatio. This {5 possible by 1educing the /v, from the optimum value

1/2

of (N) of 1APT as discussed in section 3.1.3. The expiession for this

i reproduced from egns. (3.26) and (3.25) here, fo1 1eady 1eference.

' N 1/2 _
Ubuppfy (IAPT-R) = [(x-])z ) (N-H] . (x+1).Uth {3.133)
where
2 2 1/2
(K+1) - [IK+1)°- (K-1)° N]
X (K-” (3.134)
and Kk = R’ (3.135)

ie., the squate of the selection ratio of the technique being compared

with 1APT.

The supply voltage 1equizements of IHAT-S3 ate compared n Tables
3,14 and 3.15 with that of 1APT (for equal value R}, when ! = 4 and 6
respectively. The grouping hete 8 for the best possible selection ratio
as indicated n Tqble 3.13.The number of voltage fevels in the column wave-
6oim5 is reduced to 3 f1om 7 of IHAT when L = 6. It is evident §rom Table
3.?5 that the supply voltage s lower than that of 1APT-f§o1 a wide 1ange
of N, even when (U{/U c} o4 1APT 43 reduced to make the selection 1atio

- equal.
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Case 2: IHAT-S4

The four groups covéu’ng the entire 1ange of mismatches, i.e., 0 tol,

when the value of N is odd are represented as given below:-

0,1, o, m1l; (i1, e Bl B, tmi-1ls om0 (3136)

The number of entries in the girst and the last group azre the same. Simi-
farly, the number of entries in the middle two groups are the same fo1
the following reason: The number of unfavourable voftages in a column .
can be made the same for { and [l-i) mismatches by a proper choice of
the polatity of the column voltage. Let the column voltages coriesponding -
to these groups be V gl v

90 Vo3 and Ug 4 1espectively. The following con-

9 9
straints are imposed due to the above grouping as in the case of IHAT:-

t

ng I Vg4" Let |ug,| |ug4| = |Vl (3.137)
and |

UgZ = - Ug3 ;  Let [ngl |U93| = IUmzl - (3.138)
Only 2“’” row-select pattewns with (& (U/2) are considered here for1 the

purpose of analysis, since the ertor can be made fess than (I/2) by a propex

choice of the polaxity of the column voltage.

Let the 1ow voltage be -V, for logic 0 and +V, for logic 1, in the

row-select pattein.

The wms voltages actoss the ON and OFF pixels can be arvived at

from the statistics of the instantaneous voltage across the pixels as begoze.

UON ltms) = [—W (3.139)
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and
byt gt by 172
Vorr ltmsl [———(—,———2 CITN ] (3.140)
{
where,
-1
mi ‘T’
5= = A )l Alv v )t (3.141)
] -0 71 "ml islmien) 40 2
ml ‘_{—2_7,
s, = = Bl-v 2+ 2 B )t (3.142)
2 ! ’ islmisr) €M
ml ‘—I:ZL’ ‘
by = &ﬂ-n[s AsBIE v 2 (asBI? (3.143)
3 { P { ¢ ml =lmi+1) { 0" m?
ml ‘!:21)
s, = = Alw-v t+ 2 Aw-u ) (3.144)
4 i=0 1 "ml =lm1+1) A ¢ 2
and
ml ‘L-Zl)
e = = B+ e 2 Bl ) (3.145)
5 -0 L1 ml i=lmi+1) {1 "m?

The selection 1atio given by (UON/UOFF’ should be a maximum in order to
obtain a good contrast 1atio (n the display. The steps involved in the maximiza-
tion of this 1atio ate similar to those of IHAT and aze given in Appendix 5 .

