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LIQUID-CRYSTAL DISPLAY APPARATUS 

This application is a continuation of application Ser. 
No. 373,709 ?led July 3, 1989, now abandoned, which is 
a continuation application of Ser. No. 65,219, ?led as 
PCT/JP86/00525, Oct. 16, 1986, now abandoned. 

ART FIELD RELATED WITH THE INVENTION. 

The present invention relates to a liquid-crystal dis 
play apparatus using a liquid-crystal matrix panel, and 
particularly to the driving circuit. 

BACKGROUND ART 

_ In recent years, the development of the liquid-crystal 
television of a portable type using the liquid-crystal 
matrix panel is actively performed, the details are intro 
duced at page 2ll through page 240 of, for example, 
“Nikkei Electronic No. 351” (issued Sept. 10, 1984). 
One example of the electrode circuit diagram of the 

active matrix panel using TFT (thin ?lm transistor) in 
the liquid-crystal television is shown in FIG. 11. In 
FIG. 11 segment electrodes (1), (1) are formed on the 
?rst base plate, the TFTs (thin ?lm transistor) (2), (2) 
are formed on the ?rst base plate, corresponding to the 
respective segment electrodes (1), (1) and the TFTs, are 
connected with the segment electrodes (1) at the 
sources of the TFT s (2). Drain lines (3) are connected 
with the drains for each of the columns of the TFT (2) 
corresponding to the segment electrodes (1) of the col 
umn direction, gate lines (4) are connected with the 
gates for each of the rows of the TFT (2) corresponding 
to the segment electrodes (1) of the row direction. 
A common electrode (5) is formed on the second base 

plate opposite to the ?rst base plate with each of the 
segment electrodes (1), the TFTs (2) the drain lines (3), 
the gate lines (4) being formed thereon. The liquid crys 
tal is ?lled between the ?rst, second base plates. 
The number of the rows, i.e., the number of the gate 

lines (4) is 240, corresponds to approximately the num 
ber of effective scanning lines among the number of the 
scanning lines 262.5 of one ?eld of the NISC system. 

Thus, all the 240 are used respectively in the odd 
number ?eld and the even-number ?eld during the driv 
ing operation, the same element is driven after l/6O 
seconds. 

Picture signals are applied upon the drain lines (3) of 
the active matrix panel, and when the liquid crystal is’ 
normally driven, the AC driving is preferable, namely, 
the polarity of the signal is desired to be inverted at a 
given period through the consideration of the durability 
or the like when the liquid crystal is normally driven, 
with the picture signal becoming like, for example, 
FIG. 12. 
Namely, assume that the nth of the odd-number ?eld 

is On, the nth of the even-number ?eld is En, the polar 
ity is reversed for each of the ?elds as the odd-number 
?elds (01), (02) become positive in polarity, the even 
number ?elds (E1), (E2) become negative in polarity. 

Thus, the period by which the same element is driven 
by the same polarity becomes l/3O seconds, i.e., one 
frame period. Accordingly, the ?icker (?itting) on the 
picture face by the polarity reversion is hardly conspic 
uous. 

However, in the above-described conventional exam 
ple, the number of the rows is 240 with the number of 
the picture elements being limited, thus providing the 
picture face comparatively low in resolving degree. 
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2 
Thus, the method of improving the picture quality is 

proposed with the number of the picture elements being 
increased such as 480 in the number of the rows. 
The electrode circuit diagram of the active matrix 

panel in the second conventional embodiment is shown 
in FIG. 13, the same numerals are given to the same 
portions as those of FIG. 11 to omit the description. 
The gate lines (41), (42) . . . in FIG. 13 are 480, are 

respectively taken out to the left, and to the right for 
each of the rows, the gate signals are applied upon the 
gate line (41) . . . in the odd-number ?eld, the gate sig 
nals are applied upon the gate line (42) . . . in the even 

number ?eld. 
The picture signals to be applied upon the drain lines 

(3), (3) of the active matrix panel are reversed in polar 
ity for each two-?elds as shown in FIG. 14, so that the . 
period by which the same element is driven by the same, 
polarity becomes 1/ 15 seconds, namely, the two-frame 
period. 

Thus, the flickers on the picture face by the polarity 
reversion became low in frequency, which was a very 
conspicuous defect. 

