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CHARACTERISTICS OF BEAM-X SWITCHES IN THE MEGACYCLE RANGE
AND SUMMARY OF BASIC OPERATIOH

1¥TRODUCTION

A Beam-X switch circuif was desigﬁed to operate at a frequency of 1 me/s, and
to provide a nominal cutput into a small resistive 193&. Since constant currents
of the order of 10 ma were desired, normally saturated BPN traﬁsistors Were eméloyad
ag common-emitter amplifierg at each of the ten outputs.

GENERAL DESCRIPTION

The Beam-X switch {Type BX~1000) develope& by the Blectronic Tube Division of

rhe Burroughs Corporation, combines vacuum and magnetic technique in a decimal switch-

ing device which contalns a2 four-electrede structure ar each of ten positions. These
ten arrays are located radially arcund a central cathode, each array consisting ofl

{1) A spade element for beawm-forming and locking;

(2) A target element providing coastant—cuxﬁent cutputs;

{3) A high-impedancs switching grid;

(4) A shield grid for iscolating grid imput requirvements from target output
levels. This element, which results In greatiy improved switching and
outpui characteristics, clearly distinguisﬁes the Beam-X switch frbm
earlier switching tubes. In normal operation the shield grids are con-
nected to tha spéde buss, aﬁd draw only negligible current.

The Beam-X gwitch in the basic civzuit forms o ten-éosition device that may
iemain in one position indefinitely or switch at freguenciesz from dc to 3 mc/s--
elther sequauti#lly or at random~-f£or every change in negative voltage that Is
applied glteznately to an avaun-odd pairved grid ianput. The.tube may be interconnecied
ags a distributror of any,nuﬁber of poaitions and is capable of being preset to any
position, rasstiing in less éhan a microsecond. These versatile tubes axe also
uead to perfogm the functions of ceuﬁtiagj'multiplexiﬁg, dividing, gating, coding

and decoding,'sémpling, timing, memory, and similar digital operations.

4
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_THEORY OF OPEEA"IXO“\?

The contents of this ssction for the most part yepeat existing literature,
hence only the minimal elements of the theory of operation of Beam-X switche: will
be reviewed. These will serve to mayshal just those facts and relations that make
for simplification and ease from the standpoint of the design engineer, The elegant
reporte listed in the references should be consulted for a more thoroughgoing under-
standing of the "hidden mechanisms and inner workings” of suvitching tubes.

The Beam-% switch utilizes crossed electric and magnetic fields in its opexr~
‘ation and is similar to the multiple anode magnetron. The standardized cress section
of the Beam-X gwitch is shown in Figure 1, which {llustrates the cut-ofi or clearad
gtate. The tube has both stable and astable states. When the supply voltages ars

) firat applied, the tube will assume one
2IAPE — HEAM TR Y E T e PUT
Sk atier & f""-\ C’ i ,:u« TeunlL & 7
arxwﬁfAﬁ%WT L MsLeL T of the stable states known as cut-off.
, >\(1 In this state there is no current to any
EATHIEE T r'k‘:.xu:.‘:'/ T ) o PRl G ) ' :
¢ TioL car. j*_;»»d-—“'?#,f t;';f rooe) of the targets znd grid driving pulses

aterial may be protected by copyright law (Title 17, U.S. Code). From the Charles Babbage Iustilute collections. ‘

are ineffectual. The beam can be estab-

R,, :r'a'ff.o i

CEEER) lished in any of the positions by merely

lowering rhe potential of the spade asso=

FlIGURE 4
ciated with that position. This operation is called ‘zero-setting,” "regetting"

or “beam setting."” PFigure 2A shows the beam in its formed state, and Figure 2B

shows the corresponding static spade-tavget characteristic.

’ NOTICE: This m
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Because of the heamaforming property of the crossed fields, the spadelcurrﬂnt

yoltage characteristic is suéh that as the voltage is lowéred the current increases,
comes te a peak, and thén decreésesa This nonlinear characteristic of the spade,
similar to the anode in the split-anode magnetron, can result in either stable or
astable states when proper impadances are added to the individual spades. ?igﬁre
28 shous a load line intersecting the statlc spade characteristic at points A, 3B,
and §. Two of these, A and C, ére stable operating points; point B, however, is

a regenerative point and is unstable. At & 2ll spades are at thelr operating po-

tential Vs and no current is present; therefore, the tube is im the cut-cff con-

dition. 1f one spade, called the J spade, is lowered in potential, current will be
initiated at azn increasing rate to that spade. When at or near point BF* the spade
current is sufficient to maintain the spade at this potential, but due to the neg-
ative and positive characteristic of the spade, the spade potentisl decreases until
point C is reached., The process forms and locks the beam on the J spade, The
holding spads requires only about i%% of the beam nurremt to lock the spade at:

aoint Cﬁ%' The temainder of the current is passed on to the associated target where

4

%
ir 15 available for a “‘pentode~like’ constant-current cuiput.

