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ABSTRACT 

Digital information may be stored as a charge on a 

capacitor if suitable switches are used on the input and 

output lines. Characteristics of neon glow lamps (ionized 

from an external radio frequency source) pertinent to appli 

cation in a capacitor store buffer memory were investigated 

The results of this investigation and application of the 

results to the construction of a 64 bit buffer memory are 

discussed. 

1 



INTRODUCTION 

The memory described in this paper was developed to 

fill a need for a buffer memory to be used with other in¬ 

strumentation on research projects at The Rice University. 

Individuals in various departments wish to use the Rice 

University Computer to analyze data taken in their experi¬ 

ments. It is most convenient to record this data (in the 

proper format) on magnetic tape at a slow speed and then 

play this tape back at high speed when processing the data. 

The memory and associated gating circuitry described are 

intended to act as a buffer, accepting digital data in par¬ 

allel form (64 bits at a time) and releasing this informa¬ 

tion in parallel-serial form (8 bits at a time). Such a 

memory can be a volatile memory, i.e. one in which the 

information will disappear if it is not periodically re¬ 

gene ra ted. 

The problem as originally stated was to develop a 

capacitor store buffer memory utilizing externally ionized 

neon glow lamps as gates. 

A typical memory cell is shown schematically in 

Figure 1. Basically, the cycle of operation is as follows: 

1) Capacitor C^ is charged through R^ to some voltage 

V 
2) Lamp 1 is then ionized, allowing some of the charge 

on C^ to be transferred to C^ . 
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3) After the voltages on and are equal, the 

excitation on Lamp 1 is removed and Lamp 1 

deionizes. 

4) At some later time, Lamp 2 is ionized which dis¬ 

charges through the load. C_ is an r-f by- 
2 3 

pass capacitor. 

5) The excitation on Lamp 2 is then removed and the 

cycle is ready to start again. 

Step 2 is the load part of the cycle and step 4 is the read 

out part of the cycle. 

Since the magnetic tape tape transport runs at a con¬ 

stant speed, the read-out repetition rate must be constant 

if a uniform packing density is to be achieved. Since the 

read-out rate is fixed, the memory must be loaded somewhere 

between reading out the last 8 bits and the first 8 bits 

of the word. A read-out repetition rate of 8 bits at 6.25 

msec, intervals was chosen so that the input data could be 

sampled 20 times per second. Since loading must be done 

between two successive reads, the maximum time for loading 

and reading would then be 3*12 msec. It was felt that the 

time actually involved in reading and loading should be no 

more than 3^0|dsec* so as to provide flexibility in future 

a pplica tions. 

Other considerations involved in the design of a 

memory for an application such as outlined above are low 

overall cost; reliability, long life, low power consumption 
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and simplicity of application to a variety of instrumenta¬ 

tion systems. In addition to the challenge of the simul¬ 

taneous application of these factors in the design of a 

memory, it was felt that investigation of the character¬ 

istics of neon glow lamps when operated as switches ener¬ 

gized from an external r-f source would be of interest. 

Although the memory as described was designed for a 

specific application, it can- be used with little or no 

modification on a variety of other projects, provided 

certain restrictions with respect to source voltage, im¬ 

pedance, and operating times are met. Details of use of 

this memory with a general system are covered in the sec¬ 

tion on application. 
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CHARACTERISTICS OF NEON GLOW LAMPS 

It is well known that the gas in a neon glow lamp will 

ionize when placed in a strong alternating electric field^. 

One reference to operation of a glow lamp as a switch re¬ 

corded in the literature pertains to a gating type glow 

lamp developed by Bell Telephone Laboratories. In this 

case; the special lamp was ionized with a pulse superim¬ 

posed on an electrical signal corresponding to a telephone 

message. This electrical signal was coupled into and out 

2 
of the gas tube circuit with transformers . 

H.J. Geisler of IBM reported the use of r-f bursts 

to actuate a gas tube switch in 1952. In this application, 

a burst of r-f energy was capacitively coupled into a spe¬ 

cial gas tube so as to ionize the gas. A pulse was then 

coupled through the tube so as to ignite another gas lamp 

which served as a memory element . Operating conditions 

in this application were so far removed from conditions 

existing in the proposed application that the only concrete 

information available from this paper indicated that a gas 

lamp could probably be satisfactorily used as a switch. 