It is to be noted that the ?ickers are caused at the 
one-frame period as shown in FIG. 15(b) with respect to 
the driving waveform of the two-frame period shown in 
FIG. 15(a) when the LCD panel (1) is seen from the 
front face, but the brilliance is reduced as shown in 
FIG. 15(c) in a case where 10° is deviated from, for 
example, the front face when the LCD panel (1) is 
obliquely seen, the period of the ?icker becomes also 
the two-frame period to make the ?icker more conspic 
uous. 

SUMMARY OF THE INVENTION 

The present invention is provided to improve the 
disadvantages of the above-described conventional ex 
amples, an object of the present invention is to increase 
the‘number of the rows of the color matrix display 
apparatus from, for example, 240 to 480 to increase the 
number of the picture elements so that the flickers on 
the picture face through the AC driving operation of 
the liquid crystal is made inconspicuous. Thus, as the 
present invention is adapted to reverse the polarity of 
the picture signals to be applied for one display picture 
element adjacent within at least the same row or each 
plural-display picture elements, the ?ickers of the entire 
picture face is visually compensated by the above 
described means. 

Also, the present invention is adapted to reverse the 
polarity of the picture signal for one horizontal scan 
ning period or for each plural-horizontal scanning peri 
ods so that the brilliance of each portion on the picture 
face becomes uniform by the above-described means, 
also, to prevent horizontal stripes. 

Furthermore, the present invention proposes the 
driving circuit of the liquid-crystal display apparatus, 
which is composed of a liquid-crystal panel with a plu 
rality of display elements being arranged in columns 
and rows thereon, a polarity reversion circuit for re 
versing for each ?eld the polarity of the picture signal 
to be applied upon the liquid-crystal panel, a circuit for 
feeding the ?rst or second DC voltage selected for each 
?eld to the opposite electrode of the liquid-crystal 
panel, and a brilliance level adjusting circuit for simulta 
neously mutually varying in the opposite direction the 
?rst and second DC voltages to adjust the brilliance 
level of the picture signal, so that the brilliance level 



3 
may be varied without any changes in the DC level of 
the picture signal through the above-described means. 

DESCRIPTION OF THE DRAWINGS 

The liquid-crystal display apparatus in accordance 
with the present invention will be described hereinafter 
in detail with reference to the embodiment shown in the 
drawings. 
FIG. 1 is a block diagram of a driving circuit of the 

liquid-crystal display apparatus in one embodiment of 
the present invention. 
FIGS. 20-21’ are waveform charts in the essential 

portions of FIG. 1. 
FIG. 3 is a block diagram of the driving circuit of the 

liquid-crystal display apparatus in the second embodi 
ment of the present invention.’ 
FIG. 4 is the waveform chart in the essential portions 

of FIG. 2. 
FIG. 5 is a circuit diagram of the driving circuit of 

the liquid-crystal display apparatus in the third embodi 
ment of the present invention. 
FIG. 6 through FIG. 9 are respectively the circuit 

diagrams showing the modi?ed embodiments of FIG. 5. 
FIG. 10 is the waveform view showing the relation 

ship between the opposed electrode electric potential in 
the circuit of FIG. 5 and the picture signal. 
FIG. 11 is an electrode circuit diagram of the active 

matrix panel of the conventional 240 rows. 
FIG. 12 is a picture signal waveform chart to be 

applied upon the panel of FIG. 11. 
FIG. 13 is an electrode circuit diagram of the active 

matrix panel of the conventional 480 rows. 
FIG. 14 is a picture signal waveform chart to be 

applied upon the panel of FIG. 13. 
FIGS. 15(0), 15(b) and 15(0) are waveform charts for 

explaining the ?ickers. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 and FIG. 2 show a ?rst embodiment of the 
present invention. 
FIG. 1 is a block diagram of the present embodiment 

circuit, which is broadly composed of an LCD panel 10, 
?rst and second column driving portions 20 and 30, ?rst 
and second row driving portions 40 and 50, ?rst and 
second polarity reversion circuits 60 and 70, and a syn 
chronous control circuit 80. 
The LCD panellO has a mosaic-shaped color ?lter 

opposed to the active matrix panels of 480 in the number 
of the rows, color unit display elements are arranged 
like G, R, B . . . sequentially in the horizontal direction 
for the upper left portion. 
The ?rst and second column driving portions 20 and 

