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~ ;ed for the,experimsnta) msasurements of the contact
uum tubea are dﬁacribed. Thia experiment was to investigas

of briodes ope jting at low volbagese The
‘faaceptqd as t @ most aatisfactory circuit




'P‘rgose-

The burpose of t“saa investigations wag to check Raytheen's cireudty,
and methods used in eotmbllsﬂing the. proposed additions to I.R.E. standard
Limits of contact potential were also desired for conventionsl triodes
operating at low voltages, Raytheon’s Technical Information Bulletin Mo,
7 on "Contact Potential® will ba found 1n Appendix A at thb end of t%ia
data folder; '

Discussion-

A nuMber of ideas gnd methods of measuring contact potential h@ve ‘be
advanced.“ﬁﬁaytheon has used the circuit shown below and the method is
* described 1n.the Technichl Information Bulletin No. 7.2 K
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Another method, known ag O'Hbil'a mnthad, usaa tho following c1r~uit-




" data is in Appendlx Be- 7 i

- microamperes of current were flowing in the grounded plate cireuit, When

’_potential inereased,

vnegative plate yoltage as also applledfto produce zero contuct pOtGHULEla:

'pbsitive plate voltages, and the modifiad T.1.B. #7 circult was used o
‘determine the contact potential al various negative plate potentials, Tha

K Roault.at

'tained was 0,78 vol

) i v .,

"The. O'Neil method was tried first with. Lh& relatlonahip re gultJL;
shown: on page 4. Difficulty was found in trying to recheck the varicns
6J5 tubas at particular plate voltage values, 80 as a pogsible solubion /

*to this, data was taken for thb warm-up time versus contact potential whilel
the plate voltage was held constant ‘at 90 volts and at 28 volts, The !
next procedure was to vary the filament voltage while the plate voltage was
.constant at 90 volts and 28 volt3¢ The warm-up time and filament voltage

Following this, Bulletin #7 method was used, and readings were
recorded for both' floating and grounded plate circuits, The:contact
potential was found to be different for the two conditionss lmmediately
a reason was sought to explain the difference, and it was found that 0,15

the plate was floating, it took on a negative charge thus tending to repe
any electrons coming into the region of the plate, while at: ground
potentiul: some of the elgctrons reached the plate and therefora thu uﬂntaa

L

The last of the experiments used tha Rajtheon circuit with a plate
‘voltage applied, Rated filament voltage was used, and at a plate potent
of 90 and 28 volts, contact potential values were recorded.  Encugh

The' curve on pagu 5 was obtained by using the O'Neil method for all’

data usged ror plotting the curve was computed as an average at the varvou
pointa for ten 645 vacuum tubeao ]

At a plate potjnt:al of /28 valts the average contaCu potential ob-~.
s by the modified Bulletin #7: circuit gshown belowO
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j For the above circuit with the plate open or floating, tha average
contact potential was 1,174 volis, and with the- plate grounded the average
contact potential wag 1,285 volts.

The average contact potentlal aé a filament voltage of 6~3 volts was
l 135 volts u31ng the O‘Nell clrcuitﬂ

i

From the various experiments with the tyo circuits, it can be said that
he measuremsnt of contact potential varies with the cireuit used, with the
odified Bulletin #7 circuit giving the loweat average value,

.




111 T 1 ] T T 1 { i i 5 | { - |
oV T iW.,_IT T e NT, 15 i = L1 g >
AEEEREER 1 i | ] i :
I A ! ~ 70 # -
EENEEENERE NN I B o
F LT Il
RN [T
T T il
i D
! ! " | )
e .
| {
Elies 4 £N
X
3 N
N
<
-
™~ =
st S -~ N
— - - ¥
ey I — -
- S ——
-
- T
3 w M
=
4 =
O s e i o
I~ B —
1 g — |
=t {
B baad i
- T
s S y I
M r~t—fd
— — I T‘.I =
{
} S NN 1 g1
. | ! [

. [ I B : - e EMER NN _ 1 T L
| { | | | | bl | | |
| T T P |

| HEENEENEERN RN N 1 T ]
] REEEREENNES | i | L,ﬁ.ilmﬁ.u i [ ]
111 i 1 | EEEERE " AR [ N

L | | RN EEEEN T “ [ I T

! LB el A L] O O . I O I

| R ] | NN A 1] A

L LT | | [ L | ] { ]
, FBOISIAR Ul OT/T 001 X 0L ’ VSN A "N ‘AQVwodNIHIS ‘ANVANOD DI¥LD3V3 TYHINID L .~ (S¥T) V-1ZS-NJ
: e s R : < %



