ROGERS MAJESTIC ELECTRONICS LTD.
Electronie Tube Division
11-19 Brentcliffe Road

LEASIDE (Toronto 17) ONTARIO

TECHNICAL BULLETIN

ROGERS' ADDITRON XA34*

The Rogers®' Additron XA34 is an electrostatically focussed radial double
beam tube, designed primarily for use as a binary adder tube in high speed
digital computing devices.

The internal construction of the tube is shown diagrammatically in figures
1-3, Twelve control elements, placed gymmetrically on a circle around the
eathode are connected internally to form the three control electrodes
(gl,1, gl,2 and gl,3, collectively referred to as gl**), Twelve collector
elements, alternate ones connected internally to form two collector elec-
trodes (al and a2, collectively referred to as a), are placed on a circle
and opposite the gaps between the control elements. The eollector elements
are shielded from each other by the screen (g2).

If one of the eight possible combinations of a zero voltage and a positive
voltage is applied to the three control electrodes of the additron, the
electrostatic field set up in conjunction with the self-bias of the tube
directs the electron beams to either a sum (al) or a carry (a2) collector
element, to neither or to both according to Table I. This corresponds to
the funetion table for binary addition where Egy 1*** is the augend input,
Ecl,2 the addend input, Ecl,B the ecarry input ?ffom the preceding stage).
Ip]l is the sum output and Ip2 the carry output (to the following stage),
whether the positive voltage represents a l=digit and the zero voltage a
O=digit, or vice-versa,

TABLE 1
Eel,1 Ee1,2 Eel,3 Ipy In2
0 0 0 0 0
+ 0 0 + 0
0 + 0 + 0
8] 0 - > 0
+ + 0 0 +
+ 0 + 0 -
0 + + 0 +
+ + - - +
* Developmental Type Number

** A1l symbols according to JAN specifications unless otherwise noted.
*¥* A11 voltages referred to ground, not to the cathode.
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Design Notes
Figures of merit for an additron are:=

(a) Time factor

Epl x (Cin + Cont) (sec.)

Ip
For directly coupled tubes, Cin *+ Cout is 15 uuf* and either collector
current for Eg1 = 100V, is l.é milliamperes (Table II), giving for the
time factor a value of about 1l microsecond.

This is the ratio

for cathode follower coupling, neglecting the effect of the cathode
follower input capacity, Cin is zero, and Cout is 10 uuf. The current
is 2.3 milliamperes (Table IV). The time factor is thus about 0.5
microsecond.

These values determine the ultimate speed with which the tubes can
be satisfactorily operated.

(b) Control ratios CRy and CR2

For each collector, the control ratio is defined as the ratio of the
lowest desirable current to highest undesirable current and is a mea=
sure of the effectiveness with which that collector distinguishes be=-
tween a 1= and a O=digit.

The control electrodes, when positive, draw currents which are functions of
he input voltage combinations and for which allowance must be made in the
design of a cireuit. These currents can be used to equalize the input poten=-
tials approximately, when two or three grids are positive, by placing resis=-
tance in the input circuits. The way in which equalization occurs can be
deduced from the curves in Figure 4, which shows that when the potential

of one positive grid changes slightly, the grid currents change so as to
drive the potentials of the other positive grids in the same direction.

This tendeney toward equalization is more evident in Figure 5.

Figure 4 also shows that the tube will tolerate inequalities of 10% in
nominally equal input potentials.

when the output of one additron directly drives the input of another addi-
tron, the equivalent input resistance of the second tube is equal to the
equivalent output resistance of the first one, provided the coupling is ef-
fectz? by a low impedance device such as a neon light or a condenser (Fig=
ure e

Where direct coupling is used, it is recommended that the cathode resistor
be zero and that the cathode potential be between 35% and 4L2% of the input
potential. The equivalent load resistance should be 63,000 ohms or greater,
The equivalent circuit and typical operating conditions for direct coupling
are shown in Figure 7 and Table 1I respectively.,

* For capacitances etc., see Technical Data Sheet, which is attached.




TAELE II

(volts) (volts) (volts)(volts)(ohms) (ohms) (ohms)

300 125 100 35 63,000 63,000 O 1.6 1.6 3.0 15
250 125 75 27.5 68,000 68,000 0 | 1l.2 1.2 233 | a8
250 125 50 20 72,000 72,000 0 0.7 0.7 2.5 30

If the additrons are coupled by cathode followers (Figure 8), the currents

to positive control electrodes are of less importence in designing the ecireuit,
but it may still be advisable to retain some resistance in the input circuits
for equalization of the control electrode voltazes as explained above. The
equivalent circuit for cathode follower coupling is shown in Figure 7, where
Rgl in this case will have a small value. In Table III are shown typical op-
eratine conditions for the case where the input resistance to the additron is
zero and Table IV shows an intermediate case where the values of Rk and Rgl
are between the values for the cases shown in Table II and Table IIIl.

