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[5 7] ABSTRACT 

A signal display circuit includes an analog to digital converter, 
a recirculating memory, a digital to analog converter, and a 
CRT display means. The memory and the display means are 
synchronized so that a bright spot representative of the infor 
mation contained in one location of the memory is produced 
on the display means for each shifting of information in the 
memory. New information replaces existing information in the 
memory at a rate less than the shifting rate of the memory so 
that the displayed signal appears to move across the viewing 
screen at a variable speed and with a constant brightness. 
When no newinformation is fed into the memory, the display 
means will continue to show the position of the signal as 
represented by the data stored in the memory. 

4 Claims, 5 Drawing Figures 
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PRECESSING ANALOG TRACE DISPLAY 
Subject matter disclosed but not claimed herein is disclosed 

and claimed in a copending Divisional application, Ser. No. 
l58,62l,?led on June 30,1971. 
The invention relates generally to the display of a signal and 

more speci?cally to the shifting of information laterally on the 
screen of a CRT while new information is being entered at one 
of the edges of the screen, or the “freezing” of repetitive or 
nonrepetitive signals on the screen for an inde?nite period of 
time. 

In many cathode ray tube oscilloscopes, the cathode ray or 
electron beam is de?ected in accordance with the information 
signal to be displayed. Periodic signals can be observed as 
standing images on the screen. Nonperiodic signals however 
'can only be observed for as .long a time as the persistance of 
the phosphor allows. After the energy of the electron beam is 
absorbed by the phosphor, and released in the form of light, 
the information contained in this energy is lost and is notnon 
mally recoverable, per se. In many ?elds of endeavor, it is 
desirable to employ a signal display system of the CRT type 
and yet include a means to continuously display nonrepetitive 
signals and retainthe information contained therein. An in 
road to this end has been established by John A. Baring in his 
copending application Ser. No. 25,882, ?led Apr. 6, 1970 
which has also been assigned to the present asignee. Baring 
proposes a new type of a CRT in order to solve this problem. 
That solution, however, includes the provision of a unique 
CRT which is not presently readily available. It is therefore 
desirable to provide a signal display system with a means to 
display nonrepetitive signals while using presently available 
components. 

It is an object of this invention to provide an improved 
signal display system with means to display nonrepetitive 
signals and retain the information represented thereby. 

It is another object of this invention to provide the signal 
display system as set forth using presently available com 
ponent parts to accomplish this retenative feature. 

It is still another object of this invention to provide an im 
proved display system as set forth which is relatively inexpen 
SlVe. . 

It is a further object of this invention to provide a signal dis 
play system which is digital in nature, thereby obtaining 
greater ?exibility and maximizing the compatability of the dis’ 
play system with computer systems. 

In accomplishing these and other objects, there has been 
provided, in accordance with the present invention, a signal 
display system which incorporates a unique conjunctive com 
bination of a CRT display means, an analog to digital conver 
sion means, a digital to analog conversion means, and a signal 
control means. In an examplary operation, an analog input 
signal is sampled, converted to digital form and entered into a 
recirculating memory. The digital information is recirculated 
in the memory at a much higher rate than that which the sam 
ples are entered into the memory. Blocks of information are 
read out of the memory at the memory recirculating frequen 
cy. These read-out blocks of information are converted back 
to the analog form and are then presented to a comparing 
means. A CRT circuit includes a high speed sweep signal 
means and a low speed sweep signal means. A Z-axis modula 
tion means is activated when the comparing means senses a 
substantial equality between the analog signal to be displayed 
and a reference signal related to the high speed sweep signal. 
By changing the relative synchronization of the sample input 
signal with the scope trigger signal, the display can be made to 
show a precessing image of the system input signal, or a sta 
tionary image of a time segment of the system input signal. 
A better understanding of the present invention may be had 

by reading the'following detailed description together with the 
associated drawings, in which: 

FIG. 1 is a schematic block diagram of the system according 
to the present invention. 

FIG. 2 is a schematic logic diagram of the analog to digital 
converter shown schematically in FIG. 1. 

FIG. 3 is a schematic logic diagram of the recirculating 
memory shown in FIG. 1. 
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2 
FIG. 4 is a schematic diagram of the digital to analog con 

verter shown in FIG. 1. - 

FIG. 5 is a schematic logic diagram of the control logic cir 
cuit shown in FIG. 1. 