LI ! [ ﬁ | | T T T
EEAENRAEN R SR i |
| | ! | | {
R N w
T T [
! {
i ;
1 dl
| L
= 4 s yis
EEN I
1 !
[ | T
W) |~
KEN _ LJ _
I m |
RN I_J- i i
T L rd
BEERENE N
AR
RN L ||
(T |
EREENEN | h
.
L.l (W [ HEEN .
NN , N
T % p
NN ]
[ ] “ _ BN i T
R i P4 it 4 1.0 | ;
1 ey s 3 A7
L i o | '“ ,h” N .
B A S Ea= 1 S AT T R
il | | I
I FEIT AN a7 F (7. 4 7
1
1] - — |
L O B e ARE
IR L | N 7 ]
M. il
| i
I
EEmE §
T |
]
T m
! HEREED A |
| .
T T S I i
I — B
) ,llly | | Y |
T | jgv,h | . _I . T
EEEEE T NN p NG
n T o ' I
| | | | — | I yd 1 |
I | | ! [ F ]
[ ! i | I~ [ 1 NN P
117 | [ T [ REEN B T
1 I i T ] | P IR I B L L~ 1 |
i i | 1 | | 1 (IR g || i =T | i T
_ ] | [ B R I LTl
|1 1 [ Nl i | | RN N lI_IA |
] | [ NN RN T EEEEEERREN) 2
| R | | ] R ! REEN! | N
[ | _ ! 1 9 A EEEEENN |1 [ Z _
A ‘.m.r.,o_n_;_f 42U] OT/I 00T X QL . ‘V'S'N A "N ‘AQGVxrodNIHOS 'ANYdWOD DI¥LOI T3 TV¥INID . =d (S¥-1) V-1ZS-NJ

\
¥ . £



AFPENBIX A

PROPOSED ADDITIONS'TC I, R. £, STANDARDS OR BLACTRONICS

Ao Contact Potential (nafiniﬁidn)

The contact poten“ al of an electrode in a vacuum tube is its
; g potential with respect to the potential minimum of the ‘xrtual cathods ;
L when the electrode is shorted externally’ to the cathodaﬁ : f ¢

0 - Numerically, this is equal to the algnbralc sum of (a), 'L - de

o where @k and ® e are the work functions respectively of the cathode 2nd |
the other electrode (b), the Peltier or tharmel emf's in the'connesting e
circuit, and (c), the effect of the initial velocity of the electrons i
smitted by the cathode, measured as the potential differcace between the
virtual cathode &nd the cathadeo ~

: Note- The above definition is intendsd to define a characteristlc
of specific importance in vacuum tube snglngering; a distinction ahould
be made between this and true contact potential differencs as understood
by the physicist, which does not include the effsct of initial elsztron
velocity. .

3.. Test Method

, Contact. Potential (lE'“)o The contact potential of a vacuum uuum
electrode, as defined in the section, "Definitions and Symbeclan, 1:vallv
" found to be positive, In suuh cass, lts value ls convenlently m@&sw"aﬁ
in a circuit typified by Fig. (to be assigned) which shows the conne-iions
- and ecquipment for a triode, using the tube under test as a vacuum tubg
"oltmeter to measurﬁ its own grid contact potentisal.

uith respect to the/ virtual cathode, a current will flow in the grid
circuit. If ths resistance in the externz) circuit:is increased, the
current in the grid circuit will decrease and the potential of the grid
'will approach that of the virtual cathode. The limit ing condition will
be that the potential difference betwsen grid and virtual cathode
approaches zero and the IR drop: in the resistor approachs® the contact,
potential difference,

It will be {ecZgnized that if the potential of the grid is posit!

Rererring to F;g. (to be assigned), normal voltage is applied to the
filament or heater,\and the anode voltage is set &% a value &pp?OpPidu
to the operation of the tube at zero grid bias. - The resistance R i
" normally 10 megohms) while the potenticmeter, P, should have a teq¥~'rn
high enough to avoid running ‘down the battery too rapndld, but low snough
to qupply current to\the grid vo’tmeter ’ ‘

In carrying out the test, the switch Sw is set in guwition ¥, n54
the ancde current noted. The switch is thea thrown to position 2, and
anode current aijlated ﬁvwnward b0 its crLrinal value by the pfuaﬁ¥5




Thi voltmater in the giid 01r~uit then reads the grid M¢utact potential
directly in volts. :

In &pplying this method [to the measure of %he coptact potential of
a diode’ anode,‘the Sane prlnclple is employed,’ avacuum tube vgltmste:

being connected between anode and cathode of the diode as shown in bt;n ok
.'{to be assigned), When the rmading of the milliameter 1s the same for the
switch in positions'l and 2, ‘the voltmeter in the potentiomster circult i,
reads the contact: potential of the diode anode, The use of a triode ha viag
a high ratio of amplification factor to plate curren* is recommended : 0; |
. uge in the indlcating part of the circui.t.0
Cy s’z o] \

The symbol E' is here proposed, tho reasons being as follows'

, The capital letter E ia used because it refers to a steady sbutf:
. voltage.v» i by :

The primn is used because it has a precedent - Chafee used ¢! in
his book., Capitals are ordinarily used for dc valueqo

The use of a subscxipt i3 ‘not. recommended becauso it 1s apt to he
- confused with a voltage impressed between an elsctrode and the
cathode by ‘an, exﬁernal source. .

