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Absrract - A binary addressing technique (BAT) for multiplexing 
liquid crystal displays (LCDs) is described. It requires addressing 
waveforms with only two voltage levels, and leads to a naturally dc-free 
operation. The method is suitable only for small matrices (N<9). We 
propose a hybrid addressing technique (HAT) which combines the 
features of both BAT and the familiar Alt and Pleshko technique (APT). 
It is shown that HAT can be used for large matrices. The three techniques 
are compared. 

I. INTRODUCTION 

The Alt and Pleshko technique (APT)' is widely used in 
multiplexing liquid crystal displays (LCDs). An alternative 
technique which will be referred to as the binary addressing 
technique (BAT), was proposed recently (see, also. Ref. 
3). In this technique all the N rows to be multiplexed are 
selected simultaneously with voltage levels * Vr 
corresponding to 1 or 0, so that the voltage pattern applied 
to the rows corresponds to  an Ndigit binary number. This 
is compared with the binary pattern to be displayed in a 
given column and the column voltage is decided as + V, or 
- Vc such that a majority of rows get a favorable voltage; 
Now, the row address pattern is changed to a new Ndigit 
binary number and the process is continued until all the 2N 
possible combinations are exhausted, and the cycle is then 
repeated. The principal merits of the technique are (a) it 
requires a single relatively low power supply and (b) a 
natural dc-free operation. To  demonstrate this technique, 
we constructed a 16-segment alphanumeric display2 which 
was treated as a 4 x 4 matrix. Since the binary addressing 
technique can be used only for an odd number of rows,, N 
was chosen to be 5. The details are given in Ref. 2 along 
with some photographs of the display. which had an ac- 
ceptable contrast. However, BAT is not suitable if N > 9  or 
11, since the number of time intervals to  complete a cycle 
takes a very high value. 

In this paper, we will briefly review BAT and propose a 
combination of BAT and APT. It will be called the hybrid 
addressing technique (HAT) and can be used for relatively 
large values of N. In this technique the total N rows to be 
multiplexed are divided into N/n non-intersecting subsets, 
each consisting of n rows. At a given instant of time one of 
these subsets is subject to  BAT while the rest of the rows 
are at ground potential. A cycle is complete when all the 
subsets are subjected to  binary addressing. The features of 
the three techniques are compared in Table I. 

11. THE BINARY ADDRESSING TECHNIQUE 

In a multiplexed display with n- rows, if the information 

to be displayed is bilevel (i.e., the segment is either ON or 
OFT), the pattern to be displayed in a column can be 
represented by d, , d,, . . . . d,; di = 0 or 1. In this ad- 
dressing technique, the rows are applied with voltages 
corresponding to an n bit pattern a , ,  a,, . . . , a,; ai = 0 
or 1. A bit-by-bit comparison is made between the two 
patterns, and the number of anticoincidences (mismatches) 
is counted. Matheniatically, we have to finds where 

where e is an exclusive OR operation. The column voltage 
is decided by a majority decision, i.e., if s>n/2, the 
column voltage will correspond to 1, otherwise to  0. This 
reduces the number of errors in that column. Now, a , ,  a,, 
. . . , a, is changed to a new binary pattern and the 
procedure is repeated. A cycle is complete when all the n- 
bit binary combinations are exhausted, i.e., after 2" in- 
tervals. Since a majority decision is needed in t h i ~  
technique, n has to  be odd. 

The voltages across an element with different conditions 
during an interval are given in Table 11. 

Now it is required to calculate the number of times an 
element gets the correct voltage during one cycle. We will 
consider only 2"-' intervals such that they are com- 

TABLE I. Comparison of the features of the three techniques. 

APT BAT HAT 

YON/ VOFF High Low Intermediate 
Address duty factor 1/N P/Z" - ' ~ P / z " - ' N  
V J  V, TN I JNTn 
Power supply voltage High Low Intermediate 
Number of voltage 

levels across an 4 3 6 
element 

Number of intervals 
to complete a cycle N 2" 2 " ( ~ / n )  

TABLE 11. Voltage across an element with different conditions during 
an interval. 

-- 

Column Row 

Logic level/voltage logic level/voltage 
o/ - v, I /+ v, 

o/ - vr -(Vr - VC) -(Vr + VC) 
OFF ON 

+(Vr + VC) +(Vr - V,) 
ON OFF 
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