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DISPLAY SIGNAL CONVERTING APPARATUS 

BACKGROUND OF THE INVENTION 
This invention relates to a signal converting appara 

tus for converting a binary signal representing given in 
formation into a signal utilized for driving a display de 
vice. 
Display signal converting apparatus utilized to dis 

play bit signals as visible letters or digits are now widely 
used in information processing apparatus such as table 
mounted electronic computers and electronic measur 
ing apparatus such as a digital voltmeter. It is advanta 
geous to fabricate such a signal converting apparatus 
on a single substrate by integrated circuit techniques 
for the purpose of miniaturizing the apparatus, decreas 
ing the weight, improving the reliability and operating 
characteristics and decreasing the cost of manufactur 
ing. 
However, to fabricate such a signal converting appa 

ratus as an integrated circuit it is necessary to take into 
consideration the signal processing system of the infor 
mation processing device which is coupled to the input 
terminal of the signal converting device and the con 
struction of the operation of the display device coupled 
to the output circuit of the signal converting device. 
Thus, for example, when fabricating the signal convert 
ing apparatus as an integrated circuit, it is necessary to 
select a suitable type which can satisfy the logic levels 
(positive logic and negative logic) processed by the in 
formation processing device as well as the construction 
and operation of the display device or display system. 
The method of processingv the logic levels and the con 
struction of the display device or display system are dif 
ferent for different makers of information processing 
devices, and there is no standard established in the art. 
For this reason, makers of component parts of the inte 
grated circuits for use in the signal converting appara 
tus are required to supply various types of the inte 
grated circuits which vary dependent upon the mode of 
operation of the information processing device so that 
it is impossible to reduce the manufacturing cost of the 
integrated circuits by mass production techniques. Fac 
tory installation for manufacturing integrated circuits 
requires a relatively large investment and the process 
steps for manufacturing the same also requires precise 
techniques. ‘ i. 

In addition, large costs are necessary to develop new 
art. When considering the depreciation of these ex 
penses, cost reduction is possible only when the inte 
grated circuits are manufactured on a mass production 
scale. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of this invention to provide 
a novel display signal converting apparatus which can 
be manufactured on a mass production scale by utiliz 
ing integrated circuit techniques. 
Another object of this invention is to provide a new 

and improved signal converting apparatus which can 
follow an established design without the necessity of 
changing the essential process steps when fabricating 
the signal converting apparatus as integrated circuits. 

Still another object of this invention is to provide an 
improved signal converting'apparatus including means 
for preventing some of the display devices from provid 
ing a visible display. 
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2 
Another object of the invention is to provide an im 

proved signal converting apparatus for use in digit dis 
play devices in which essential components of the sig 
nal converting apparatus can be comprised by insulated 
gate type ?eld effect transistors and resistors which can 
be readily fabricated as an integrated circuit. 
A further object of this invention is to provide a novel 

display signal converting apparatus which can be read 
ily used for different types of display apparatus utilizing 
different combinations of luminous elements represent 
ing different letters or digits by mere change of the pat 
tern of the mask used to form the insulated gates of the 
insulated gate type ?eld effect transistors. 

Still a further object of this invention is to provide a 
novel display signal converting apparatus applicable to 
information processing apparatus operating on positive 
or negative logic by merely changing the positions of 
the insulated gate type ?eld effect transistors compris 
ing the signal converter device. This can also be by 
merely changing the design of the mask pattern for the 
insulated gate type ?eld effect transistors. 
A further object of this invention is to provide a novel 

display signal converting apparatus applicable to dis 
play devices using luminous elements operated by ON 
or OFF levels by merely changing the positions of the 
insulated gate type ?eld effect transistors. This can also 
be accomplished by changing the pattern design of the 
mask for forming such ?eld effect transistors. 
According to this invention there is provided a signal 