It was felt that the following information would be 

necessary to make an intelligent choice of operating point 

in the intended application: 

1) Direct voltage generated across lamp vs. frequency 

and amplitude of drive. 

^Numbers refer to numbered entries in bibliography. 
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2) Minimum excitation voltage for ionization vs. 

frequency of drive. 

3) Ionization time vs. frequency and amplitude of 

drive. 

4) Deionization time vs. frequency and amplitude of 

drive. 

5) Impedance of ionized lamp vs. frequency and ampli¬ 

tude of drive. 

All of these characteristics were measured under physical 

conditions and in circuits that approximated as closely as 

possible the conditions and circuits that would exist in 

the final application. Since the characteristics of the 

NE2 glow lamp vary widely from one lamp to another, all 

data were taken on 3 lamps selected at random. Detailed 

test conditions for each of the tests listed above are 

given in the discussion of that particular test. 

It should be noted that although the determination of 

lamp characteristics and the design of the individual mem¬ 

ory cell, oscillators, and gating circuitry are discussed 

separately, all of this work was of necessity carried on 

simultaneously. For example, an adequate but not necessar¬ 

ily well designed oscillator is necessary to make various 

measurements on the lamp at various amplitudes and frequen¬ 

cies of drive. 

The measurement of the direct voltage generated 

across the lamp was measured with the lamp in the circuit 

shown in Figure 2. The lamp itself was wrapped in aluminum 

7 
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foil which was connected to the anode of an r-f oscillator 

tube. The direct voltage was measured with an RCA Senior 

Voltohmyst and the amplitude of the excitation voltage was 

measured using a Tektronix Type 545 oscilloscope. All 

excitation voltages are given as peak to peak voltages 

since this was the most convenient way to measure them on 

the oscilloscope. The amplitude of the generated direct 

voltage was observed to be a function of the magnitude of 

capacitor C in Figure 2. Direct voltage is plotted vs. 

magnitude of capacitor C for 3 frequencies and 3 lamps at 

a constant excitation voltage of 3OO v peak to peak (see 

Figure 3). Direct voltage is plotted vs. excitation voltage 

for 3 frequencies and 3 lamps, with capacitor C held con¬ 

stant at .001(if (see Figure 4). 

From these curves it jis possible to select a tentative 

operating point where the excitation voltage is greater 

than 200 volts peak to peak and C is greater than 3OO pf. 

Therefore, a tentative operating point of 3OO volts peak 

to peak and C = .OOljaf. was chosen. 

The generation of the direct voltage is apparently 

caused by the lack of symmetry in the placement of the lamp 

electrodes. Polarity of the voltage is reversed when con¬ 

nections to the lamp are reversed. This voltage appears 

to have only nuisance value in the proposed application 

since this voltage could be confused with the digital 
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signal. Therefore, the operating point was chosen so as 

to minimize this effect. Investigation of the cause of the 

generation of this voltage was not considered pertinent to 

the proposed application and no further work was done. 

The minimum excitation voltage for ionization was 

found to vary between 180 and 220 volts peak to peak for 

a number of different lamps. This ionization voltage is 

independent of frequency in the frequency range considered 

(1 me to 20 me). 

Both ionization and deionization times appear to be 

independent of frequency over the frequency range consider¬ 

ed. Ionization times were inferred from observed loading 

effects on the oscillator. Ionization time vs. drive am¬ 

plitude is plotted in Figure 5. The loading effect on the 

oscillator is shown in Figure 9A. Note that an ionization 

time of 10|j,sec. or less can be readily achieved with a 

reasonable drive. 

Deionization time is also quite dependent on drive 

amplitude. The time for complete deionization is in the 

neighborhood of 3OO |jsec. for a drive of 320 volts peak to 

peak. This time was measured by observing the voltage on 

the storage capacitor when the input voltage to lamp 1 was 

changed from Ov to -lOv at the same time the r-f excitation 

was removed. The deionization time was taken to be the 

time elapsed between the time the r-f excitation was re¬ 

moved and the time the voltage on the storage capacitor 

12 
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stopped changing. The actual deionization time is not im¬ 

portant since the level to which the storage capacitor 

charges (when loading) does not change for at least 3 msec, 

after loading is initiated. The storage capacitor is com¬ 

pletely discharged when reading out. 

