2,943,237

N. W. BELL
MULTI-ELECTRODE TUBE CIRCUIT

Jlme 28, 1960

5 Sheets-Sheet 1

Filed Feb. 27, 1956

Nw/o.ll_|, 21N2812 pu_. M
TYNIWG L 4 ONIT1dN0D Saq
NOWWOO S %+
S
&/ N
= 921  wnow N FENL mm /M
YIISNV.L JAOHLIFTI~ILINW b AR
= mw g\
14X ==
: W\ T ) %\ t790ns .
= & IMOS N
{4 == .y & m
6
AN Jl =
92- B b ~ 82
V4 T
T s : : "
[
LPHINTO _ -AANAA- =
m.wv sina| | L H W T .
| m N/ < o
£
oA ] |
loed = | <
Y 5
o INNNRRNERNREERRENNSRNAREENREE
) & Vs 9 [ r 4 4 4 [
. | [ ] I
e’ er” o~/ _.mlmwfl - "
| IS T
I k&”&%\«o ||l_| [ N ..0 \h\
QN\\\_ bm.\‘ aILVINoIY “

-_—F

. ATTORNEYS



2,943,237

N. W. BELL
MULTI-ELECTRODE TUBE CIRCUIT

June 28, 1960

BY

Chricti., Pordon o Hal
ATTORNEYS

= T T T~ 25| LINJYID NOS/ISVINOI
o % | Zinowro 57 o3
- &34/ TIWY _ =
8 N _ SOLISVINOD | =2
@ | pe ! _ S
2 N zs70mv I z2
3 _ LNIYIND o
& 12341 | %
o gp-—-1 i 95 | _ A ]
| YISNIS _ = =
| ALIYY T0d | H l_l =
|
05-, B8l ——— —— = -~ |~o09

A e — e R N

[ AV13G aw =

| INIL 99 U] e

| vl _ ’ )

| Fio | 22 =

| ‘ AV730 __ W =

! ouk n TS — | YWY .

__. . I Y

i a _ AL [

_ e 99 R VYV s

| &3/9r7amv 3141 TIMY] HOLVYINTO !
Q | 35 Id Ismd| S| | QJ>>>>\J
AL Al
Ny _r
7_n|||||||||Illnllllllllllilll_‘u\
o LINJY19 YT ISNVEL FTGY TIONINOD ot m J _m L_q J m J e r_..m Jud y
S
= _
: w
3
i O ATINS & IMO]
. &9/ INIYEND

aILV IN93Y

o

I



June 28, 1960

Filed Feb. 27, 1956

N. W. BELL
MULTI-ELECTRODE TUBE CIRCUIT

2,943,237

5 Sheets-Sheet 3

3. |8 Yo
Suk
353 03
2O 0I5,
533 e S
KG 33
3¢
o w881 3
™ N
el
o TiNIm) Y]] ©|N] ®]o %‘_ﬂ“
TL_:_.
o f 4%‘—*h
L
L,
[N = | I”
Ll
L]
-1 fe—r
L.
v (AL
H © |Iv
r———*"7 L
e
[ e
MR i
| N ' © I
Hea ooy .
530 1 d R
|°~ | ~f =‘ ""
f MII" f L @
Fe [ ;iw :
fl
L )
. |
"L L
Q
. ) Q
X U > NORTON W BELL
9 BY
W
Chriclee, Pardo e Yol

" ATTORNEYS



June 28, 1960

N. W. BELL
MULTI-ELECTRODE TUBE CIRCUIT

Filed Feb. 27, 1956

SUPPLY 7

3

POWER

Sy

2,943,237

5 Sheets~Sheet 4

-

S

CONTROLLABLE]
TRANSFER
CIRCUIT

MPBAR!SON

7
C/IRCUIT
905?

7 .8 "9 w
crecrer

[

s

4

aiaiulainiulainlulln

i

.2

/

nialalainiulalaln

Il

[/

FIG. &

.['F"E

’\/\/\/\f—{lll-

INVENTO
NORTON W, BELL

BY

Christa, Barkor ¢ Hele

_-ATTORNEYS



June 28, 1960 N. W. BELL

MULTI-ELECTRODE TUBE CIRCUIT

2,943,237

Filed Feb. 27, 1956 5 Sheets-Sheet 5

REGULATED
CURRENT
POWER SUPPLY

=]

F1G.6.

I

.|_o

dl

IH

CONTROLLABLE
TRANSFER
CIRCUIT

COMPARISON
CIRCUIT

~48

INVENTOR.
NORTON W BELL

BY

W%?’W&M

ATTORNEYS



| 2,943,237
Patented June 28, 1960

ice

2,943,237
- MULTI-ELECTROBE TUBE CIRCUIT
Norton W. Bell, Monrovia, Calif,, “assignor to Bell &
Howell Company, Chicago, 1., a corporation of Illi-
nois
Filed Feb. 27, 1956, Ser. No. 567,789
7 Claims. (Cl 315—84.6)

‘This invention relates to electrical circuits that employ

nmnlti-electrode tubes, and it has particular reference to

multi-electrode tube circuits that provide a reference
voltage which can be varied rapidly in accurate steps.
The invention is also concerned with improved analog-
to-digital conversion devices which incorporate such
multi-electrode tube circuits.