30 are composed of ?rst and second shift registers 21 
and 31 to which the clock pulse (CP) and the ?rst start 
pulse (ST1) are respectively fed from the synchronous 
control circuit 80. First and second sample hold circuits 
22 and 32, are fed the output pulse of each digit of the 
shift register as the sampling pulse. The ?rst and second 
sample hold circuits sample the picture signal outputs of 
the ?rst or the second polarity reversing circuits 60 and 
70 and hold them for one horizontal scanning period 
with the horizontal synchronous pulse (HP). The pic 
ture elements in the odd-numbered columns are driven 
by the ?rst sample hold circuit output. The picture 
elements in the even-numbered column are driven by 
the second sample hold circuit output. 

5,093,655 
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The ?rst row driving portion 40 is composed of a 

shift register which inputs a) the second start pulse 
(STZ) caused at the start of the odd-number ?eld from 
the synchronous control circuit 80, and b) clock-inputs 
the horizontal synchronous pulse (HP). The respective 
digit outputs of the ?rst driving portion 40 drive each 
gate line of the odd-numbered rows. Also, the second 
row driving portion 50 inputs a) the third start pulse 
(5T3) caused at the start of the even ?eld, b) clock 
inputs the horizontal synchronous pulse (HP). The re 
spective digit of the second column driving portion 50 
drive each gate line of the even-numbered rows. 
The ?rst polarity reversing circuit 60 reverses in 

polarity the picture signal for each one frame by using 
the control signal from the synchronous control circuit 
80. The output of the ?rst polarity reversing circuit is 
fed into the ?rst sample hold circuit 22. 

Also, the output of the ?rst polarity reversing circuit 
60 is input, during all periods, into the second polarity 
reversing circuit 70 where the polarity of the picture 
signal for each frame is further reversed. The reversed 
output of the second polarity reversing circuit 70 is fed 
to the second sample hold circuit 32. 

Thus, the signals to be applied upon the picture ele 
ments adjacent to the horizontal direction on the LCD 
panel 10 become mutually reversed in polarity. 

Furthermore, the synchronous control circuit 80 
contains the PLL circuit, is synchronous with the ?rst 
start pulse (8T1), the vertical synchronous pulse (VP) 
synchronized with the horizontal synchronous pulse 
(HP), is synchronous to the second start pulse (5T2), the 
vertical synchronous pulse (VP) to be caused at the 
start of the odd-numbered ?eld to compose the third 
start pulse (5T3) to be caused at the start of the even 
nurnbered-?eld and the clock pulse (CP) which is the 
frequency-division output of the VCO within the PLL 
circuit. 
According to the above-described driving circuit, the 

picture elements adjacent to the horizontal direction are 
driven by the image signals mutually reversed in elec 
trode, so that the ?ickers caused through the AC driv 
ing of the adjacent elements are visually offset, the 
?ittings on the whole picture face are hardly caused if 
the ?icker of the individual picture element becomes a 
frequency as low as two frame periods. 

Also, FIGS. 2a—2i are waveform charts for explain 
ing the ?ickers in a case where the LCD panel 10 is seen 
from the direction deviated by 10° from the front face, 
FIGS. 2(a) through 2(d) respectively show the voltage 
waveforms having been kept on the picture elements 

, , , @ after applying driving signals on the 
LCD panel 10, FIGS. 2(e) through 2(h) show brilliance 
of each picture element. In this case, the ?ickers are - 
caused with each picture element of four in the two 
frame period, but the visual brilliance of FIG. 2(1) com 
poses the brilliance of each picture element when four 
picture elements are regarded as one on the whole, the 
period of the ?icker becomes one ?eld to increase the 
frequency so that the ?ickers become substantially in 
conspicuous. 

It is to be noted that in the above-described ?rst em 
bodiment, the polarity of the respective one picture 
element adjacent within at least the same row was re 
versed, but the polarity may be reversed for a respective 
plurality of adjacent picture elements. 
According to the present invention as described here 

inabove, in a liquid-crystal display apparatus wherein 
the picture signals reversed in polarity at the given 
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period are applied upon the liquid-crystal with a plural 
ity of display elements being arranged in rows and col 
umns thereon, a liquid-crystal display apparatus charac 
terized in that the polarity of the picture signal to be 
applied is reversed for one or a plurality of display 
elements adjacent within at least the same row is newly 
provided, so that the number of the rows of the color 
LCD panel is made 500, the ?ickers are adapted not to 
be caused on the individual picture elements, through 
the driving operation by an interlace system. 