The uae of two subscript lptterw'
~ such as Ect might be inberpreted as the voltage betweern twc points,
0 -and t‘ ine M ,»‘ !

Ji forlrds
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. Circuit arrangement for measuring positlva values of grid contact
potential of triodesa Resistor R has a value of 10 megohms, b
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¥ Circuit arranvement for meuaurlng coritact potential of’ diode ancde.
Resistors Rl and R2 both to have values of 10 mepohmua - ¥
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4/20/ 4.4
RAYTHEON PRODUCTION CORPORATION

NEWTON , hm%%.

Subject: CONTACT POTENTIAL

The following excerpt 1s taken from Re M, Bawie's article entitled,
"This Matter of Contact Potential” which appesred in, the "Procesdi
the Institute of Radio Engineers," November 1936, Only the sn\wud'u,cr;
paragraphs are quoted here « the remainder of thie article is well worth
reading. This discussion of "econtact potential® is presented to give a
clearer picture of what is meant by "eontact potentlals" at Raytheon.

"The term "contact poteﬂbial," in connectlon with thermionic vacuum
tubes, has come to include a combination of several spurlous voltage: which
affect the operation of the tube. The so-called contact potential bat
the cathode and grid in & triede, for instance, may be made up of o
due to velocity of emlssion of electrons from the cathods, grid emi
grid leakage current, gas loss and true contact potential, A similax
uombination of spurious voltages show themselves in the case of dicdes,

The redsons for grouping several isuch voltages together ere the
-difficulty of measuring each separately and the fact that their total is
usually less than one volte Although some combination of spuricus velbapes
exists between every element and its cathode, only the combinatlons whish
apply to elements at luw potantial with respect to their cathode and which
sxert a large control upen the electron stream need be considered. Thus,
in multielement tuhes or polyodes, the control grld or a dicde p t4 is
usually the only critical element. In what follows, the word el ement; will
~be used to mean . critical element other than the cathade.

The combinat on efrective is not only 4 constant of the element's
position and material but is a function also of the applied v«ltagua and
the method of measurement, The quantities commonly measured may be divided
into four groups: (1) floating element potentisl, (2) floating, shunted
element potentisl, (3) effective element current ¢ toff, and (4) calculated
correction potent.g.al° 1 : 1 T

|
|

Fleoating element potential is the volbage theieleﬁeut agsumes when
disconnected, all other alemants having normal applisd voltages,

Floating shun ed element potential is the mnténu¢«x which the el -ement
assumes when connected externally to the cathode through & high reslutance,
all other elements hav1ng normal applied voltags,

Effective element cutof? is the negative pu.on¢;ml st which the
element current besomes less than goma predetermined swall value such as




-

e Calculated correction potential s the small quantity added to the

N,
( ;) voltage term of the polyode current equations as X in the tricde plate
il current eguation:

i /2 |
Ip = K(bs FE _,p #* £) i
o Tk
\

At Haytheon, "contact potential" (Zet) mmany the Floating, shunted
@Wement potential described in the precedlng paragraphs. - It may ba

'below-

VI, Frée " s =4 ey s

‘ £

In each of the above cases % Ect may be visualized as a small m;
battery inside the tube with its positive terminagl connected to the grida

In Fig. ) wheﬁe the grid is returnsd directly to the uathode with
no intervening resistance, the £grid from its extsrnal connection to the
cathode may be said to be at zero blas. It is under this condition of i
z2ero external bias that readings are texen on tubes rated for "zero bias!
Operationo "R tube h&ving Eet = % 1.0 vol Lt with the grid returned directly