. For purposes of this disclosure, the term “multi-
eléctrode tube” refers to a tube having a common elec-
trode and a plurality of separate electrodes spaced proxi-
mate the common electrode, the tube being designed to
conduct electric current between the common electrode
and one of the separate electrodes at a time. The
Sylvania type 6476 is a typical example of a tube which
meets these requirements. It is a multiple cold-cathode
gas ‘discharge tube having ten separate cathodes spaced
radially around a common anode, with auxiliary elec-
trodes dispersed amorig the separate cathodes in the tube
for assisting in the transfer of the conductive condition
from one separate cathode to ancther. While the teach-
ings of 'this disclosure will apply to other types of multi-
electrode tubes as well, the Sylvania type 6476 seems
adequate to illustrate the invention so that the applica-
tion of the teachings of this disclosure to other types of
multi-electrode tubes will be apparent to those skilled ‘in
the ‘art.

The circuit of the invention provides a reference volt-
age ‘Wwhich can be varied rapidly in accurate steps. This
is accomplished by employing a multi-electrode tube of
the .general nature described, means coupled to the tube
for transferring the conductive condition in the tube
from dne separate electrode to another, and by employ-
ing circuit means coupled between the separate electrodes
of the tube and a common terminal, the circuit means
having different transmission characteristics between the
various separate electrodes and the terminal so that dif-
ferent voltage levels appear at the terminal in accordance
with transfers of the conductive condition from one sepa-
rate electrode to another. _

‘The conductive characteristics of a multi-electrode tube
will differ slightly from one separate electrode to another,
and will change with the age of the tube as well as
other factors. To prevent such variations in the conduc-
tive characteristics of the tube from affecting the accu-
racy of -the voltage levels provided at the common
terminal, ‘where high accuracy is required, means are
coupled. externally of the tube between the separate elec-

trodes -and the common electrode for regulating the volt-

age level on the conductive separate electrodés to
predetermined values. This may be accomplished by
employing a current regulating power supply in con-
junction with the tube. However, what is considered to
be a better way -of accomplishing - this ‘is by providing
means for causing the voltage level of each separate elec-
trode when it is in the conductive condition to be sub-
stantially independent ‘of variations in’' the “amoiirt of
current ‘being ‘conducted:through the separate: electrode.
Such means may comprise a plurality of diodes coupled
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to the separate electrodes, each diode having a reverse
breakdown region in which the voltage across the diode:
is' substantially fixed and independent of the amount of
current being conducted by the diode over a wide range
of current. For example, silicon junction diodes avail-
able from Texas Instruments, Incorporated, Dallas, Texas,
will work for this purpose. :

The multi-electrode tube circuit of the invention may
be used for a variety of purposes. For example, it may
be used to provide various voltage wave forms with high
precision; also it may be used as a high speed replace-
ment for various forms of stepping switch circunits and
the like. What is considered to be an excellent adapta-
tion of the multi-electrode tube circuit of the invention
is as an improved -analog-to-digital conversion device,

In general, the normal operation of an “analog-to-
digital converter is to provide a digital evaluation of an
analog function at successive intervals. The analog
function is usually in the form of a direct current voltage,
or it is readily reducible to this form. If this analog
voltage is plotted with respect to time, then it can be
seen that the analog-to-digital converter provides a digital
evaluation of the ordinate of the voltage curve at succes-
sive instants of time. Naturally, the more points on the
curve that the analog-to-digital converter is capable of
identifying per unit of time, the better the device is for
defining the exact variations in the analog functiom

The analog-to-digital converter of the invention has
the advantages of being relatively simple and inexpensive,
and of being capable of operating accurately at very
high speeds. These advantages are at least partly due
to the incorporation into the analog-to-digital converter
of the multi-electrode tube circuit of the invention. To
adapt the multi-electrode tube circuit as an analog-to-
digital converter, controllable means is coupled to the
multi-electrode tube for transferring the conductive con-
dition from one separate electrode to another, and com-
parison means is coupled to the common terminal for
comparing the voltage levels appearing thereon with an
analog voltage applied to the comparison means. The
comparison means is coupled to the controllable trans-
fer means for causing the transfer meéans to transfer the
conductive condition along the plurality of separate elec-
trodes of the tube until a voltage level is reached on the
common terminal which most nearly approximates the
voltage level of said analog voltage applied to the com-
parison means. ,

If the multi-electrode tube employed is a glow dis-
charge tube, then the digital value of analog voltage
may be visually determined by noticing the corresponding
separate. electrode of the tube upon which the glow dis-
charge is presently settled, iIf a different -form of digital
indication is required or preferred, a digital indicating
circuit may be coupled to the tube circuit for this purpose.

A more detailed discussion.of the various aspects of the
circuits of the invention is taken up with reference to
the drawings, in which:. ) o .

-Fig. 1 is a generalized schematic drawing of -the multi-
electrode tube circuit of the invention; S

Fig. .2 shows one embodiment of the apparatus - of

Fig.-1; : I
- Fig. 3 is ‘a ‘schematic’ drawing of an:‘analog-to-digital: -

converter which incorporates most of the apparatus - of
Fig. 2; . . -

"Fig. 4:is'a second embodiment of the apparatus of Fig.

