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MEASUREMENT OF SECONDARY EMISSION

FROM FLUORBSCENT SCREVNS OF PICTURE TUBES

Introduction

With anode voltages of 9 to 14 kv, at which direct view television tubes are used,
there is a possibility that the secondary emission ratio of the phosphor decreases
during life to less than unity, with the consequence that screen sticking occurs.
Under working conditions the secondary emission ratio always tends to adjust itself
to unit&.

If the secondary emission curve is as shown in fig.l where for Va = V1 and Va = V2
the secondary emission ratio d is unity end {f the anode voltage Va = V3 (V3 > vel,
the screen will be at a potentiel approximately v3 - V2 negative with respect to
the anode, Tor various reasons this phenomenon is very undesirable, The anode
voltage at which the negative screen potential occurs and the increase of the
latter with increase of Va2 can be measured simply with suitable means outside the
bulb. This measurement can, of course, reveal npthing of the possibility of
aficking during life as a new tube will generally show no sticking below 16 kV.

It is, however, gquite possible with such a tube, that the secondary emission ratio
at the opersting voltage only slightly exceeds unity, so that after some hundreds
of hours sticking ocecurs. In.order to be able to judge this beforehend, it ie

necessary to know the variation of the sccondary emission cf the phosphor as a

function of the amode voltage. This curve also makes it possible to judge various
‘e

phosphor tests.

Method of measurement

A method of measuring the secondary emission of the phosphor of a cathode ray tube

will now be described..

A8 the measurement must be carried out outside the tuﬁg and in the normsl opereting

ol

' condition, and as the secondary emission ratio o = 28 of the screen tends %o ad just

Iy
jtself to unity, a "dynamic” measurement method must be employed,
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with the screen poténtial measurement method Q?ed up to now, use has been made of

the finite resistance of the screen glass. With the dynamic secondary emission

ﬁ, measurement, use is made of the capacitance formed by the phosphor layer 2nd a

metaiAp;ato against the bulb glass, the glass acting as a dielectric. 'hen the

- Gii—ater of the electron beam is d and the glass thickness D, this capacitance is

c.=1 (Ca?
a a——— . NP
: 1559 (1)

Assuming that the dielectric constant £ of the glass is 7 and the glass thickness

4 i' 006 Cm,

then Cp = 0.7 % .cm . (2)
This capacitence is very amall and of t'e order of some puF., The metal plate is
qarthed via a resistor Ry see fig. 2.
The current peseing through this resistor is the charging current of the cepacitor
Gﬁ.ené,iaﬂaltays equal to the difference between the secondary emission cufrent and
thgfprimary beam current,

thus Iz=T -1, ' (3

‘Thus the voltage across the resistor R is :

szIR-R':R (IS‘I‘p) (4)
Fig. 3 shows the eguivalent circuit of fig. 2.
It appears from these figures that the instentanmeous screen potential ig

" 7t a
Vo =Vgo+l [Ipats+ Ty
80

where Vg, is the initial potential,

as IR"%?R,

t B
V, = Vgo + _1 vf/Vh at + Vy (s)
BRI L o

In the equilibrium which theoretically occurs after sn infinitely long time Vp = O

and thus

1 o
RCgq et I _

By meesuring the potential VR at the resistor R, Is - Ip is also measured according

to (4).
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(3)

As WV 1s amall end rapidly changes in the method used, it must be observed with
an oscillograph,

Ip 1s constant during the measuring neriod, whilat Ig changes asnd finally becomes
equal to Ip. We shall term the secondary emission current, ocecurring when all
secondaries leave the sc;een and. eonsequently determine a point of the secondary
emission curve, the effective secondary emission Ig eff.

The secondary emission ratio of t-e phosphor can thus bve determined as

:f : IS eff (7)

This ean:be expressed in the equation

i (1, 02f - 1) + 1, (8)

Y

.

By‘taking suitable mezsures, the measure;ent can be done in such a W8y that’

Is eff -~ Ip and Ip can be measured from one oscillogram, so thet cr can be cal-
culated with the aid of (8. :

erf -'I can be Qetermined at a moment when the difference between, screen potential
and anode potential Vg - Vg is sufficiently negative. A

At this condition all gecondaries released reach the anode as a consequence of the
attractihg anode field.

Ip cen be measured, however, Dby making Vé— Va sufficiently positive, All secondaries
are reterded and repelled back %o the screen, Ig 1s then zero snd the resulting
current through R is then -ip.

These special conditions cau exist only a short time, as by the ;ncrease or decreuse
of the charge, the screen'will'havé reached practically its stable potential within

a time of 20 U sec. and Ig - I will then have become O.

