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Valves for A.C./D.C. receivers

Valves for operating on both alternating and direct current are referred to briefly
as A.C./D.C. valves. A full range of Philips valves is available for such receivers,
all working on a heater current of 200 mA, which represents quite a low current
consumption in the heater circuit. The original series of A.C./D.(. valves comprised
the following:

' Heater
T&ge Type of valve voltage
CB 2 Double diode. . . . . . . . . . . . .. 13V
CBC 1 Double-diode-triode . . . . . . . . . .. 13V
cc 2 Triode . . . . e e e 13V
Cr 3 Variable-mu pentode e e e e 13V
CF 7 Pentode . . . . . . .. ... 13V
CH 1 Hexode . . . . . . . ... .. ... 13V
CK 1 Octode. . . . . . 13V
CL 1 5 W output pentode (a,lso for car mdlo) . 13V
CL 2 8 W output pentode . . . e 24V
CL 4 Steep-slope 9 W output pentode e 33V
CY 1 Half-wave rectifying valve. . . . . 20V
Y 2 Half-wave rectifying valve and voltage

doubler . . . . . . . ... ... 0V

This range has now been completed by the addition of a 4-channel octode, the CK 3.
a double-diode pentode CBL 1 and a steep-slope output pentode for low maing
supplies, the CL 6.

Of the modern “Miniwatt”, E-type valves, quite a number are also suitable for
A.C./D.C. receivers, namely those whose current consumption is 200 mA at 6.3 V;
these valves can be connected with their heaters in series with any other specific
A.C./D.C. valves and comprise the so-called pre-amplifiers, such as R.F. pentodes,
frequency-changers and A.F. amplifiers; output valves and rectifying valves in general
require more heater power than 1.26 W and their current consumption is therefore
more than 200 mA. They are, of course, not suitable for series feeding. In the design
of A.C./D.C. receivers, incorporating the red“E”-type valves, a choice must be
made from among the valves in the existing range as far as output and rectifying
valves are concerned. Ifor the mixer stage the triode-hexode ECH 3 is recommended.
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In order to complete the range of A.C./D.C. valves, using the 1.26 W, E-types, the
following should also be added.

Type leater
L\)I (I)) Type of valve v}i)(itztgle
CBL 1 Double-diode output pentode 4V
CK 3 4-channel octode . . 19V
CL 4 Steep-slope output pentode 33V
CL 6 Steep-slope output pentode for 100 \ bupplv 3BV
CY 1 Half-wave rectifying valve. . 20V
Y 2 Half-wave rectifying valve and volmge

doubler 30V

In the following pages the data and characteristics of the 200 1A valves are given;
the red pre-amplifier valves (E-type) have already heen fully described in the fore-

going.
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CBL 1

CBL 1 Double-diode output pentode

The CBL 1 is a combination of double-diode and steep-slope pentode
for A.C./D.C. receivers, both units being housed in a common

envelope; the cathode is also common to both.

The pentode unit is comparable with the high-mutual-conductance

output pentode CL 4.

In view of the considerable heater power required, the heater
voltage, with a current of 200 mA, is 44 V. The two diodes are
mounted below the pentode section, on each side of the cathode,
with the anodes, which are almost semi-cylindrical in shape, level
with each other: the diodes are, therefore, electrically identical.
Further, the diode unit is separated from the pentode section by
a screen and, to ensure that the grid of the pentode cannot be
affected in any way by the diodes, and also to prevent hum, the )
control-grid connection is taken out to a top cap on the envelope. Dimeusr{:mé

HEATER RATINGS

Heating: indirect by A.C. or D.C.,
Heater voltage e
Heater current

series supply.

CAPACITANCES
Cypn << 1.0 puF Oy < 0.5 pulF
Coy < 0.2 pul Cor < 1 nuF
Cie < 04 ¥ Ci'ry = 3.5 uuF
Ci'yr << 015 pul Car = 3.6 uuF
Capr << 0.15 pul Cyy < 0.25 yuF
OPERATING DATA
Anode voltage . |
Screen-grid voltage . Ve
Cathode resistor . Ry
Grid bias . Vi
Anode current . I,
Screen-grid current. 1,
Mutual conductance S
Internal resistance . R;
Load resistor P &
Output power with 10 9, distortion . W,
Vi

Alternating input voltage for 4 W output

Sensitivity (H', = 50 mW) .
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== 40,000 ohms

g. 1

in mm.

9
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24274
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= 200 V & e L=
= 200V J 2
= 170 ohms
= —85V
== 6 mA Saz75
= 8 mA/V Fig. 2

Arrangement of
electrodes and

4.500 ohms base connections
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CBL 1

MAXIMUM RATINGS T J{C 250
Pentode section:
Vao = max. 550 V
Va = max. 250 V
W = max. 9 W Va ¥z 20 200
Vyso = max. 550 V —1a
72 = max. 250 V R
Wes (Vi = 0) = max. 1.2 W
Wys (Wo = max) = max. 2 W 150
A = max. 70 mA !
VarIyy = 4+ 0.3 A) = max. —1.3 V 1 f
ik = max. 1 M ohm j
Ry = max. 5,000 ohms : 0
1473 = max. 175 V1) : e -
) Direct voltage or effective value of alternating - B 5 I‘! 1‘11_‘?
voltage ™I . ; i 7iREN
1 R i . /.
- 50
1 A
i Rasy
s e S -
F ) e e
35 -3 -25 -20 -5 -0 -5 0
24280
Yig. 3

Anode and screen current as a function of the grid
bias at Va = Vg, = 200 V.