" 1, adapted as an analog-to-digifal converter in accordance

7

o

with the teachings of Fig, 3; - o
* Fig. 5 is a third embodiment of the apparatus of Fig.
1, also adapted as an analog-to-digital converter in accord-
ance ‘with the teachings of Fig. 3; and R

Fig. 6 is a fourth embodiment of the apparatus of Fig.
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1, also adapted as an analog-to-digital converter in accord-
ance with the teachings of Fig. 3. i .
As previously stated, a  particular type of multi-
element tube has been chosen for purposes of illustrating

the invention, namely; the Sylvania type 6476 multiple:
This tube has a com-
fon electrode’ (anode) disposed centrally with a plu-
electrodes (cathodes) spaced radially.

cold. cathode :gas discharge tube.

rality: of separate ;
about the anode.. - Figs. 2-6 show this tube schematically.
It should be noted that while the actual configuration
of this tube is circular as described, the drawings are

simplified by showing the electrodes of the tube spread

out in linear fashion. . i

It can be seen in Fig. 2 that this tube has a plurality
of separate -cathodes 0-9 respectively, which are spaced
proximate to a common anode 10, all inside an envelope
12 - A plurality of auxiliary electrodes 13 (guide cath-
odes), are dispersed among the separate cathodes in.the
tube, these auxiliary electrodes being broken down into
a first group commonly coupled to a lead 34 and into a
second group commonly coupled to a lead 16. The tube
is. designed to conduct electric current as a glow dis-
charge between the common anode 10 and one of the
separate cathods 0-9 at a time. The purpose of the
auxiliary electrodes is ‘to facilitate the transfer of this
conductive condition from one separate cathode to
another. :

" As can be seen, two auxiliary electrodes, one from each
group, are disposed between each successive pair of sepa-
rate cathodes. The auxiliary electrodes operate as fol-
Tows: Assuming that a glow is present on cathode No. 2,
a negative pulse on the lead 14 will cause the glow to
move to the right onto the adjacent auxiliary electrode
which is one of the group of auxiliary electrodes con-
nected to the lead 14. At the end of this pulse, a nega-
tive pulse is applied to the lead 16 moving the glow to
the right and onto the next adjacent auxiliary electrode
which is a member of the group of auxiliary electrodes
connected -to the lead 16. Then, since the auxiliary
eléctrodes are normally biased above the separate cath-
odes, at the end of this second pulse the glow will go to
the right by itself and onto the adjacent separate cathode
No. 3. . The reason that the glow goes to cathode No. 3
instead of back to cathode No. 2 is because of the prefer-
ential influence of the jomization of ‘gas near cathode
No. 3. The glow will remain on cathode No. 2 until the
pulsing sequence is repeatéd. . Thus, to move the glow
to the right a negative pulse is first applied to lead 14,
then later in time a negative pulse is applied to lead 16.
Conversely, the glow may be transferred to the left by
applying a negative pulse to the lead 16 first, then later in
time applying a negative pulse to the lead 14. This will
transfer the conductive condition from cathode No. 2 to
cathode No. 1. )

Referring now to Fig. 1, a multi-electrode tube 18 is
energized by a power supply circuit 20. The multi-
electrode tube is coupled to a common terminal 22 by
a coupling circuit 24. A transfer circuit 26 is coupled
to the multi-electrode tube for causing the conductive con-
dition in the tube to be transferred from one separate
electrode to another. The coupling circuit 24 provides
different transmission characteristics between the various
electrodes of the tube and the terminal 22 so that differ-
ent voltage levels appear at the ‘terminal in accordance
with: transfers of -the conductive condition in the tube.
This will be more apparent from a consideration of a
particiilar embodiment of ‘the circuit which is shown in
Fig. 2. - - -

Referring now to Fig. 2, the separate cathodes 1-9 are
all:coupled to the common terminal 22 by a resistor net-
work -28.  Each separate cathode has a first resistor 30

coupling it directly to ground, with a second resistor 32-

coupling it to the common terminal 22. - The common
terminal 22 is coupled to ground by way of a summing
resistor 34. Cathode. No. 0 of the tube is coupled di-

2,048,287

rectly ‘to ground by a first resistor. ~However; it ‘is not
coupled to the common terminal 22 by a second resistor
and therefore a voltage value of 0-may be used as one of
the voltage levels to appear on.the terminal. A regu-
lated current power supply 36 and a Tesistor 38 are
coupled to the common anode 10 so that power is sup-
plied to the tube. A trigger circuit 40 has its two stages
coupled to the respective leads 14 and 16 for supplying

-

. the megative pulses to these leads. The trigger circuit

10

is driven by a pulse generator 42, and the resulting opera-,
tion is to transfer the conductive condition in the ‘tube:
along the plurality of separate cathodes 0-9 respectively
in continuous cycles. Actually the cathode No. 0 is

- disposed adjacent the cathode No. 9 as previously. ex-

—t
(13

plained, although it is not shown this way in the drawing.

In typical operation with this particular tube, the regu-
lated current power supply and the varicus resistors are
chosen so that the total anode current is about 0.5 X 10-3

. amperes. To achieve this operation the voltage from: the
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power supply 36 should range around 400 volts with the
anode resistor 38 having a value of approximately. 0.4
megohm and with the total resistance coupling each cath-
ode to ground being about 68,000 ohms. Under these:
conditions the nominal tube voltage drop is about -190
volts with the voltage developed across cathode to ground
being about 28 volts. .
" The object of the resistor network 28 is to’provide
different amounts of - transmission between the various
separate cathodes and the common terminal so that differ-
ent voltage levels appear at the common terminal in ac-
cordance with transfers of the conductive condition from:
one separate cathode to another.