The column voltages Vin and U, are inter-1elated as given below, for a

!
maximum selection 1atio:-

(3.146)
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ml ml

D - 5 AsB) - £ {3.147)
=0 =0

E = (A.+B, = é C. (3-’48,
i=lm1+7) ¢4 i=lm1+1) ¢ |
ml ,

F = S (Ai'Bi, (3.749)
i=0 :

and

&h

G - (A, - B : (3150
i=lm1+7) Y

The expession for V,/V ) coriesponding to the maximum selection 1atio

i as given below:-

1/2 1/2
_(_}l_ = [ DN ]/ X [E_Fz.i_l)_q_z_]/ (3.151)
Yini JETT gy EF

The maximum selection 1atio under these conditions is as gollows : -

Nz, EF? + DGZ]’/Z 1/2
FI

] Vop (1mel ) 1) e
R - =20 . s (3.152)
VorE (1ms) (MI/Z _ [EF + DG ]
. Fl Z(l-l) £F

An expression o1 Neq for this technique is obtained as before by equating

R to the standard form of selection 1atio for APT, 1APT and IHAT. Thus,

W, 2
2o | Meg * 7 , 13.153)
M
2q
o1
(£-1)
. L DEN (3.154)

N
eq EF? + pcl) 1
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The Neq for various groupings when =5 and 7 are given in Table 3.16 as
typical examples. The selection 1atios of the present technique azre compazed
with those of 1APT gor =5 and ? in Tables 3.17 andv 3.18 1espectively. 1t is
evident from this table that the selection 1atio i lower than that of 1APT
since the value of Neq (5 higher than N. The best groupings fleading to a mini-
mum degiadation in the selection 1atio are indicated by an asterisk in this

table.

The ms voltages across the ON and OFF pixels o1 a maximum selection

1atio ate given below:-

er? +DG 2N 2, pgty"
K JF) ((F ['[TT)——_— ' ,
UON {tms) = Z(f-” N ml
;
. (3.155)
and
12 12 zr/z
[ g g
v {1ms) =
OFF "M A1 N

{
. 13.156)

The OFF pixels are usually biased near Ve in order to obtain a good contrast
1atio in the display. Hence, Vi i3 detewmined in tewms of Ven by equating

'UOFF to Uth' Thus,

(1) _f}/_
Umi [EF2+DG ”DN]’/Z 12y & | (EE G* ’/Z)]
Fl FI T l

. (3.157)

The supply voltage i3 determined by the maximum voltage swing in the addre-

ssing wavefoims. The supply voltage requitement of the present technique



Table 3.16. Various possible groupings of mismatches in IHAT-S4 - A compazison

Grouping of mis- Parameters Row-select .Column voltages N,, Best
matches i) for ro!tage 4 grouping
deciding the : v, v U U §o1 each
column’ voltage v E F G t g1 92 93, 94 !
69N, 1/2 3 3 24N
N, 1/2 ! ] 6N
{0)(7,213,4)15) 1o o1 5 gyl -1 -3 +3 1
: 1247 N, 1/2 ' 29 29 232N
(0,1,2)13{4)15,6,7) 29 35 15 5 (TW -1 ~ 768 +W ! 775 *
N, 12 1 1 N
10,1(2,3)(4,5)(6,7] § 56 6 14 (ﬁ’ -1 -3 +3 ; -
' 53N,1/2 19 19 72N

$9°¢



3'66

Table 3.17. IHAT-S4 |with 1=5) vs. IAPT - A compatison
N Selection 1atio of Neq Ubupply Se/d&;ce:é Usupp!g“HAT"S“ V1005
mar-se 14T Yo Barss wapre suety APTR