Diode section:

Voltage on anode of diode Vu = V4 — max. 200 V
Diode current I, = Iy = max.0.8 mA
Diode voltage at diode current start (Ig = Iy =+ 03 ud)Vy= Ty == max.-1.3V

The characteristics relating to the increase in the voltage (A V) across the grid leak,
as plotted against theun modulated R.F. voltage, and for the A.F. voltage Vi p across
the grid leak as a function of the 30 %, modulated R.F. voltage applied to one of the
diodes, are exactly the same as those of the EB 4, so for these data the reader is referred
to the last-mentioned valve.

Grid bias must be provided only by means of a cathode resistor; semi-automatic
bias is also permissible, but the cathode current of the valve must then he definitely
in excess of 50 9, of the total current passing through the resistor producing the
voltage drop.

In general, the capacitance of the decoupling capacitor should be at least 2 uF, but
for better reproduction of the lower audio frequencies an electrolytic capacitor of
25 tot 50 uF capacitance is better. Leads to the valve contacts should be kept as
short as possible and a resistor of about 1000 ohms in the control-grid lead will
often be found necessary.

It should be observed that any A.F. amplification between the detector diode and the
pentode section of the valve may possibly give rise to trouble due to hum or micro-
phony. Any such amplification should therefore not exceed at most 15 times.

Tables I and IT provide an idea of the power delivered, having regard to the voltage
drop across the output transformer. The theoretical circuit diagrams employed to
obtain the values given in these tables are depicted in the figures relating to the
EL 2 valve.
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CBL 1
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Fig. 5
Alternating grid voltage and total distortion as functions of the
output power.
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CBL 1

TABLE 1

Output power and grid input voltage as functions of the voltage drop in the output
transformer, on an effective anode voltage of 200 V D.C.

I, = 45 mA
With 10 9; distortion With 5 9; distortiou
Lffec- Supply { Screen- Volt- Loss in
tive voltage grid age Ext. Alt. | Output| Ext. Alt. | Output| power in
D.C. series drop anode grid power | anode grid power output
volts resistor | across Tes. volts Tes. volts transf.
Ra, Ra Ru Wo
Va (V) § Vbo(V) (ohm) Vier (V) | (ohm) JFi(Vef)] Wo (W) (ohm) JVi(Vef)] Wo (W) (%)
200 200 0 0 4,500] 4.4 4.0 |4,500] 2.7 2.1 —
200 210 1,800 10 4,500 | 4.3 3.7 4,500} 2.5 1.8 10
200 220 3,400 20 4,500 4.25 1 3.6 {4.500] 2.4 1.6 20
200 230 | 5,000 30 4,5001 4.2 3.5 14,500] 2.3 1.5 30
200 250 8,500 50 4,500 | 4.1 3.3 14,500] 2.3 1.5 50
TABLE II

Output power and grid input voltage as functions of the voltage drop in the output
transformer when the screen and supply voltage — 200 V.

I, = 45 mA

‘With 10 9% distortion With 5 9 distortion
Effec- Supply | Screen- Volt- Loss in
tive voltage grid age Ext. Alt. | Output| Ext. Alt. | Output| power in
D.C. voltage drop anode grid power | anode erid power output
volts across Tes. volts res. volts transf.
on the output .
anode transf. Wirx100

Ra Ra o
Fa(V) 1_Vo (V) | Vg (V) | Vitr (V) | (ohm) [¥i(Vem)] Wo(W)]| (ohm) |Vi(Ve)l Wwo (W) (%)
200 200 200 0 4,500] 4.4 4.0 |4,500] 2.7 2.1 0

190 200 200 10 }4,200| 4.4 3.5 14200] 2.5 1.85 11
180 200 200 20 | 4,000] 4.3 34 14,000)] 2.6 1.795 22
170 200 200 30 3,800 4.3 2.9 13,800 2.7 1.65 35
150 200 200 50 3,350 | 4.2 26 13,350 2.9 1.65 66

Note: The loss of power due to the resistance of the output transformer is calculated
on the assumption that Rprim = 2% Ry
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CK 3

CK 3 Octode

This is an octode of the 4-channel type; with the exception of the
heater ratings it is similar to the EK 3, for A.C./D.C. receivers.
With a view to its use on 100 V mains, the sixth grid has been
modified slightly, but the data as given for the EK 3 also apply
to this valve, which offers the same advantages with respect to
frequency drift, induction effect, conversion conductance, c¢ross-
modulation, oscillator slope, ete.

