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A&&& Principle 

An addressing technique, with reduced hardware complexity 
of column drivers is presented. Choice of various parameters 
which will lead to a large reduction in hardware complexity will 
be discussed. A 50% reduction in hardware complexity is possi- 
ble in some cases. 

-. . -. 
Development of relatively fast responding Super Twisted Ne- 

matic Liquid Crystal Displays (STN-LCDs) with average re- 
sponse time of less than 50 ms has opened up many applications 
for these displays. New addressing techniques like the Improved 
Hybrid Addressing Technique(1HAT [1] Se uency Addressing 
Technique(SAT) 121 and Active A d d r r l n  13] are ellective in 
su pressing frame response phenomenon [a In fast responding 
L ~ D S  14ence the contrast ratio obtained by using these tech- 
niques is higher as compared to contrast ratio obtained by using 
the conventional addressing technique [5,6]. 

The number of voltage levels(n) in IHAT can be reduced by 
assigning a common voltage to a group of mismatches instead of 
a separate voltage level for each mismatch. Except for the deter- 
mination of column voltage, this technique is similar to IHAT. . 
Restricting the voltage levels to a number less than (L+l)  re- 
duces the selection ratio ratio of rms voltage across ON pixel to 
that across of OFF pix.!). The selection ratio decreases as the 
number of volta e levels is decreased. The Hybrid Addressing 
Technique (HAT? [7] is the limiting case with just two voltage 
levels in the column waveform. The number of column volt- 
ages can be limited to any value between 2 and (L-!-1). A lower 
value is preferred to reduce the hardware complexity of column 
drivers. Hence restricting the number of voltage levels to 3 or 4 
is of practical interest. Optimum grouping of mismatches with 
minimum degradation in selection ratio can be arrived at  by ex- 
haustive search of all possible groupings for each L as shown in 
the following analysis. 

Analysis 

All these new addressing techniques are based on selecting 
morc than one addrcss line row) simultaneously a t  a given in- / In IHAT the number of mismatches ranges from 0 to L. The 
stant of time. The number o voltage levels i n  the column data) number of voltage levels is restricted to 3 by forming three groups 
waveforms depends on the number of rows (L) that are se \ ected covering the range of mismatches from 0 to L, when L is even as 
simultaneously. The number of voltage levil; is (L+1 when L given below: 
rows are selected and the information displayed is bi 1 eve1 (the 
pixel is driven either to ON state or OFF state). Hence the ( 0  . r n ) ( r n +  . L - r n - ( L -  . ) (1) 
number of voltage levels increases with L. 

The column voltages are -V,, 0 and tV, respectively for the 
There are two types of LCD column drivers available. In ana- 

log type drivers, the various voltage levels are stored in sample 
and hold circuits and have no limitation on number of voltage 
levels. In digital type drivers a number of voltage levels are mul- 
tiplexed using analog multiplexers and the number of voltage 
levels is limited. Digital type of drivers are preferred since they 
consume less power. Hardware complexity of these drivers in- 
creases with the number of voltage levels. Hence it is preferable 
to reduce the number of voltage levels in the addressing wave- 
forms. IHAT and SAT require less number of voltage levels as 
compared to active addressing, wherein all the rows are selected 
simultaneously. However, there is scope for reducing the number 
of voltage levels further in IHAT as discussed below. 

Background 

In IHAT the N rows in the matrix are divided in to (NIL) 
non intersecting subgroups each consisting of L rows. At a given 
instant of time one of the subgroups is selected with voltages 
corresponding to L bit row select pattern. This row select pat- 
tern corresponds to one of the 2L binary numbers. The L bit 
row select pattern is compared with the L bit data to be dis- 
played in the column using EX-OR gates. The column voltage 
is determined by counting the number of mismatches. The col- 
umn voltage is proportional to (L-2i), wherein i is the number 
of mismatches. A cycle is complete when all the subgroups are 
selected with all the possible row select patterns once. This cor- 
responds to selecting the subgroups with Rademacher functions, 
which are orthogonal. 

voltage levels corresponding to these groupin s of mismatches. 
This technique will be referred to as IHAT-S3 f8] since the num- 
ber of voltage levels is restricted to three. 

Similarly, the entire range of mismatches can be divided in 
to four groups when L is odd as shown below: 

and the corresponding column voltages for these four groups are 
-Vml, -Vm2, Vm2 and Vml respectively. This technique is re- 
ferred to  as IHAT-S4 [a], since the number of voltage levels is 
restricted to four. Only 2('-') row select patterns will be con- 
sidered here for the analysis, since rest of the row select patterns 
are complement of these row select patterns. Let the row select 
voltage be -V, for logic 0 and 
patterns. The voltage across a 
row and column voltages. At 
and column voltages have the 
favourable for OFF pixel and 
larly if the row and column voltages have opposite polarity then 
it is favourable for ON pixel and unfavourable for OFF pixel. 

A pixel gets a favourable voltage during Ai time intervals 
and an unfavourable' voltage during Bi time intervals, when C, 
(=Ai+Bi) row select patterns with i mismatches are considered. 
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