5 1.599 1.618 5.21% 2.872 1.618 98.49
10 1.377 1.387 10.435 - 2.592 2,571 77.72
15 1.295 1.302 15.652 2.634 3.001 77.59
20 1.249 1.255 20.8%0 3.200 3.636 78.63
25 1.219 1.225 26.087 3.52¢6 4.065 §0.46
30 1.198 1.203 31.304 3.826 4.453 §1.87
35 1.182 1.186 - 36.522 4.096 4.935 §3.00
40 1.169 1.173 41.739 4.351 5.142 §3.93
45 I.\I58 1.162 46.95¢ 4.591 5.454 §4.72
50 1.150 1.153 52.174 4.818 5.749 §5.40
60 1.135 1.139 62.609 5.241 6.297 §6.52
70 1.125 1.128 73.043 5.631 6.502 §7.41
&0 1.116 1.119 §3.47% 5.994 7.272 §§.14
90 1.109 1.112 93.913 6.336 7.713 §8.75
100 1.103 1.106 104.345 6.659 8.13(; £9.28
200 1.072 1.073 208.696 9.2¢71 11.497 1 97.24
300 1.058 1.060 313.043 11.278 14.081 93.61
400 vl.050 1.051 417.391 12.971 16.260 94.45
500 1.0448 1.0458 521.739 14.462 186,179 95.03
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N Selection ratio of Ne(2 Uwpply Ee}ﬁtced Uwpphl(lHAT-Sﬂ .
IHAT-S4 1APT o 0 Ve o8 0, o, TAPTRT ¥100%
, IHAT-S4 IHAT-S4 IAPT-R PRY
? 1.464  1.488 7.553  2.521  2.004 §3.95
14 1.3010  1.315 15107 2.333  2.835 " 65.77
21 1.236  1.248 22,660 2756  3.472 68.72
28 1.202  1.211 30.214  3.177  4.009 70.84
35 1.178  1.186 30767 3456  4.482 72.37
42 1.161  1.168 45.321  3.354  4.910 73.54
49 1.145  1.155 52.674  4.029  '5.303 74.47
56 1136 1.144 60.428  4.265  5.669 75.24
63 1.130  1.135 67.981  4.526  6.013 75.90
70 1.123  1.128 75.535  4.754  6.338 76.45
140 1.0850  1.0884  151.07 6599  8.964 79.63
210 1.0688  1.0716  226.60 §.017  10.978 §1.13
250 1.0593  1.0617  302.14 9.213  12.6%7 52.04
350 1.0529  1.0550  377.67  10.26§  14.173 §2.68
420 1.0481  1.0500  453.21  11.221  15.526 §3.16
490 1.0445  1.0462  528.74  12.092  16.770 §3.54
560 1.0415  1.0432  604.26  12.915  17.92% §3.84
630 1.0391  1.0407  679.81  13.681  19.015 §4.10
700 1.0371  1.0385  755.35  14.407  20.044 §4.31
1050 1.0302  1.0314  1133.02  17.584  24.548 85.05
1400 1.0261  1.0271 151070 20.262  26.345 §5.50
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4 as given below:-

. A for UV <V
ml 1= "'ml
(IHAT-S4) = (3.158)

ZU,‘ go1 U,‘ >V

Vsuppty
ml

The voltage v, 4 greater than Vini when the gollowing condition {5 satisgied:-

(-1} )2 ’
N> [Z zlEFz ] = N | (3.159)
DIEF®+DG") .
Hence,
v (IHAT-S4) = Vmi for M (3.160)
supply

D(EF + DG )N

L2z
P (m)

] U, 601N3Nt

The sefection 1atio of 1APT i3 higher than the piesent technique. The supply
voltage 1equitements of IHAT-S4 i compated with IAPT-R, having a reduced
(V,/V,) and a selection 1atio equal to the present technique using eqns. (3.133)-

(3.135).

Tables 3.17 and 3.18 also compare the supply voltage requitements of
IHAT-S4 »when 1=5 and 7 1espectively. This compatison is done for an equal
selection ratio as discussed above. It is evident §rom these tables that the
present technique 1equites a lower supply voltage as compaied to 1APT fot a
wide 1ange of values of N. The number of voltage levels when £ = 7 has been
1educed to 4 as compated to § in IHAT. It i evident 6'wm’ Table 3.18 that
the selection natio i close to that of 1APT ot IHAT, although there i a 50%

reduction in the complexity of the column diivers.

3.4.4. Discussion

IHAT-S can also be used to multiplex TNLCDs if a selection tatio lower



3.69

Id
but close to that of 1APT i3 adequate for a given application. The lower
supply voltage requirtement of 1HAT-S as compated to 1APT makes it attrac-

tive o1 such applications.