converting apparatus for converting a bit signal repre 
senting predetermined information into a drive signal 
for operating a display device having a plurality of lu 
minous elements, said display signal converting appara 
tus comprising ( 1) signal memory means for storing the 
bit signal, (2) a ?rst signal converting means including 
a plurality of bit input lines, a plurality of character out 
put lines, the bit input lines and the character output 
lines being arranged in a matrix circuit, the ?rst cou 
pling means arranged between the bit input lines and 
the character output lines to respond to a binary signal 
impressed upon the bit input lines for producing a char 
acter output signal on a predetermined one of the char 
acter output lines, (3) means for applying the bitsignal 
to the bit input lines of the ?rst signal converting 
means, (4) a second signal converting means including 
a plurality of character lines respectively connected to - 
the character output lines, a plurality of display drive 
output lines corresponding to the luminous elements, 
and second coupling means arranged between the char 
acter input lines and the drive output lines to respond 
to the character output signals applied to the predeter 
mined one of the character lines for producing a drive 
output signal on a predetermined one of the drive out 
put lines, and (5) means for supplying the drive output 
signal on the predetermined one of the drive output 
lines of the second signal converting means to the lumi 
nous elements of the display device. 
According to this invention there is also provided dis 

play signal converting apparatus for converting a bit 
signal representing predetermined information into av 
drive signal for operating a display device which oper 
ates to selectively display a plurality of different char 
acters by selective combinations of plurality of lumi 
nous elements, said display signal converting apparatus 
comprising (l) a plurality of ?rst drain semiconductor 
regions extending in parallel on the major surface of a 
?rst semiconductor substrate and of the number corre 
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sponding to the number of luminous elements of the 
display apparatus, (2) ?rst source semiconductor re 
gions on the major surface of the ?rst semiconductor 
substrate in parallel with and in close proximity to the 
?rst drain semiconductor regions, (3) aplurality of ?rst 
load resistors respectively connected to the ?rst drain 
semiconductor regions, (4) a plurality of first gate 
metal regions of the number corresponding to the num 
ber of characters displayable by the plurality of lumi 
nous elements of the display device, the ?rst gate metal 
regions being disposed at right angles with respect. to 
the ?rst drain semiconductor regions and to the ?rst 
source semiconductor regions and are isolated from 
these regions by an insulator layer for forming insulated 
gate type ?eld effect transistor elements at the prede 
termined semiconductor regions between the ?rst drain 
semiconductor regions and the first source semicon 
ductor regions, (5) a plurality ofparallel second drain 
semiconductor regions, corresponding to the ?rst metal 
regions, the second drain semiconductor regions being 
formed on the major surface of a second semiconduc 
tor substrate, one of the ends of the second drain semi 
conductor regions being connected to the ?rst gate 
metal region, (6) a plurality of second ‘semiconductor 
regions formed on the major surface of the second 
semiconductor substrate in parallel with ‘and in prox 
imity to the second drain semiconductor regions, (7) a 
plurality of second load resistors respectively con 
nected to the drain semiconductor regions, and (8) a 
plurality of second gate metal regions for applying the 
bit signals, the second gate metal regions intersecting 
at right angles the second drain semiconductor regions 
and the second source semiconductor regions, and are 
insulated from these regions by means of an insulator 
layer for forming a plurality of insulated gate type ?eld 
effect transistor elements in aplurality of predeter 
mined semiconductor: regions between the second 
drain semiconductor regions‘and the second source 
semiconductor regions.‘ ' 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects and advantages of the invention will 
become apparent from the following detailed descrip 
tion taken-in conjunction with the accompanying draw 
ings, in which: ' Y 

1 FIG. 1 is a block connection diagram of one embodi 
ment of the display signal converting apparatus con 
structed according to the teaching of this invention; 
7. FIG. 2v shows an equivalent circuit .of the circuit 
shown in FIG. 1; I _' . _, I 

FIGS. 3a and .4‘ are plan views of a portion of the 
novel display signal converting apparatusvfabricated by 
integrated circuit technique; ’ > ' V ' . 

