
PHILIPS 
Data handbook 

Electronic 
components 
and materials 

Electron tubes 

Book T1 1985 

Tubes for r.f. heating 

t 



Elcoma —Phi lips Electronic Components and 
'Materials Division — embraces a world-wide group of 
companies operating under the following names: 

IBRAPE PHILIPS 
M B LE ~ 
Miniwatt 5'~Jt t1L~tiCS 

Mullard ~/aLVO 

Elcoma offers you a technological 
partnership in developing your systems to the full. 
A partnership to which we can bring 

• world-wide production and marketing 

• know-how 

• systems approach 

• continuity 

• broad product line 

• fundamental research 

• leading technologies 

• applications support 

• gwajlity 



TUBES FOR R.F. HEATING 

page 

General 

List of symbols  3 

General Operational Recommendations  S 

Survey of tubes 20 

R.F. Triodes, T types 
Device data 25 

R.F. Triodes, YD types 

Device data  175 

Associated accessories 
Device data  310 

Index of type numbers  355 





DATA HANDBOOK SYSTEM 

Our Data Handbook System comprises more than 60 books with specifications on electronic compo-

nents, subassemblies and materials. It is made up of four series of handbooks: 

ELECTRON TUBES BLUE 

SEMICONDUCTORS RED 

INTEGRATED CIRCUffS PURPLE 

COMPONENTS AND MATERIALS GREEN 

The contents of each series are listed on pages iv to viii. 

The data handbooks contain all pertinent data available at the time of publication, and each is revised 
and reissued periodically. 

When ratings or specifications differ from those published in the preceding edition they are indicated 
with arrows in the page margin. Where application information is given it is advisory and does not 
form part of the product specification. 

Condensed data on the preferred products of Philips Electronic Components and Materials Division is 
given in our Preferred Type Range catalogue (issued annually). 

Information on current Data Handbooks and on how to obtain a subscription for future issues is 
available from any of the Organizations listed on the back cover. 
Product specialists are at your service and enquiries will be answered promptly. 
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ELECTRON TUBES (BLUE SERIES) 

The blue series of data handbooks comprises: 

T1 Tubes for r.f. heating 

T2a Transmitting tubes for communications, glass types 

T2b Transmitting tubes for communications, ceramic types 

T3 Klystrons, travelling-wave tubes, microwave diodes 

ET3 Special Quality tubes, miscellaneous devices (will not be reprinted) 

T4 Magnetrons for microwave heating 

T5 Cathode-ray tubes 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 

T6 Geiger-Muller tubes 

T7 Gas-filled tubes 
Segment indicator tubes, indicator tubes, dry reed contact units, thyratrons, industrial 
rectifying tubes, ignitions, high-voltage rectifying tubes, associated accessories 

T8 Picture tubes and components 
Colour TV picture tubes, black and white TV picture tubes, colour monitor tubes for data 
graphic display, monochrome monitor tubes for data graphic display, components for colour 
television, components for black and white television and monochrome data graphic display 

T9 Photo and electron multipliers 
Photomultiplier tubes, phototubes, single channel electron multipliers, channel electron 
multiplier plates 

T10 Camera tubes and accessories 

T11 Microwave semiconductors and components 

T12 Vidicons and Newvicons 

T13 Image intensifiers Data collations on these subjects are available now. 

T14 Infrared detectors 
' Data Handbooks will be published in 1985. 

T15 Dry reed switches 

T16 Monochrome tubes and deflection units 
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 
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SEMICONDUCTORS (RED SERIES) 

The red series of data handbooks comprises: 

S7 Diodes 
Small-signal germanium diodes, small-signal silicon diodes, voltage regulator diodes (< 1,5 W), 
voltage reference diodes, tuner diodes, rectifier diodes 

S2a Power diodes 

S2b Thyristors and triacs 

S3 Small-signal transistors 

S4a Low-frequency power transistors and hybrid modules 

Sob High-voltage and switching power transistors 

S5 Field-effect transistors 

S6 R.F. power transistors and modules 

S7 Surface mounted semiconductors 

S8 Devices for optoelectronics 
Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared 
sensitive devices, photoconductive devices. 