The various switchings must be done by short pulses with steeﬁ rrdnts.

The arrengement is ss follows:

Positive pulses with s duration of 20 M sec. are applied to the grid of the tube to
be examined. ’

The repetition frequency is =000 ¢/sec. The tube is operated without forusing and

deflection,
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(4)

The anode is earthed in our arrangement., The voltage Vg - Vo is switeched with

helf the frequency i.e. 25CC ¢/s. The required pulses have an amplitude of 100 Volt
end are synchronised with the grid pulses in such e wey that the middle of an enode ' >
pulse coincides with the middle of a grid pulse.

The anode pulses are positive and wider than the grid pulses. Thus they start

earlier and =nd later than the grid pulses (see fig,4].

The grid pulse controls a single stroke time base for the osecillogreph, so that the
latter hés}a horizontal deflection during the‘grid pulse only.

Thus on thg oscillograph sre only observed voltages across R which ocecur during the
grid tulses.

The anode voltage is switched outside the measuring time interval and this is

necessary as owing to the anode-screen canacitance strong difreréntiated pulses across
R oceur whieh disturd the oscillogram. See fig.h.

The voltage which is taken from R and which therefore is proportional to Ig = I, 18
applied to the vertical deflection plates of the oscillograph vis o wide band amplifier.
Before the amplifier of the oscillograph is a preamplifier which is built in 2 metal
case together with the contact plate awing to which the wiring cepacitance parallel

to R 18 small and constant,

Fig; 6 shows a block djagram of the arrangement.

Fig. 7 gives a survey of the currents and voltages occurring in the tube to be.éxamined.

With the aid of this survey an explanation is given of the various situations.

Time

3&1 s Ip =0, Vg =0, Vg - V, has a small positive value Vo as a consequence of the
eqguilibrium reached during the rreceeding grid pulse.
¥1:1 =0, Va = Va mex., Vg - Vg =V, - Vg max, . In = 0.
Thus Vg is now negative with respect to V,.

33‘3 Ip = I, mex. Va = Va max. Vg - Vo = Vo - Vg mex. e . Ig = Ip max,
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#F}8i1,=0,V

P
During the pulse time interval tp - ts, Ip has decreased from I, max. to €.

a = Vg MAX. Vg = V3 =V - IgE0

Vg - Vg4 has increased from Yo = V max. to V.

The variation of Iy = - I is displayed on the oscillogruph as shown 1n rig.a

~ as the time base of the oscillograph has made = displacement

The curve replidly recches a maximum value. LR
At éhis mément all the secondaries released reach the znode as Vg - V; 1§.s§ffi§1éntly
ﬁeéative. |

In this cond;tion the resulting secondary emission current is thus the ‘effective
secondary emission Is eff at the adjusted primary beam velocity.
The maximum value of the curve is thas proportioncl to Ig eff - Ip.
As E&, is greater than unity, the screen gets a positive charge owing to which ¥y - Vg
becgges less negative. The slowest secondaries start then to return to the screen,
bending the top’of the curve downwards, 4is the Vg - Vy; becomes more and more negative,
more and more secondsries return to the serean so that is - Ip becomes smaller and |
smallgr, to reach finslly zero at a smell positive Vg - Va B Voo

2% 3 1,20, Va=0C, Vs - Va =Vo + Vy max. . Ig =0

fﬁe anode voltage has decreased from V, max. to U, causing the voltage VS - Va to
increase to Vg + V. ‘

(It is assumed that in the time between the pulses no charge flows away frow the screen

¢

along the insulation leskage).

Ef_: Ip = I, max., Vg =0, Vg - Vg = Vg + Vg max. ' . Ip= -1y max,
f_fi:Ip=.0,Va=0,VB-Va=Ve, : Ip =0

. During the pulse time interval ts - tﬁ, I3 has increassed from -Ix max. to‘o;b

Vg ~ Va has decreased from V, + Vy mex. to Vo.



&t

-

The curve Ip = £(t) displayed on the oscillograph during this period is shown in
fig. 9.
The negative maximum of Ip is -ip, as Vg ~ Vy = Vo + Vy max, thus so much positive

that no secondaries are released from the screcn, This condition is maintained until,

i owing to the supply of negative char-e to the screen by Ip, the potential difference

V' bnct s 23 has decreased 80 much that the fastest electroms can leave the écreen and

reach the anode. Ig - I, will then increase until the value O has been reached.

Vg = Vg has then become again V,.