At
3| hEs o
@5 e e e s R e
S Rl
v —200v ] a TFig. 1
1 Vo2 = Vgas= 100V 3 ] AL 5.
Vge =25V
- ‘g THE R T e H B w0’
T j" _,]7,://
T e T T
| 10°
; i it i I
7 !7 ES=ajzasaRRENRERGEENEEz=R
T
| i 1
=30 VYplv) -25 -20 ~15 ~16 -5 a
26835
Tig. 3
Conductance of the 4th grid as a function of the direct voltage on
grid 1
2776
Tig.
Arr'mgement; of
electrodes and
base connections.
HEATER RATINGS
Heating: indirect, A.C. or DC, series supp}\
Heater voltage . . . . . . . e e e Fr=19Y
Heater current . . . .. Iy =0.200 A
CAPACITANCES
Cogr < 0.1 puF Cogr = 11 uuF
C, = 16.5 uyuF Cys = 86 uul
Cp =14 wuF Cyy = 152 uuF



CK 3
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Internal resistance, conversion conductance

and oscillator-grid current as functions of the

oscillator voltage, for a grid leak of 50,000 ohms,
with Va = 200 V.

Internal resistance, conversion conductance

and oscillator-grid current as functions of the

oscillator voltage, for a grid leak of 50,000 ohms,
with Va = 100 V.

OPERATING DATA: CK 3 used as frequency-changer

200 V

Anode voltage
Screen-grid voltage

Oscillator-anode voltage .

irid leak, oscillator . P
Alternating oscillator voltage, grid 1
Oscillator-grid current .

Cathode resistor.

Bias, grid 4 . . . . . .. P,
Anode current I
Sereen-grid current . Lyy + Iys
Oscillator-anode current . Iys
Conversion conductance . S,
Internal resistance . R;

Conductance: grid 1 with
respect to grid 2 (Voge = 0) Syyys

Oscillator-anode current at
threshold of oscillation
(Vosc = O) .

1) Without control.

Iy

Ve = 200 V
Vgas = 100 V
Vyo = 100 V
0 = 50,000 ohms
Vyl(osc) = 12 Veg
Iy = 300 yA
. Ry = 190 ohms
= —2.5 V1) —38 V? —42 V 3)
== 25 mA — —
= 55 mA — —
== 5 mA —_ —
= 650 6.5 3 uA/NV
= 1.7 > 10 2> 10 M ohms
=4 mA/V —
= 18 mA —

%) Conductance reduced to one-hundredth of uncontrolled value.

%) Limit of control,



CK 3

100 V
Anode voltage Va
Screen-grid voltage 43,5
Oscillator-anode voltage . N ==
Oscillator grid leak . e Ry =
Alternating oscillator voltage, grid 1 Vorosey ==
Oscillator-grid current . Ce e Iy E
Cathode resistor. - .. . Ry ==
Bias, grid 4 Vi - —23VYy —3
Anode current 1, ~ 2.5 mA —
Screen-grid current . Iys+ 1y = 5.5 mA  —
Oscillator-anode current . I - 5 mA -
Conversion conductance . S, - 650 6.5
Internal resistance . R 0.7 >
Conductance, grid 1 with re-

spect to grid 2 (Vose = 0) Syuype 4+ mA/ V. —
Oscillator-anode current at

threshold of oscillation

(Vose = 0) . I, - 18 mA —
1y Without control.
) Conductance reduced to one-hundredth of uncontrolled value.
3) Limit of control.
MAXIMUM RATINGS
Anode voltage in cold condition . Voo
Anode voltage Ve
Anode dissipation . e e W
Screen voltage in cold condition . ¥ ya,50
Screen voltage Vyss
Screen digsipation . Lo Wss
Oscillator-anode voltage, cold. ¥ yso
Oscillator-anode voltage . Vi
Oscillator-anode dissipation. Wye
Cathode current. PR
Grid voltage at grid current start (Iy == -+ 0.3 xA) s
External resistance between grid 4 and cathode . Ry
External resistance between grid 1 and cathode . Ry
Txternal resistance between heater and cathode . Ry
Voltage between heater and cathode (direct voltage

or effcetive value of alternating voltage) . Ve

= 100 V
= 100 V

100 V

50,000 ohms

12 Veg

- 300 pA

175 ohms
SV g)

max.

max.
max.
= max.
max.
max.
max.
max.
max.
max.
max.
max.
max.
max.
max.

3 uA/V
> 10 M ohms

550 V

300 V

1 W

550 V

150 V

1w

550 V

150 V

1w

23 mA
—13 V

3 M ohms
100,000 ohms
20,000 ohms

. 100 V

The frequency drift in this octode will be at its minimum when the tuned oscillator
eircuit is coupled to the oscillator anode; the coupling coil is then connected to the
control grid and Fig. 7 shows the method of arranging the feeds. The direct voltage is

applied to the oscillator anode across a resistor of 30.000
168

ohms.



CK 3

The direct voltage on the oscillator anode must be 100 V; on 110 V mains this is of
the same order as the supply voltage and the series resistor should then actually
be much less than 30,000 ohms, but this, again, is not feasible since the oscillator
circuit is damped by this resistor and either the oscillator voltage in the short
and medium ranges would then be too small, or it would not be possible to maintain
it. An alternative method is to use the CK 3 in the other type of circuit, shown in
Fig. 8, although a drawback to this arrangement is that extra contacts have to be
provided in the wave-change switch for changing over the padding capacitor Cyp.