TABLE II1

Epb Ec2 Egel Ex Ra Rgl Ry Ipl Ipv2 CR1 CR2
(volts) (volts) (volts)(volts)(ohms) (ohms) (ohms) | (maA (mA)

300 125 100 18 42,000 0 5,600 2.5 245 Le0 30
250 125 75 1L 47,000 0 6,2001 Le7 . Re7 345 30
250 125 50 10 56,000 0 6,800 1lel 1.l 3,0 35
TABLE 1V
Ebb Eg2 Eecl B Ra Rgl Ry Ivl Ib2 CR1 CR2
(volts) (volts) (volts)(volts)(ohms) (ohms) (ohms) (mA) (ma)
300 125 100 27 47,000 7,500 4,200| 2.3 2.3 3e5 30
250 125 75 20 56,000 10,000 4,700| 1le4 1ok 3.0 30
250 125 50 14 63,000 12,000 5,600| 0.9 0.9 25 40

The values of the control ratios depend on the values of Eg }, Rel, Bc and Rge
In Figure 9 the variation of Igl,l with Epey 3 is shown for £h% cHsé where

Eel 1l = Ecl,2 and Egl 3 = 0. The slope of this curve increases rapidly as the

grié potential approaéhes the sereen potential., For this reason, the screen '

voltage should be held at the maximum of the erid swing or above. The differ=

ence between collector and screen supply voltages must be at least equal to

the desired signal output. \
|

The bleeder circuit (see Figure 6 and Figure 8) may be so designed that the \
coupling neon lights extinguish when the carry collector receives current. .
However, this method of equalization of negative inputs is not absolutely

necessary, since the carry collector voltage swings between two levels, one

determined by the screen potential, the other by the collector supply voltage.

If the circuit is designed such that the neon lights are always conducting,

a condenser should be placed in parallel with the neon lightse




The measurements of Table V were made on one additron under the conditions
indicated and in the equivalent circuit (see Figure 7) to illustrate the
manner in which the currents to the various electrodes depend on the combina=-
tion of input potentials,

TABLE V
(a) Test Conditions:=

Epp = +250V; Eg2 = +125V; Egx = +27.5V.

Ra = 63,000 ohms; Rgl = 63,000 ohms; Rg = O.

Ecel,l Ecel,2 Ecel,3| Ibl Ib2 |Tel,l Icl,2 Tel,3 | Le2
(volts) (ma) (mA) | (wA) (wA) (ua) | (ua)
0 0 ) 0 0 0 0 0 0
75 0 0 1.5 0.03] 60 0 0 1,00
0 75 0 1.7 0,05 O 50 0 500
0 0 75 .8 6.0 6 0 100 L60
75 75 0 8:3 1.2 490 500 O 80
75 0 75 g3 1.2 480 0 500 90
0 75 n5 &2 1.2 0 520 510 100
75 75 75 e 1.k 630 640 630 210
CR] = k22 = 5.0
0.3
1.2 s
St

(b) Test Conditionss=

Byp = +250V; Ee2 = +125V; Bg = +14V,

Rg = 47,000 ohms; Rgl = O3 Rk = 6,300 ohms.

Ecel,l Ecel,2 Ecel,3| Ini Ip2 |Tel,1 Iel,2 Ic1,3| Le2

(volts) (md) (ma) | (ud) (uA) (ua) | (uA)
0 0 0 0 0 0 0 0 0
g i 0 0 23 0,05 130 0 0 80
0 75 0 - ¥ 51T 170 0 170
0 0 75 2.2 0,061 "0 0 100 90
i b 75 0 Ded " 2.2 1050 1200 O 370
75 0 75 Bl 2.2 990 0 1200 | 500
0 75 75 6.5 22 0 1150 1100 | 520
y 15 3] gign- o 1010 1090 1050 | 680
CRl = 2-2 = ,5.5

8

]
.°|zv 9|
80 I~
[}

W

W




TABLE V (Cont'd.)

(e) Test Conditions:=
Epp = +250V; Eg2 = +125V; B =40V,

Ra = 56,000 ohms; Rg) = 10,000 ohms; Ry = 4,700 ohms.