Since each cathode has a first resistor 30 coupled to
it in parallel with a second resistor 32 and the summing

" resistor 34 (excepting cathode No. ¢), then we may"

choose the total equivalent series resistance of each of!
these combinations as 68,000 ohms. A 68,000 ohm first:
resistor can be coupled to the cathode No. 0, and a 1000:

_ohm -value may be used for the summing resistor 34..
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" Tn each of these parallel resistor combinations, the re-

sistance of the first resistor 39 and the second resistor 32,
can be chosen so that the total series Tesistance between.
cathode and ground remains constant for each cathode:
but the resistance between cathode and common termi-
nal differs. . S

- Accordingly, the resistance values may be chosen so
that the voltage levels appearing 'at the common terminal:
32 are 0, 0.05, 0.1, 0:15, 0.2, 0.25, 0.3, 0.35, 0.4 and
0.45 volt respectively going from cathode Nos. 0 to 9-in
order. = Of course, these voltage levels may be amplified,
if desired.

No doubt there are countless arrangements of resistors
W]Jich may be worked out according to the teachings of
Fig. 2 to accomplish the same purpose. However, the’
particular resistor network shown gives excellent results
and it is preferred because it maintains the total resist-
ance between each cathode and ground substantially.con-
stant, which results in the potential on each cathode in
the conductive condition being substantially the same pre-

et This is not a necessary con-
dition for operation of the tube but it does insure that
the tube is operated within certain limits. For éxample,
vyhen the potentials on different cathodes in the conduc-
tive state are allowed to be at different predetermined

. .values, one must be careful that the potential on any

cathode does not become so-positive as to exceed- the
potential on' -any of the auxiliary electrodes, because if
this should happen the glow settled on any particuldr
cathode might transfer off of this cathode of. its: own
accord.® - ) o ) S
In the resistor network: shown in Fig. 2, it should be
observed that each cathode is not strictly coupled to
ground by the ‘paralle]l resistor arrangement previously
described. . That is, in the parallel arm of the. resistor

. arrangement which includes the second resistor 32 and

the summing resistor 34, there is also-included in that
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‘sate -arm "a ‘parallel combination of ‘paths going back
-through all-the other second resistors and first resistors
-toground. -As previously stated, the value of the sum-
ming resistor 34 is relatively small compared with ‘the
value of the first and second resistors. Therefore, these
-added: circuit paths will have little effect upon the voltage
Jevels -appearing at the common terminal and upon the
-total resistance coupling each cathode to ground. These
‘extra circuit paths can be taken into consideration in the
‘design of the circuit, and by the conventional procedure
of solving simultaneous equations the circuit may be
-designed-substantialiy exact to include the effect of these
extra circnit paths to ground. Therefore, this is not
considered to be a disadvantage of the resistor. circuit
-shown 1in Fig. 2.

The power supply 36 is of the current regulating type.
This insures that the current conducted between the an-
ode-and any of the cathodes is always the same constant
amount and therefore, it insurés that any variations in
the-characteristics of the tube from one. cathode to an-
other and with the age of the tube will not affect.the
voltage levels produced. at the common terminal. Where
accurate voltage levels are desired this provision in the
multi-element tube circuit is valuable.

Referring now to Fig. 3, an improved analog-to-digital
converter is shown which incorporates the multi-electrode
tube circuit shown in Fig. 2 excepting for the transfer
circuit 26 thereof.

Thus, in-Fig. 3, a voltage level -wiil appear at the com-
mon -terminal 22 in- accordance with which one of the
cathodes of the multi-electrode tube is-in its conductive

<condition. ‘A comparison circuit 46 is coupled to the "

terminal -22 -for comparing the voltage level on .the
terminal with an analog voltage, the analog voltage being
applied-to the comparison means by way of an input cir-
cuit 48, -A ‘controllable transfer circnit 5¢ is coupled to
the respective leads 14 and 16 which run to-the auxiliary
electrodes of the tube, the transfer circuit being designed
to supply the necessary pulses to-the auxiliary - electrodes
for transferring the conductive condition in the tube.
"The.comparison - circuit is coupled to the transfer circuit
and, .in: accordance ‘with the details of each of ‘these it
cuits,’ the. comparison circuit causes the transfer circuit
Yo transfer the conductive condition: along ‘the plurality
of. cathodes in the. tube until a-reference voltage Tevel

is reached on the terminal 22 which most nearly -approxi- -

mates -the voltage level of the analog voltage applied to
the. comparison circuit. ‘The direction of transfer- along
the plurality-of cathodes is determined by the-comparison
means in accordance with- whether the present reference
voltage level on the terminal 22 is greaier or ‘less than
the present voltage level of the analog voltage. The
result is that with every small change in. the -analog volt-
age. (as determined by the design of the comparison cir-
cuit) the conductive condition in the tube will be trans-
ferred right or left to the cathode whose -associated
voltage output at -the terminal 22 most nearly approxi-
mates. the. new value assumed by the analog voltage.