1f the J spade is held at or near the cathode potential and the potential of
the leading spade--the {J+1)th spade--is lowered from Vs, then a larger dynamic

curve resulits for the leading spade characteristic during this switching interval

% TRefer to References (1) and {2) for a discussion of saddle points (sguipotential
line cross-~over). '

4 The slectron flow to a negative potential spade does not constltute a violation
of the conservation of énergy, Experimentation implies that an electronic cseil-
lation exists along the beam. Hance, an eleetron leaving the cathods with Low
initial velocity may gain velocity, owing to- this electronic oscillation, and

be able to weach the negative potential spads.

e

The target curreng ZT ig dependent on the spade-buss voltapge Vsy spade-load
rasistance ng and the conducting-target voltags VEBA

11 2
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and becomes the static chavacteristic as the voltage of the J spade recovers through

its RC time constant from point & to point 4. This simulates the condition that

e
FH
1

exists during the switching interval which is of a nanosecond duration.  The result-
ant dynamlc curve is due to the broader eleciric field obtained by two spades being
near the cathode potential during switching.

ield controls the direction in which the

i

Since the divection of the magnetic f
electron paths shifi when the potential of an zdjscent spade ls lowsred, a change
in potentialrof a lagging spade will thevsefore have little effect on the electrom
-paths.

If load lines are dvawn from point A téngent to the ststic and dyaamic spade

characteristic curves, there results a division

y M)
\\ of the region into thres arsas of oparation,
!-
'4y$“ — — —pxmmit Moy, 1if all the spades have che same value 1
rmede & ) T STATY )
(:gffi{?w“ﬁ 1\ of series load resistance R, then the tube
. CLToF A n
| .
3
j l clrenit may be operaved in any of the falluv—
- \ ro |
-, f '
T I | ST L ing four modag,
N .
| \
\ I 7. A g
n a, For R >R, and B >R, the tube oscillates
rmode & \[\ I\ b i“; * 5 '{M _ "B T =
SEOLE J;wrc!m' 3 ' i . .
& Leshur s }cf'\\ﬁ\ i b. ¥Forx Q Ee R >R 02 the tube has ten stable
! \\Q«\a . |
A / N o cenducting ctates.
e 4l el ”f%’“*" T e"m:%:-“ \\;“ o - 1 - . sz
478 T g 4 i aeers €. Foxr B <R _and R < R,, the tube is cut oif.
.r-;,aa DFE yoLTiod : & n M
= = 3 : ) '] -
FrEeRZ S d. PFor Ey < ? < B ' either cut-off or oscillia-

%

tion is pessibleﬁ

* This condltion during which two spades are conducting takes place duving an inter-
val less than 0.3 pys, Hence, at eperating frequencies below 100 ke, it may be
assured that there is only oune spade drawing current at any given moment.

+ See Reference 1, Section IIX, for an amalysis of the case where the space resisg~

aﬁces are different in value.

¥ote that Ry <R

i

J NOTICE: This material may be protected by copyright faw (Title 17, U.S. Code). From the Charles Babbage Instilute coliections. |
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The proper mode for stable switching and locking is mode b, whare ten stable and
astable states ave available for switching from one shade to snother by applying a
negative switching pulse altexnately‘to gach set of gridso' Hence by lowering the
switching grid voltage to a yalue whers it changes the electric field significantly
in the region between ﬁhe spades, enough current will be divested to the leading
spade to switch and lock it on this position. Howaver, once & beam is formsd on a

spade, there are other methods for adﬁanaing it as emmerated in the literature..