However, Fig. 9 offers a better solution

Vilmbert) 27768 that can be quite serviceable on a high

= Va «f00-200V| intermediate frequency, provided that
AN s, : queney: B :

1000 o s the padding capacitance is Lept fairly

Vgrlv o o L2Vete
K _=1% small. In the long-wave range, for in-
stance, this capacitance is of the order
of 200 puF, but this is insufficient for
hy-passing the feed resistor of 5,000
ohms and would produce too much damp-

uo,,y:fi ing of the oscillator circuit; in the other
100 4=t wave ranges, in which C) is of a higher

value, this does not apply to such an

et Va - 100-200V L
=] \\ Vo2 = 5= 100V extent, so that the type of circuit shown
et = L1 (Vo 1211 in Fig. 7 may be used for the long-wave

mo=1

%

: T T range and that of Fig. 9 for the other
i H Ll ranges; the combined circuit is shown in

' 0 00g_|Se(uA) it }
otV I i —mal Fig. 10. On long waves, when switches
g Va = 100-200V &, and S, are open, the circuit closely
T th(;ﬁ}":’,fg, resembles that of Tig. 7, although the
-30 Rat < 5000041 feed is not applied at the extreme “‘top”
-20 5 of the circuit. The oscillator circuit is
=T thus fairly heavily damped by the resist-
~10 or of 5,000 ohms, but on long waves
0 it. is not a difficult matter to obtain a

10 100 1000 10000

sufficiently tight coupling.

faluA) :ScluAN)] : .
On the medium waves, with §; closed,

Fig. 6

Upper diagram. Input signal as a function of
the conversion conductance as controlled by
the bias on the 4th grid, with 1 9, cross-modula-
tion. (Conductance and voltage on logarithmic
scale)
Centre diagram. Input signal as a function of
the conversion conductance as controlled by
the bias on the 4th grid, with 1 % modulation
hum. (Conductance and voltage on logarithmic
scale)
Lower diagram. Conversion conductance and
anode current (logarithmic scale) as a function
of the bias on grid 4 (on lincar scale).

the circuit is as shown in Fig. 9; the
padding capacitor is large enough, as is
also the case for the short waves.

If it is necessary to isolate the tuning
capacitor from the D.C. supply of 100 V,
a fixed capacitor of fairly high capacitance
is placed in series with it, although this
is superfluous if the tuned oscillator
circuit is connected to the first grid. The
frequency drift due to control of the

voltage on the 4th grid is then somewhat more, but this must be accepted if
control on the valve i3 essential.

Tt should be noted that no account has heen taken of the 100 V D.C. occurring on the
contacts of the wave-change switch and in many instances this will not be acceptable
in view of prevailing safety precautions. High-capacitance isolating capacitors then
have to be included, but if this is considered too costly the only alternative is to
conneet the tuned oscillator circuit to the first grid.

1649



CK 3

100uuF
50mF H
1.2 [_1 %C,,
o
c,,.l. N
s =
o
f=l
=
+0ov S ;gb;gv
Yig. 7

Oscillator anode fed through a. resistor of 30,000 ohms. This
circuit is not suitable for the CK 3 when used on 100 V supply.

50upF (!~p
A
Ly Ly v
Ofuf.
Y
00V +250V
25987
Fig. 8

Oscillator anode fed through the tuning coil. This arrange-

ment is suitable for 100 V supply but has the disadvantage

that the padding capacitors for the different wave ranges
have to be switched.
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Oscillator anode fed through the tuning coil using a series
resistor of 5,000 ohms.
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o
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Ly 1
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=Cp

% +100v

23324

Fig. 10
Combination of circuits of Figs 7 and @
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CL 4

CL 4 Output pentode

a The CL 4 is an indirectly-heated 9 W output pentode
of high mutual conductance, especially for use in
g3 A.C/D.C. receivers; it lends itself admirably to

g2 ' g/ the construction of simple types of receivers. As the
mutual conductance, as stated, is very high, the
o heater power is also on the high side; the current

Kf f with 33 V is 200 mA.

249 The CL 4 may be employed either as a Class A
amplifier or in balanced output circuits, and in the
S J & latter instance will deliver 8 W with 1.5 9, distor-

93k Q,Q [y > g tion; with a potential of 250 V on both anode and
screen, as much as 13.5 W can be obtained from
= 912 this valve with 5.7 % distortion (the anode-to-anode Tig. 1

Dimensions in mm.

g® load is 6,000 ohms). The cathode biasing resistor
92 must then be 175 ohms and the alternating grid
voltage 12.5 Ve, per grid.
X¥720