Egel,1 Ecel,2 Ecel,3| Ipi Ib2 ([Te1l,1 Tel,2 Iel,3| Ic2
(volts) (mA) (mA) | (ua) (wA) (wa) | (wa)
0 0 0 0 0 0 0 0 0
75 0 0 1.8 0.04| 70 0 0 110
0 75 0 1.8 0.04] © 50 0 150
0 0 75 1.8 0,05| © 0 120 | 180
75 75 0 0k 1.9 | 900 930 O 310
75 0 75 0:3 19 ) 820 9 1000 | 430
0 75 75 0.3 1.9 0 960 980 420
75 75 75 1.9 1.8 | 970 1000 1000 | 710

CRl‘%“"%= Las

CRo = 1.8 _
2= 5% =¥

The process of eddition usually involves two discrete steps. First, the
numbers to be added are applied to the control electrodes of the tube.
Second, the addition is carried out. Usually it is desirable to have the
tube operative only during the second step. If the cathode is the gating
element, its potential is normally above the highest of the input poten=
tials and a negative pulse to the cathode permits the addition to talke
place.

The sereen may also be used for gating. Currents to the output elements
are effectively cut off when the screen is at cathode potential. 1In this
case the positive control electrodes will draw current, The use of the
sereen as a gating element is also facilitated by the small screen cur-
rents (approximately half the output currents).

Function tables other than that for binary addition mav also be obtained.
If the cathode is returned to a voltage approximately 55% of the input
voltage, the outputs of Table VI (a) are obtained, while if a large cathode
resistor is returned to a voltasze negative with respect to the lower grid
swing, the outputs of Table VI (b) are obtained.

page 5
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TABLE VI
(a) (b)

Ee1,2 Ee1,3 | Toa Iv2 | Ipd In2
0 0 0 0 0 “ +
+ 0 0 0 0 + 0
0 + 0 0 0 + 0
0 0 + 0 0 + 0
+ + 0 0 * 0 +
- 0 - 0 + 0 +
0 + + 0 + 0 &
+ + + + + + +

Queries and comments regarding type XA34, the operating conditions and

circuitry, are invited.




ROGERS MAJESTIC EILECTRONICS LTD.
Electronie Tube Division
11=19 Brentecliffe Road
LEASIDE (Toronto 17) ONTARIO

TECHNICAL DATA SHEET FOR TYPE XA34

PHYSICAL CHARACTERISTICS

Bulbe®

Base!

Overall Lengtht
Seated Height:
Diameter:

BASING

1 2 3 6 7
al  g@ Kk

= g
Ut

ELECTRICAL RATINGS

Heater Voltage
Sum Collector Voltage
Carry Collector Voltage

Direct Inter-electrode Capacities (No external shield)

Input Capacity

Output Capacity

Capacity al to a2

Capacity gl,1 or gl,2 or
gl,3 to al or a2

DESIGN DATA %
Without Interstage
Cathode Follower

Ef 6.3V

ifr 150 mA
Ebb 250 vde
Ee2 125 Vde
Ek 27.5 Vde
Ecel 75 Vde

PNV

h al gl,

63

Small Button 9-pin
250" maximum
2,25" maximum
0.88" maximum

8 9
1 51!2 81’3

643V + 10%
330 maximum
330 maximum

540 uuf
10,0 uuf
1.0 uuf

0e5 uuf
2

With Interstage
Cathode Follower

63V

150 mA
250 Vde
125 Vde
1, Vde
75 Vde

L _Nnn. Ahmao




€ Getters

— e
_.(:';ﬁm:;; ————

RSN

. <Al

ST
TR e, (Y
s

e T——

\

(

Confr‘o‘ Elemeu{'s

Collector Eiemmfs

Mica

Screen

-:—-M.‘c.q

Callicde

1O

B i




Collector Elemeut

Screen

Mica

R B
T S

SN e

Fra T ,
W.»Mmuulww.l.mﬂuﬁwvﬂ“

e ——

FIG. 2.




Collector Element

SCFQOV\ Surrov‘l‘ ROd

Control Element

Cathede

Screen

FIG. 3.




MILLIAMPERES .

N

CVRRENT

1.0

40
CONTROL

s
!
|

f
L
|
|

ﬁfﬂn‘.ﬂﬂoum

sm_m,__.w.m‘p.;,géa;»g.m.g;.




70
&0
| ol
e
E i -
IT] ."
-4 ! : _
3 ERmis A NHN (ARES S \# ns
; B i e
: EEwEap [ cf oD
490 —
5 i 2 {ERaEEzasd iag 4 basE
A mmue aa \Li.ﬁ;}i
o i
«
- e
5}
w
d
o
4
0
4
[
3
0
L ¥

CONTROL ELECTRODE 3 SUPPLY VOLTAGE




Cirevit For direct coupling

1 1 Epp
Raz I Ral ! o——— Ecdl
! S3)
E )
B e T
£
+0E,
= —_,..l.—

Ea‘uivu‘.cn" circuil For an

addirren .