FIGS. 3b and 3c are sectional views of certain poré 
tions of the converting apparatus shown in FIG.‘ 3a; 
FIGS. 5 and 6 are sectional views to show different 

steps ‘of fabricating the integrated circuit; . 
FIG. 7'is a connection diagram, partly in block form, 

of the signal memory means and inverter means shown 
in FIG. 1; 
FIGS is a connection diagram illustrating a modi?ed 

embodiment of this invention; > 
FIGS. 9 and 10 show block diagrams showing differ 

ent display circuit systems; . a ‘ ' 

FIG. 11 shows waveforms of electric signals helpful 
to explain thev operation of the'banking circuit; . 
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FIG. 12 shows practical constructions of the load re 

sistors shown-in FIG. 1, and 
FIG. 13 shows an arrangement of the luminous seg 

ments of the display device adapted to display digits. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 of the accompanying drawing shows one em 
bodiment of the novel converting apparatus for provid 
ing visual displays of bit signals of a shift register of a 
table type electronic computer on a display device of 
the digit type. _ ' 

In the embodiment shown in FIG. 1, the result of the 
operation of an adder is written in a dynamic shift regis 
ter R,. The information in the dynamic shift register R, 
is circulated through a feedback circuit 1 connected 
between the input and output of the dynamic shift reg 
ister to be stored therein. The number of bits of the dy 
namic shift register is determined dependent upon the 
magnitude of the information to be stored therein. For 
example, when it is desired to store decimal numbers 
of I4 digits, at least 56 bits are required. The bit signal 
of the digit to be displayed is sent to a readout register 
R2 which comprises four bits and acts to convert a se 
ries signal into a parallel signal. The converted bit sig 

‘ nals are memorized in signal memories M, to M.,. A 
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?rst signal converter D, comprises a group of bit input 
lines 1, to Is, a group of character output lines m, to m,,,, 
and coupling means a,, a2, a3. . . a,“ respectively respon 
sive to bit signals applied to the group of input lines I, 
to 1,, for providing a character output signal to the se 
lected one of the character output lines m, ‘to m,,,. Each 
of the coupling means may comprise an insulated gate 
type ?eld effect transistor (MOSFET) having a gate 
electrode connected to a bit input line and a drain elec 
trode connected to a character output line, as shown in 
FIG. 2. More particularly, a MOSFET a, comprises a 
gate electrode g connected to a bit input line I, and a 
drain electrode (I connected to a character output line 
m,. Character output lines are connected to load resis 
tors r,lto rm, respectively. As schematically shown in 
FIG. 12, these load resistors may be comprised by 
MOSFETs. As shown in FIG. 1, bit input lines I, to 1,, 
of the signal converting device D, are connected to re 
ceive the output signals from memories M, to M.,, re 
spectively. 
Portions of these output signals are applied to the bit 

input lines through inverters I, to 1,, respectively. 
FIG. 7 illustrates one example of a combination of 

memories M, to M, and inverters I, to I.,. As shown, 
pairs of memories and inverters may be formed of 
MOSFETs h, through h5 which can be fabricated as an 
integrated circuit. Register R2 can also be formed of 
three delay type ?ip-flop circuits DF,, DF, and DF, 
each comprising a MOSFET. Each ‘?ip-?op circuit is 
driven by two phase clock pulses cp, and cp, to shift a 
binary information signal by the clock pulses cp, and 
cpz. In FIG. 7, a signal from register R2 is stored in an 
input capacitor 2 of the MOSFET hz through a gating 
MOSFET h, to produce an inverted output of the input 
signal at the drain electrode of MOSFET h. A signal 
of the same phase is derived out from the drain elec 
trode of an inverter MOSFET hs. 
Returning to FIG. 1, a second signal converter D2 