- bia # 1,0 volt applied to the grid externally. It should '
sed’ that - "zero bias” readings would be made on each of these i
h zero external blas, and the resulting plate current would be .
& ving Eet .z O, » -

to the cathode will thus ect the same. as a glrllar tube.having Ect = O

In Fig. 2 where the grid 1s returned to the cathcde through a high
sistance, the voltage developed in the high resistance by the electron
current to the grid due to Ect will be of the reverse polarity to Ect and
thus will tend to nullify the effect of Ect on the tubes Ep = Ip -
characteristice Thus a tube having Ect = # 1 volt, and connected as in
Fige+2 would act practically the same as & similar tube having Ect = O
but, connected as in Flg. l. In other words, compared to its own "zero
bias" opsration (Fig. 1), such a tube with Ect « £ 1 when connected as in
Fig. 2 will operate on the Eg = =1 volt curve of its Lp-Jp family since
the external bias of =1.0.wplt is actually applied externally by virtue o
the voltage drop across the high resistance dus to the electron currént i
collected by the grid. {(For resistor values of ‘several megohms the voltage
developed across the resistor will be essentially of the seme value as Eet,
while for lower resistor values, eg., 100,000 ohms, the voltdge developed

(5

‘acrpss the resistor will be substantially less than Eet.)

Ia Fig. 3A, whers a negative external bias greater than ict, is -
applied to the grid, a tube having fict = £ 1,0 volt will act the same as a
tube with lct = O but with 1,0 volt less degative bias applied, extermnally,
‘That 15 a tube having lct = #+1.0 and an external bias of ig.= 3,0 volt '
#ill act the same as a similar tube having Ect = 0 and’ an -external blas of
=20 volte Compered to its own "zero bias" operation (Fig, 1), a tube -

' ‘having Bct's £ 1 with an external bias of Eg = <3.0 volts will operate on
the g = =3.0 volt curve of its onn Ep-Ip family, end likewlse a tube i
heving Ect = Q-with an external bias of Eg = =3.0 volt will operate on the
g gé~3.0 volt curve jof its own ép-Ip family. L ! 3

'Invﬁig;ﬁBBfwhcré a negative extefrnal biag, greater than Ect, is
applied to the grid through a high resistance the operation will be '
identical with that jof Fig, 3A since there will be no electron current ', |
collected by the grid and hence no current through the resistor and no drop
across the resistor. ] 8 .

B PN o N

€

o

For the mora or less rare cases when the polarity of Ect is opposite
from that discussed above (e.gs, Bot-z ~1:0 volt) the signs of the vmall
batterles shown in the tubes in the figures can be reversed and the sams line
of reasoning applied. : (4
! \ K gL
The elemental eircuit used for measuring "éontact potential® at '
Raytheon is shown below: 5 i ;

VTV |-
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G

With the potentiometer P set at zero the "contact poteabial”
differsnce between cathcde and grid of: the tube is normally such as to
cause electrons to flow from cathode to grlid and through the 1 meg,. ;
resistor in the direction indicated by the arrow. The wvoltage developed
by this current on the 1 magb{reSistwr may ba vead by the vacuum tuba
voltmeter. If now, by adjustment of potentiometer some porticn of the:
battery voltage is inserted into the external circuit with such polarigy

‘that it tends to force electrons to flow through the circuit in the roverss,

direction, the voltage drcp across the 1 mog, resistor will be lowersd.

'*;When'the bucking voltage.is so adjusted as to give 0.1 va through the 1
-meg. resistor, the voltage read by the Lict meter plus the 0,1 volt drop
in the 1 meg. resistor is called the "contact potential” (Ect). Note that

the 0.1 volt drop in the resistor is added to the ket reading only when

‘Ect ig positive.

The actual schematic circuit used in the Life Test Department for
this measurement is shown in Appendix A, , ;

. The "gpurious voltages" due to the effects of trues contact potential,
initial velocity of electrons; primary emission, secondary emission, gas
and photoelectric emission are to a large extent determined by the
condition of the surfaces of the grid and cathode., In the commorcial’
menufacture of radio tubes, the surfaces of these elenents undergo
considerable change during processing and during normal tube operation -
-for this reason, it is very difficult to produce tubes with uniform
“contact. potential" characteristics., However, the "contact petential? does
tend to stabilize at some characteristic vslue when a tube i3 burned vnler
one set of conditions for a long period of time and this stabilizatior
cceura assymptotically ~ that is most of the change occurs daring the first.
few hours operation, Since radio tubes are made te operzte under certain
rated conditions, it is desirable, during the processing of the tubes,
particularly during the aging cycle, to stabilize its "contact potential? .
for the conditions under which the tube is expected to operate. For this
reason, every aging/schedule should have as a last step, and for as long
a period of time as possible, the rated 1ife test conditions., Although °
these conditlons cannot always be duplicated exactly on the productiocn
aging racks, they can usually be approximated to'a sttisfactory degres,
Particularly to be avoided as last steps on aging schedules ars grid
or cathode "hot shots" as these generally produce ungtable surfsce
conditions which may result in large changes in characteristics during life.
Characteristic averages should be judged only on charactoristie readings
taken after 24 hours rated life test operation particularly if these

averages are to be-used for design changes, .
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