Also, practical use way be made of the wide operating ranges of the other modes,

-1.e., beam forming and 1ocking} beam switching and cleavring, and continucus oscil-

£
lation.
Hence; the heart of the matter in designing a2 Beam=-X swltch eircuit is to

find the proper spade lpad resistor ss a number of other parameiers besldes stable

'switching snd locking will depend on this selection. & few of the more important

relarions involving Rs are
Y of R
8 s
XT oy Bsy VB

1
[
5

T 1
Ty Ry
8

wherse EJM is the maximum switching rate, and Es 1s the time regulred to switch the
beam to the mext position. Simce, it was decided to operate in mode b, vhich has

upper and lower bounds for KS -

Rm < RE < RH

r NOTICE: This material may be protecied by copyright law {Title 17, U.S. Code). From the Charles Babbage Instilute colleclions: ,

% ‘The heam will switch continuousiy at g frequency determined by the spade charac=

teristics, load line, and associated spade capacitance. Refer to IM Jﬁue'28,
1957 on "Investigation of the Chavacterisiics of a Self-Oscillating MBS Tube

Time.Basee”
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deeﬂdemt ot the spade current cb4rac erigrics vhich in turn are functlons of all

ogerating paramarers such as V.., ?S, Y.; B, stc., some simplifyving set of assumptions
ES

G}

wust be made. Let us assume for this gurpose thatl

_le The magnetic indu;tiom B iz constant and wmiform;

2. All spades, emcluding the holding spade and vith the possible excepiion
of the Leading spade, axé maintainsd at Vs; and

3. The voltage of tha target buss vT 3nd'gzié VG are seih equal to VS Thess

wvoliages va &G do nor affect the holding operatlon, bub only the switching

cperatlion.

Thersiore, the currenr of the J and J-1 spades ave functioms of st ?3_3; and VS

i:*”
%]
H
i
@
T,
o
3
aba
[
t RV EN
5‘\

1ly, the valuse of the limivs of RS depend on the tangential points

- af the load iines te the soade charasteristic curves, which in Purn depend upon zhe

42 1 ’ 3 -
Spaéﬁ supply volmge.

The velues for the upper and lower bounds are given in TM-54-68 as
v
D m
] -
0 .59

vkiers 16 it the valuve of the holding spade curgent with the J spade ar zero potential;

and the valvuz of the uppesr

¥
¥
_ 5
B A
where I, iz the walue ¢f the leading spade current with the J spade at zerd votential,
A .

the (J+l)th spade at 172V , and VTB Vg, and all othar spades sat at Uga Tazse valuas

&

?‘ T

& of RS are admivvedly conservative, since the currents {ED? ?13 are

slightly swaller and

for the limir

1,

brainsd from the points on

o
i'"jf
o
Con
i

ey, respectively, than thosz o

the lead lines tangeat to the spade curreanc-voltage zharacterlstics.

The values of Rm gnd RM zan be caleulated from graphs of ZO - st and L, - ng

which are measured experimentally. This graph is listed in the appendix ag Al aand

shows the rexions ovceoupied by the four modes.

Thig graph also shows the region for

Laat
gt
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most reliable operation, granted othar censiderations not as yet stated, where the

configuration space contaims but two operation parameters {VS, RS). For the casse

vhere voltage fluctuations and resistance variations do not exceed a tolerance of 3%,

a minimal relation is dérived for Rs in terms of Vsa This relazion was derived
simply by locating the lower boundary curve and conﬁecting the midpoints of the va-
gions of 5% tolerance above this lower limlt. This glves a relation for RS and Vs
that will ensure reliable operation over a given operating range.

let us now relax some of the comstraints and note the vesultant effect on the

bounds of Rse First, it is to be noted that the leading spade chavacteristic was

raken with the holding spade at cathode potential. However, in practice, the hold-

: «
ing spade is =lightly negative with respect to the cathode. This may affect the

leading spade chavacteristic and thereby change the upper bound of st Insofzy az

the leakage current to the leading spade is reduced by this, the uppev bound of R
. X &3

wiil be higher than the approximation axrived at previously.

o t° be different from V_, due to cutput and switching

requirements, the resultant alectric field pattern will change the shape of the

ﬁdwg 1f we allow ¥, and V

beam. Hence, the current distribution will also be changed. Howaver, the holding
cpade, as was previously stated, is not affected to any appreciable extant so as

to change the lover bound Rm; but the leakage portion of thg 1eading-5péde character-
istic is affected so ag to change the upper bound QMQ tGenerally, the lower the
potential of the iarget or grid, ths larger the leakage current, and conseguanily the

less the upper bound of R,

TS AT LT As shouwn in Figure 44, the cuiput
’ Voo 129 7 ’ ?
H .2 L - s ° .
A ) Voo ATastE , :
; o \ S mEGd G eigcrrode has a constani cuxvant

' characteristic for V... > V', where
SWITOH - T8 {3

R sio .
N the amplitvude is primarily determined
e ;ﬁ ' ' s : é T by the”crossed £islds in the spaée-
£ ONPUC FING TAREET VOLTAGE Ne ' "
Figure 4A Figure 45 carhode reglion. It was found that

.