In FIG. 1, the electron beam 1 is understood to be produced 
in the normal manner which is well known in the art, and 
therefore its associated circuitry is omitted to avoid uncessary 
complication. FIG. 1 shows an electron beam 1, a Z-axis 
modulation or beam intensity control grid 2, vertical de?ec 
tion plates 3, horizontal de?ection plates 4, and a display 
screen 5. An analog signal to be displayed is applied to an 
input terminal 10 of an analog to digital converter 11. The 
analog to digital converter 11 has six output leads which are 
directly connected to the recirculating memory means 13. The 
recirculating memory means 13, in turn, has six output ter 
minals which are directly connected to six input terminals of a 
digital to analog converter 14. A control logic circuit 12 sup 
plies two input control signals to the analog to digital con 
verter 11 and also supplies two input control signals to the 
recirculating memory 13. The digital to analog converter 14 
has one output terminal which is connected to one input of a 
two-input Compare gate 20. A Y axis sweep generator 21 sup 
plies the other input to the Compare gate 20, and also supplies 
a de?ection signal to the vertical de?ection plates 3 of a CRT. ' 
The single output lead of the comparator 20 is connected to 
the input of a write-level drive circuit 23. The write-level drive 
circuit 23 in conjunction with a Blank bias supply circuit 22 
supplies the Z-axis modulation signal to the beam intensity 
control grid 2. The control logic circuit 12 also supplies a 
scope trigger signal T2 to an X-axis sweep generator 24 which 
is connected to the horizontal de?ection plates 4. 

FIG. 2 shows the analog input signal applied to one input 
terminal 10 of a-comparator 30. The other input terminal of 
the comparator 30 is connected through a resistor 45 to the 
output circuit of a differential amplifier 33. The output ter 
minal of the comparator 30 is connected through a resistor 43 
to a common point connecting the cathode terminal of a 
Zener diode 31 and also one input terminal of a two input 
NAND gate 32. The anode terminal of the Zener diode 31 is 
connected to the control logic circuitry 12 as shown in FIG. I. 
The output terminal of the NAND gate 32 is connected to one 
input terminal of a ?ip-?op circuit 36 and also through a re 
sistor 44 to a common point connecting one input terminal of 
the ampli?er 33, the emitter terminal of a transistor 35, and 
one terminal of a capacitor 34. The other terminal of the 
capacitor 34 is connected to a common point connecting the 
output terminal of the ampli?er 33 and the collector terminal 
of the transistor 35. The second input terminal of the ampli?er 
33 is connected to ground. The base terminal of the transistor 
35 is connected through a resistor 36 to a reference voltage-V. 
The base of the transistor 35 is also connected through a re 
sistor 47 to a common point connecting a terminal of the con 
trol logic circuitry 12 shown in FIG. 1 and one input terminal 
of each of six ?ip-?op circuits 36-41. The output terminals of 
the ?ip-?op circuits 36-41 are connected to input terminals of 
the recirculating memory 13 as shown in FIG. 1. The output 
terminals of the ?rst ?ve ?ip-?op circuits 36-40 are also con 
nected to an input terminal of the next succeeding ?ip-?op 
circuit 37-41, respectively. * 

In FIG. 3, the recirculating memory 13 of FIG. 1 is shown in 
more detail. The recirculating memory 13 receives sii input 
signals 81-86 and two input timing signals T2 and T2, and 
passes six output signals Bl-B6 to the digital to analog con 
verter 14. An exemplary recirculating memory is shown com 
prising six stages. Each stage is made up of three NAND gates 
and one 512 bit shift register. A two input NAND gate 50 
receives the ?rst output signal S1 of the analog to digital con 
verter 11, and a timing signal T2, at its input te_rr_ninals. A two 
input NAND gate 51 receives a timing signal T2 and the ?rst 
stage output feedback signal Bl atits input terminals. The out 
put terminals of these NAND gates 50 and 51 are connected 
to the input terminals of a two input N AND gate 52. The out 
put terminal of gate 52 is connected to the input terminal of a 
shift register 70. The output terminal of the shift register 70 
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carries the output signal B1 of the ?rst stage to the digital to 
analog converter 14. The second stage of the recirculating 
memory receives the second output signal of the analog to 
digital converter S2, timing signals T2 and T2, and a fed-back 
shift register output signal B2, as its input signals. The second 
through the sixth stages are connected as the ?rst stage with 
similar components and similar con?gurations respectively. 
Each shift register 70-75 also includes two input terminals 
117 and 118 which carry two phases X and Y of a shift register 
clock signal. 