Also, the ?ickers may be visually compensated, if the 
frequency of the ?icker of the picture element is re 
duced as compared with when the panel of the color 
LCD is seen from the front face, when it is seen 
obliquely. 

SECOND EMBODIMENT 

FIG. 3 and FIG. 2 and FIG. 4 show a second embodi 
ment of the present invention. 
FIG. 3 is a block diagram of the circuit of the present 

embodiment, each circuit construction to be composed 
of an LCD panel 10, ?rst and second column driving 
portions 20 and 30, ?rst and second row driving por 
tions, ?rst and second polarity reversing circuits 60 and 
70, a synchronous control circuit 80 is completely the 
same as those of FIG. 1, with the description being 
omitted. 
The difference between the second embodiment and 

the ?rst embodiment is that the ?rst polarity reversing 
circuit (60) reverses in polarity the picture signal for 
each one frame using the control signal from the syn 
chronous control circuit (80). The ?rst polarity revers 
ing circuit 60 reverses the picture signal in polarity for 
each one horizontal scanning period (1H). FIGS. 2(a) 
through 2(d) show the driving waveforms to be applied 
upon the respective picture elements , , 
FIG. 3, FIGS. 2(e) through 2(h) show the brilliance of 
each picture element. Even in the case of the second 
embodiment as in the ?rst embodiment, the ?ickers are 
caused with each picture element of four in the two 
frame period, but the visual brilliance of FIG. 2(1') com 
poses the brilliance of each picture element when four 
picture elements are regarded as one on the whole, the 
period of the ?icker becomes one ?eld to increase the 
frequency so that the ?ickers become substantially in 
conspicuous. 
FIG. 4 is the other waveform chart showing the 

operation of the driving circuit of FIG. 3. In FIG. 4, Vv 
is a video signal reversed in polarity for each 1H and for 
1 frame. VG1, VG; . . . VGN are gate signals to be 
applied upon the gate electrode lines (G), (G) . . . of 
each electrode corresponding to the odd-numbered 
?eld, VP1, VPZ, . . . VPN are volts to be retained by the 
liquid crystals of the respective rows corresponding to 
the odd-numbered ?eld. 

First, the voltage of the video signal (V v) sampled at 
the gate signal (VG1) high timing in the 1H th in the 
odd-numbered ?eld is applied upon the liquid crystal, 
the gate signal tries to be retained during the 1 frame 
period after it has become low, the charging and dis 
charging operations are performed to the source elec 
trode line through the off resistor of the TFT as de 
scribed hereinbefore so that the holding voltage be 
comes like VP1. The amount of the charging and dis 
charge operation in the one frame depends upon the 
voltage of the video signal of the source electrode line, 
but the video signal reverses for each 1H so that the 
average voltage of the source electrode line in one 
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6 
frame becomes almost the same even in any portion of 
the picture face. Accordingly, the retaining voltages 
VP], VP2, . . . VPN respectively become the same 

charging and discharging amount as shown. This may 
be said likewise even in the even-numbered ?eld. The 
hint at this time is in that the video signal is opposite in 
polarity to the former case when the same picture ele 
ment is driven after one frame. 

Thus, the uneven brilliance is not caused above and 
below the picture face. 

Also, as the picture element adjacent to the horizon 
tal direction is driven by the picture signals which are 
mutually opposite in polarity, the ?ickers through the 
AC driving of the adjacent picture elements are mutu 
ally offset visually, so that the flickers of the entire 
picture face are hardly caused even if the ?ickers of the 
individual picture element become the frequency as low 
as the two-frame period. 

In the above-described embodiment, the polarity of 
the video signal is reversed for each 1H, but it may be‘ 
reversed for each several Hs. Also, the polarity may be 
reversed for each adjacent plural picture elements. 
According to the present invention as described here 

inabove, a liquid-crystal display apparatus character 
ized in that the polarity of the picture signal is reversed 
for one horizontal scanning period or for each of a 
plurality of horizontal scanning periods in a liquid-crys 
tal display apparatus wherein the picture signals re 
versed in polarity at the given period are applied upon 
the crystal panel with a plurality of display elements 
thereon is newly provided, so that the brilliance is not 
lowered in the lower portion of the picture face, the 
brilliance of the even-numbered line is not lowered as 
compared with the odd-numbered line in the interlace 
system so that uniformity is almost provided even in any 
portion on the picture face. 