comprises a group‘ of character input lines m’, to m',,,, 
respectively, connected to corresponding ones of the 
character output lines m, to m,,,, a group of display 
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drive output lines nl to‘ n, disposed at right angles with 
respect to lines m’l to m’,,, and coupling means dis 
posed to respond to the signals impressed upon input 
lines m’1 to m'lo for producing a drive output on prede 
termined ones of the drive output lines nl to rig. Again, 
as shown in FIG, 2, each of the coupling means com- - 
prises a MOSFET having a gate electrode 8 connected 
to a character input line and a driah electrode con 
nected to a drive output line. For example, a MOSFET 
b, has a gate electrode g connected to the character 
input line m’, and a gate electrode connected to the 
drive output line m. Drive output lines connected to 
the drain electrodes are connected to load resistors r" 
to r15, respectively. Like the load resistors r, to rm 
connected to character output lines these load resistors 
r11 and r‘, can also be made of MOSFETs as shown in 
FIG. 12. The output signals from drive output lines it, 
to n8 of the second signal converter D2 are applied to 
drive circuits B1 to B8, respectively which are con 
nected to apply operating voltage to the input terminals 
)9’, to p’, of a display device T. 
The display device T includes eight luminous seg 

ments p, to p, which are arranged as shown. As is well 
known in the art, by selective energization of the lumi 
nous segments any one of a group of digits from 0 to 9 
can be displayed. There are provided a plurality of such 
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display devices of the number corresponding to the ' 
number of digits or of the order of magnitude to be 
stored in the shift register R1. Thus for example, where 
it is desired to display a numericalvalue of 14 ‘digits 
there ‘are provided 14 display devices. The switching 
operation of these display devices are effected by a 
control circuit C2. _ 

For the-sake of simplicity, only one display device T 
is shown in FIG. 1. Actually, however, as diagrammat 
ically shown in FIG. 9, a plurality of display devices T1 
to T,, of the number corresponding to the number of 
digits to be displayed are provided which are controlled 
by control circuit C2 on a time division basis. Alterna 
tively, as diagrammatically shown in FIG. 10, display 
devices T1 to T" may be selectively operated without 
utilizing the time division control by providing a plural 
ity of signal memories M’, to M’,,, ?rst signal convert 
ers D11 to D,,,, second signal converters D21 to D2,, and 
driving circuits B’, to B',,, each of the number corre 
sponding to the number of digits to be displayed. How 
ever, the display system shown in FIG. 9 is more advan 
tageous because it requires a lesser number of compo 
nent parts. ‘ 

The display apparatus thus far described operates as 
follows. Upon receipt of a signal to be displayed by re 
spective bits 1, 2, 4 and 8 of readout register R2, the sig 
nals of respective bits are stored concurrently in re 
spective-signal memories. For the sake of understand 
ing, it is now assumed that bit signals 1, 0, l and 0 rep 
resenting a decimal digit 5 are stored in memories M1, 
M2, M3 and M.,, respectively. If level 1 is represented by 
a voltage-V and level 0 by a voltage of 0, respective 
memories will'store signal voltages of -—V, 0, —-V and 0, 
respectively. These signal voltages will supply —V volts, 
to bit input lines 1,, l4, l5 and 18, whereas 0 volts will be 
supplied to bit input lines 12, la, 16 and 17. The voltage of 
0 volts applied to bit input lines l2, l3, l6 and 11 turns OFF 
MOSFETs am, an, 023 and (124, respectively coupled to 
these input lines, thereby maintaining the voltage of the 
output line m6 at a negative value. In other words, input 
lines 12, l3, l6 and I7 constitute a NOR input circuit for 
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6 
output line m6 and the voltage —V impressed upon bit 
input lines l1, l4, l5 and I, will produce a 0 output voltage 
on all output lines exceptingoutput lines me. In this 
manner, the ?rst signal converter D, is constructed 
such that it produces an output voltage on only one of 
the character output lines ml to mm in accordance with 
input signal voltages impressed upon its bit input lines 
I, to 1,0 inclusive. In the case where bit signals 0, 0, 0 
and 0 are applied to register R2, an output voltage will 
be provided for only output line m1 whereas when bit 
signals are l, 0, 0 and 1, the output voltage will be pro 
vided for only output line mm. Upon occurrence of a 
signal voltage —-V on output line me, this voltage turns 
ON MOSFETs bzl, I222, bza, b2, and b2, connected in a 
matrix circuit in the second signal converter D2 , 
whereby drive output voltages are produced on respec 
tive output terminals p'l, p'a , p’,, p’, and p',, of the drive 
circuits B, through B8 . These output voltages cause 
segments 12,, p6, p8 , p3 and p4 of the display device T to 
luminesce, thus displaying a digit 5. 
Since it is possible to, constitute all components of the 

above described display signal converting apparatus 
with MOSFETS, the apparatus can be readily fabri 
cated as an integrated circuit on a semiconductor sub 
strate. 