3.5 A COMPARISON

The 1APT has become a standard technique for multiplexing LCDs at present,

due to ity low supply voltage 1equizement as compared to APT. Hence the

new addressing techniques ate compared with 1APT in Table 3.19.

The BAT is suitable §o1 multiplexing displays with a single 1ow of chaac-
ters due to its simple addiessing waveforms. The HAT sewes as a link bet-
ween BAT and IHAT. The IHAT i especially suited for1 multiplexing displays
with lazge N, duo_ to its low supply voltage 1equirement as compared to 1APT.
However, the hdrdwate complexity incmaau with L. The hardware complexity
of IHAT i teduced in IHAT-S3 and IHAT-S4. The supply voltages of these

techniques ate also lower as compared to that of 1APT.

HATs proposed in this thesis tequize N to be an integral multiple of
I. This condition i imposed to 1educe the number of time intewvals to com-

plete a cycle. However displays which do not meet this condition can also

be addressed with HAT»s by adopting any one of the following appwa,dheb :-

- Additional dummy 1ows (not connected to the display) can be introduced

to satisfy the addressing 1equitement.

- Subgtoups can be ovedapped; after subfecting l-rows to binary addressing
a new sub-group s formed by dropping one 1ow and adding a new 7ow

to the sub-group. Heie the number of time intewals to complete a
cycle increases by a factor of ! as compared to the case with non-inter-

secting sub-groups.



Table 3.19. New Addiessing Techniques vs. IAPT - A Compazison

Patameters TECHNIQUES
BAT HAT IHAT IHAT-S3 IHAT-S4 1APT
Selection Ratio Low Low High Intermediate High
{R]
N, > ¥ > - N >N - N
q (Values close to N are possible)
Supply voltage Low . Low fo1 Low fot a wide Low f§o1 wide angz of N -
requitement as limited 1ange of N
compated to 1APT values especually high
of N values of N
m
A A Tt Al Za AT At 1
Duty cycle —_— ) —_ 1T — = [‘———-—]—— [———]— —]
Zl-l zl-l N Zl-l N Zl' 1 N 2!-1 N N
No. of voltage
levels in the 1ow 2 3 3 3 > 4
wavegoims .
No.o§ voltage
levels in the 2 2 {£+1) 3 4 4
column waveforms
No. of time inter~ L
vals in a cycle ) ZN' { [ Z—I—M ] 7\ 2N
\de-free operation)  (High) (Intermediate) (tow)
Salient feature - - Simple . Extends BAT Good 1eduction Hatdwaze complexity is fess as com- Lowe1
addressing  §or higher n supply vol- pated to IHAT, supply vold
wavegorms  values of N tage with proper ¢ lage as
compared
to APT
Comments Suétable Link between  Hardware Performance close to IHAT possible The stan-
gor low the BAT and complexity in spite of the hardware zeduction datd
values of N THAT increases with ! tech-
only nique

04°¢
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3.6  RESTRICTED PATTERN ADDRESSING TECHNIQUES (RPAT)

Oscilloscope and logic analyzer displays are primarily™ysed for display-
ing wavefotms. The patteins to be displayed in these dppucatiom are 1estri-
cted since the waveforms ate mostly single valued functions of time. Two

addressing techniques 651 displaying multiple wavefoims ate proposed in

this section. The selection 1atios of these techniques are indépendent of

the matux séze and aze higher as compated to the conventional addzessing

techniques.

3.6.1 Background

Special addressing techniques for displaying waveforms were reviewed
in Chapter 2. The theoretical limits of the value of the selection zatio
go1 the addiessing techniques were also reviewed in Chapter 2. The non-
muftiplexed addiessing reviewed in Chapter 2, can be used for displaying

1estricted pattewns. However, basics of simple new  addiessing techniques

aze developed here.

