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Abstract Dual-traces have been dis~layed by using inter- ~ - -  ~ . .  . 

A liquid crystal oscilloscope display for leaved vertical electrodes, i.e., by using odd 

multiple waveforms uses an addressing technique for One trace and even the 
which exploits the restricted patterns in such other. The horizontal resolution is sacrificed 
disolavs to achieve a higher contrast ratio than without any compromise in the selection ratio [51. . - 
conventional multi~lexing. The selection ratio Alternatively, multitrace operation is possible 
depends on the number of waveforms displayed but 
not on matrix size. 

Introduction 

Matrix displays for oscilloscopes and logic 
analyzers have to display multiple waveforms, which 
are mostly single valued functions of time. A large 
matrix (with 256 rows or more) is preferred so 
that the waveforms can be displayed without sacrifi- 
cing finer details. The selection ratio obtained 
for a matrix with a large number of rows is low 
if the Alt and Pleshko line by line addressing 
technique (APT) is employed [ 1,21. 

In order to achieve a high contrast ratio 
special techniques have been developed for oscillo- 
scopes displaying single wav&forms 131. The N 
rows in the matrix are sequentially selected with 
low duty ratio (1/N) rectangular pulses of amplitude 
V. The column voltage is 0 volts for the 'ON' 
elements and a voltage V, (which is in-phase with 
the row select voltage) for the 'OFF' elements. 
Since the display has only one selected element 
('OFF') per column, this technique achieves infinite 
selection ratio with 0 voltage across the 'OFF' 
elements which are points on the displayed waveform 
and (2/N) 1 1 2 . ~  across the background 'ON' elements. 

In another technique, the correlation proper- 
ties of pseudorandom binary sequences is used [ 4 1 .  
It is again possible to display a single waveform 
with infinite selection ratio. 

if n waveforms are multiplexed in sequential frame 
periods. The selection ratio is [n/(n-I)] 112 with- 
out any compromise in horizontal resolution 151. 

Theoretically, it has been shown by earlier 
workers [6,7] that a selection ratio higher than 
that of the APT can be obtained for restricted 
patterns. Further, the selection ratio is higher 
when most of the elements are 'ON' compared to 
the case when most of the elements are 'OFF', in 
a given column [6,71. This theoretical conclu- 
sion has not been exploited for displaying multi- 
traces in an oscilloscope. 

R 
0 

In the present work we have developed an 
addressing technique for displaying multiple traces. 
It is important to note that the selection ratio 
depends only on the number of selected elements 
in a column (n = number of waveforms) and is inde- 
pendent of the total number of rows (N) in the 
matrix. This is in contrast to the results of 
Ref. 6 and 7, wherein the selection ratio is a 
function of both N and n. 
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Technique 

Consider a matrix with N rows and M columns. 
Let the number of waveforms to be displayed be 
n. As discussed above, a better selection ratio 
is obtained when (N-n) elements are 'ON' and n 
are 'OFF' in a given column. This will result 
in a negative contrast for twisted nematic displays 
and a positive contrast when the guest-h0St mode 
is used. 
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Fig: 1.a. D . C .  Addressing of the Display. Fig: 1. b. A . C . Addressing of the Display. 
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