THIRD EMBODIMENT 

FIG. 5 shows a third embodiment of the present 
invention. FIG. 6 through FIG. 9 respectively show the 
modi?ed embodiment of FIG. 5. 
FIG. 5 is the circuit diagram of the circuit of the 

present embodiment, in the drawing 10 is a liquid-crys 
tal panel of the known active matrix system, (T) shows 
the TFT (thin ?lm transistor), (LC) shows the liquid 
crystal. 20 is a Y driver which drives the respective 
drain lines (D), (D) of the TFT (T) which is composed 
of a shift register and a sample hold circuit so as to 
sample the picture signal with the given sampling clock. 
40 is an X driver which is composed of a shift register 
and drives the respective gate lines (G), (G) . . . of the 
TFT (T), (T), the data is set by one bit with the vertical 
synchronous signal, is shifted with the horizontal syn 
chronous signal to sequentially select the given gate line 
to feed to the TFT (T), (T) . . . the signal held by the Y 
driver. 

100 is a J-K ?ip-?op (T —FF) where the output is re 
versed for each clock input (vertical synchronous sig 
nal), (S1), (S2), (S3) and (S4) are ?rst, second, third and 
fourth arElog switches to be controlled by the Q output 
and the Q output of the T-FF. 110 is a brilliance level 
adjusting circuit which is composed of a ?rst resistor 
(R1) connected between the DC power supply 
(+VDD) and ground, a variable resistor (VR) and a 
second resistor (R2), the connection point (a ?rst con 
nection point) (P1) between the ?rst resistor (R1) and 
the variable resistor (VR) is connected with the ?rst 
analog switch (S1), the connection point (a second con 
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nection point) (P2) between the variable resistor (VR) 
and the second resistor (R2) is connected with the sec 
ond analog switch (S2). The ?rst and second analog 
switch outputs are connected with the opposite elec 
trode line 90 of the liquid crystals (LC), (LC) . . . and 
the third and fourth analog switch outputs are con 
nected with the opposite electrode line (91). It is to be 
noted that 60 is a polarity reversing circuit which re 
verses the picture signal in polarity at the ?eld period 
with the control signal such as a vertical synchronous 
signal or the like. 
The operation of the above-described circuit of the 

present embodiment will be described hereinafter. 
First, as the T-FF 100 output reverses at the ?eld 

period, for example, ?rst and fourth analog switches 
(S1) and (S4) are on in the odd-numbered ?eld and are 
off in the even-numbered ?eld, and second and third 
analog switches (S2) and (S3) are off in the odd-num 
bered ?eld and are on in the even-numbered ?eld so as 
to perform the opening and closing operations. Thus, 
the high voltage (VH) of the ?rst connection point (P1) 
of the brilliance level adjusting circuit 110 is applied 
upon the opposite electrode line (90) in the odd-num 
bered ?eld as shown in FIG. 5, and the low voltage 
(VL) of the second connection point (P2) is applied 
upon the opposite electrode line (91), the voltage (VL) 
is applied upon the line (90) in the odd-numbered ?eld, 
and the voltage (VH) is applied upon the line (91). 
On one hand, the picture signal is reversed at the ?eld 

period by the polarity reversing circuit (6) and the level 
is set between VH and VL as shown in FIG. 10. 
When the brilliance level is changed, for example, 

when the brilliance is increased, the adjusting operation 
is required so that the resistance value of the variable 
resistor (VR) may be increased. Namely, the voltage 
(VH) of the ?rst connection point (P1) becomes higher, 
the voltage (VL) of the second connection point (P2) 
becomes lower so that in FIG. 10, the voltage between 
the opposite electrode level and the picture signal level 
becomes larger and the brilliance becomes higher. 