FIGS. 3a, 3b, and 3c illustrate one form of the inte 
grated circuit. As shown in FIGS. 3a—3b, the ?rst signal 
converter D, comprises in pairs of p-type drain semi 
conductor regions (mld, mzd ., . . Mwd) and p-type 
source semiconductor regions (Mls, mzs . . . . . . mlos) 

which are formed on one major surface of a N-type sili 
con semiconductor substrate 10 and extend in parallel 
with each other, load resistors (r1, r2 . . . rm) respec 
tively connected to the drain semiconductor regions, a 
p-type semiconductor region 11 for ?xing the potential 
of the source semiconductor regions (mls, mzs, Mms) 
to a reference potential E0, a layer of silicon oxide 12 
overlying the major surface of the semiconductor sub 
strate 10, and 1 aluminum layers ll , l2 . . . .1, overlying 
the silicon oxide layer 12 at right angles with respect to 
the drain and source semiconductor regions. As shown 
in FIG. 3 b, each MOSFET constituting the NOR cir 
cuit can be readily formed by making thinner the thick— 
ness of a portion 13 of the silicon oxide layer 12 ex 
tending between'drain ‘semiconductor region mld and 
source semiconductor region mls underlying metal 
layer 11 than that of the layer 12. For example, the 
thickness of the portion 13 may be made to be l/ 10 to 
l/2O of that of layer 12, for example 1,000A. Conse 
quently, portion 13 acts as the insulated gate of the 
MOSFET to enable channel control between the 
source and drain electrodes. ‘ 

Like the ?rst signal converter D1, the second signal 
converter D2 is also fabricated as an integrated circuit 
on the silicon semiconductor substrate. The second sig 
nal converter Dz- comprises n pairs of p-type drain 
semiconductor regions (nld, nzd. . . nBd) and p-type 
source semiconductor regions (nls, nas. . . ngs), a p-type 
semiconductor region 15 for connecting one end of the 
source semiconductor regions (nls, nzs. . . nss) to the 
source of reference potential E0 and in aluminum lay 
ers (11,12. . . ls) overlying the silicon oxide layer 12, one 
of the ends of the aluminum layers being connected to 
the drain semiconductor regions of the ?rst signal con 
verter as shown in FIG. 30. Again, each MOSFET is 
formed by making a portion of the oxide layer 12 thin. 
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As shown in FIG. 4, the source semiconductor region 
may be provided in common for adjoining drain semi 
conductor regions. With this arrangement, the number 
of source semiconductor regions can be reduced to one 
half of that of the drain semiconductor region thereby 
increasing the density of the elements of the integrated 
circuit. As above described in connection with FIG. 12, 
since it is possible to form load resistors r, to re as MOS 
FETs, respectively, they can also be formed as a part 
of the integrated circuit of the silicon semiconductor 
substrate 10. 
Typical process steps of fabricating the signal con 

verting apparatus include: 
1. A step of diffusing a p-type impurity into the major 

surface of an N-type silicon semiconductor substrate 
for concurrently forming drain regions and source re 
gions for the character output lines, drain regions and 
source regions for the drive output lines, and the drain 
and source regions for the load MOSFETS. 