Impedance of the ionized lamp is dependent on drive 

amplitude and independent of frequency in the range con¬ 

sidered. The impedance of the ionized lamp was inferred 

from time constant measurements made on charging the stor¬ 

age capacitor through the neon. This method of measure¬ 

ment was chosen because the information gained was more 

closely related to the proposed application than would be 

a simple voltage-current relationship. Two sets of data 

were taken using storage capacitors of 0.01|jf and O.OOljaf. 

Since the impedances calculated from these data were essen¬ 

tially identical, the lamp impedance is a function of drive 

amplitude and is not a function of time. This method has 

an additional advantage in that nonlinearities in lamp 

impedance are averaged. The actual lamp impedance is of 

little importance in this application because the essential 

information is the time necessary to charge the storage 

capacitor. 

A sample calculation of lamp impedance is made in 

Appendix I. Unfortunately, assumptions made in this type 

of calculation break down when the lamp impedance is low. 

However, the time to charge and discharge the storage 

14 



capacitor to one half its final value is 2|asec. when the 

input signal has a rise time of .75|jsec., a fall time of 

1.5|j.sec., and the excitation voltage is 300v peak to peak. 

Assuming 0 rise and fall times; a 2000 ohm impedance is 

implied. Impedance as a function of drive is plotted in 

Figure 6. 

A check of all the factors discussed above was made on 

the final prototype with the following results: 

1) Direct voltage generated across 1 bulb picked at 

random - .15V. 

2) Minimum excitation voltage to ionize least sen- . 

sitive lamp (128 lamps picked at random) - 280Vp-p 

3) Ionization time - 10|jsec. 

4) Deionization time - approximately 400|asec. 

5) Time to charge storage capacitor to one half final 

value (indication of lamp impedance) - 20|jsec. 

from time oscillator is turned on. 

The above data were taken with an excitation voltage of 

380 volts peak to peak at a frequency of approximately lmc. 

15 
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INDIVIDUAL MEMORY CELLS AND OSCILLATORS 

The final form of the individual memory cell adopted 

is shown in Figure 1. Radio frequency energy is prevented 

from entering the input and output circuits by filters com¬ 

posed of R..C.. and Ln C__ . 
1 l 1 

The charge on the storage capacitor will remain in¬ 

definitely if there is no leakage path. In the practical 

case, there are several leakage paths, namely, through the 

storage capacitor itself, and surface leakage on the print¬ 

ed circuit board. The combined leakage resistance from 

all these paths for one storage cell picked at random is 

9 
6.7 x 10 ohms with an applied voltage of 10 volts. With 

such a leakage resistance, the time for the charge to be 

reduced to 90% of its original value would be 12.7 seconds; 

this time is well over the maximum storage time of 1/20 

of 1 second. 

Figure 7A shows the voltage on input capacitor C 

while the input signal is changing from 0V to -10V and 

-10V to 0V immediately after loading. This RC time con¬ 

stant of 0.1msec. indicates that the input should not be 

allowed to change for at least 0.5msec. before this in¬ 

formation is loaded into the memory. 

Figure 7B shows the voltage on inpyt capacitor 

and on the storage capacitor when 0’s (0V) and 1'3 (-10V) 

are alternately loaded into the storage capacitor. The 

17 



FIGURE 7A. 

Voltage on Input Capacitor 

C1 
Input signal changing 

from Ov to -lOv and 
-lOv to Ov immediately 
after loading. 
5v/cm lOOpsec/cm 

FIGURE 7 B. 

Voltage on Input Capacitor 
and on Storage Capac¬ 

itor 0 when Loading l's 
2 

and 0's Alternately. 

Trace 1: Signals separated 
Trace 2: Signals super¬ 

imposed . 
The slow discharge of C 

is through the scope probe. 
5v/cm lOmsec/cm 
Excitation voltage 380Vp-p 

SIGNALS ASSOCIATED WITH STORAGE CELL 

FIGURE 7 
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FIGURE 7C. 

Voltage on Input Capacitor 
and on Storage Capac¬ 

itor Cg Superimposed. 