S9 Power MOS transistors 

S70 Wideband transistors and wideband hybrid IC modules 

S11 Microwave semiconductors (to be published in this series in 1985) 
All present available in Handbook T11 

S12 Surface acoustic wave devices 

r 
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INTEGRATED CIRCUITS (PURPLE SERIES) 

The purple series of data handbooks comprises: 

EXISTING SERIES 

ICI Bipolar ICs for radio and audio equipment 

IC2 Bipolar ICs for video equipment 

IC3 ICs for digital systems in radio, audio and video equipment 

IC4 Digital integrated circuits 
CMOS HE40006 family 

IC5 Digital integrated circuits — ECL 
ECL100001GX family), ECL100000 (HX family), dedicated designs 

IC6 Professional analogue integrated circuits 

IC7 Signetics bipolar memories 

IC8 Signetics analogue circuits 

IC9 Signetics TTL logic 

IC10 Signetics Integrated Fuse Logic (IFL) 

IC11 Microprocessors, microcomputers and peripheral circuitry 

vi February 1984 



NEW SERIES 

IC01 N Radio, audio and associated systems 
Bipolar, MOS 

ICO2N Video and associated systems 
Bipolar, MOS 

IC03N Telephony equipment 
Bipolar, MOS 

IC04N HE4000B logic family 
CMOS 

IC05N HE40006 logic family unpsed integrated circuits (published 1984) 
CMOS 

IC06N PC54/74HC/HCU/HCT logic families 
HCMOS 

IC07N PC54/74HC/HCU/HCT uncased integrated circuits 
HCMOS 

IC08N 10K and 100K logic family (published 1984) 
ECL 

IC09N Logic series (published 1984) 
TTL 

IC10N Memories 
MOS, TTL, ECL 

IC11 N Analogue -industrial 

IC12N Semi-custom gate arrays &cell libraries 
ISL, ECL, CMOS 

IC13N Semi•custom integrated fuse logic 
I F L series 20/24/28 

IC14N Microprocessors, microcontrollers &peripherals 
Bipolar, MOS 

IC15N Logic series 
FAST TTL 

Note 

Books available in the new series are shown with their date of publication. 

(published 1984► 
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COMPONENTS AND MATERIALS (GREEN SERIES) 

The green series of data handbooks comprises: 

C1 Programmable controller modules 
PLC modules, PC20 modules 

C2 Television tuners, video modulators, surface acoustic wave filters 

C3 Loudspeakers 

C4 Ferroxcube potcores, square cores and cross cores 

C5 Ferroxcube for power, audio/video and accelerators 

C6 Synchronous motors and gearboxes 

C7 Variable capacitors 

C8 Variable mains transformers 

C9 Piezoelectric quartz devices 
Quartz crystal units, temperature compensated crystal oscillators, compact integrated oscillators, 
quartz crystal cuts for temperature measurements 

C10 Connectors 

C11 Non-linear resistors 
Voltage dependent resistors (VDR1, light dependent resistors (LDR1, negative temperature 
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC) 

C12 Variable resistors and test switches 

C13 Fixed resistors 

C14 Electrolytic and solid capacitors 

C15 Ceramic capacitors* 

C16 Permanent magnet materials 

C17 Stepping motors and associated electronics 

C18 D.C. motors 

C19 Piezoelectric ceramics 

C20 Wire-wound components for TVs and monitors 

C21 Assemblies for industrial use 
HNIL FZ/30 series, NORbits 60-, 61-, 90-series, input devices 

* Film capacitors are included in Data Handbook C22 which will be published in 1985. The September 
1982 edition of C15 should be retained until C22 is issued. 
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RATING SYSTEM 

(in accordance with IEC Publication 134) 

ABSOLUTE MAXIMUM RATING SYSTEM 

Absolute maximum ratings are limiting values of operating and environmental conditions applicable to 
any electronic device of a specified type as defined by its published data, which should not be 
exceeded under the worst probable conditions. 

These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking no responsibility for equipment variations, environmental variations, and the effects of changes 
in operating conditions due to variations in the characteristics of the device under consideration and of 
all other electronic devices in the equipment. 

The equipment manufacturer should design so that, initially and throughout life, no absolute maximum 
value for the intended service is exceeded with any device under the worst probable operating 
conditions with respect to supply variation, equipment component variation, equipment control 
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics 
of the device under consideration and of all other electronic devices in the equipment. 
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LIST OF SYMBOLS 

a Anode 

B Bandwidth; magnetic flux density 
by Beam plates 

Ca Capacitance between anode and all other electrodes 
Caf Capacitance between anode and filament (all other electrodes being earthed) 
Cag Capacitance between anode and grid (all other electrodes being earthed) 
Cak Capacitance between anode and cathode (all other electrodes being earthed) 
Cgf Capacitance between grid and filament (all other electrodes being earthed) 
Cgs gZ Capacitance between these two grids (all other electrodes being earthed) 
Cgk Capacitance between grid and cathode (all other electrodes being earthed) 
Ci Input capacitance 
Cn Neutralizing capacitance 
Co Output capacitance 

d Harmonic distortion factor 
do n-th order intermodulation products 

dtot Total harmonic distortion 

f Filament or heater; frequency 
fc Filament or heater centre tap 
f(k) Filament (and cathode) r.f. connection 

g Grid 
G Power gain 

h Height above sea level 

la D.C. anode current 
i.c. Tube pin which must not be connected externally 
I f Filament or heater current 
Ig D.C. grid current 
Ik D.C. cathode current 
IMP Inter modulation products 
Ip Peak value of a current 

k Cathode 

m Modulation factor 

p Pressure 
pi Pressure drop of cooling air or cooling water 

q Rate of flow of cooling air or cooling water 

Ra Anode output a.c. resistance 
Raa Anode to anode a.c. resistance 
Rfo Filament or heater resistance in cold condition 
Rg External grid resistor 
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GENERAL 