FIG. 4, shows a typical circuit which may be used as the 
digital to analog converter 14 of FIG. 1. Six input signals 
81-86 are received from the memory circuit 13 and a single 
output signal DIS is passed on to a comparator circuit 20. 
Input signal B1 is connected to ground through two resistors 
80 ad 91. Input signal B6 is connected to the output terminal 
DIS through a resistor 90. Five resistors 01, 03, 85, 07 and B9 
are connected in series between the common point connecting 
two resistors 80 and 91, and the point connecting another re 
sistor 90 and the output terminal DIS of the digital to analog 
converter 14. Input signal B2 is connected through a resistor 
82 to a point connecting the ?rst two serial resistors 01 and 
03. A point connecting the second serial resistor 83 and the 
third serial resistor 85, receives a third input signal B3 through 
a resistor 84. Input signal B4 is received through a resistor 86 
by a point connecting the third serial resistor 85 and the fourth 
serial resistor 87, and input signal B5 is connected through a 
resistor 88 to a point connecting the fourth serial resistor 117 
and the ?fth serial resistor 89. 
The control logic circuit 12 represented in FIG. 1, is shown 

in more detail in FIG. 5. In the present exemplary embodi 
ment, there is a 51.2 kHz. pulse generator 105. This is con 
nected to a two-phase shift register clock 104. The output ter 
minals of the two phase shift register clock 104 are connected 
to input terminals 117 and 118 of each of the six shift registers 
70 to 75. Another output terminal CK of the pulse generator 
105 is connected to the analog to digital converter 11 of FIG. 
1. The same output terminal is also connected through two in 
verters 106 and 107 to a nine stage counter 119 comprised of 
nine ?ip-?op circuits 108 through 116. The output signals 
from these flip-flop circuits 108 thrgigh 116 are designated as 
A through l when negated optputs A tllrough I also available. 
NAND gate 100 receives E, F, and G as input signals and 
NAND gate 101 receives input signals of H and I. The outputs 
of these NAND gates 100 and 101 act as inputs to a NOR gate 
102. The output of NOR gate 102 is connected to the input of 
an inverter 103, the output of which is designated as timing 
signal T1 and is applied to the analog to digital converter 11 as 
shown in FIG. 1. Two NAND gates 131 and 132 are con 
nected in a typical latch type circuit. A logic zero voltage level 
W0) is applied to either one input of the two input NAND 
gate 131 or one input of the other two input NAND gate 132, 
depending upon the position of switch 130. The connection to 
the gate 131 is designated as the “FREEZE” position and the 
connection from logic zero to the input of the second gate 132 
is designated as the “TRAVEL“ position of the switch 130. 
The other input to NAND gate 131 is connected to the output 
of NAND gate 132 and the other input of NAND gate 132 is 
connected to the output of the NAND gate 131. The output 
terminal of gate 132 is also connected to a common point con 
necting the input terminal of an inverter 133 and one input 
terminal ofa two input NAND gate 135. The output terminal 
of the inverter 133 is connected to one input of a NAND gate 
134. The signal A from the flip-flop 1_08 acts as the other input 
to NAND gate 134 while the signal A, also from flip-?op 100, 
acts as the other input signal to NAND gate 135. The output 
terminals of these two gates 134 and 135 are connected to the 
input terminals of a two input NAND gate 136. The output 
terminal of gate 136 is connnected, through an inverter circuit 
137 to one input ofa two input NOR gate 139. The other input 
of the NOR gate 139 is connected to the output of an eight 
input NAND gate 138. The input signals to the gate 138 are 
the signals B,C,D,E,F,G, H and I from the ?ip-?ops 1011 
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4 
through 116, respectively, of the counter. The output of the 
NOR gate 139 is designated as timing signal T2 and is applied 
to the memory circuit 13 as shown in FIG. 1. The output ter 
minal of the pulse generator 105 is also connected to the reset 
terminal of a ?ip-?op 120. The clock input terminal of the 
flip-flop 120 receives a clocking signal from the output ter 
minal of the inverter gate 106. One input terminal of this flip 
flop 120 is connected to the input of an inverter 121 and also 
to the output terminal of NOR gate 139. The other input ter 
minal of the ?ip-flop 120 is connected to the output _q_f_in 
verter 121 and this point which carries timing signal T2, is 
connected to the recirculating memory circuit of FIG. 1. 