The Oscilloscope displays tequite a latge matiix size, in order to 'z.e-'
produce the waveforms with a high resolution. The number of rows (N]
should be at feast 256 in order to achieve an éight bit accuracy go1 a Aingle
wavegotm. The value of N should be even higher for displaying multiple
waveforms. The waveforms to be displayed are mostly single valued functions.
The following conditions aze satisgied when W such waveforms ate to be

displayed:-

~ The number of selected pixels in each column is W; and

- The number of background pixels (N-W) is far greater than W.
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Hence, the column voltage coresponding to the backgiound pixefs can be
chosen to be zero li.e., same as that of unselected zrows). This suppresses the
uo(tage ac1oss the pixels in the unselected 1ows to zero during IN-W) time
intewvals out of the total N time intewals in a cycle. In contrast, this
cannot be done in the case of general patteins since the number of selec-

ted pixels in a column {3 not known.

The column voltage for a selected pixel can be chosen as follows:-

1

- In-phase with the row-select voltage ; o1

- Out-of-phase with the 1ow-select voltage.

This leads to two diferent addressing techniques as given below:-

- The selected pixels, i.e., the points on the waveform, get a lower 1ms
voltage as compazed to the background pixels, when the column voltage
(V) 4 in-phase with the ww-belect. voltage (U{). This tesults in a
.negatiuo_ contiast mode in TNLCDs (polarizers perpendicular to each
othe1), with the wavegorm appeating biight against a datk background.
A positive contrast mode is possible howzver, if a Guest-Host display

& used instead of TNLCDs. This technique s 1eferted to as RPAT-NC.

- The selected pixels get a higher 1ms voltage as compazred to the back-
ground pixels, when V e 4 out-of-phase with V, This 1esults in a posi-
tive contiast mode in TNLCDs, with the waveforms appeating datk

against a bright background. This technique <5 1egerted to as RPAT-PC.

3.6.2 Techniques

The RPAT techniques are based on the line-by-line addiessing scheme and

are simifar to APT except 501' the choice of the column voltage. The RPAT-PC
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and RPAT-NC themselves di“u only in the phase of the column voltage

as discussed eatlier. The various steps involved in these techniques are

given below:-

0

i)

1)

)

v)

vi)

vii)

viid)

ix)

The N rows to be multiplexed are selected sequentially with a

row-sefect voltage U, one agter the other ;

The unselected 10ws are grounded. There will be (N-1) unselected

“1ows at any given instant of time ;

The column voltages are decided, depending on the data to be

displayed in the selected 1ow ;

The column voltage i3 ze1o fo1 a background pixel in the sefected

w0ow ;

The column voltage i +V o i.e., ir':-.phabe with the 1ow-select voltage
fo1 a selected pixel, in the case of the RPAT-NC. The column voltage
A o {.e., out-of-phase with the row-select voltage fo1 a selected

pixel, in the case of RPAT-PC ;

Both the 10w and column voltages ate simultaneously applied to

the matuix display §o1 a time dutation T ;

The column voltages for1 the subsequent 10w aze decided using
steps liv) and (v). This tow is selected fo1 an equd duzation of

time at the end of T ;

A cycle s completed, when all the tows (N) in the matiix aze

sefected once ;

The display s 1efreshed by 1epeating this cycle continuously ;
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x) The polarity of the addiessing waveforms s 1eversed periodically
i order to achieve a dc-free operation. T his can be reversed either
within a row-select petiod |T) o1 after completion of everwy cycle,
t.e., period NT. The duration T should be small as compared to the
response time of the display in order to ensure the 1ms behavior
06 T'NLCDzs. The dutation of a cycle (=NT) Ahoufd be sufgiciently

fow in order to avoid §licker, in the display.