Furthermore, the circuit of the above-described FIG. 
5 shows the line-switching one, as the modi?ed embodi 
ment of FIG. 5, FIG. 6 shows the dot-switching one, 
FIG. 7 shows both the line-, dot-switching one, FIG. 8 
shows the line-switching one at a full line, FIG. 9 shows 
both the line-, dot-switching one at a full line, they are 
respectively capable of achieving the operational effects 
similar to that of FIG. 5. 
As described hereinabove, the present invention 

newly provides the driving circuit for the liquid-crystal 
display apparatus, which is composed of a liquid-crystal 
panel with a plurality of display elements being ar 
ranged in columns and rows thereon, a polarity rever 
sion circuit for reversing for each ?eld the polarity of 
the picture signal to be applied upon the liquid-crystal 
panel, a circuit for feeding the ?rst or second DC volt 
age selected for each ?eld to the opposite electrode of 
the liquid-crystal panel, and a brilliance level adjusting 
circuit for simultaneously mutually varying in the oppo 
site direction the ?rst and second DC voltages to adjust 
the brilliance level of the picture signal, so that the 
brilliance of the picture signals may be adjusted very 
simply, the power-supply voltage will become half as 
much as that in the conventional example, thus realizing 
a small-sized liquid crystal TV of higher brilliance and 
lower power consumption. 
We claim: 
1. A liquid-crystal display apparatus comprising: 

20 

45 

55 

65 

8 
a liquid crystal panel including a plurality of display 

picture elements arranged in rows and columns and 
being arranged alternatively with one row of dis 
play picture elements to be selected for every odd 
?eld and a next row of display picture elements to 
be selected for every even ?eld, and said liquid 
crystal panel being driven upon loading of a video 
signal to be held within each of the display picture 
elements for a period of two ?elds in one frame; 

a control means for generating a control signal; 
a ?rst polarity reversing circuit connected with the 

control means for reversing polarity of the video 
signal at every two ?elds; 
second polarity reversing circuit connected with 
the ?rst polarity reversing circuit for reversing a 
polarity of an output signal from the ?rst polarity' 
reversing circuit every time; 

a ?rst column drive means connected with the ?rst 
polarity reversing circuit to load the video signal 
into odd numbered columns of the display picture 
elements; 
second column drive means connected with the 
second polarity reversing circuit to load the video 
signal into even numbered columns of the display 
picture elements; _ 
?rst row drive circuit connected to the control 
means to drive rows having been selected for a 
period of odd ?elds; and 

a second row drive circuit connected to the control 
means to drive rows having been selected for a 
period of even ?elds, 

wherein the video signal to be loaded into the display 

2. 

picture elements adjacent to each other in a row 
direction is mutually reversed in polarity at each 
row of the display picture elements, and the video 
signal to be loaded into the display picture elements 
adjacent to each other in a column direction is 
loaded at every two continued ?elds in a manner 
that the video signal is reversed in polarity at one 
?eld, but has a same polarity at a next ?eld. 
A liquid-crystal display apparatus comprising: 

a liquid crystal panel including a plurality of display 
picture elements arranged in rows and columns and 
being arranged alternatively with one row of dis 
play picture elements to be selected for every odd 
?eld and a next row of display picture elements to 
be selected for every even ?eld, and said liquid 
crystal panel being driven upon loading of a video 
signal to be held within each of the display picture 
elements for a period of two ?elds in one frame; 

a control means for generating a control signal; 
a ?rst polarity reversing circuit connected with the 

a 

control means for reversing polarity of the video 
signal at each line and at every two ?elds; 
second polarity reversing circuit connected with 
the ?rst polarity reversing circuit for reversing a 
polarity of an output signal from the ?rst polarity 
reversing circuit every time; 

a ?rst column drive means connected with the ?rst 
polarity reversing circuit to load the video signal 
into odd numbered columns of the display picture 
elements; 
second column drive means connected with the 
second polarity reversing circuit to load the video 
signal into even numbered columns of the display 
picture elements; 
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a ?rst row drive circuit connected to the control direction is mutually reversed in polarity at each 
means to drive rows having been selected for a row of the display picture elements, and the video 
period of odd ?elds; and signal to be loaded into the display picture elements 

a second row drive circuit connected to the control adjacent to each other in a column direction is 
means to drive rows having been selected for a 5 loaded at every two continued ?elds in a manner 
period of even ?elds, that the video signal is reversed in polarity at one 

wherein the video signal to be loaded into the display ?eld, but has a same polarity at a next ?eld. 
picture elements adjacent to each other in a row * "‘ " * "‘ 
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