In operation the system clock pulse generator 105 (FIG. 5) 
generates a square wave at a frequency of5 1.2 kHz. in the ex 
amplary embodiment. The two phase shift register clock 104 
supplies the shift registers 70 to 75 (FIG. 3) with two phases of 
clocking signals using the signal from the pulse generator 105 
as a base. The shift register clocking signals cause the informa 
tion in the shift register to shift to the next position while each 
system clock pulse is at a high logic level. As shown in FIG. 5, 
the clock signal from the pulse generator 105 passes through 
two inverter circuits 106 and 107 and is fed into a counting 
means comprised of nine ?ip-?ops 108-116. The output 
signals of these ?ip-flops are designed as A-I, respectively. 
This counter operates in a well known manner, counting in an 
ordinary binary mode to a maximum count capacity of 512. 
The timing signal T1 is generated by means of two NAND 
gates 100 and 101, a NOR gate 102 and an inverter 103. 
These gates are arranged so that the signal T1 goes low after 
the 384th clock pulse and remains low until the 400th clock 
pulse goes low, at which time T1 will return to the high logic 
level This sixteen count pules T1 occurs once per counter cy 
cle. One counter cycle in the cxamplary embodiment of the 
present invention elapses for every 512 clock pulse if the dis 
play system is in the “FREEZE” mode of operation, or every 
511 clock pulses if the display system is in the “TRAVEL" 
mode of operation. 
The circuit including the ampli?er 33, the comparator 34 

and the transistor 35, comprises a staircase signal generating 
circuit. When the timing signal Tl goes low, the transistor 35 
is rendered conductive, discharging the capacitor 34 
therethrough. T1 going low also resets the six ?ip-?ops 36-41 
of the analog to digital converter circuit. During the 16 counts 
that T1 is low, the capacitor 34 will not accumulate any 
charge and the six ?ip-?ops in the analog to digital converter 
will not accumulate any count. When T1 goes high again after 
a count of 400, the ?ip-flops 36-41 in the counter are enabled 
and the transistor 35 is disabled The disabled transistor 35 al— 
lows the capacitor 34 to again accumulate charge. The charge 
on the capacitor 34 reaches its full scale value in 64 counts 
and therefore a complete sampled word will appear at the out 
put of the analog to digital converter no later than the count 
464 of each 511 or 512 count cycle. The output of the com~ 
parator 30 is normally at a high logic level and therefore clock 
pulses are gated through NAND gate 32 and begin to accumu 
late in the six flip-flop circuits 31. These gated clock pulses 
are also received and accumulated in the form of a staircase 
voltage waveform by the coordinated action of the ampli?er 
33 and the capacitor 34. This circuit provides a staircase 
waveform at one input of comparator circuit 30. When the 
staircase voltage is substantially equal in value to the value of 
the analog input signal, the output signal of the comparator 
circuit 30 goes low. When the output of the comparator cir 
cuit 30 goes low, the NAND gate 32 is disabled and clock pul 
ses are no longer passed. From this instant in time until the 
next going low timing signal T1 is received, the sampled 
analog input remains in the ?ip-?ops 36-41 in digital form. 
The staircase circuit reaches full scale in 64 counts and there 
fore a complete sampled word will appear at the output of the 
analog to digital converter no later than count 464 of each cy 
cle. In the examplary embodiment, since the clock pulse 
frequency is 51.2 kHz. and T1 goes low only once per every 
512 clock pulses, the analog input signal is sampled at a rate of 
100 samples per second. 
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Timing signal T2 and timing signal T2 orginate in the con 
trol logic circuits shown in FIG. 5. NAND gate 138 has input 
signals of B to l inclusive.This gate will yield a low level pulse 
when all of it input signals are at a high logic level. Therefore 
gate 138 will yield a low level pulse to NOR gate 139 when 
ever a count of 510 is sensed. Gate 139 further conditions this 
signal so that timing signal T2 will occur either on count 5 II 
or on count 512. This is determined by the position of the 
mode switch 130. Whenever the switch 130 is in the “ 
TRAVEL” position a low level pulse if generated at the output 
of inverter 137 which is in phase with the first base signal A. 
The base signal A goes to a high logic level on the trailing edge 
of the odd-numbered clock pulses and returns to the low level 
on the trailing edge of the even-numbered clock pulses. 
Therefore after a count of 510 has been sensed, a low level 
signal appears at one input of gate 139 from gate 138, if switch 
130 is in the “TRAVEU’ position, a low level pulse will ap 
pear at the other input of gate 139 after the trailing edge of 
clock pulse 510 but will go high again at the trailing edge of 
clockpulse 51 l. The combination of these two low level pulses 
at the inputs of gate 139 will yield a high level pulse at the out 
put of NOR gate 139. This output signal is designated as T2. 
T2 will normally be low, but will go high on the trailing edge of 
clock pulse 510 and return to the low logic level on the trailing 
edge of clock pulse 511 when the switch 130 is in the “-. 
TRAVEL” position. If the switch 130 is in the “FREEZE” 
position, there will be a low'level signal at the output of in 
verter 137 whenever signal A goes high. Therefore after a 
count of 510 is detected by gate 138, a low level signal is 
established at the output gate 138. If the switch 130 is in the “ 
FREEZE“ position, the output signal from gate 137 will go 
low whenever A goes high. When the output of gate 137 and 
the output of gate 138 are both low, the output of gate 139, 
T2, will be high. In the “FREEZE” mode ofoperation, this oc 
curs at the trailing edge ofclock pulse 51 l and T2 will go back 
to the low logic level with the trailing edge of clock pulse 512. 
Timing signal T2 will therefore be a positive going pulse which 
occurs once per cycle at the trailing edge of clockpulse 510 or 
at the trailing edge of clockpulse 511 depending upon the 
position of the mode switch 130. Timing signal T2 is applied as 
an input signal to the invgréter 121, the output of which is 
designated as timing signal T2. The ?ip-?op circuit 120 acts to 
reset the ?ip-?ops 108-116 which comprise the counter for 
the base signals A to I. This flip-?op 120 synchronizes the 
mode operation, determined by the mode switch 130, with the 
clock signal counter. When the mode switch 130 is in the “ 
TRAVEL" position the counter will count to 511 and reset, 
and when the mode switch 130 is in the “FREEZE” position 
the counter resets after counting 512 pulses. 
The recirculating memory 13 (FIG. I) is shown in greater 