It can be appreciated, that the tube shown-in Fig. 3
and other types of multi-electrode tubes can ‘be made to
operate at-extremely high speeds, so that the digital ‘evalu-
ation of the analog voltage as represented by the cathode
in' the conductive condition follows the variations in the
analog voltage closely, and is an accurate portrayal of
rapid variations in the analog voltage.
~In more detail, the comparison circuit 48 includes a
comparator amplifier circuit 52 -which is coupled to the
common terminal 22 and to the analog voltage input cir-
cuit 48. The comparator amplifier circuit is of ‘a con-
ventional nature. It amplifies and compares the reference
voltage levels with the analog voltage, and' provides an
output signal whose -magnitude is determined by the
scaled difference between these voltages -and whose po-
larity is determined by which of the scaled voltages -is
g@reater. The output of the comparator. amplifier circuit

10

15

20

25

30

35

40

45

‘is’ appliéd through a direct current ‘amplifier $4't6 4 “¢6n-

ventional “circuit ‘for sensing the polarity of the “signal
which may be called a polarity sensor 56. L
The polarity sensor 56 provides a ‘voltage on one of

‘two output leads 58, 64 in accordance with the pola'rit'y
“of“the comparator output. For example, & voltage 6n

the output lead 58 may be said to represent the condi-
tion when the analog voltage exceeds the reference volt-
age by a predetermined amount. The voltage on ‘the
lead-58 then is used to tell the controllable transfer cii-
cuit to transfer the conductive condition in the tube ‘to
the next adjacent cathode having a higher reference vol-
age output. »

Accordingly, the controllable transfer circuit includes
a ‘pulse generator 62 which is constantly attempting ‘to
supply pulses through each of a pair of gates 64, 66.
The pulse path after passing through the gate 64 divides
into two paths, one going directly through a pulse ampli-
fier 68 onto the lead 14, and the other going through a
time delay circuit 70 and through a different pulse ampli-
fier 72 to the lead 16. The pulse path leaving the gate
66 is connected up in the opposite manner. That is, this
path ‘divides into two paths, one going through a ‘timie
delay. circuit 74 and through the pulse amiplifier 68 to

‘the lead 14, dnd the other going directly through the pulse

amplifier 72 to the lead 16. The output leads 58, 60

from the polarity sensor are coupled to open the respec-

tive gates 64, 66 when a voltage is provided on the leads,
the lead 58 being coupled to gate 64 and the lead 60
being coupled to gate 66 for this purpose.

Thus, for example, when the analog voltage supplied
at the input circuit 48 exceeds the reference voltage by a
predetermined amount on the scaled comparison in ‘the
comparator amplifier circnit, the comparator amplifier
circuit provides an ‘cutput signal to the polarity sensor.
The polarity sensor senses the positive polarity and pro-
vides -a voltage on the lead 58 to open the gate 64. A
single pulse from the pulse generator 62 is then able to
get- through the gate 64. This pulse first appears as a
negative pulse on lead 14 through the pulse amplifier 68
and later ‘appears as a negative pulse on lead 16 through
the time ‘delay circuit 70 and pulse amplifier 72. This
sequence of negative pulses causes the conductive condi-
tion in the tube to-be transferred to the right onto the
next adjacent higher order cathode. It can be seen that
where  the analog voltage is - less by a predetermined

- amount than the reference voltage in accordance with ‘the
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scaled comparison, the gate 66 will be opened which will

everse the time sequence of appearance of the negative
pulses to the respective leads 14 and 16 causing the nega-
tive ‘'pulse to first appear on lead ‘16 which causes the
conductive c¢ondition in the tube to be transferred to’ the
left or from a higher to a lower order cathode “in" the
tube.

“As soon as this transfer to the new cathode is com-
pleted, the reférence voltage level changes and will more
nearly approximate the analog voltage. If equalization
is achieved at this instant, the output of the comparator
amplifier cireuit drops to 0 causing the gate which was
open to’ close. If, onthe. other hand, this first transfer
was not sufficient to bring about equality, then the new
voltage levél on the terminal 22 will st leave the com-
parator amplifier circuit with an output sufficient to keep
the polarity sensor energized, and the particular gate will
remain open allowing a second pulse from the pulse gen-
erator 62 to cause andther transfer of the conductive
condition in the tube in the same direction. Of course,
the pulse generator is synchronized so that it generates
pulses at-the proper ‘rate precluding the possibility of fwo
pulses getting through one of the gates or of no pulses
getting through as a result of a single comparison output
by the comparator amplifier circuit, ‘ '

‘It is a simplé ‘matter to arrange the comparator am-
plifier circuit so it has no output unless the scaled “dif-
ference -between the reference and analog ‘voltages ‘éx-
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-ceeds a predetermined amount. . That is, as long as the
.scaled reference voltage level is within a certain toler-
‘ance of being'equivalent to the analog input voltage,
.there is no. purpose in attempting to effect a transfer in
the tube.
ence voltages is ‘desired, then several circuits like that
‘shown in Fig. 2 can be coupled together in accordance
_with . conventional . practice so that one tube circuit
handles a units decade of reference voltages and other
_circuits handle a tens decade, thousands. decade, and so
forth.  The voltage levels-at the common terminal in
“each of these circuits could be the same, and the scale
on which they are compared with the analog voltage
could be-varied so that the-digital significance attached
‘to the valuations in each circuit would be of relative
‘value in the mentioned decimal order of 1:10:100, etc.
‘However, our concern here is with the more general
“aspect of describing one such circuit.