Typical 'addzéwng wavegorms of both the RPAT-NC and RPAT-PC aze
given in  Figures 3.8 and 3.9 1espectively. The maximum voltage swing
in the addressing waveform is ZU,(, due to the polarity reversal in them fox
a dc-ﬂiee 'opezation. Howeve1, i s possible to 1educe the voftage swing
to U, in the case of RPAT-NC and to W,l + Uc) in the case of RPAT-PC by
modifying the addressing wavefoims. The technique employed hete {4 similar
to that of 1APT. Typical addressing wavegorms leading to a reduction in the
supply voltage 'zequ("ze_meht are shown in Figs. 3.10 and 3.11 601 the RPAT-NC
and RPAT-PC respectively. |

3.6.3 Analysis

Let the number of wavegorms to be displayed be W. The background
pixels get a voltage /|U{| go1 a time duration T, when the cortesponding 10w
s sefected. This pixel gets a voltage IUCI duting W time intewvals cortespon-
~ding to the W selected pixels in that column. The voltage ac10ss the pivxel

i3 ze10 duting the rest of the (N-W-1) time intervals. Hence,

2 2,1/2
_ [T.U,lﬂrw.T.Uc]

NT

v (3.1671)

Background ltms)
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WAVEFORMS ACROSS THE PIXELS.
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Fig. 3.10. Modified addressing waveforms of RPAT-NC with
reduced supply voltage requitement.
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Fig. 3.11. Modigied addressing wavefoims of RPAT-PC with 'Leduced
supply woltage 1equirement.
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Let the column voltage fo1 a selected .pixel. be in-phase with the
tow-select voltage. Then the selected pixel gets a voltage |V, - V| when
the cowesponding 1ow i selected. The voltage actoss this pixel is |uc|
during (W - 1) time intewals cortesponding to the 7zest of the selected
pixels in that column. The voltage actoss the pixel i zero during 1est of

the (N - w_) time intervals. Hence,

2 2 /2
T. lU{—Uc) +»((U-HT . Uc]

U‘ (1ms) = [ (3.162)
sefected NT

The 1atio [Uaelected("mb,/ubackgwund“mb” should be optimized in order
to get a maximum disciimination between them. This zatio {3 optimum
g0 the condition

1/2

Hence, the voltage across a background pixel under optimum condition
I
i 20 1/2 '
ubaakg«owtd ltms) - [T/—] Ve - (3'764')
The voltage actoss the selected pixels however depends on the zelative phd&e

between v, and V o Hence, the wms Qoltage act0ss a background pixel under

the optimum condition i

[ 2w - Zw'/Z'W 1/2
Ysetected lims) = N V, forV, =+w7v, (3.165)
[ 1/2- 7/2
| . j 2w+ 2w Y.
Vsetected 1M = T v, forv, =-w v, (3.168)
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Case 1: RPAT-NC

From eqns. (3.164) and (3.165), it {3 clear that the selected pixels
get a lower voltage as compared to the background pixels when UV o B in-
phase with U, Hence, the background pixels ate ON and the selected
pixels are OFF. Hence, the sefection 1atio can be aruved at from egns.

(3.764) and (3.165) as follows : -

oy loml [ ]’/2 [ W ]W e
R = = 3.167
Vorp (tmsl w’

The Neq here gives an idea of the selection ratio in tetms of the standard

IAPT. N eq 5 obtained by equating this selection 1atioto that of the standard
g§orm of 1APT as gollows : -

1/2 1/2 1/2
1/2 N 1
R = L/___ = _Q,g+_ {3.168)
1/2 1/2 :
w -1 Neq -1

o1

B 12
Nog = low

2

- 1) (3.769)

From eqns. (3.167) and (3.169), it {3 clear that the selection ratio s indepen-
dent of the mattix size and depends just on the number of waveforms dis-
played. The selection 7atio and the Neq of the RPATs are compazed with
that of FMT ldiscussed in chapter 2) in Table 3.20. From this table it s
evident that the sefection 1atio of RPAT-NC is higher than that of FMT
fo1 all values of W. Moreover, it i clear that if W waveforms are displayed

2

using FMT then W° wavegorms can be displayed using RPAT-NC, for the

same selection 1atio |Appendix 6.c).