¥  The ammmt denends ~sm +ha ralnes & 8
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the operation of the Beam-X swlich was stable if V’TB > "'22 , within the opevating

range of VS It is also appasrent that by 0peratiﬁg closer to the knee of the cuTve,
higher output currents.may be obtained without exceeding the onawwatt tafget digai-
pation rating., Below thé knes of tiza target characteristic curve, where “'?TB < Vl’:{':é’
the beam is dratm- cleser to the leading spads and the leakage current increasas;
thus decreasing the upper bound of RS, This leakage curvent was collectzed by bét‘n
grid and leading spade in beam switching tubes, which tendad towards instability at
low targeé: potentials; but in the Beaw-X switch the addition of a nes;f elemant=--the
shield grid--performs the function of collecting- this leakags current and thexeby
rpermitting' operation with target potené.iai.s as low as zexo volisg with only slight
.li’mitai:ions in the operating range of the tube.

The influence of a nagative swizching pulse on the dynamic characteristic curve

3
& -is shown in Pigure 5 by the family
iﬁ‘?& of dotted additicons to the curve,
gh:\%\
Dysamic SHHE 1\\&\\\ . _ ‘ A negative potential on the grid im
LHACAL TERIS /6 b 3\\ \
:—:-:.;ﬁ_‘} W “a‘\\ “ the holding position will alter the
¥ ‘\ )‘,l -\\-‘ ,‘é’:-_{ Iy o .
i “\ \\\ T = equipotential line configuration in
e N :
T, 2 - ‘\‘-\ 1\\‘ Y”’ - the spades-spade region, and thereby
+41 5 e g .
STTC SHBE LS Vo T LY . .
Cﬁ%cff%l??’f;\sxl PR o MK allow those electrons with higher
AN ¥
NP e e energy to reach the leading spade.
o ¥e M .
FRPRADE YoLTAR&E " The yesultant lowering of the lead-
- Figure > ing spade potential produces further

changes in the equipotentisl lines, and the process is repeated until the leading
spade potentisl iz lowered to point B of Figuve 5 and the besm switches to this po-
sition. The dynamic chaxas:{teri.stic curve, hovever, exists only during the switching
interval and becomes the statdc characterlstlic as i:hé voltage of.the spade from
which the beam has switched recovers through its RC time constant from point ¢ wo

opint A, Refer to Figure 3. A larger negative switching pulse rasults in more

PR
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current being collected by the leading spade and 3 faster suitching transitiem,
which gives in turn a higher maximum switching frequency. A large negative switching
pulse causes excessive leakage currents with a vesultant lowering of the upper limit
of RS'

Since a constant and uniform field is required foxr propex operation of the
Beam~X switch, the last constraint need not be removed. However, if the tubes are
not mounted at least one inch from magnetic material or apaced at least two inches
from center to center, then the magnetic fileld may have components from scurces
other than the internal magnets of the tube., If the magnetic field iz subject to

change in any wenner, it will have an effect on RM’ in order to sze just what effect

the magnetic inductrion B has on the upper limit of E3, consider the following:

B! = k3 B
: =1
RS = kB RS
v, = kz v
3 3 5

where the prime quantities denote the walues afier scaling, and the magnetle induc-

tion scaling factor is represented by kB' Hence, the effect of changing B on the

operating pavametsrs VS and RS is to shift the region of stable operation with the

tolerances of the opsrating parameters remaining the same.

Thus far it appears that a ésnservative egtimate may be made for the lower bound
of st whereas an estimation of the upper bound appears to have doubiful significance.
However, it is necessary that we have a good method fox estimating RM’ gince the

%
stability of a switching circuir (or its reliabilisy) depends directly on the location

J NOTICE: This material may be protected by copyright law (Title 17, U.S. Code). From ihe Charles Babbage Instilute collections. l

* Yf 1t is considered that the reliability of switching circuits consists of two
components, which are. | ' ‘
{1) stability - variazions of operating conditions (other than input gignal) do
not disturb stability of operating state, and
{2) consistency - one to one coryespondence betwaenZOperating state switching

and input triggering signals.
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- of the operating point within the bounds cf the operating pavameteys. The upper