detail in FIG. 3. Each of the six stages of the recirculating 
memory 13 can be considered a having a gating section and a 
memory section. For example, the ?rst stage receiving the 
digital S1 is made up of a gating section comprised of three 
NAN D gates 50, 51, an 52 and a memory section comprised of 
a shift register 70. Functionally, the gating section can be 
viewed as to AND gates feeding an OR gate. While the timing 
signal T2 is high, the sample bit S1 will be passed through a 
sample gate 50 and an enter gate 52_t_c_> be received by the shift 
register 70. While the timing signal T2 is high the shift register 
output signal Bl will be passed through the feedback gate 51 
and through the enter gate 52 to be received by position I of 
the shift register 70. It should be noted here that the shift re 
gister 70 is shifting at a rate substantially equal to the clock 
frequency which is 51.2 kHz. in this example The sampled 
values 81- S6 are presented to the recirculating memory at a 
substantially lower frequency. The rate of presentation of 
sampled values is either 1 in every 511 clock pulses, or I in 
every 512 clock pulses depending on whether the mode switch 
130 is in the “TRAVEL” position or in the “FREEZE" posi 
tion. Timing signal-'17 is normally at the high logic level. While 
timing signal T2 is at the high logic level, the feedback gates 
are enabled and feedback signals are allowed to pass from 
position 512 of the shift register to position 1 of the shift re 
gister. 
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A digital sample will appear at the output terminals of the 