Trace 1: Loading a 0 
Trace 2: Loading a 1 
5v/cm 100|asec/cm 

Excitation voltage 
3 80Vp-p 

FIGURE 7D. 

Signals Available at Input 

to Output Stage. 

Trace 1: Positive pulse: 
0 stored 3msec. Neg¬ 
ative pulse: 1 stored 
3mse c. 

Trace 2: Positive pulse: 
0 stored 47msec. Neg¬ 
ative pulse: 1 stored 
47msec. 

lv/cm 200|_isec/cm 
Excitation voltage 

3 80Vp-p 
(Oscillator gate pulse 
shown for reference only) 

FIGURE 7 (cont'd) 
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upper pair of waveforms shows the voltages on and 

separated. The lower pair of waveforms shows the two 

signals superimposed indicating that and do come to 

the same voltage. The slow discharge on is the result 

of leakage through the scope probe. 

Figure 7C shows (on an expanded time scale) loading 

of 0!s and l's into the storage capacitor. The top signal 

shows loading a 0 while the lower signal shows loading a 

1. 

Figure 7D shows the output signals available at the 

input of the output amplifier. The top trace shows the 

output signal for a stored 0 while the second trace shows 

the output for a stored 1. Traces 1 and 2 show outputs 

for information that was held for the shortest time 

(approx. 3msec. ) . Traces 3 and 4 also show outputs for a 

0 and 1 output; however, in this case, the information was 

held in the memory for the maximum time (47msec.). 

The oscillator shown schematically in Figure 8 was 

chosen because it possessed the following characteristics 

of operation: 

1) Its frequency is approximately Imc. 

2) Regulation is such that it can drive at least 16 

lamps without significant loading. 

3) It can be gated off and on with a relatively 

small voltage swing (20V). 

4) The average plate power dissipation of less than 

20 
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50 milliwatts (when driving 8 glow lamps) is 

within tube plate power rating of 4.2 watts. 

A vacuum tube oscillator rather than a transistor 

oscillator was chosen because of the high voltages nec¬ 

essary to ionize the glow 'lamps. Although a transistor 

oscillator with step-up transformer may be added at a 

later date, such an oscillator is not considered necess¬ 

ary at the present time. 

The Ferroxcube #203F250-104 Toroidal transformer Core 

was chosen so as to minimize core losses when operating at 

approximately lmc. Ferrites selected for lower frequency 

applications became excessively hot when operated contin¬ 

uously at lmc. The 104 material used in this core is re¬ 

commended by the manufacturer for application in the l-2mc. 

range. 

Figure 9A shows the oscillator plate waveform. Note 

the decrease in amplitude after approximately 10|isec. 

This drop is a result of the change in impedance when the 

neons ionize. The top trace in Figure 9B shows the oscil¬ 

lator gating signal at the collector of the transistor. 

The lower trace is the voltage on the grid of the oscillator. 

The photographs in Figure 9A and 9B were taken with a load 

of 8 neons on that particular oscillator. 
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FIGURE 9A. 

Oscillator Plate 
Wave fo rm 

Top Trace - 
lOOv/cm lOjasec/cm 

Bo t tom Trace - 
200v/cm 10|_isec/cm 

B+: 300v 

FIGURE 9B 

Oscillator Gating Signal 

Top Trace - Collector 
of gating transistor 
20v/cm 20[j.sec/cm 

Bottom Trace - Grid of 
oscillator 
50v/cm 20(_isec/cm 

SIGNALS ASSOCIATED WITH OSCILLATOR 

FIGURE 9 
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GATES AND CONTROL CIRCUITRY 

So far, only the basic elements of the system have 

been covered. The remaining problem is to tie these ele¬ 

ments together in such a way that the entire system will 

operate. It is the purpose of the gating and control 

circuitry to provide the various signals necessary for 

system operation. As stated before, the purpose of the 

buffer memory is to accept 64 bits at one time and then to 

release them 8 bits at a time in a fixed sequence at a 

fixed ra te. 

Basically, this section consists of a scaler with 

decoded outputs and one-shot multivibrators which drive the 

gating transistors. Figure 10 shows relative timing and 

idealized waveforms at various points in the control sec¬ 

tion. Figure 11 is a complete schematic of this section. 