Table 3.20. RPATs vs. FMT - A Compatison

Numbe1 Restricted Pattein Addressing Techniques

of RPAT-NC —RPAT-FC . Multi-trace using FMT
:;g;ﬁ;;&m Selection ratio " Nog Sefection mt;';vz Nog Selection 1atio Neq
R - [ (—u—i‘}’z—’/%] w2 R %] 2w r- [ w—f#,—]l/z -2w-1)?

1 Inginite 1.00 1.414 9.00 Infinite 1.00
2 1.848 3.34 1.307 14.66 1.414 9.00
3 1.538 6.07 1.256 19.93 1,225 25.00
4 1.414 9.00 1.225 25.00 1.155 49.00
5 1.345 12.06 1.203 29.94 1.118 §1.00
6 1.300 15.20 1.187 34.80 1.095 121.00
7 1.268 15.42 1.174 39.58 1.080 169.00
8 1.244 21.69 1163 44.31 1.069 225.00
12 1,186 35.14 1135 62.86 1.044 529.00
16 1.155 49.00 1,118 §1.00 1.033 961.00
25 1.118 §1.00 1.095 121.00 1.021 2401.00

I8¢
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The maximum voltage swing n the addiessing wavegorms can be 1educed

to U{ from 2(/1 go1 the following reasons: -

- The voltage across any pixel in the display does not exceed |U1| at

any given instant, and

- The polarity of the 1ow-select voltage s either positive o1 negative

at a given instant.

The modigications in the addressing wavegorms of Fig.3.5 to z1educe

the supply voltage 1equitement ate given below: -

- The 10w and column voltages ate shifted by +V,, when the polatity

of the row-select voltage i negative ;

- The tow and column voltages ate the same lunaftered) when the polarity

of the 7ow-sefect voltage is positive. This transformation does not

alter the selection 7ratio, since the zresultant wa\)eéo'zmb actoss the

pixels aze the same as before.

The OFF pixels are usually biased near Ven in order to achieve a

. good contrast in the display. The column voltage UV o can be obtained in

tetms of Uth as gollows: -

172 J1/2
_ _ 20w - w9
Vorr = Vu = [T — 1 v
01
N 1/2
v = v
c [ 2w - w172, ] th

Hence, the supply voltage §o1 this technique i

(3.7170)

(3.171)
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1/2 -
. - 1/2 . N W
U suppty (RPAT-NC) = U, = W'V, - [___/_Z(w-w”)] Ven
e .. (3.172)
Since most of the pixels in the display are ON in this case, these pixels

can as well be biased near V instead of biasing the OFF pixels to Uth'

SAT
The column voltage in terms of Vgar @ obtained as follows: -

v = v - [57] v (3.173)

01

&

. [NV
v, - [zw] Vear (3.174)_

=

The supply volta.gequuizement here i

1/2
v (RPAT-NC] = U, - wu -[X (3.175)

supply 1 . d 2 ] VSAT

It i clear from the above equation that the supply voltage i85 independent
of the number of waveforms (W) and depends only on the number of address

lines (N) in the matiix. However the atio (U,/U )} depends on W as in eqn.

(3.163).

Case 2: RPAT-PC

It s evident f{rom eqns. (3.164) and (3.166) that the selected
pixels get a higher w1ms voltage as compated to the background pixels,
when U o B out-of-phase with v, . Hence, the selection 7atio in this case
i

1/2 12 1/2

2 - UON (1ms) ] w+w’/2 w4 (5.176)
UOFFhmbf w w772 *
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Here again, the Neq gives an idea of the selection 1atio obtained in this

technique, in texms of the standard 1APT. Hence,

12 1/2 1/2 -
R = [Q_If_*_l_ / - [I_\qu;l] (3.177)
- 1/2 - 1/2 ‘
W N -1
2q
o1
N we )? (3.178)

eq
It is clear §1om eqns. (3.176) and (3.178) that the selection 1atio here too
8 independent of the matuix size and depends fust on W, the number of
waveforms displayed. The selection 1atio of RPAT-PC s lower than that
of RPAT-NC as shown in the Table 3.20. However, the RPAT-PC has a
higher selection ratio as compared to FMT, when the number of wavegorms
4 greater than 2. But, the FMT (discussed in chapter 2) leads to a negative

contrast mode white RPAT-PC operates in the positive contrast.