1imit may, as pointed out in the foctnote on page 4, drop below the lowar llmi“ due
to a large leakage current resulting from a low value of grid valtage‘ Since tha'
cuzrve of RM and Rm as a function of vs carnot intewvsect due to thseiz negativa cugv=
ature for 3M< Rm, there can be no region of stable operation in the RS, VS plage.
For the purpose of materializing an estimation of L i1t us conaider the pin
imum resolving time and maximuym operating speed of ﬁhe gube. TFigure & illustrates

the high freguency cizcult formed by the lead wire imductance and the interelectrode

ecapécitance between the spades. For high'switching rates the BC tlme constant

associated with the spades, which is formed by the spade load resistance, interelec-

trode capacity of spades, and external wiring capacity, will determine %o what extent

LV,
T T _ o Vs

S s S TN
é - As ?:, {TJ_

L& ﬁ——-'i(- x:a?“ —-- | g
cpADE =2t | - | %L%;gjﬁﬂyé

e e - ATHOBE  MODIFIED SPADE TmrFEDANTE

Figure 6A Figure 6B

the characteristic curvese of the Bean-X switch are affected. Hence, the spade load-

i

”esiszezs should be located aéjacent to the Beam~X xocket in order {o minimize ex-
ternal spade capaciiy and tncreby reduce the switching time (t )} of the besnm fxom
spade to spade. If this and the proper design conditions are obsexrved, switching
rates up to 3 me/s may be attai&ad.%

Since the value of the RC time constant is o ba a ninimum it may sesm, by

analogy with wide-band video amplifiers, that t, Day be decreased to 2 considerable

% Refer to page 9 of Refersnee 3 _ o

41
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extent by inductive ccmpensation in the apade load impedance. However, if @e examine
the spade load impedance as shown in Figuve 6B, whers C represents'the total spade-
capacitance to ground and to all other electrodes and L the compensating inductance,

it is found, vhen solving the differential equationr for the case of critical dampingﬁ
2
RC

7 s that

with L =
c

fal-(x+1) e |

Also, the relation for the cass when L = 0

f=l-e™
vhere B = ﬁ% s and £ is the fraction of final wesponse. Let us assume that the crig~

ical point to which the leading apade must be lowered is appronimately T 0.4 VS.
Then, if t’s is the switching time for critical damping, we have
1 =
' £.80 £y a
Moreover, 1f the switching interval without inductive compensation is approximately

0.3 us, then the maximum repetition frequency for the cass of ceritical damping is

+ See Reference {4) for o discussion on the oscillatoxry approach to the final ze-
sponsg, which may well result in instability, when L is greater zhan Lcc Bowaver,
for completsneas and an egiimation of the absolute limiz of frequency, the Ifollow-
ing ave included for Lca (L = ac)

t”s_(absalute minieos) = 0.66 tg

and thervefors

EABS wax = 4f5 me |
'$ Refer to Reference {&) for a discussion of ths suiﬁching mechanien in rslation to
the critical poimt, This critical point is related to the saddie point potential.
Now, 1f V. is the holding spade potential and VJ+1 is the leading spade potential,
then the saddle point potential VSAB is glven as follows:{z)
(1) for Vj = Vs; VSAD = Vs _
{2) for V} = 0 | VSAE = 0,40 VS
(3) fox Vg =V 5 Vgup = 0,407,
(&) for v3+l = (; VSAD = 0.33 VS
il g
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3.7 mefs. It seoms then, for all practical puvposes, that the best way for an
improvement in the switching time is fo reduce the'exﬁernal spade lead capacitance
o the limir instead of resoxtiﬁg to inductive compensation.
Also, it is readily seen that if T is the time for {n - 1) succassive pulses
in an n~state operation of the tube, then T should be at lesast
T>{n -1y ¢
- E
vhere s the swlitching time, gives the minimum resolving time for the tube to ba

ready to suitch to the nex: position, Iin addition, T should be of gufficient duxra~

tion in order for the spade to dischargs --
! %

T>5’C

n n-state operation that

e

£,
8
Ve see, then, that for uvnifom switching

Hence, for 10-state operation with 200 X.wu for the spade load resistor and 9 pf for

the total spade capacity, the maximm operating Irvegquency is

- o= 1
Vo T o med s,
wiak
s

Since Rs is dependant om ¥V, & velazion for the lower bound in the R~ V_ plane
: & &

is zs follows
Therofore, we can now giate fhe rangs for B

A few of the relations ivnvolving R and vs wers given previcusly om page 5.
One of the velations showed a propovtiomality between i, wnd VSQ It has been found

that the switching tubs, when 2 beam has besn formed, behavas like a non-lineay

'3

#
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are showm as a plot of the leading spade cuxreant versus the leading spade voltage

for two different values of Vgg Ifar t = tD the grid of the holding spade is made

instantanecusly negative, charvacteristic cuxve VG—L becomes charvacteristic curve