HEATER RATINGS

Tig. 2
Arrangement of Peating: indirect, by A.C. or D.C., series supply.
electrodes and v r S
base connections. Heater voltage . . . . . . . . . . .. . ... l']‘ =33 ¥V
Heater current . . . Coe e e e e oo =0200 A
CAPACITANCES
Anode-grid . . . . . e e o Oy < 1 g
OPERATING DATA: CL 4 used as single output valve
Anode voltage . . . . . . . . ... ... ...V, - 200V
Sereen-grid voltage . . . . . . . .. ... .. ¥ = 200 V
Cathode resistor. . . e . .. . .. .... R == 170 ohms
Grid bias. . . . .. ... . ... .. ... T, = —85V
Anode current . . . . . . . . . . . .. .. .. I, =: 45 mA
Screen-grid current . . . . . . . .. ... [, == 6 mA
Mutual conductance . . . . . . . . . ... ... 8 == 8§ mA/V
Internal resistance . . . . . . . . . . . . . .. 2 == 35,000 ohms
Load resistor . . . . . . . . . . . . . . .. .. R, == 4,500 ohms
Output power with 10 °j distortion . . . . . . . T, = 4 W
Alternating input voltage . . . . . . . . . . . . I; = 5 Ve
Nensitivity (I, =30 mW). . . . . . . . . . .. | & = 0.5 Veg
OPERATING DATA: CL 4 used in balanced stage (2 valves)
Anode voltage . . . . . . . . . . .. . .. .. 7 w200 V
Screen-grid voltage . . . . . . . . . . . .. . Vya =200V
Cathode resistor. . . . . . . . . .. . . .. .. R == 135 ohms
Anode current (without signal). . . . . . . . . . Iy = 2 % 33 mA
Anode current at max. modulation . . . . R P - 2 X 40 mA
Screen-grid current (without signal}. . . . . . . . Ly0y = 2 X 3.5 mA
Screen-grid current at max. modulation. . . . . . 1yomax -2 X 6 mA
Load resistor, anode-to-anode . . . . . . ... Ry -: 4,500 ohms
Output power at max. modulation . . . . . . . . I, -- 8 W
Total distortion at max. modulation . . . . . . . dior = 159
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CL 4
MAXIMUM RATINGS

Vao = max. 400 V LSS TmAN 20
Ve = max. 250 V
W = max. 9 W
Vys = max. 400 V
g2 = max. 250 V b = W07 2 2007 200
Was =max. 2 W =n
Iy, = max. 70 mA Rl
Vyullyy==+0.3uA)= max. —1.3 V :
Ly = max. 1 M ohm -
Ry, = max. 5,000 ohms
Vi = max. 125 V1)
'} Direct voltage or effective value of alternating
voltage,
100
/
/
50
swnd; U] ST 0
-0 P52 -5 -B = 0
29722

Iig. 3
Anode current as a function of the grid bias at
Va = Vg, = 200 V.

Grid bias is to be obtained only hy means of a cathode resistor; semi-automatic
bias may be employed provided that the cathode current of the valve is more than
50 % of the current passing through the resistor producing the voltage drop. The
decoupling capacitor should, generally speaking, be 2 uF, but for better reproduction
of the lower tones it is better to use an electrolytic capacitor of 25 to 50 uE.

Leads to the valve contacts must be kept as short as possible, whilst a resistor
of about 100 ohms in the control grid circuit is often desirable. Tables I and 11 relating
to the CBL 1 also apply to this valve; they provide details of the output power, having
regard to the voltage drop in the output transformer. The circuits employed for the
measurements given in these tables are reproduced in the text relating to the BL 2.

In balanced output circuits employing two type CL 4 valves, a suitable pre-amplifier
is the EBC 3, the EF 6 connected as triode, or the CL 4, also connected as triode.
A satisfactory ratio for the coupling transformer is 1: (2 + 2) for the EBC 3 and
EF 6 (as triode), or I-: (3 + 3) for the CL 4 (as triode).

The CL 4 is also very useful in A.C./D.C. reccivers employing negative feed-back
to reduce distortion and to improve the frequency-response curve of the amplifier.
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CL 6 Output pentode

The CL 6 is a highly sensitive output pentode designed for use in
A.C./D.C. receivers operating on low-voltage mains. In such cases
the screen voltage needs to be about 100 V, this being the reason
why the CL 6, as well as the CL 2, has been designed on that basis.
With V, = V,, = 100 V, the anode current is 50 mA, which gives
the CL 6 an output of 5 W. The mutual conductance is then 8.5 mA/V
and, when properly matched, the valve delivers 2.1 W with 10 9
distortion. The alternating grid voltage under these conditions is
5.6 V(efr), the sensitivity being 0.62 Vien).

The high mutual conductance of this valve is an advantage in that,
in receivers designed to use the CL 4 as pre-amplifier valve, the
CL 6 can also be employed without any modification to the circuit.
In A.C./D.C. receivers for use on low-voltage mains, another advan-
tage of the steep-slope pentode is that, owing to the high conduct-
ance, the alternating grid voltage is very much lower than in
an average output valve. As the bias is produced by means of a
cathode resistor, or by the voltage drop across a resistor in the
negative H.T. line, and therefore reduces the amount of anode
voltage available for the output valve, it is obviously an advantage
to ensure that the grid bias takes the smallest possible proportion
of the direct voltage
available. The necessary
bias for the CL 6 is
—8.3V, with V,, = ¥,
=100 V, as against
—15 V in the case of the

TimAj;

ensures a voltage which
is 6.7 V higher, this
being a not inconsider-
able difference, on low-
voltage mains.

A.C./D.C. receivers are
oftendesigned forswiteh-
ing over from high to
low-voltage mains and
vice versa, and in view
of this the possibility of

Va u 200V: Vg2 = 100V

ARREEE CL 2. The CL 6 thusmkg3

Fig. 1
Dimensions in mm.
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Fig. 2
Arrangement of
electrodes and
base connections.
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Anode current and screen current as functions
of the grid bias, with Vg, = 100 V and T« =

100 and 200 V.

using an anode potential of 200 or 250 V
has also been taken into account in the
design of the valve; at the higher anode
voltages it can be used as a 9 W output
valve. The screen potential must in no
case exceed 125 V and should, therefore,
always be applied through a resistor
or potential divider. For A.C./D.C. sets
operating only on high-voltage mains it
is more economical to use the CL 4.