Several points of operation in this section are 

worthy of notice. The first is that the scaler is ad¬ 

vanced on the trailing edge rather than the leading edge 

of the read gate signal. This allows the scaler and the 

input signals to the oscillator gates to settle for approx¬ 

imately 6msec. after the scaler is advanced. This is a 

very distinct advantage, in that coincidence requirements 

between scaler inputs and the read gate at the input to 

the oscillator gate transistor are essentially eliminated. 

With reference to the oscillator gate shown on Figure 11, 

the condition necessary for opening the oscillator gate 

24 
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is the simultaneous occurence of the read gate and a OV 

input on each of the 3 input resistors. Figure 12A shows 

the voltage at the junction marked JP throughout a complete 

memory cycle. The' top trace in Figure 12B shows the volt¬ 

age drop across the 510 ohm resistors when conditions for 

opening the gate are satisfied. Note that only the tran¬ 

sistor base current (neglecting stray capacitance) flows 

through this resistor. Consequently, the waveform associ¬ 

ated with this voltage drop is also the waveform of the 

base current. The lower trace in Figure 12B is the collec¬ 

tor waveform when conditions for opening the gate are sat¬ 

isfied. 

A 3 bit scaler with decoded outputs is used instead 

of an 8 bit ring counter so as to eliminate a large number 

of components. RTL (Resistor Transistor Logic) used on 

the inputs to the oscillator gates permits decoding with 

a few inexpensive components. A second advantage in using 

a 3 bit scaler rather than a ring counter is that it is . 

impossible for input conditions at more than one oscillator 

gate to be satisfied at one time. 

27 



FIGURE 12A. 

Signal at Input to Oscil¬ 
lator Gate over a Com¬ 
plete Memory Cycle. 

(Voltage at point marked 
P on Figure 11 at input 
to oscillator gate) 
5msec/cm 5v/cm 

FIGURE 12 B. 

Trace 1: Superposition of 
the voltage on the base 
of the oscillator gating 
transistor and the volt¬ 
age on the input end of 
the 510 ohm resistor. 
The difference in these 
signals is the voltage 
drop across the 510 ohm 
resistor. This signal 
is proportional to the 
base current, 
lv/cm 20|isec/cm, 

Trace 2: Collector voltage 
at the same time as Trace 
1. 20v/cm 20pisec/cm. 

SIGNALS ASSOCIATED WITH OSCILLATOR GATE 

FIGURE 12 
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OUTPUT STAGES 

The Rice Computer Magnetic Tape System uses the phase 

reversal type of magnetic recording. In this recording 

system, a 1 is recorded by saturating the magnetic tape in 

one direction at the beginning of the bit cell and then 

reversing the flux at the center of the cell. Similarly a 

0 is recorded by saturating the tape in the reverse direc¬ 

tion, i.e., reversed from the one state, and then comple¬ 

menting in the middle of the cell. This recording system 

has the playback advantage of always giving a signal when 

something is recorded. 

This type of recording is most easily accomplished by 

driving a center-tapped recording head with a flip-flop. 

The flip-flop is set to either a 1 or a 0 at the beginning 

of the bit cell and then complemented. 

Since the buffer memory is intended to be used with 

such a magnetic recording system, the output stages were 

designed to be set to either a 1 or a 0 by the signal from 

the memory itself. Provisions are made for complementing. 

The output stage is shown schematically in Figure I3. 

Since this flip-flop stage includes all the necessary 

functions for recording, the collectors may be directly 

coupled to the power stages which drive the recording head. 

Figure 7D shows the signals available at the input to 

the output stage. Figure 14A shows the output stage being 

29 
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20K 

100K 

OUTPUT STAGE 

FIGURE 13 
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set to a 1 and then complemented. Figure 14B shows the 

output stage being set to a 0 and then complemented. 

31 



FIGURE 14A. 

%mm§l iLl£jL*.£ihl*L^L*i£L *$m t 
v * -;,; \'/.J; ‘ / ■ 

_-«v Z~,' T 
Z'.) ' 

Output Stage Being Set to 
a 1 and Complemented 
Tw i c e . 

5v/cm lms e c/cm 

(Oscillator gate pulse 
shown for time reference 
on ly ) 

FIGURE 14B 

Output Stage Being Set to 
a 0 and Complemen ted 
Twice. 