analog to digital converter between the counts of 400 and 464 
during each 512 or 51 I count cycle. In the shift register, infor 
mation is shifted from one position to the next during each 
clock pulse. In an examplary operation, digital samples A, B, 
and C, are entered into the shift registers 70-75. A, B, and C, 
represent digital words. Digital word A is comprised of a 
digital bits A1-A6. Digital bits A1, B1 and C 1, will be entered 
into shift register 70. Digital bits A6, B6 and C6 will be en 
tered into shift register 75. At the beginning of a new cycle, 
the counter 119 begins to count and after counting to 464 a 
sampled word A as represented by sampled bits Al-A6 ap 
pears at the input terminals of the recirculating memory 13. In 
the “TRAVEL" mode, after a countof 5 10 has been sensed, 
timing signal T2 goes high. When T2 goes high sampled bits 
Al-A6 pass the respective sample gates of each stage and are 
presented to the corresponding or associated shift registers 
70-75 respectively. While T2 is high and during the next clock 
pulse 511, a shift signal is received by the shift registers and 
digital bits Al-A6 are entered into position 1 of each shift re 
gister 70-75, respectively. T2 then goes low causing the elec 
tron beam to begin a new sweep of the display screen. When 
T2 goes low, the reset ?ip-flop 120 changes states and causes 
the counter to reset and begin to count clock pulses again 
from 0. After 510 more clock pulses have been counted, sam 
pled bits A1-A6 are in the 511th position of their respective 
shift registers. At this time, timing signal T2 goes high., T2 
going high allows the next sampled word B as represented by 
sampled bits Bl-B6 to pass their respective sample gates and 
be presented to the input terminals of the shift registers 70-75. 
While T2 is high and during the next clock clock pulse which 
is the 51 1th clock pulse, the shift registers receive a shift signal 
and the newly sampled bits B1-B6 are entered into position I 
of the respective shift registers while the ?rst sampled bits 
Al-A6 are passed from position 511 to position 512 of the 
shift register 70-75. T2 then goes low thereby causing the 
electron beam to begin a new sweep. The counter is again 
reset and begins to count from 0. The first bright spot 
produced on the display screen by the electron beam will be 
representative of the analog equivalent of the digital word A 
made up of digital bits Al-A6. After 510 more clock pulses 
have been counted, timing signal T2 again goes high thereby 
enabling the sampled gates to enter the newly sampled word C 
as represented by sample bits C1-C6. While T2 is high and 
during the next clock pulse 51 l, a shift signal is received and 
the sampled bits C1-C6 are allowed to enter into position one 
of their respective shift registers 70-75. At the same time, 
previously sampled bits 81-36 are entered into position 512 
and bits Al-A6 are entered into position 511 of their respec 
tive shift registers 70-75. T2 now goes low, which causes the 
electron beam to begin a new scan of the display screen. Since 
sampled bits Bl through B6 are now present in position 512 of 
their respective shift registers 70-75, their analog equivalent 
value will be represented by the first bright spot produced on 
the display. Upon the next shift signal sample bits C1-C6 are 
transferred to position 2 of their respective shift registers 
70-75. At this time sample bits Bll-B6 are shifted into position 
1 and sampled bits Al-A6 are shifted into position 512 of the 
shift registers 70-75. Since samples Al-A6 are now in posi 
tion 512, their equivalent analog value will be next presented 
on the display screen adjacent to the analog equivalent of sam 
pled bits B1-B6. In the “TRAVEL” mode, this process is re 
peated for every 511 clock pulses. Thus it is seen that in the 
travel mode, newly sampled information is always entered at 
one edge of the viewing screen while existing memory infor 
mation is made to shift laterally thereby creating the effect of 
a pen recorder on the face of a CRT. 

If an analog signal is being displayed in the above manner on 
the display screen, and the mode switch is changed to the “ 
FREEZE" mode, the displayed signals will remain stationary 
thereby providing the effect of stopping the analogical pen 
chart recorder. If for‘ example, sampled bits Al-A6 are in 
position 510 of their respective shift registers 70-75 when the 
“FREEZE” mode is initiated, the next shift pulse will shift 
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sampled bits All-A6 into position 5111. Since the mode switch 
130 is now in the “FREEZE" position, timing signal T2 will 
raise with the falling edge of pulse 51 l and will go low again 
with the falling edge of cloclt pulse 512. When T2 goes high 
the sample-enter gates are enabled and upon the next shift 
pulse, a new sample, for example Ell-B6 will be entered into 
position ll of the respective shift registers and the information 
contained in position 511, Al-A?, will be shifted into position 
512. Next the T2 signal will go to the low logic level. At this 
time, the X axis sweep signal is initiated and electron beam 
begins a new sweep across the display screen. The ?rst bright 
spot produced by the electron beam will be representative of 
the analog equivalent value of the digital word contained in 
position 512 of the shift registers 70‘75, which, in this exam 
pie, is the digital word A comprised of bits All-A6. In the “ 
FREEZE" mode, timing signal T2 will not rise again until 511 
more clock pulses have been counted. At that time the digital 
word A will have shifted 5i 1 times and will be in position 511 
again. During the time T2 is high, digital word A is shifted into 
position 512, and hen T2 goes low the electron beam is caused 
to begin a new sweep across the display screen and the ?rst 
bright spot produced is representative of the analog equivalent 
of the digital word A again. Therefore, in all succeeding cycles 
in the “FREEZE" mode of operation, the display of the digital 
information contained in the shift register will be 
synchronized with the shift register cycles so that at the 
beginning of each electron beam sweep of the display screen, 
the same digital word is present in position 512 and a stationa 
ry image representative of the information contained in the 
recirculating memory will be displayed on the viewing screen. 
The digital output signals of the recirculating memory 113 