With 200 V on the anode and 100 V on
the screen, the mutual conductance is
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CL 6
27739
EEEA 8 mA/V, in which case
the valve is similar to
the CL 4. The output
! ; power with 10 9 distor-
T : { tion is 4 W, the alter-
i j nating grid voltage being
LT 5.6 Veem. As receivers
Fl-6 designed for switching
o e ; to either high or low-
TR T N - ey voltage mains generally
! it i ! H give some trouble in the
H-H o = T switching of the biasing
= B ERESEREE R SSES ey (cathode) resistor, the
= ! "_—____ ==mrml same resistor is employ-
T _7,%"/, ed on a working voltage
oy ' -20/ TV o 200 as on 100 V.
4 o0 200 300 400 500 . . .
With a view to ensuring
L Fig. 4 . . a low current, in order to
Anode current as a function of the anode voltage at ¥g, = 100 V, . .
with grid bias as parameter. obtain the least possible
voltage drop in the recti-
fier smoothing circuit, it
is usual to conmect a resistor in series with the screen.
The bias resistor for a working voltage of 100 V, is 140 chms, from which it follows
that the resistance in series with the screen, on 200 V, should be 27,000 ohms, this
giving an output of 2.6 W with 8 %, distortion. In order to obtain a higher output,
A.C./D.C. sets intended for use on low voltages are frequently provided with a bal-
anced output stage, in which case the CL 6 delivers 4 W with 5 %, distortion, on
Vy = Vg, = 100 V; the alternating grid voltage is 6.7 Viem per grid. In small
portable amplifiers for operation on all mains voltages the CL 6 in a balanced output
stage is very useful in view of its suitability for switching over from high mains to
low and vice versa. On anode voltages of 200 and 250 V the power is quite consider-

500 1

y
]
&
-

o

1374

\
\

i ™I
1

able, this being another 277481

feature in its favour in  [4=¥ i A # m

small amplifiers. A bal- : T‘“- »:a

anced circuit with 125 V ~ Vaa 10OV -H :gl%, Ra Vit
on the screens and 200 'V K’;g% T | ST v p i

on the anodes will deliver Rux 14010 - :

a maximum of 12 W ?:jﬁgz‘}“ ot

with 1.8, distortion, dy P
whilst with an anode 2

voltage of 250, 13.5 W
with 6.3 ©f distortion can
be obtained. T 2
The grid connection of 4
this valve is placed at A =
the top of the envelope
in order to keep hum at
a minimum.

I\
\

\

k|

H
J

wewl| o
5] 20 25

Fig. 5
Total distortion, 2nd and 3rd harmonic distortion and alternating
¢rid voltage of the CL 6 when used as single output valve with auto-
matic bias. Va = Vg, = 100 V.
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Fig. 6
Total distortion ana alternating grid voltage; CL 6 used ax
single output valve with automatic bias. Ve = 300 V, Iy =
27,000 ohms.
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Fig. 7
Total distortion, 2nd and 3rd harmonic distortion and alternating
erid voltage; CL 6 used as single output valve with automatic bias.
Ve =200V, Vg, = 100 V.

177



CL 6

HEATER RATINGS

Heating: indirect by A.C. or D.C., series supplv

Heater voltage .
Heater current .

CAPACITANCES

Anode-grid .

OPERATING DATA: CL 6 used as

Anode voltage

Secreen-grid voltage .

Screen series resistor

Screen decoupling capacitor

Cathode resistor.

Grid bias.

Anode current

Screen-grid current .

Mutual conductance .

Internal resistance

Load resistor .

Output power

Distortion . N

Alternating grid vo]ta,ge ..

Sensitivity (W, = 50 mW).

Amplification factor: grid 2 w1th
respect to grid 1 . ..

Va
Voo
Ry

Cye
Ry

Vi

Hysgr

"t =35V

Iy = 0200 A

Cog1 < 0.5 upF

single output valve

= 100 V 200 V

= 100 V —

= — 27,000 ohms
= 32 uF

= 140 ohms 140 ohms

= —83V —

= 50 mA 45 mA

= 9 mA 4.5 mA

= 85mA/V  —

== 12,000 ohms —

= 2,000 ohms 6,000 ohms

=21W 26 W
- 10% 8%
= 5.6 Ve 3.8 Vgt

= 0.62 Vg 0.42 Vg

= 7.0 —

OPERATING DATA: CL 6 used in balanced stage (2 valves)

Anode voltage . . . . . ¥, =100V 200 V
Screen-grid voltage . . . V, = 100V —
Common screen series resistor

Ry == — 10,000 ohms
Cathode resistor, per valve

B = 190 ohms 190 ohms
Anode current (V; =0V) [, = 2 x 42 2 X 45
Anode current at max. modulation

Ia max = 2 42 2 % 40
Screen current (V; =0T) I; = 2xX 175 2xX 52
Screen current at max. modulation