At the time ?v the coﬁdition is equal to that of t1 and the cyele is repeated.

gn the screen of the oscillogreph both curves of the fig. 8 and Q.are always present.
See fig. 1C.

Byxéeasuriné the heights of Ig eff - Ip and Ip, thé secondary emission'ratio of the

phosphor csn now be calculated from the relation?

L (Is eff - Ip) + Ip
z I

-

By ecarrying out this measurement for the whole range of the anode-cathoég.voltage

up to e.g. 1% kV, the points @f the secondary emission‘curve 5'3 f(Va) of the tube

are obtained. (See fig. 1ll.
Fig. 12 shows the curves 3‘== £(Va} of some tubes showing sticking at ¢ ¥V anode-
cathode voltage.

The sticking ecurves Vé - Vg 8re given in the same figure.

It is clearly to be seen that sticking starts where the secondary emission curves

reach unity.

The maximum value of'J'appears to be at about 1 ¥V for all tubes.

The tube under test is adjusted to & maximum Ia of 100 V4, thus Ia average belng

10 UA. The aaplitude of the =node pulse is 100 Volts.

with this method the gecondary emission curve can only be determined for values
ofJ > 1 as at C( =1, I, Ip'is always zero. In this condition no Yoltage across

R will arise. In Arcctice i1t is not possible to o fapther than approximately

$3 ke N
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It is then possible to extend the drzvh to the point cf = 1.

Measuring apparetus

Pulse generator

The pulse generators and time base used are part of a staendard pulse unit with .,

built-in time bases for observing short duratisn phenomena,

It is possible to meke use of a multivibrator for the anode pulses and of a flip-

flop circuit for the grid pulses; this circuit is adjusted to double the frecuency

by means of an oscillograph,’

Y It will be possible to generate = pulse voltage with a multivibrator; the frequency

being 2500 /sec, the width 10C V sec. and the amplitude 100 Volts for pulsing the

anode voltage.

This. pulse can be applied .to the vertical deflection plates of an oscillograph, the
time bzse being adjusted to double the frequéncy.

in this case use mst be made of the internal synchronization of the time base,
4ith this time bose o flip-flop circuit can be controlled to generate the grid
pulses. ‘ s

Fig. 13 gives &n example of such a circuit.

Time base of the oscillograph.

~ Fig. 14 shows the cirecuit of a single stroke time buse. The grid pulse is inversed

by the valve Bl and thus the valve Z2 is cut off.

The capacitor ¢ is now charged via the gseries resistor R.

The speed of the charging can be controlled with the variable pért of Re

IMode B4 end the capacitor Cl provide, together with B3, for the linearity of

the charging., .t the end of the grid pulse, B2 suddenly becomes conducting: and
thus C is rapidly dischurged ccross B2. The aaw tooth voltace is taken from the

potentiometer Ty in the cathode circuit of B83.
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Amplifier and oscillograph

’ The amplifier consists of two parts : a preamplifier and an output amplifier

(fig. 18). The former consists of two stages : an amplification stage (valve 31)

end a cathode-follower (B2i.

If suitably constructed, the preamplifier can be attached to the stond and placed

close to the bulb of the tube under test.

The output amplifier consists of two amplifying stages (B3 and B4}, a pﬁase
ipverter valve BS and a symme trical output (B6 =nd B7)e

1f the amplification per stage 1s le,thé total voltuge amplification will then
be 20,000 X,

Thé output amplitude can be adjusted with the input potentiometef of the output
ampl_ifier. 3 v
Correction coils (51 to 56) are inserted into the anode cireuits of the valves.
The supply veltages for the preamplifier are taken from the output amplifier.
The meaéuring oqcillograph is type G 3152, The output of the amplifier can
be connected dirgctly to the vertical deflection plates at the bdck of the
oscillograph.

To obtain an éscillogram with o sﬁ”ficient brightness and sharpness it is
focompended that the cathode ray tube of the oscillograph be given o post
acceleration of 1 to 2 kV.

AeCe Klelsma,
Literature
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;Kenneth G. Mcxay»‘advances in Electronics 1, 5=,1948.
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Supplement to réport No. 44, concerning "Measurement of
secondary emission from fluorescent screens of picture
tubes".

During the intensive use o the arrangement described in the above report,
we have introduced some improvements, which are described below.

The nulse generator

In the report, it has been suggested, how to geuerate the grid and anode
pulses, regquired to measure 59001dﬁry emission oi fluorescent screens.
The method described, however, is rather cumbersome, because one requires
two pulse benerftors, sJuchronlzed by means of an oscillograph. This
synchronisation is not very stable and we have therefore designed a
special pulse generator for this purpose which functions satisfactorily.
Fig. 1 shows a diagram as decribed in report 44, two pulses are used, one
controlling the grid, and the other the anode screen potential of the
tube under test.