"~ Referring now to Fig. 4, a second embodiment of the
‘multi-electrode tube circuit of the invention is shown
adapted as an analog-to-digital conversion device. In
this embodiment of the invention there is no need for
a current regulating type power supply in the power sup-
ply circuit 20, and an ordinary direct current supply 76
is used. The comparison and controllable transfer cir-
cuits 46, 50 are hooked up the same as before.
~ In Fig. 4, a plurality of diodes 78 are used to couple
the cathode of the multi-electrode tube directly to ground.
The circuit of Fig. 4 is like the circuit of Figs. 2 and 3
except that these diodes replace the first resistors 30
thereof. Thus, a separate diode 78 couples each cathode
directly to ground with a parallel path including one of
the second resistors 32 and the summing resistor 34 also
coupling each cathode to ground (except for cathode No.
0 which is coupled dlrectly to ground by one first resistor
30 as before).

The diodes used are of the type having a reversed
breakdown region in which the voltage across the diodes
is substantially fixed and independent of the amount of
current being conducted by the diode over a wide range
of current. This causes the voltage level on each sepa-
rate cathode when it is in the conductive condition to
be substantially independent of variations in the amount
of current being conducted through the cathode. Silicon
junction diodes or Zener diodes are suitable for this pur-
pose. . These diodes are designed so that a predetermined

If larger variety and finer spacing of refer- .
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reverse voltage value will force the diode into the re- .

verse breakdown operation region, and the effect is that
it will conduct over a wide range of currents while main-
taining this predetermined voltage value. Thus, each
diode in effect amounis. to a voltage regulating device,
eliminating the need for a current regulating power
supply.

In accordance with the circuit of Fig. 4, the diodes
can be chosen so that they all have the same reverse
breakdown characteristics in order that the voltage level
- on any conducting cathode will be the same predeter-
mined value. Different reference voltage levels will
" then appear. at the common terminal 22 in accordance
with the value assigned to each of the second resistors
32 and to the summing resistor 34. The current drawn
off through any of the paths to the common terminal 22
will not affect the potential of any cathode. Of course,
it is possible to vary both the values of the second re-
sistors 32 and the breakdown potentials of the diodes
to achieve different reference voltage levels.

The digital value of the analog voltage may be visually
determined by noticing the corresponding separate cath-
ode of the tube upon which the glow discharge is pres-
ently settled. -If a different form of digital indication is
required or preferred, a digital indicating circuit may be
coupled to the tube circuit for this purpose. For ex-
ample, a separate electrical lead 80 may be coupled to
each -cathode, and the voltage levels on a plurality of
leads 82 so coupled will indicate which one of the sepa-
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.rate electrodes is” presently in its conductive condition

and thus the present digital value of the analog function.

.In-accordance with conventional practices, a suitable net-
-work may be used to couple these leads to some kind of

a printing mechanism or the like for recording a perma-

-nent digital record of the variations-in the analog voltage.
-On the other hand, it would be a conventional practice to

transfer'the information from these leads in coded form
into ' a computer arrangement or some other form of
data handling system. In any event, it is desirable that
these leads be hooked up so that they do not affect the
operating characteristics of the tube and so that the de-
sign of the analog-to-digital converter network is thereby
not unduly complicated.

Fig. 5 shows-a further embodiment of -the mvenuon
wherein only four diodes having the reverse breakdown
characteristic are needed, these being diodes 84, 86, 88
and 90. The other diodes shown in Fig. 5 are the ordi-
nary type diodes used for blocking purposes.

The circuit of Fig. 5 is arranged in accordance with
a 1—2—4—7 code and operates in the following man-
ner: When, for example, cathode No. 3 is conducting,
the current divides through blocking diodes 92 and 94.
The current through diode 92 further divides across sec-
ond resistor 32 and the silicon junction diode 84. The
current through diode 94 divides across another of the
second resistors 32’ and the silicon junction diode 86.
Either the reverse breakdown potentials of the diodes 84
and 86, or the values of the second resistors 32, are
chosen so that the current thereby developed through
summing resistor 34 is contributed to by one part through
resistor 32 and by two parts through resistor 32’, the
total current being representative of three parts. On the
other hand, when cathode No. 2 is conducting, the cur-
rent passes through diode 96, then divides across the
silicon junction diode 86 and the second resistor 32', the
current through the summing resistor 34 then being
equivalent to two parts.

Thus, when the cathode No. 2 is conducting, the volt-
age developed across the summing resistor 34 is two-
thirds of the voltage which is developed across the sum-
ming resistor 34 when cathode No. 3 is conducting. In
order to-keep the silicon junction diodes 84 and 86
properly within their reverse breakdown regions of ‘con-
duction, cathode No. 2 has a first resistor 30 coupling
it to ground and resistors 98 and 100 are coupled re-
spectively in series with silicon junction diodes 84 and
86. By choosing the values of the resistors 30, 98 and
100, the amounts of current conducted by the respective
diodes 84 and 86 will be properly within their reverse
breakdown regions when either the No. 2 or No. 3 cath-
ode is conducting. Otherwise, diode 84 would be con-
ducting a substantially lesser amount of current when
cathode No. 3 is conducting, than this same diode would
be conducting when cathode No. 2 is conducting.. The
explanation of the circuitry for the Nos. 2 and 3 cathodes
applies analogously to the rest of the circuit.