Ljomax= 2 X 125 2 X 6.2
Load resistor between anodes

Req = 3,000 6,000

I

Output power . . . . . W,
Distortion at max. modulation

diot = 1

Alternating input voltage, per grid

i =

178

200 V
125V

250 ohms
2 X 45

2
2

X X

51
5
2 x 11.7 2

4,400
121 W

1.89%

11 Veg

200 V
100 v

190 ohms
—95V

45 mA

5.5 mA

8 mA/V
22,000 ohms
4,500 ohms
4 W

10 %

5.6 Vegr
0.47 Ve

6.5

365 ohms
2 X 36 mA

2 X 43 mA
2 X 4.1 mA

X 12.5 mA

7,000 ohms
13.6 W

6.3 %

13.7 Ve



CL 6

MAXIMUM RATINGS

Anode voltage in cold condition . . . . . . . . . . Ty = max. 550 V
Anode voltage . . . . . . . . .. ... .. ... F; = max.250V
Anode dissipation . . . . . .. ... Wy = max. 9 W
Screen-grid voltage in cold condltlon e v v« o o Vg = max. 550 V
Screen-grid voltage . . . . . . . . .. ... ... Vp = max. 126 V
Screen dissipation (W, =max.). . . . . . . . . . . Wy = max. 1.5 W
Screen dissipation (V;=0V). . . . . . . . .. .. Wy = max. .0 W
Cathode current . . . e e v v o I = max. 70 mA
Grid voltage at grid current start; ( g = + 03 pA) ¥,y = max. —13 V
External resistance between grid and cathode . . . . Ay = max. 1 M ohm
External resistance between heater and cathode . . . Ry = max. 5,000 ohms
Peak value of voltage between heater and cathode . Vg == max. 175 V
Wolw) la{mA)
Villers) Ig2mA)
’214 ¢ 1-8-2 1 100
Ra () - : Relfl)
8000 10 =10 80 400
+ Vilvern
S0myy
6000 75 - 60 300 6
R
I o 1
T T |
ANN. o 1 L (somw)
TS w(10%)
4000 5 ! e H-+H40 200 4
bt fa H—-«
-
= W (10
2000 25 . 20 100 2
= g2 1]
) ] i 00 0
75 200 225 250 Vvalv)
27748
Fig. 8
Output power
with 10 % distortion. . . . Wo (10 %) as functions of the
Alternating grid voltage at anode voltage (within
10 9% distortion . . . . . Fi(10 %) the range 175 to
Sensitivity . . co e e P00 mW) - 250 V), for operation
Cathode resxstor ...... RE at Wae = 9 W, with
Anode current. . . . . . . Ia constant screen vol-
Screen-grid current . . . . Ig, tage Vg, = 100 V.

Load resistor . . . . . . . Ra : 179



CL 6

wolWj f2(mA)
Villerr) lgomA)
15 T 120
Vilver
"l;n(fwd Relfl)
125 125111 100 500
w0 1w Fh 80 400
o5 FHe0 300
a50 40 200
025 20 100
i
0 1 o 0
80 85 90 95 wg(v) 100
27746
Tig. 9
Output power
with 10 9; distortion. . . . Wo (10 %) as functions of the
Alternating grid voltage at screen voltage (in the
10 9, distortion . . . . . T4 (10 %) range 80 to 100 V),
Sensitivity . . . . . . . . Fi(50 mW) with an anode voltage
Cathode resistor . .. Rk 5 V lower than that
Anode current. . . . .. T of the screen.
Screen current . . . . . . fuy
Y (Verry 27787
Lo o SR T " d1n
T . L e
| m|
I I
75
= 00V
Vg2=100V
Ing=2x42 mA
ST Rk=19002
T Ra-30000
o Ck =50uF
- v
& == T
=T diot (03,
1 I
-t Il
4 NB=a ERRRER==cul 25
= =TT ,"”
2 > LT
- s { Y]
T wWol/ 1o
1 & J 4 5
Fig. 10

Anode current Ta, screen current Ig,, total distortion dtot (= d,) and
alternating grid voltage V¢ as functions of the output power Wo
for two type CL 6 valvesin a balanced circuit with ¥a = Fg, = 100V,
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Fig. 11
Anode currenf I, screen current Ig,, total distortion dfof and
alternating grid voltage 17{ as functions of the output power of the
CL 6 in a balanced circuit with Ve = 200 V, using the same cathode
resistor as for Va = Vg, = 100 V.

output transformer has been taken into account.

In order to show the
performance of the ('L 6
at other working volta-
ges than those given in
the standard data, va-
rious values have been
included in the curves
of Figs. 8 and 9, not
only as functions of the
anode voltage at a con-
stant sereen-grid poten-
tial  with continuous
anode dissipation, with
respect to higher feed
voltages. but also as
plotted against V,, in
the case of an anode
voltage which is 5 V
lower than that of the
screen. In  the latter
instance an average vol-
tage drop of 5 V in the

Grid bias must be obtained by means of a cathode resistor only (auto. bias); semi-

’

automatic bias is permissible only when the cathode current of the CL 6 is in excess
of 50 % of the total current passing through the resistor that produces the voltage
drop: the maximum value for the grid leak, as shown in the Maximum Ratings, must

then be reduced in accordance with the following:

Cathode current of the output valve

f=}

Total current passing through resistor producing the volt:»vge drop

‘R!/J ke

In this case, moreover, it must be remembered that the current in those valves which
are subjected to control will affect the bias of the output valve; in other words. when
the control is operating, the bias very quickly becomes too low and the anode current

of the output valve too high.