5v/cm lmse c /cm 

(Oscillator gate pulse 
shown for time reference 
only) 

OUTPUT SIGNALS 

FIGURE 14. 
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CONSTRUCTION 

The complete memory is enclosed in one 12" by l7n by 3" 

and one 12n by 17" by 2" aluminum chassis. All storage 

capacitors, glow lamps, and filters are mounted on a single 

printed circuit board, sandwiched between the two chassis. 

One chassis serves as a mount for the printed circuit board, 

oscillators, control circuits, and output stages. The 

other chassis is a cover to complete the shielding. 

Figures 15A, 15B, 16A, 16B, 17A, 17B, 18A, and 18B 

show various parts of the complete buffer memory. 

All of the r-f circuits are completely shielded by 

enclosing them in the two chassis. Gating leads enter the 

enclosed space through a hole in the internal shield. Input 

and output lines enter the enclosed space through the space 

between the two chassis. Connections to input points are 

made directly to the printed circuit board. Connections to 

the output stages from the recording amplifiers are made to 

one terminal strip. Power supply and reference frequency 

inputs are made through a second terminal strip. 
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FRONT SIDE OF MEMORY PRINTED 

FIGURE 15A 

CIRCUIT BOARD 

BACK SIDE OF MEMORY PRINTED 

FIGURE 15B 

CIRCUIT BOARD 
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INSIDE OF OSCILLATOR CHASSIS 

FIGURE 16A 

BACK SIDE OF OSCILLATOR 

FIGURE 16B 

CHAS S IS 
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OSCILLATOR GATE CIRCUIT BOARD 

FIGURE 17A 

CIRCUIT BOARD FOR 2 SCALER STAGES 

FIGURE 17 B 

36 



OUTPUT STAGE CIRCUIT BOARD 

FIGURE 18A 

READ GATE AND LOAD GATE ONE SHOT CIRCUIT BOARD 

FIGURE 18B 
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APPLICATION CHARACTERISTICS 

Characteristics of the Rice University Computer limit 

the data word to 54 bits. In addition to these 54 bits 

it is also possible to record 2 tag bits and 7 check bits. 

The benefit derived from computing and recording the 7 

check bits in a data acquisition problem is doubtful, if 

the cost of such auxiliary equipment is considered. The 

use of the tag bits to identify data could be very useful 

in certain applications. 

Consequently, the buffer memory (in the most common 

application) would accept 56 data bits in parallel. The 

remaining 7 bits (being check bits) must be left open so 

that the computer can accept the tape. The stored infor¬ 

mation is then read out automatically in 8 groups of 8 

bits each, at a rate determined by the reference frequency 

supplied from the external equipment. The reference fre¬ 

quency must be 16 times the desired sampling frequency. 

A reference frequency of 16 times the sampling frequency 

was chosen so that the signal from the external equipment 

could be either pulses or an asymmetrical square wave. 

Details, such as power supply requirements, maximum sam¬ 

pling rate, minimum sampling rate, and input circuit re¬ 

quirements, are shown in Table I. 
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TABLE I 

APPLICATION CHARACTERISTICS 

INPUT CIRCUIT REQUIREMENTS 

Voltage : Ov for a 0 and -lOv for a 1 
Impedance: Less than 40K ohms 

OUTPUT SIGNALS AVAILABLE 

Voltage : Ov and -lOv from flip-flop (flip-flop 
complemented midway between successive 
settings) 

Impedance: 2K ohms 

MAX. SAMPLING RATE:* 68 samples/sec. (Ref. freq. = HOOcps) 

MIN. SAMPLING RATE:* 0.1 samples/sec. (Ref. freq. = 
1.6 eye le/sec.) 

MINIMUM HOLD TIME ON INPUT PRIOR TO LOADING: 0.5msec. 

POWER REQUIREMENTS 

+300v at 3•3ma 

+ lOv at 120ma 
- lOv at 115ma 
- 50v at 0.25ma 
6.3VAC at 4.5 amp 

or 
12.6VAC at 2.25 amp 

TOTAL POWER DISSIPATION 

with filaments: 31.7 watts 
without filaments: 3*36 watts 

CONTROL SIGNALS REQUIRED - 320cps reference frequency - 
lOVp-p signal with source impedance less than 20K 
(may be 320cps square wave or pulses at the rate of 
320 pps) . 