Hete again the maximum swing in the addiessing waveforms can be
reduced to (V{Wc) instead of 2V, as in Fig.3.9. This is possible for the

gollowing reasons : -

- The maximun voltage actoss a pixel in the display is |U1+U cl ; and
- The polarity of the 1ow-sefect voltage s either positive o1 negative

at a given instant.
‘The wmodifications requized to 7reduce the supply volftage 1equitzement
of RPAT-PC shown in Fig.3.9 aze given below:-

- The row and column wavefoims aze shifted by +V c,' when the polarity

of the 1ow-select voltage s positive; and
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- The 1ow and column voltages aze shifted by WV, when the polatity
of the rtow-select voltage i negative. Hewe again the selection 1atio
is unaltered, since the 1tesultant waveforms actoss the pixels are the

same as begore.

‘The OFF pixels are usually biased near Uy, én owder to get a good

contrast in the display. The voltage V o can be detetmined in tewms bﬂ
Uth as gollows:-

1/2

) Crzw |
Vopp (tmsl = Uy [T] v, (3.179)

01
1/2
; N
v, = [wr] v (3.180)
The supply voltage requited for this technique i detevmined as follows: -

' _ 1/2
v w1+uc) = (W' +1) V. (3.181)

supply (RPAT-PC)

01

v (RPAT-PC)

(3.182)

N2
(] W™ novy,

supply

From the above equation, it is evident that the supply voltage increases

with N.

3.6.4. Discussion

The meits and demerits of RPAT» ae given in Table 3.21. The
RPAT-NC is a generalized form of PCT {reviewed in Chapter 2). The addie-
ssing wavefoims of RPAT-NC is the same as those of PCT, when W=1. The
selection 1atios of these techniques ate close to the theoretical Limits given

by eqn. 12.23), when the number of selected pixels in each column is small
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Table 3.21. Merts and Demetits of RPATS

Merits

- Selection ratio higher than conventional

techniques

- Selection ratio independent of matix size.

- Simple addiessing waveforms.

Demerits

- Supply voltage 1equitement propottional to

matiix size.
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as compated to the number of address lines (N) in a matrix display.

Legends aze useful in Logic analyzer and Oscilloscopes. The alpha-
ndmeu’c information can be displayed as such at the top of the display
with ity inverse video at the bottom. This ensures the number of selected
pixels in each column to be constant as 1equited in RPATS. Two o1 modg
'waveﬁozmb may intersect at a point when multiple waveforms azre displayed.
The number of selected pixels in the comesponding column will be f{ess
by (1-1) when 1 waveforms intersect at a point. This changes the wms voltage
ac1o0ss the pixels in that column as compazed to the pixels in the other
columns. The non-uniformity arising due to the intersection of the waveforms

can be compensated as follows :-
- By introducing {L-1) dummy rows to the matxix ; and
- By adding {L-1) selected pixels to the column with

1 waveforms intewsecting at a point.

The RPATAs can be extended to applications wherein the gollowing

conditions ate satisgied:

- The number of selected pixels (3) is a variable with an upper bound,

ie., 0g<sg<l; and

- L s small ay compared to N.

Since the selection 1atio &8 independent of the matrix size L dummy
1ows can be added to the matiix and the number of pixels in each column
can be made to be L by adding (L -3} selected pixels in the dummy rows

in  each column. The selection ratio depends on L and is obtained
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by substituting L in place of W in eqns. (3.166) and (3.175). The value of
L should be taken into consideration in the caleulation of the supply voltage

by substituting (N + L) in place of N in equations {3.174) and {3.182).

Some new addressing techniques for displaying both general and 1estic-
ted pattewns have been proposed -in this Chapter. These techniques have
also been analysed and compared with the conventional techniques here.
The practical implementation of some of these techniquéb aze taken up
in the next Chapter fo1 the experimental verification of the analysis in

this Chapter.