2. A step of forming a relatively thick silicon oxide 
?lm 17 on the major surface of the silicon semiconduc 
tor substrate, as shown in FIG. 5, or of forming a rela 
tively thin silicon oxide ?lm 18 of the thickness suf? 
cient to act as an insulated gate electrode of a MOS-v 
FET, as shown in FIG. 6. 

g 3. A step of etching an exposed portion 20 of the sili 
con oxide film 17 by using an etching mask 19 as shown 
in FIG. 5 to form the thin portion 13 acting as the insu 
lated gate electrode of the MOSF ET or of depositing an 
oxide ?lm 22 on the portion 13 of the oxide ?lm 18 act 
ing as the insulated gate by applying a deposition mask 
22 on the film 18 as shown in FIG. 6, and 

4. A step of'vapor-depositing aluminum on the oxide 
?lm 17 or 18 for forming metal layers or strips for the 
bit input lines and character input lines. 
With the novel signal converting apparatus where the 

construction or mode of operation of the information 
processing device and the display device are changed, 
it is possible to simply change the design of the matrix 
circuit of the signal converting device by merely chang 
ing the positions of the MOSFETs without the necessity 
of changing the array of the diffused semiconductor re 
gions. More particularly, it is only necessary to change 
the pattern of the mask utilized in the etching or depo 
sition step described in the above described step 3 so 
that thin oxide ?lms acting as the insulated gates are 
formed at the desired positions. 

In a display signal converting apparatus utilizing 
MOSFETs, it is necessary to use an etching mask suit 
able for reducing the thickness of the oxide ?lm at por 
tions 16 in the second signal converter D2 shown in 
FIG. 3a. 

It is to be noted that the design of the display signal 
converting apparatus should be changed in accordance 
with the construction of the display device. More par 
ticularly, although in the above description a convert 
ing apparatus utilizing luminescent elements combined 
to form a crisscross bounded by a rectangle has been 
shown, manufacturers may utilize a display device in 
which the luminescent elements are combined to form 
a ?gure 8 or another letter. For this reason, integrated 
circuit manufacturers are required to manufacture dis 
play signal converting apparatus having matrix circuits 
suitable for such different display devices. This inven 
tion can meet such a requirement by merely changing 
the pattern of the mask utilized to form the insulated 
gate of the second signal converting device D2, shown 
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8 
in FIG. 3. This is extremely advantageous for IC manu 
facturers because they can manufacture many types of 
products ordered by customers without the necessity of 
largely changing the manufacturing steps. 

It is also necessary to change the design of the display 
signal converting apparatus dependent upon whether 
the logic level processed by the information processing 
device is positive logic or negative logic. The above em 
bodiment has been described in terms of negative logic 
in which a potential of 0 volts was designated as a 0 
level and —-V volts as a I level. 
On the contrary, where the information processing 

device operates on positive logic wherein 0 volts is des 
ignated as a 1 level and —V volts as a 0 level, it is neces 
sary to provide another type of signal converting appa 
ratus suitable for this system. In accordance with this 
invention such a change of the matrix circuit can be 
readily carried out by merely changing the positions of 
the MOSFETs (the rectangular coordinate of the MOS 
FETs) formed in the matrix circuit of the ?rst signal 
converter D1 (see FIG. 1) or by changing the pattern 
of the mask. 
Another factor that necessitates the change of the de 

sign of the signal converting apparatus for use in dis 
play devices involves whether the input level to the 
drive circuit means for the display devices is at an OFF 
LEVEL or an ON level. In the embodiment described 
above, the input level to the drive circuit required to 
operate the luminescent segments of the display device 
corresponds to the ON level (0 volts) of the output of 
the second signal converting device. If it is desired to 
use an OFF level (—-V volts ) for the input level for op 
erating the luminescent segments this can be readily ac 
complished by changing the positions of the MOS 
FETS included in the second signal converter device. 
This can also be readily accomplished by changing the 
pattern design of the mask. 
The invention can also provide a display signal con 

verting apparatus including a character suppressor or 
a blanking circuit means adapted to control the time 
for applying drive signals to the display drive signals to 
the display device. Where the display device is of the 
type wherein its luminous segments are operated by the 
ON level output (0 volts) from the second signal con 
verter D2, the blanking circuit is comprised by MOS 
FETs e1 through e10 coupled to respective character 
output lines of the ?rst signal converter D‘. 
On the other hand, where the luminous segments of 