Thus, in Fig. 5 the various cathodes. of the multi-elec-
trode tube are hooked up to four silicon junction diodes
through a plurality of resistors and blocking diodes in
accordance with a 1--2-—4-—7 code, and substantially
the same operation is achieved with this circuit as was
achieved with the circuit shown in Fig. 4 with a savings
of five silicon junction diodes.

Referring now to Fig. 6, an embodiment of the in-
vention is shown wherein each of the cathodes 1-9 has
a first resistor 30, 30’, etc. coupling it directly to ground.
The values of the resistors 30, 30’, etc. may all be the
same 5o that in conjunction with the regulated current
power supply the voltage on any cathode in. the con-
ductive condition is always the same. As before stated,
this is not a necessary condition and in some cases it may
not even be desirable, for by varying the value of the
resistors 30, 30°, etc. in Fig: 6, or by doing the same
thing to the analogous components in the other figures;
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-namely the silicon:junction diodes:84, .86, :88:and :90 in
Fig, 5;ror thessilicon junction diodes~78:in Fig, 4, or.the

~various first fesistors:30 in Fig:2; a-wider: range. of :ref-
erence voltage is afforded at the common terminali=22.

- Theessential-fedture-of Fig::6:is to:show that it is - not -

At all impossible: to obtain: different :voltage levels.at the
:common:terminal.22-without. providing:different amounts
«of resistance: coupled: between :the various .cathodes and
;the .common terminal. -Accordingly, in Fig..'6,. separate
:amplifiers' 102,:102’; etc. -are .coupled ‘across the. respec-
-tive separate- first resistors :30,230’, etc. and the -ampli-
fication of these amplifiers may then be set so that:with-
-out drawing :any appreciable current from the. tube cir-
.cuitthey :provide. different. voltage levels at the common
iterminal®22 .in accordance:with ‘the transfers of the- con-
-ductive condition in:the ‘tube. ‘Otherwise ‘the :circuit .of
Fig. 6 has been previously explained in. cotijunction with
the other figures. )

It is to‘be.noted-that'there -are many possible circuits
which in accordance -with the teachings of this disclosure
can be provided to achieve the same purpose. How-
‘ever, -the.best circuits known-for ‘this ‘purpose “have ‘been
‘demonstrated -in. .general -form. - Tt:is to be understood
‘that the circuits. shown in-the figures:represent- only- basic
‘circuits.and that -these-circuits-may 'be refined-in -accord-
ance with :conventional-practice-in order:to achieve more
excellent operation.

It is also to be understood that silicon junction type
diodes and other equivalent types are ordinarily supplied
with a certain tolerance in their predetermined break-
down voltage. Therefore, it is to be expected that the
resistors in the circuits therefore would be adjusted in
order to compensate for this.

I claim:

1. In combination with a multi-electrode tube having
a common electrode and having a plurality of separate
electrodes spaced proximate the common electrode, the
tube being adapted to conduct electric current between
the common electrode and one of the separate electrodes
at a time, and means for transferring said conductive
condition from one separate electrode to another, the im-
provement which comprises a common output terminal,
circuit means coupling the separate electrodes to the com-
mon output terminal, the circuit means having different
transmission characteristics between the various separate
electrodes and the terminal so that different reference
voltage levels appear at the terminal in accordance with
transfers of the conductive condition from one separate
electrode to another, and comparison means coupled to
the: common output terminal for comparing said refer-
ence voltage levels with an input voltage applied to the
comparison means, the comparison means being coupled
to the transfer means for causing the transfer .means to
transfer the conductive condition along the plurality of
separate electrodes until a reference voltage level is
reached on said terminal which most nearly approxi-

mates the voltage level of said input voltage applied to

the comparison means.

2. In combination with a multi-electrode tube having
a common electrode and having a plurality of separate
electrodes spaced proximate the common electrode, the
tube being adapted to conduct electric current between
the common electrode and one of the separate electrodes
at a time, the improvement which comprises controllable
means for transferring said conductive condition from
one separate electrode to another, a common output ter-
minal, circuit means coupling the separate electrodes to
the common output terminal, the circuit means providing
different amounts of resistance between the various sepa-
rate electrodes and the terminal so that different refer-
ence voltage levels appear at the terminal in accordance
with transfers of the conductive condition from one sepa-
rate electrode to another, and comparison means coupled
to the terminal for comparing said reference voltage
levels with an input voltage applied to the comparison
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‘meatis;‘the comparison-mieans -being:coupled ‘to’ the con-
“rollable- trangfer: means for ‘causing’the - transfer ‘means
‘to transferthe ‘conductive condition-alongthe -plurality

Of -separate ‘¢léctrodes unitil a ‘reference ‘voltage  level ‘is

‘reathed-on said:terminal ‘which most nearly approximates
‘the-voltage level of said input -voltage applied- to the:com-
-parison'means; the direction of transfer-along the plurality
-of ‘separate  electrodes ‘being -determined by ‘the ' com-
‘parison means” in -acéordance with the polarity of ‘the

voltage difference between ‘the present -reference voltage
level and ‘the present voltage level of the -input 'voltage