FIG. 6

FIG. 7




@
]

AMPERES
N
(L}

g
o

CURRENT IN Mikki

ELECTRODE

IcL‘ Q%Qiﬂsr Et‘ '

FIG. 8

250 v
125 v

Eel,2
(o}

14v
50,000 ohms

(o]
6,300 chms.

FIG. 9




A NEW CLASS OF SWITCHING TUBES FOR DIGITAL APPLICATIONS

Summary

Novel switching tubes embodying complete matrices or
function tables are described. Particular reference 1s made to
a tube capable of performing the binary addition of two digits
and a ‘carry' from a previous stage. Extensions are sketched to
binary subtractor, binary adder-subtractor, multiplier, 3 x 8

matrix and other types.

The tubes are of receiving (miﬁiature) tube size, contain

a cylindrical cathode and input and output electrodes that are
sections of concentric cylinders or conoids. There 1s one input
electrode corresponding to each input channel and one output elec-
trode corresponding to each output channel, A given combination

of input potentials results in current flow in a given or given
directions to a corresponding combination of output electrodes.
Series resistors or other current limiting devices 1in either the
cathode or input circuits restrict the spread of the electron beam

or beams to a safe width.

Design considerations for reliability and speed are

mentioned.

1 Introduction

The great size of electronic computers and similar elec-
tronic digital equipment is in a large measure due to the fact that
the complex switches employed in such apparatus are built up from
conventional triodes or pentodes each of which can perform a very
elementary switching function only. Development of tubes that in
themselves can provide more complex switching functions should

promote the building of smaller, more compact and reliable machines,

This paper outlines a simple method of constructing

ng tubes, which in general can be applied to embody in one

e

switch

.

tube any type of switching function, however complicated. Natur-

g to dictate which types of

o

ally, practical considerations are goin
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all ped, To illustrate the method, one
C 1be, the Bina ider tube will at first be described,
1€ Bina Adder Tube

troni 9 iters use the binary system of number
. i 1strates this method. For comparison,
neral thods of number representation are
General method of representation
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where r 1s the radix of the representation and a is the ith digit

! & Cll - = C
i

n |
l.e. O0£a,<r-1

cosoec gl =l

b P 3 ¥

of representation

O

J X

Radix r = 2

g O ~=—1 -:-r). _L\r
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. © Function teble of Binary Addition
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The relationship between input and output signals to
be effected by the Binary Adder element of Fig. 3 is shown in
Piz., 5. This is called a function table., In general, any switch-
ing arrangement can be tabulated in such a function table which

can be used as the basis of a circuit or a switch tube,

Fig., 6 1s an exploded view of a single stage Binary Adder

£
@

. This tube consists principally of a cylindrical cathode A

I I J 3 5
three symmetrically placed input electrodes, B, D, E, and two out-
nut electrodes C (carry) and S (sum). We note that each of the in-
ut electrodes has a central window and that there are gaps between
the input electrodes., The 'sum' output electrode S consists of threeg

fins facing the windows of the input electrodes. The 'carry' output

(0]

lectrodes consist of three fins facing the gaps between the input

electrodes, Resistors are placed in series with either the cathode

Q

or the input electrodes of the tube or both,

Fig. 7 illustrates the action of the tube. When all three

ctrodes are negative, (three 'zero' inputs), no current will

@

flow to the output electrodes (two 'zero' outputs).
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- B -
in the Binary Adder tube. In this tube we have provided
lement corresponding to each input channel which may be

f two discrete potentials. Each combination of input

s results in a characteristic potential distribution in
the region between the input electrodes and the cathode. The
jirection of the maximum potential gradient (unless the field is
axially symmetrical) determines the direction of electron flow,
For example, when two input electrodes are positive, the maXimum

tential gradient passes from the cathode to the gap between the

wo positive input electrodes,

The width of the electron peam is determined by the ratio
of positive and negative potentials on the input electrodes with
respect to the cathode., While the actual input potentials are
fixed, this ratio 1s not fixed, Resistors in series with either
the cathode or the input electrodes, or both, adjust this ratio
and so restrict the width of the elctron beam to a desirable region.
Finally, each output electrode is placed so &8 to intersect the
maximum potential gradient wnen the correct combination of input

potentials 1is applied.