the second display device D2 are operated by the OFF 
level output (-V volts) from the second signal con 
verter D2, the blanking circuit is comprised by MOS 
FETs f, to f8 coupled to respective drive output lines of 
the second signal converter D2. Desired changes of the 
positions of the MOSFETs of the blanking circuit can 
be readily accomplished by changing the pattern design 
of the mask in the same manner as above described. 
Such a blanking circuit provides novel advantages 
when incorporated into the display signal converting 
apparatus of this invention. More particularly, where 
the signal converting apparatus is constituted by MOS 
FETs, there is more or less a delay between the applica 
tion of bit signals and the generation of the drive sig 
nals. This time delay results in a somewhat obscure dis 
play where a plurality of display devices are operated 
on the time division basis by’ utilizing the combination 
of a pair of signal converting circuit means and drive 
circuit means as shown in FIG. 9. 
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Although the degree of obscurity is different depen 
dent upon the luminescent characteristics of the dis 
play device and the characteristics of the control cir 
cuit system for the time division system, utilization of 
the blanking circuit described above can obviate this 
difficulty. . 

The operation of one example of the blanking circuit 
will now be described with reference to FIG. 11. The 
luminous or operating voltages suppliedto various dis 
play devices through the control circuit C2 on a time 
division basis are distributed with the time phases as 
shown in‘FlG. l'la through 11d. Furthermore, the sig 
nals to drive the ?rst, second, third. . . nth display de 
vices are also‘ supplied insuccession to the display de 
vices through the driving circuit B’ in the periods of 
time t4, t5, t6. . . tk, respectively. Thus, in the time period 
of :1 the first display device mainly displays a numeral 
corresponding to the signal to drive the first display de 
vice. However, due to the time delay in transmitting the 
signal in' the signal converters, the driving signals to 
drive thedisplay devices are supplied thereto with a 
delay time 25, whereby in the time period of t3 the dis 
play devices are forced to display numerals other than 
the numeral to be displayed therein with a result of ob 
scurin'g the visible display. For example, the second dis 
play device‘ displays, ‘the numeral to be displayed 
therein‘ in .a relatively long period and also display the 
numeral to be displayedin the ?rst displaydevice in the 
very short period of i3, whereby the numerals displayed 
in. the second‘ display device become to flash and it 
makes difficult to read the display numeral. To prevent 
this, a blanking control'signal voltage Vtp shown in 
FIG. lle is applied to-a blanking input line ql (see FIG. 
1) to deenergize the display devices during a period t2 
of the blanking control signal thereby preventing ?ash 
ing or obscure luminescence of the display devices. 
This kind ‘of flashingor obscure luminescenceof the 

display devices is caused by the time delay or time dif 
ference between the voltage supplied to the respective 
display device through the control circuit device c2 and 
the signal voltage supplied in succession to the display 
devices from the driving circuit device B’. Therefore, 
the‘voltages supplied to the respectivedisplay device 
vthrough the control circuit device 02 are delayed even 
if the delay time of thelsignal voltages in the signal con 
verters has been compensated by the provision of the 
following compensation circuit, so that phenomena 
such as ?ashing and ‘obscure lightening of the display 
devices are caused. The above-mentioned blanking 
technique is also applicable to this case to overcome 
the above-mentioned defects. 
‘FIG. 8 shows a compensation circuit for the delay, 

time of the signal converters‘ which may be constituted 
by gating MOSFETs ha and signal storing MOSFETs h, 
included in the driveioutput circuit of the second signal 
converter D2.’ More particularly, when gating MOS 