VG—Z' A curzent egual in mageitude to the distance MX is initisted to thée leading
spade. As chown in Figure 6B, this curreant divides into two componenis irg ic'

The current ic vheough © causes the spade zo bescome more negative with time,
The total current available from the spass charge cloud is equal to AD at a gen-

eral point defined by va < Vj+l < Vsu The following shows the significance of the

distances --

AD - total current to spads i

5
AR ~ reprasenis ic
BD = repressals i.

cand is = i¢'+ ixo Tf the grid pulse is terminated at $his poini the current in

Cnd . : . . dy '
the capacitor becomes BC with opposlte sign. Hence, since 1 = ng ; the potential
of the leading spade rveverses and moves in a positive direciiem towards V_. This
. : w
means that the grid pulse has been of insufficlent duvation to complete the switehe

tching pulse must be of suificient lemgth e

2

ing process. The duvaiion of the sw
allow vj+1 to fall below Ve, Also, it is apparent that the grld pulse amplitade
izt be such so a=z Lo yaise the leading spade charactexistic sufficiently to aveld
any intersection with the spade load line. This is shown by the intercept AB,
thich is the current charging C {ths totzl spads capacity). Thusg the switcaing
oparation stares comparatively slowly until we get to the point of the characler=-

istic vhere the curve vises guite wapidly (V_ ~ 0.4 V3.
o

5

&

Eopee 1f the tube just starts to osclliazte when the grid voltage 1s lowered

o]

g &

spade time constant) of the icput pulse i3 longey than the time required by the

by some amount, say Y, {ubhere v, = ¥ =~V ). the duzeii

n ¢, {dependent on V
L g o i .

ji

A
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leading spade to lower its potential to V& after the input pulse is first applied,

_ . "
then the product

Vity S5

should be somewhat lesg than

vits = 25 {0.3) volt-seecond = 7.5 volt-second

whers the value of Vi wag taken from a standavd grid voltage ws, targst voltage
characteristics graph.of the Beam=X swiich. Also; the value of the area of th
input pulse for 1 mc continuous switching was found to be
Ve = (15}(053 volt-gecond = 7.5 voli~second

1 ,
and the minimum value is most likely

V.t > {153(.3) voltesecond v 5.0 voltwsecsud

CONCLUSICH

The normal operation of the Beam-X switch way best ba studied through its basic:
: . . (LN - : . ' s
cireuit {or typical test civcuif). Various combinaticns of supply voltages
were used over a fragquency vange of 200 c¢fs to 2 mcfs. The spade buss can bs oper-
ated at any voltage from 15 to 100 wvolts by employing spade load rasistoys of ap-
propriate values. Since the spade buss voliags VS determines the maguitude of the
parget curreal outpulb Xrg this output current can range from 300 microsmperss to

10 milliampezes. However, the conducting farget power F,, musi not gxcesd the max-

joum targed disgipation rating of one walis

) SR
A Fosedd Lne
| P < 1 watt
Kr 2 Ve 5 Y15y =
e f
H
A Y e e
vansi
i =¥ - =V "
\LTS Vg = ¥V gy = Y = Vgr ~ I9%
¢
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% Since the Baam-X tube has & high impadance innat and draws only negligible current

during switchinw, the input driving’ asuree aeed only su;nly the power to charge
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Hence, comstant current cutpuis can be obtained in conjunciion with voltiage

P

swings in excess of 200 volits. Horsover, we have seen that the voltage VTT and
reslistance ET should bé.propefly selécted to satisfy design paramerer affecting
the conducting target voltage switching imput requirements and meximum waitage
considerations. '

The nexi phase investigated was the opevation of the Bean-X swiich at a wozn-
imm £requency of 1 me/s. The civcuilt was designed to.praviée & coustant-cuyrent

output voltage level of 11.5 volts. PN transistoxs were employed as common emit=-

“tex amplifiers at each of the fen outpuis. The test circult is shown in Pigure 9.