are received by the digital to analog converter M, shown ele 
mentary in FIG. 4. In the examplary embodiment of the 
present invention, a logic ll signal is substantially equivalent to 
a potential of 5 volts and a logic 0 is substantially equivalent to 
a potential of 0 volts. The shift registers 70-75 provide low im 
pedance sources for the digital to analog converter input 
signals and therefore these low impedance sources can be 
treated practically as 0 impedance paths to ground. The re 
sistances of the resistors 80,82,84l,86,88 and 90 which are seri 
ally connected to the digital to analog converter input ter 
minals 81-86, respectively, and also the ground connection 
resistor 91 all have a value of twice that of the inter-input con 
necting resistors 81,83,85?7 and 89. In other words, if the 
value of the inter-input connecting resistors is taken to be R, 
the value of the resistors in series with the input terminals is 
2R. This con?guration yields a peculiar characteristic in that 
the impedance from any nodal point to ground is always R. 
The output signal DIS (the signal to be displayed) is taken 
from the junction between the ?nal two resistors 89 and 90 of 
the network. The signal representing the least signi?cant bit in 
any digital word being fed in is shown as BI, and, conversely, 
the signal representing the most signi?cant bit in any digital 
word being fed into the digital to analog converting circuit 14', 
at any one time is represented in FIG. 4 by B6. This circuit is 
well known in the art and no lengthy description of its opera 
tion is believed to be necessary. Suffice it to say that any logic 
1 input signal in the exemplary embodiment can be treated as 
a 5 volt voltage source connected from ground to the respec 
tive input terminals Bl through B6 A logic 0 input at any input 
terminal acts to connect the input terminals 81-86 to ground. 
By use of Thevenin’s equivalent circuits and Norton’s 
equivalent circuits, the network can be reduced down to one 
Thevenin‘s equivalent circuit from which the output signal can 
be ascertained. For example if a logic 1 appears at the least 
signi?cant bit terminal and the other input terminals are all 
carrying a logic 0 level, the output voltage at terminal DIS is 
equal to 5 volts divided by 26 or 5/64 of a volt. If a logic level 
of l is preset at the most signi?cant bit 186 and all the other 
input signals are at a logic 0 level the output voltage at ter 
minal DIS is equal to 5 volts divided by 21 or 5/2 ofa volt. Also 
if the two most signi?cant input bit terminals are carrying a 
logic I level and the others are carrying a logic 0 level the out 
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put voltage will be 5 volts divided by 21 plus 5 volts divided by 
22 or 5/2 of a volt plus 5/4 of a volt. Thus an analog output 
voltage from the digital to analog converter M is provided at 
all times and is representative of the digital input signals 
Bil-B6 which in turn reflect the binary information contained 
in position 512 of each shift register in the recirculating 
memory 13. 
A new word is passed from the recirculating memory 13 