, FETs h,,‘ are rendered conductive by clock pulse cpz 
supplied to the gates thereof when the output signals on 
output lines I, through lg are inverted ‘to provide pre 
scribed‘ signals, for storing these signals in the signal 
storing MOSFETs ‘[11, it is possible to apply regular 
drive output signals to drive circuits B1 to B8 
irrespective of the‘ delay time. The control circuit 02 
does the switching operation by a clock pulse supplied 
thereto in order to supply voltages Vt1, Vtz, Vta. .. Vt,I 
to the first, second, third. . . . ‘.-nth display devices, re 
spectively. .The clock pulse supplied to the control cir 

cuit c2 is synchronized with the clock pulse cp, supplied 
to the gates of MOSFETs he. If desired, blanking MOS 
PET-s [1,, may be connected in series with memory 
MOSFETs h, for providing the blanking operation. The 

5 signal converting apparatus provided with such mem 
ory means is especially suitable for use in combination 
with a display device utilizing high speed digital display 
devices or semiconductor luminous diodes as the lumi 
nous elements. 
The blanking circuit can also be used as the character 

suppress circuit. Where it is desired to prevent the dis 
play of a digit of a predetermined order of magnitude 
or where it is desired not to display'an unnecessary 0 
which was displayed at digits of a higher order than the 
highest digit of integer of the displayed numeral, a 
blanking signal is applied during atleast the period in 
which the voltage is applied to the display device 
through the control circuit 02, for example, during at 
least the period‘of t1 to the MOSFETs constituting the 
blanking circuit to interrupt the drive input signals for 
the display devices. , ' 

Thus, the invention provides signal converting appa 
ratus having different characteristics‘ dependent upon 
the types of the display device, logic levels of the infor 
mation processing device and the input levels of the 
display drive circuit.'The vinvention can also provide a 
signal converting apparatus provided with blanking cir 
cuit. ' ‘ ' > ' ' 

. While the novel ‘signal converting apparatus has been 
shown and described for use in display devices display 
ing decimal digits it will be clear that the invention can 
equally be applied to other display devices for‘ display 
ing characters such as alphabets, and that many 
changes and modifications are obvious to one skilled in 
the art within the true spirit and scope of the invention 
as de?ned in the appended claims. - 
What we claim is: - 

1. A display signal converting apparatus for convert 
ing a bit signal representing predetermined information 
into a drive signalfor operating a display device having 
a plurality of luminous elements, said display signal 
converting apparatus comprising: 

‘1. signal memory means for storing said bit signal, 
comprised of a‘ plurality of pairs of field effect tran 

' sistors connected in series, at the output of each 
pair of which is provided a corresponding one of a 
plurality of memory bit output lines; 

2. a ?rst signal converting means including a plurality 
of bit input lines, a plurality of character output 
lines, said bit input lines and said character output 
lines being arranged in a matrix circuit, and ?rst 
coupling means arranged between said bit input 
lines and said character output lines to respond to 
a binary signal impressed upon said bit input lines, 
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I termined one of said character output lines; 
. 3. means for applying said bit signal to the bit input 

' lines of said ?rst signal converting means; 
60 ‘ 4. a second signal converting means including a plu 

rality of character input lines respectively con 
’ ‘nected to said character output lines, a plurality of 
display drive output lines corresponding to said lu 
‘minous elements, and second coupling means. ar 
ranged between said chara'cter input lines and said 
drive output lines to respond to the character out-‘ 
put signal applied to said predetermined one of said 

: character input lines for producing a drive output 

65 

for producing a character output signal on a prede 
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signal on predetermined ones of said drive output 
lines; 

5. drive means for supplying said drive output signal 
on said predetermined ones of said drive output 
lines of said second signal converting means to said 
luminous elements of said display device; and 

6. blanking means for preventing the application of 
a drive output signal to any of said drive output 
lines of said second signal converting means in re 
sponse to receipt of a blanking signal. 

2. A display signal converting apparatus according to 
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12 
claim 1, wherein said blanking means includes a ?rst 
signal supply line coupled'to said character output lines 
of said ?rst signal converting means through third cou 
pling means. . 

3. A display signal converting apparatus according to 
claim 1, wherein said blanking means includes a second 
signal supply line coupled to said drive output lines of 
said second signal converting means through fourth 
coupling means. 

* * * s‘ * 