The precautions and limits to be chsarvad are:
} f’ - o
(L)‘ V@B = ’JTT ITBQQ > Eﬁ//é

or Ve = VS {for moxe reliable operation)

7T
{(2) Voo < 300 wolts

oa

VS < 100 wvolts
VSG < 300 wolts
(3 PT = (VTBIT} < 1 wattk

Fﬁr the case for 1 me switchiﬁgs the targetr supply VTT was maintained ag 11.5
yolis ﬁoze positive than vs for a forward bilas of =11.5 volis and a éeverse bias
of =0,3 volis betwsen emitier and bass, giving an output voliage VO of 12 volis,
The shield gvids wsre csnﬁectad to the spade buss 23 in normal cperatlon, and the
spade load resistance RS was 100X, E&apb Al.1 shows the data obtained under

<

theze conditions. " The shaded avea banded by uppsr and lowver limits has & mesn

CEurve gi?en by

. ? -
Toe 7.0 7 3% % 5 1077 ma.

Morgover, the potential on the ghield grids vas vavied and the wresultant effect is
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¥ A megative translent may appeaxw

coupling through Iinterelecirode

velts. This can be remedied by
it '

on adjacent spades during switching (duve to
capacity) for target swin3s in excess of 100

padding the targets with about 5 pf or more.

L
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showm on the greph. Also included on the graph ave two representative slopes which
, ) , - _ ,
indicate a trend with Blope greatér than 2.0.
Graph Al.2 plots I as & function of V and R Here 1t is geen that 2 consider-

ation of the parameter R intyoduces but ’ittle change in 1

8
,  A0.12
Rﬁ ) 2.6 -5

IT'm 7.0 Iaa : VS x 10 7 ma
where Ks is in K. The anormal operating region 1s contained betueen the cuxves
for RS = (,0 énd RS = 0,1 ¥M_rL. The geneval trend or slope iz approximately 2.5.

if we cagsider the spade voltage and epade load resistance characterlstics of
the tube circuitg then Graph Al.3 resultis. fhis graph gives the upper and lower
1iﬁits+ of atable spade-buas operating voltage as a functicn'§f spade load resistance.
The upyér'boundary curve is a function of grid bias and marks the upper limit of

arable operation at frequencies below 1 kefs, At continucus high frequancles the

upper boundary curve shifts to the right in the direction showm. Heweverj at swicching
rates of 1 mefs, the upper boumdary has shifted comsiderably to the vight so that

the veglon of stable operation is as shown by the hatched regiom of Graph Al. 3, If

a tolerance of 10Z in both R, and Yy is allowed, then the relation for Ry in terms

of VS is | . .

B, = 1.7V, 0% x 10% R

7 3 &

when Vs is 100 volte. Hence, the following limits may be stated fox VS and RS =
| 50 volts < Vg < 100 volts

85 RJN< Ry < 299 K i

wherse

* For purposes of comparison, the rélatian (ET = CVS%) derived formally gilves 2.0

as the value of the slope.
-+ The lower limit is 2 conservativa one, as an oyexafing point was found for a
spade potential of 60 volts, Ry = 100 R, and with an 1, = 2.34 ma at alme/s
. ?’ T ) " ’

switching rate,

I NOTICE: This material may be protecied by copyright law (Title 17, U.S. Code). From the Charles Babbage Instilute colfeclionsj
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The limdlts of the rarget current can be found from

ip = 1 3 Vg 5/2 lOfﬁ ma

vhich was devived by cembining the velaticns given abova.

2.1 wa < ET < 11 ma -

Howewer, sincs

The linmits for ig are

T Voo o (¥ 0~ TR <1 war

T IB

ir T

the wminimom value that E$ may have fﬂ? VTT = {V_ 4 11,5}

XLT > 2.4 znﬁ.

Also; slines

T2 h wn & 3 ?
Yo = Wgp = 18y 2 Vg /'

and R, has a minman value of 3.4 RSl for a spade potentia

value of 17 ¥.JL

i

e

above for R, will be the result if, for &V = ..

toe bavgst output current remedinad consbant. EHance,

gmadin abowe the knee of itz chavacteristlic curve az ths sH

demce of ravget chavactevistics. Of coursa, other

T

11,5 woles.

[%s

The valus of RT was varied from 2.4 RoL

f

e

ceriain veltage swing as the output of 2 Beam-X switch,

3

terget load veslstance is given [

g
E‘T = = £
i

¢ largest voltage swing 15 found to be

.F)T. )
v, <(’s AV ] e 80 wolts

I 3

'f? o=

' NOTICE: This malerial may be protected by copyright law (Title 17, U.S. Code). From the Charles Babbage Instilute collections. |

100 volis {a maximus

at Vg = 30 voles), Howsver, it is not essential

- Vg}5 &Y 15 some nther value

¢ 5.6 KoL without incldenty that

R

than the valus of the

swing ie 200 wvoles.)