The high mutual conductance of the valve must also be considered in the design of
the receiver, as it may otherwise result in R.F. feed-back and oscillation. Leads to the
valve contacts must be kept as short as possible, and a resistor of about 1,000 ohms
in the control-grid lead is recommended. With 100 V on the anode, the optimum
value of the load resistance is 2,000 ohms; with 200 V anode, 4,500 ohms. In A.C./D.C.
receivers for both high and low-voltage mains operation a switch must be provided
in the output transformer circuit that will ensure the best possible matching conditions

on different anode voltages.

CL 6
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Fig. 12
Anode eurrent Ja, screen-grid current Jg,, total distortion dfof and
alternating grid voltage Fi, as functions of the output power Wo for
two CL 6 valves in a balanced eircuit with Ve = 200 V.and Vy, =
125 V.
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Fiw. 13
Anode current fa, screen current Fy,, total distortion Jiot and
alternating grid voltage i as functions of the output power for twao
type CL 6 valves in a balanced circuit with Fe =250 V, and Vg, =
125V



CY 1 Rectifying valve

3

30

Fig. 2
Arrangement of
electrodes and

base connections.

Philips CY 1 is a half-wave rectifying valve taking
a heater current of 200 mA at 20 volts. The internal
resistance is very low and the anode current therefore
produces only a very slight decrease in the voltage.
In the applications of the C'Y 1, it is well to bear
in mind that the peak voltage between filament
and cathode must not exceed 450 V; on high mains
voltages, when large-capacitance smoothing capa-
citors are used, a resistor should be included in
the anode circuit to safeguard the valve. The mini-
mum value of this resistor will be found in the
following table:

CY 1

231688

Tig. 1
Dimensions in mm

Mains Smoothing Series
voltage caparitor resistor
Max. 250 V 32 pF | Min. 125 ohms 29778
16 pI | Min. 75 ohms | S0 Ty~ s st
8 ul 0 ohms
; .
Max. 170V 32 uF |Min. 75 ohms 500 ’Li st L
16 pF |Mia. 30 ohms '
8 uF 0 ohms Io
R
Max. 127V 32 uFF 0 ohms | w0 T !
16 uF 0 ohms 1 I
8 ulf 0 ohms HHH P
300 ‘P_
HEATER RATINGS
Heating: indirect. A.C. or D.C., series
supply. 200
Heater voltage Tp=20V g
Heater current Iy = 0200 A B
MAXIMUM RATINGS 00
Anode voltage, A.C.
T = max. 250 Vi
Direet current I, = max. 80 mA o :
Voltage between heater and 0 i ],,‘0 ) & ®
- - - 1T
cathode . ]f/: = max. 450 \ Loading ebarieteristios of the ¢Y 1.
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CY 1/CY 2
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Fig. 4
Anode current as a function of the applied
9 voltage.
7374 I
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Iig. 5
Anode current as a function of the applied
direct voltage, per anode. LA
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CY 2 Rectifying valve and voltage doubler

The CY 2 has a split cathode and two anodes and can be used cither
as a half-wave rectifying valve (see fig. 3) or as a voltage doubler.
In the former case the valve will deliver 120 mA, whilst as voltage
doubler it gives a maximum of 60 mA at roughly twice the voltage

when used as rectifying valve.

It should be noted that the peak voltage between cathode and
filament must in no case exceed 450 V and, on high-voltage mains,
with large smoothing capacitors, a protecting resistor should be
included in the anode circuit; minimum values for this resistor
given in the tahle below.

a a

x
“H
N ™h
Sx

x
&\~
N

E a
ho}

30

24261

Fig. 2
Arrangement of
clectrodes  and
base connections.

Mains
voltage

Smoothing
capacitor

Series
resistor

Max. 250 V

Max. 170 V

Max. 127V

32 uF
16 uF
8 uF

64 uF
16 uF
S uF

32 uF
16 uF
S ulF

Min. 125 ohms
Min. 75 ohms
0 ohms

Min.
Min.

75 ohms
0 ohms
() ohms

0 ohms
() ohms
0 ohms

max44,

are L

Fig. 1
Dimensions in mm.

Gy 2

5m 'VDCV) trd W
00
17
R I
e
I
L Vs 220v= . 10500
200
Ty
i L= 170 VA,
MR R A A
L VieTbve RO AL =00
I
;
ol it ; } b(mA)}
) % 0 50

Yig. 3
Loading characteristics of the CY 2 employed us
half-wave rectifying valve.
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Gy 2

24264
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Tig. 4
Toading characteristic of the CY 2 used as a voltage
doubler. This curve also applies to both voltage-
doubling circuits

HEATER RATINGS

Heating: indirect by A.C. or D. C‘, series supplv
Heater voltage . e .
Heater current .

MAXIMUM RATINGS
1) As half-wave rectifving valve.
Alternating anode voltage .
Direct current .
2) As voltage doubler
Alternating anode voltage .
Direct current . -
Voltage hetween heater and cathode (peak va.lue)

186

I

30V
0.200 A

I

X. 250 Ve,
<. 120 mA

<. 127 Ve,
. 60 mA
. 450 V