(FIG. 1) to the digital analog converter 114 in the present ex 
ample at a rate of 51.2 kHz. Therefore a different analog value 
DIS will be put out of the digital to analog converter 14 at the 
same rate the Y axis sweep frequency which is the high speed 
axis in the examplary embodiment of the present invention, is 
substantially equal to the frequency of the control logic clock 
or 51.2 kHz. Therefore, by means of the comparator 20 and a 
write-level drive circuit 23 the electron beam ll of a CRT is in 
tensi?ed at one spot during each Y axis sweep of the screen. 
The position of this spot is controlled by the comparator 20 to 
that when the analog output signal DIS and the value of the Y 
axis sweep voltage are substantially equal, a signal will be 
passed to the write-level drive circuit 23 which will cause a 
pulse to be passed to the beam intensi?cation grid 2 thereby 
producing a bright spot on the display screen 5. At all other 
times, when the two input signals to the comparator 20 are not 
substantially equal, the Blank Bias Supply circuit 22 provides 
a voltage level to the beam intensi?cation grid 2 which is in~ 
sluf?cient to excite the target screen 5 to luminoscity. The X 
axis sweep circuit 24 is triggered by timing signal T2 to return 
to a reference position and begin its low speed scan of the dis 
play screen 5. Timing signal T2, as explained hereinbefore, is 
controlled so that in the “TRAVEL" mode of operation the 
spot representative of the newly sampled word from the 
analog to digital converter 11 always appears at one edge of 
the display screen 5 while previously existing bright spots are 
shifted laterally toward the opposite side of the screen from 
which the new sample is entered. Each shift distance is sub 
stantially equivalent to the horizontal distance moved by the 
electron beam 1 during one vertical sweep of the screen 5. 
Thus there has been provided a signal display system with 

the capability of propagating existing traces to one side of the 
viewing screen while introducing bright spots representative 
of presently occurring signal values at the other side of the 
screen, or stopping the moving display on command and 
refreshing the “FROZEN" display with every sweep of the 
electron beam thereafter using a unique combination of readi 
ly available component parts and at a minimal cost. 
The embodiments of the invention in which an exclusive 

property or privilege is claimed are de?ned as follows: 
1. A signal display system comprising: 
a cathode ray tube having a phosphor screen and means for 
forming a single scanning electron beam; 

means for generating a ?rst sweep signal to effect a sweep 
ing of said beam across the face of said tube in a ?rst 
direction at a relatively high ?rst scanning rate; 

means for generating a second sweep signal to effect the 
sweeping of said beam in a second direction substantially 
perpendicular to said ?rst direction and at a second 
scanning rate substantially lower than said ?st scanning 
rate; 

beam intensity control means for controlling the intensity 
level of said electron beam between a ?rst intensity level 
less than that necessary to excite said phosphor screen to 
luminoscity, and a second intensity level suf?cient to 
excite said phosphor screen to luminoscity; 

input signal means; 
?rst conversion means for converting an input signal from 

said input signal means into digital samples at a predeter 
mined sampling rate; 

memory means operatively connected to said ?rst conver 
sion means for recirculating said digital samples; 

system control means operatively coupled to said ?rst con 
version means for introducing signals to said ?rst conver~ 
sion means determinative of said sampling rate; 
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said system control means being further coupled to said 
memory means for introducing thereto a signal deter 
minative of the rate of said recirculation, said recirculat 
ing rate being substantially greater than said sampling 
rate and substantially equal to said ?rst scanning rate; 

said system control means being also coupled to said second 
sweep signal means for introducing thereto a signal deter 
minative of the initiation of successive sweeps of said 
second sweep signal; 

second conversion means responsive to said memory means 
and operative to effect conversion of said digital samples 
to a corresponding analog output signal, said last men 
tioned conversion occurring at a rate substantially equal 
to said recirculation rate; 

‘comparator means operatively connected to said second 
conversion means and said?rst sweep signal means to 
produce a comparator output signal representative of a 
comparative equivalence of said analog output signal and 
a reference signal which varies directly with said ?rst 
sweep signal and means for applying said comparator out 
put signal to said beam intensity control means whereby 
to shift said beam intensity from said ?rst level to said 
second level. 

2. The invention as set forth in claim 1 wherein said system 
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10 
control means further includes: 

first signal generating means operative to produce system ' 
reference signals; 

switching means; 
second signal generating means responsive to said switching 
means and said reference signals, to produce system tim 
ing signals, and means including said memory means 
responsive to said system timing signals for determining 
between a ?rst and a second mode of operation of said 
display system. 

3. The invention as set forth in claim 2 wherein said second 
signal generating means comprises gating means responsive to 

. a ?rst condition of said switching means for establishing a first 
time phase relationship between said system timing signals and 
said system reference signals whereby to effect a precessing 
display of said input signals. 

4. The invention as set forth in'claim 3 wherein said second 
signal generating means includes further gating means respon 
sive to a second condition of said switching means for 
establishing a second time-phase relationship between said 
system timing signals and said system reference signals 
whereby to effect a continuously refreshed stationary display 
of a portion of said input signals. 