The procedure as outlined above can oe used to construct
tubes corresponding to any kind of function table. While there are
no theoretical limitations to the building up of more and more com-
plex switching tubes, the physical 1imitations will dictate how far
one can proceed, For very complicated switeching functions : Sl xS
probably be more economical to divide the action among several
simple tubes rather than try to build the whole table into one tube.
i Also, it is expected that manufacturers will favor the construction

of a few multi-purpose tubes rather than embark on the development

of a long line of tubes each for one particular application onlye.

To illustrate the generality of the process, a [ew similar
tubes will now be explained. A binary subtraction, 1its correspond=

ing element and its function table are {1lustrated in Figs. 8, © and
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gram of Single Stag

e Binary Subtractor

Inputs Qutputs

Carry—m—————
Minuend—7 m———

g sBR A A
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Fig, 10 Function table of single Stage Binary Subtractor

33 R 77 s 1 il
Inputs Qutputs
Carry Subtrahend Minuend Difference gcarry

b e I

0 0 0 0 0
1 0 0 1
0 ) 0 13 1
0 0 1. 1 O
0 1 1 0] 0
1 0 4 0 0
1 . o 0 Al
1 i i 1 %

1

Fig. 11 shows a Binary Subtractor tube which differs

'_J

[}

Binary Adder tube only in the shape of the output electrode

have been changed so as to satisfy tne table of ¥ig., 10,

rity of Binary Adder and Binary Subtractor tubes suggests a
Binary Adder-Subtractor tube as shown In Pigs: 12, A Tourin

lement in this tube determines whether the tube delivers

from

Se

The
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- fj -

digits to the output channel.

loded isometric view of a 3 x 8 matric

Fa

ich one of 8 outputs is selected by one of

ations of input potentials to the three input elec-
Fie, 14 is a multiplier tube and Fig. 15 1s a single-

ble-throw switch tube. similarly, many other tubes can

tructed to satlisfy various switching demands.

Design Considerations

In accordance with the principles of digital computer
a digital switch tube will have to satisfy two criteria

| .00 W V]

_ reliability and speed. These criteria lead to important design

4,a Reliabillty: Departures from symmetry in tube construc-
tion and input signals will result in a deflection of the electron

from the desired direction. This can be counteracted by soO

@8

esigning the tube geometry that the field from the outer electrodes ‘
w ,-L ,—‘L, ;8

1 penetrate substantially into the region inside the controlling 1

electrodes, When electrons due to lack of symmetry are leaving

the cathode region 1in a displaced direction, they will be deflected k
owards the desired direction when approaching the input electrodes. ‘
' This design procedure will result in the formation of six discrete
| collecting pockets which should permit considerable abberation in

tube geometry and input signals., Fig. 16 illustrates the case where
‘ two electrodes are positive, one slightly more than the other, and
| one electrode 1s negative, The correcting effect near the gap will

be evident.
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Direction of electron
flow

to further reduce the effect of lack of symmetry. If, for
rance. the input electrodes B and D of Fig. 6 are positive,
E is negative, and B happens to be more positive than D, the
~ased current flow towards B will cause a drop in its series
esistor and so tend to decrease the difference in potential be-
sen B end D. Lastly, large series resistors in either the ine
circuits or the cathode circuit of the tube will result in a

2

peam which will improve the definition of the output signal.,

+

Another reliabllity consideration demands that the twc
discrete output voltage levels should be independent of input

ctuations. This can be achieved by interposing an electrode

»e Fig. 6) between the input and output electrodes with aper-

tures permitting current flow to the output electrodes. In a
r design, an output voltage-current characteristic similar

a pentode can be achieved, This will result in 'bottoming! of

i the output electrode when current flows to it, 1f large enough

4

-put resistors are used, Another method to stabilize the out-
out voltage levels is to design the output electrodes to have sec=-

ondary emission ratios greater than unity and to use relatively large

sutput resistors., The output electrode will then be caught at the

otential of electrode F when current flows to it or will be at the

»ply potential when no current flows to it. By making electrode

more positive than the output electrode supply, current flow to the




,sable current will decrease, in the former case due to the increased

' v Line Reference Target LRT-BE4-V]

~ation of the above principles may well
fairly large fluctuations of input

111 result in discrete output potentials

nal power supply rather than by circuilt and

Speed: To attain a high speed of operation, the ratio
$ 4

.rrent to output capacity should be large. S

yf the electrons will 1imit the maximum current that can

cathode in a structure as shown in Fig. 6. This
can be overcome by using & structure as shown in Fi
be noted that eacn input electrode has been separated into

sulting in a symmetric double beam tube. This device

t1v overcomes bthe shielding effects of the cathode and so

better focusing of larger currents., This idea can be carriec

£

dividing each input slectrode into three, four or more
ectrodes which are spaced at regular intervals and connected to-
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