-applied:to‘the comparison means in accordance with the

scale of comparison-in:the comparison means.
“3.°An-analog-to-digital converter comprising- a - multi-

electrode-tube -having a' common electrode and having a
plurality :of -separate -electrodes spaced proximate - the
‘common ‘electrode, -the ‘tube being adapted to conduct

eleetric current as'a glow discharge ‘between the comrmon

“electrode-and ‘one 'of ‘the ‘separate électrodes at-a time,
‘transfer ‘means -including a plurality of auxiliary - élec-

trodes dispersed among the separate electrodes in ‘the tube

for:transferring said conductive condition from one ‘sepa-
‘rate electrode ‘to -another, means coupled externally -of
‘the “tube ‘between - the ‘separate ‘électrodes and ‘the com-
‘mon ~electrode “for-regulating ‘the voltage level ‘on" the
‘conductive -separate electrodes to predetermined - values,

a common output terminal, circuit means coupling the
separate electrodes .to the common output terminal, the
circuit means providing different amounts of resistance
between the various separate electrodes and the terminal
so that different reference voltage levels appear at the
terminal in accordance with transfers of the conductive
condition from one separate electrode to another, each
of the different reference voltage levels being representa-
tive of a different digital value which may be visually
determined by noticing the corresponding separate elec-
trode upon which the glow discharge is settled, and com-
parison means coupled to the terminal for comparing said
reference voltage levels with an analog voltage applied
to the comparison means, the comparison means being
coupled to the transfer means for causing the transfer

. means to transfer the conductive condition along the plu-
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rality of separate electrodes until a reference voltage
level is reached on said terminal which most nearly ap-
proximates the voltage level of said analog voltage ap-
plied to the comparison means, the direction of transfer
along the plurality of separate electrodes being deter-
mined by the comparison means in accordance with the
polarity of the voltage difference between the present
reference voltage level and the present voltage level of
the analog voltage, in accordance with the scale of com-
parison in the comparison means.

4. Apparatus of claim 3 wherein the comparison means
comprises a comparator amplifier circuit for comparing
the reference voltage levels with the analog voltage and
producing an output voltage of polarity dependent upon
whether the reference voltage level is greater or lesser
than the voltage level of the analog voltage in accordance
with the scale on which these voltages are compared, and
a polarity sensing circuit coupled to the comparator am-
plifier for providing a voltage on one of two leads in ac-
cordance with the polarity of the comparator output, and
wherein the controllable transfer means comprises a plu-
rality of auxiliary electrodes dispersed among the. sepa-
rate electrodes in the tube, the plurality of auxiliary elec-
trodes being broken down into two groups with the elec-
trodes in the first group being commonly connected to
one another and with the electrodes in the second group
being commonly connected to one another, first gating
means coupled to the first group of electrodes, time delay
means coupled between first gating means and the second
group of electrodes, second gating means coupled to the
second group of electrodes, time delay means coupled
between the second gating means and the first group of
electrodes, and pulse generator means coupled to both
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..gatmg means for providing - transfer -pulses. through the
-gating means to the aumhary electrodes, and-wherein one
.lead -from the polarity sensing: means:is: coupled: to. the
E:ﬁrst gating:means and the. other lead -from the polarity
.sensing means is coupled to:the second gating means for
_opening one of the respective gating means in-accordance
-with the polarity of the comparator output so that pulses
.are provided to the respective groups of auxiliary elec-
Arodes in" the proper time sequence to transfer the con-
ductive condition in the direction along the plurality of
_separate electrodes which causes the reference voltage
-level to approach the voltage level of the analog voltage
applied to the comparator ampllﬁer

5. A step-voltage generating circuit comprising a multl-

electrode ‘tube having a common electrode and, plurality .

of separate electrodes, the tube including means for ini-
tiating a current conductive condition between the com-
mon electrode and any one of the plurality of separate
electrodes at a time, means for transferring the conduc-
tive condition from one separate electrode to another, a

.summing network including a common summing resistor
across which an output voltage is derived and a plurality
-of series resistors of weighted values respectively con-
‘necting each .of the separate electrodes to one end of the
_summing resistor, a voltage source connected between the
other end of the summing resistor and the common elec-
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+frode of the tube, and means for maintaining a fixed: volt-
-age.drop between ‘each’ of separate electrodes when ina
»conductlve condltlon and said other end of the summmg
resistor:. :
a6t Apparatus as: deﬁned in claxm 5 wherem saul last- .
named means includes a plurality of shuiit resistofs;ieach
:shunt_ resistor being‘connected: between:a' crespective ‘one

,,,,,

of the separate ‘electrodes and .said -other -end -of: the
summing resistor, the value of each:shunt resistor being

:such as to provide equal resistance current paths between -
-each of the separate electrodes and the common eleo-
,tmde

7. Apparatus: as defined in claim 5 wherein said last-
named means includes a’ plurality ‘of -constant voltage

.regulators, each of the voltage regulators being connected
“between a respect:we one of the electrodes and said’ other
‘end of the summing resistor. : . .
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