The repetition freﬁuexcy of the anode pulses is 2500 c¢/s: the frequency
of the grid pulses is 5000 ¢/s.

Care should be t%ken to the proper phasing of the pulses with respect

to each other.

The pulse generator of Fig. 1 comprises a maktor o seillator V1A, generat ing
a sinusoidal voltage, the frequency being 2500 c¢/s.

This voltage is clipped by a pentode Vp, Nhlbh squares the sine wave.
The follow1ng network with diode V3A differentiates this voltage and
suppresses the negative part, giving the synchronizing pulses to the
multivibration 01rcu1t of V4.

This circuit generates rectangular pulses, which, after being amplified
by Vg, are applied to the anode of the tube under test.

The duration of the pulses is 100 m sec and their height about 150 Volts.
The circuit counnected to V13 comprises two LC circuits, properly tuned .
to the second harmonic of the frequency of the master oscillator, which
is coupled with a small capacitance to this circuit.

At the anode of V1B thus appears a sinusoidal voltage, fregquency being
5000 ¢/s.

The remainder of the circuit from Vg to Vg has the same functions as
that after V1A.At the 2anode of V8 a pulse appears with a duration of

20 m sec.; this pulse is applied to the grid of the tube under test.

The proper phasing of the pulses can be adjusted by means of a network,
consisting of a resistor o7 100 KJfLin series with a variable capacitor
C, inserted between V1B and Vg.

The two output pulses =zre 23lso qpplled to the grids of the double trnode
Vog. The mixed output voltage across the cathode resistor is led

td0 an oscillograph, so that one can always observe the phasing and shape
of the pulses.

Improvements of the measurement

In report 44, we stated that the tube to be examined is operated without
focusing.

The measurement is possible because of the c=zpacitance, formed by the
phosphor layer and the metal plate against the bulb wall. According to
formula (1) of report 44 this capacitance is proportional to the square

of the diameter of the electron beam.
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An increase of the anocde - cathode voltage, causesthe diameter of the

beam and thus also the capacitance to decrease.

This phenomenon gives rise to an oscillogram that is difficult to

measure at high anode - cathode voltages.

To avoid this, we now overfocus the beam during the measurement® in such

a wa, that we always work with almost the same beam digmeter (about
{ on the screen, resulting in 2 well measurable oscillogram at high

anode - cathode voltages.

Another practiczal improvement is the measuring scale before the oscillo-

graph tube. We used for this a millimeter scale to measure the topheights

of the two parts of the oscillogram and calculated ¢ from:

J _ (Is eff - Ip) + Ip

I
p
(Ig eff - Ip) and Ip being proportional to the heights of the tops of
the oscillogram.
By keeping I, constant during the measurement and giving the scale at
the dividing line the value 1 and the top Ip the value O, one can read
direct from the scale. (Fige. 2). §
316

-

?\')
llllllJlll!llll‘lll
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Accuracy of the measurement

The accuracy of the measurement is affected by the capacitance formed
by the anode and the phosphor layer in the following way:

Taking this capacitance into account Tig. 3 shows the equivalent of
the measuring circuit.

i .
‘ ‘ﬂﬁ | Cag = capacitance anode to phosphor.
i T [ Cg = capacitance phosphor to metal plate.
\aJ‘C‘; |
iI: Yas Vs 2‘~f——* R, = resistance anode to earth.
Z Ro = measuring resistance.

K

It appears from this diagram, that the
change of the anode-screen potential

Vag equals the change of the screen metal
plate potential Vgq; thus we may write:

3 1 Porodat= 1 S 1o at
w J WS

—\ VNN

£
]



I4 =0 I2
Cs

Since: I1+1Ip =15 -1
I4

1}

(1)

‘s

(2)

Eliminating I4 from (1) and (2) we haves

Cas 12 =1s - Ip-1I2

I2 = Is - Ip
1 + Cas .
cS
N
Ro but:
IS- Ip . R2
1 + Cgqg
CS

being a smaller value.

Measurements of Cyg and Cg show that
thus

I2 = IS - IE
{4 1903

(3)

It appears from (3), that we do not exactly measure (Ig - Ip).Bg across

Cas amounts to approximately 0,03,

s

As a consequence, we measure a fault of approximately 3%, but this can,

if wanted be taken into accounte.

-/

A.Co Kleisma.
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