
An addressing techniqde for displaying restricted patterns in rms-responding LCDs 
by selecting a few; row4 at a time 

K. G. Pani Kumar Abstnct- An addressing technique that will allow rms-responding matrix LCDs to display restricted 
T. N. Ruckmongathan ' patterns is proposed. This technique is based on the selection of a few mws at a time while scanning 

the display. In applications such as logic analyzers and oscilloscopes, mostly single-valued functions 
of time are displayed. This restriction in the image is useful in enhancing the selection ratio so that 
good contrast is achievable even with TN-LCDs. It is shown that a large reduction in the hardware 
complexity of the column drivers and the supply voltage is possible when the waveforms being dis- 
played do not overlap each other and are equally spaced. 
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1 Background 
A matrix display is usually designed to display general pat- 
terns. Hence, it is possible to display 2N different patterns 
in any column of a matrix display with N rows. However, 
most of these 2N combinations do not occur in displays for 
oscilloscopes and logic analyzers. Shanks and ~ o l l a n d l  have 
used the eorrelation properties of pseudo random binary 
sequence (PRBS) for displaying a single waveform on a 
matrix LCD. An infinite selection ratio is possible because 
only one waveform is displayed. An addressing technique 
for displaying multiple waveforms on a matrix LCD was pro- 
posed in 1986.2 This technique is based on scanning the 
matrix by selecting one row at a time. The selection ratio of 
this technique is independent of matrix size and only 
depends on the number of waveforms (w) being displayed. 
In these displays the number of selected pixels in each col- 
umn is equal tow. The number of background pixels (N-w) 
is usually much higher than w. The column voltage for the 
background pixels is chosen to be the same as that for the 
unselected rows. The column voltage for the selected pixels 
(i.e., points on the waveform) is chosen to be in-phase with 
the row-select voltage. This is equivalent to assigning data 0 
to the background pixel and + 1 to the selected pixel. Here, 
the rms voltage of selected pixels is lower than that of the 

the conventional technique.4 Hence, a good contrast ratio 
can be achieved even in LCDs with large matrix sizes. 
Instantaneous voltage across any pixel in a display addressed 
with RPATs is zero during most of the time intervals, and 
this may lead to flicker when N is very large. The supply- 
voltage requirement of RPATs also increases with matrix 
size. In order to overcome these problems a new flicker-free 
addressing technique was proposed in 1996.~ This tech- 
nique is based on selecting all the rows in the matrix display 
simultaneously, as in the case of active addressing6 Here 
the N rows in the matrix display are driven with waveforms 
corresponding to a set of orthogonal functions derived from 
PRBS. The column waveforms are generated by taking the 
orthogonal transform of the data to be displayed. Here, 
again, the data assigned to the background pixel is zero 
while + 1 is assigned to the selected pixel. This technique is 
referred to as PRBS-NC. The lower rms voltage is supplied 
to the selected pixels compared to the background pixels. In 
a similar technique known as PRBS-PC, the selected pixels 
receive a higher rms voltage when the data assigned to the 
selected pixel is -1. A higher address duty factor in the 
PRBS techniques results in the suppression of flicker and 
frame response when N is large. The number of transitions 
in the row waveforms is almost the same when orthogonal 
functions derived from pseudo random binary sequence is 

background pixels. Hence, this technique is referred to as used. This results in a good brightness uniformity of the 
the restricted pattern addressing technique - negative con- pixels as compared to that of RPATs. The supply-voltage re- 
trast (RPAT-NC).~ The rms voltage across each selected quirement in the PRBS techniques is independent o f  the 
pixel can also be made greater than the background pixel by matrix size, and it is lower than that of RPATs. The only 
choosing the column voltage for a selected pixels to be out disadvantage of PRBS techniques is that the number of volt- 
of phase with the row-select voltage. This technique is age levels in the column waveform increases with w as in the 
referred to as the restricted pattern addressing technique - case of displays in a logic analyzer. 
positive contrast (RPAT-PC). The selection ratios of RPATs In summary, both line-by-line addressing as well as 
are independent of matrix size and are higher than that of simultaneous selection of all the rows has been considered 
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