CONTROL SIGNALS SUPPLIED - Gate to allow data acquisition 
(synchronized with memory cycle) - Ov to -lOv gate 
lasting 47msec. (Complement also available). 

*320 cycle reference frequency varied to obtain this in¬ 
formation. Other characteristics will change if a differ¬ 
ent reference frequency is used. Circuits may be modified 
so other application characteristics will remain constant 
if another reference frequency is used. 
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EVALUATION 

The capacitor buffer memory has been built and tested. 

It will be installed with the Rice University Direct Dig¬ 

itizing Seismograph when the remainder of the associated 

equipment is completed. Test data (taken under marginal 

operating conditions) indicates that operation will be 

very reliable under normal operating conditions. Since 

the complete unit has not been in actual use as of May 1, 

1962, no actual life reliability data is available; how¬ 

ever, there is no reason to expect anything other than 

satisfactory long term operation, since all components 

are used well within the manufacturer’s ratings. 
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CONCLUSIONS 

The characteristics of the neon glow lamps observed 

in the course of this investigation indicated that such 

lamps could be used effectively as switches in building 

a digital memory. As a test of the practicality of such 

an application, a comple te 64 bit capacitor buffer memo ry 

was constructed for use in the Rice University Direct 

Digitizing Seismograph System. The buffer memory has been 

tested comple tely and is ready for insta11ation. 

This memory unit does satisfy the origina1 application 

requirements. It a Iso satisfies the requirements of being 

simple and utilizing a minimum number of inexpensive com¬ 

ponents. Component values a re not critica1. The entire 

prototype was built from s tanda rd stock items with the 

exception of the s pecia1 printed circuit board. No s pecia 1 

component selection was made. 

A possible future improvement is to replace the vacuum 

tube osci11ator with a transistor osci11ator using a step- 

up stransformer to get the required high voltage. 

Other future work might follow the line of develop¬ 

ing a specia1 glow lamp such as shown in Figure 19. The 

r-f ionizing voltage could be applied to two of the elec¬ 

trodes. The ionized gas be tween these two electrodes 

would then be able to conduct the digital information 

through the labeled information path. This type of lamp 
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would posslbly offer greater Isolation between the r-f 

and digital signals. 

FIGURE 19 
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APPENDIX I 

CALCULATION OF IONIZED LAMP IMPEDANCE 

The basic expression for voltage on a capacitor as a 

function of time in response to a step input is 

E = K(l-e"t/RC). 

Using this expression, it is possible to develop the 

following expression for time to charge to one half of the 

fina1 vo1ta ge . 

R = 
C. 708 

For a 0.00102|jf capacitor, time in |j,sec. and R in 

kilohms, this expression reduces to 

R = t x 1.26 

Although the Table 2 shows data taken for 1 lamp with 

various excitation voltages, similar data was taken for 3 

different lamps and two values of capacity. The values of 

R shown in Figure 6 are the result of reducing all these 

data. 

It should be noted that this method will give a 

fairly accurate indication of lamp impedance, if the input 

rise time is very much less than the capacitor voltage 

rise time. In the event that the input rise time is com¬ 

parable to the capacitor voltage rise time, the assumption 

inherent in the use of the first expression above breaks 

down . 

In any case, when the capacitor voltage rise time is 
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comparable to the input rise time (0.75(j.sec) , the lamp 

impedance is low enough to be entirely satisfactory in 

this application. 

TABLE II 

CALCULATION OF IONIZED NEON LAMP IMPEDANCE 

EXCITATION 1/2 TOTAL R 
VOLTAGE RISE TIME Kohma 
Vp-p |ds e c. 

320 1:4 1.8 
A 300 2.0 2.5 

280 2:7 3.4 
260 4.0 5.0 
240 7.0 8.0 
220 11.0 14.0 
200 16.0 20 
180 27.0 34 
160 50.0 63 
140 100 126 
120 500 63O 

R includes 100 ohms source impedance 

Ques tionable 
value (see 
discussion) 

Input Rise Time: 0.75|isec. 

R caleu la ted on basis of assumed 0 rise time. 
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