= 11.5 volts {(for an VT‘ = 300 volis the meximum voltage
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Thus far we have been considaving the target output levels in isolatlon of the
commnen emitter output dir#uito Hormally, it is desivable o limit the taxgét curzent
to values balow about 6 ma, If higher gurrents are desiréd, then éuxxenz amplifievs
yould be employad at each of the outputs in order to obtaia-these high constant cur-
xéﬁt putpuis. An ontputi resistance RD of 1 ¥5L {admittedly é bit iow foxr the ﬁPﬂ’s
uzed in the output circuit provided an output ?O of 12 volis aﬁd»lz wa. Horsover,
tha target current dropped té its minimum value of 2,34 ma with a corresponding volt-

age level of 11 volis. Graph Al.4 shows the effect that the WY in the output ciy-

cult has on the Largst.

TRANSITION

;’ﬁ R :‘
-35%%§:¥/ UNSTABLE
,s@%ﬁaﬁ;g; OPERATING
"‘31;/ REGQIoN

vl

"REG Y
e
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: :é A 5%
///
e
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. i
‘.'”' %
7 N ,//
gy ( Y ’
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VoLTASE Yol T AGE
Ve Vi
Figure 10

A mintwum grid-bias voltage Vc between O and 3 volts was neaded which wesulied

-

in a minimum grid input switching pulse of 20 volts. The necessary grid swinching

voleaze 7. for 1 we/s switshing ves found to bz 20 volts. These grid voltages are
] ﬁ £ & g
rvelated by
S I : V< 100 volts
i & g ( o )

vhare the grid driving voltage Vi is the algebraic difference of the grild switching

potengial ?g and the grid biss woltags ?C, Since Vg iz pormally negative with

reierenca to ?C, the driving volisgs Vi will have a negative value. Gznerally,

the limits for Vi may be stated as

20 <V, <85

» "

bt
!.—i
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A rule of thumb is that uhﬁ amplitude of Vi sheuld be appromimately squal to the

apada buss valtagﬂ when opezating at extremely high fvequancy and!ox providing
iarge targat ocutputs.
The total interalectrode capacitance of the spade circull was measuraed for two

tubes and found to be
7.5 < ¢ {(pf) < 9.5 .

Hemce, an average value of 8.5 pf may be used in the following in order to defermine

Rﬁ:

for 1 me/s switching.
The spade switching vise time t  was weasured and found to be lus. {Refer to

firaph A2.1 which shows the spade voliage/time relationship). However, as the capacl-

‘tance of probe was 11.5 p¥, the spade suliching time and hence the minimum resolving
P PLs 3

time zs for the tube to ba vesdy for the next input pulse

¢
¢ = 84t ) = 71,3
s c, ¥ 3 v Qaé us

Thercfore, the maximm opevating frequency would be 2.5 me {when £ >‘§ Rﬁcs}

¢ has therefore been found feasible to employ Beam-X switches in compuner
cirveulis because of zhely inhevent veliabiliuy, eccncmical power ¥ “e@uﬁrﬁmantg, adap-

g

tability to the cuvrent and volitage levels of tyzmalsto operatiga;and wagrevela
switching zases. Moveover, the Beam-X swltch 1s versaiile (pumber of statas can be

chanzed) , the ocutput current 1s constant and can be used to Lrigger ancther tubse

# This Ls dus to the fact #hat if the period of the counting Irequency appxoaches
the value of the terget RC time comstant, than the potential of the target will
not dyrop to the gulescent value of vTB before the ayzival of the next ?ulsea
This 1s sguivalent to 2 higher-VTE and hance a greé&ax value for the driving

pulse amplitude V,.

Lode
E—A
L
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. % ,
{divect cascading is possible), cutputs are sepazate {(not limited to daclmal counkte
g 2 ,

ingl, and the resolving tima Iis of the order of 0.3 pa. Hence, the unique properiles

of tha Beam-X sultsh can be ussd go full advantage in any form of data conversion.

B ARGHEO ET BOWO

it can be truly sald that there.wsuld hava been mo theory sectlen, or aven a
report for that matter, 1f it were not for the published papers of the authors listed
as refevences. Since thage papers are classices in themselves, I can only justify
the outright plagilavism of thases, sentences, and whole pavagraphs (without quota-
‘tion marvks) by stating the dogive of this author to brimg most of the work long

since accomplished together in one weport with as little distortion as pogsibla.

Rogar Wolfe, "A Hew Transfer-Storage founter,” 1937 IR Wescon Convention

Resoxd, Vol. 1, Part 5.
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