Rk External cathode resistor 
Rth Thermal resistance 

s Internal shield 
S Transconductance 

T Temperature 
t Duration 
Ta Temperature of anode body 

Tamb Ambient temperature 

Tbulb Bulb temperature 
Tenv Envelope temperature 
Ti Inlet temperature of cooling air or cooling water 
tp Pulse duration 
To Outlet temperature of cooling air or cooling water 
Tpin Pin temperature 
Ts Seal temperature 
t~„~ Waiting time (time which has to elapse between switching on the filament or heater 

voltage and switching on of the other voltages) 

Va D.C. anode voltage 
Va .. Amplitude anode a.c. voltage 
Vf Filament or heater voltage 
Vg D.C. grid voltage 
Vg.,, Amplitude grid a.c. voltage 
Vkf Voltage between cathode and heater 
Vp Peak value of a voltage 

Vrms Root mean square value of a voltage 
Vir Secondary transformer voltage 

Wa Anode dissipation 

Wdr Driving power 
Wg Grid dissipation 
Wi Input power 
Wq Output power in the load 

Wmod Modulation power 
Wo Anode output power 

WoPEP Peak envelope output power 

Wosc Oscillator output power 
WRg Grid resistor dissipation 

S Duty factor 

n Efficiency 

rla Anode efficiency 

'7osc Oscillator efficiency 
A Wavelength 
µ Amplification factor 

µg281 Amplification factor of grid 2 with respect to grid 1. 
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GENERAL OPERATIONAL RECOMMENDATIONS 

1 

r 

1 PREFACE 

1.1 In this handbook, data and curves are given for transmitting tubes for communications and tubes 
for r.f, heating. 

1.2 The tubes are classified as follows: 

D =Design type. Recommended for equipment design; production quantities available at date of 
publication. 

C =Current type. No longer recommended for equipment design; available for equipment produc-
tion and for use in existing equipment. 

M =Maintenance type. No longer recommended for equipment production; available for maintenance 
of existing equipment. 

O =Obsolescent type. Available until present stocks are exhausted. 

Obsolescent types of which all stocks are exhausted are called obsolete; any data still published on 
these types is for reference purposes only. 

The status of all types is given in a type survey at the end of the general section, together with data 
in condensed form. Full details are given of design and current types, divided into chapters as 
mentioned on the title page. 

1.3 The characteristic data is general and independent of specific applications. This data, such as 
filament/heater current, amplification factor, transconductance and capacitances is given for a 
typical tube. 

2 CHARACTERISTIC DATA 

2.1 Inter-electrode capacitances 

The published values of capacitances are average values measured on the cold tube with no operating 
voltages; individual deviations may however occur. The definitions of the capacitance symbols are 
given in the appropriate list in IEC publication 100. 

2.2 Amplification factor µ and transconductance S 

The published values are average values and individual deviations may occur. The conditions at 
which the values have been measured are stated. 

2.3 Accessories 

Proper functioning of the tubes can be guaranteed only if accessories (sockets, cooling devices etc.) 
have been supplied, or approved, by the tube manufacturer. 
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3 FILAMENT/HEATER SUPPLY 

3.1 General 

The published value of filament/heater voltage is that which should be present at the tube terminals. 
Filaments fed with direct current should have their supply polarity reversed at regular intervals 
(say monthly) to ensure uniform wear of the filament with consequent longer life. Reduction of 
filament/heater voltage is sometimes recommended to compensate for heating by back-bombardment 
at high frequencies; see the relevant data sheets. Special precautions must be taken when operating 
the filaments/heaters of transmitting tubes in series and the manufacturer should be consulted before 
doing so. 

3.2 Quick heating cathodes (filaments) 

In general, tubes with quick heating cathodes should have their filaments only in parallel. When a 
sinusoidal voltage is used for heating the filament, the frequency must not be in the range 200 Hz 
to 5000 Hz. In addition, if anon-sinusoidal voltage from a d.c./a.c. converter is used, the r.m.s. value 
should be adjusted to the published value of filament voltage. 
If required, the heating time may be further reduced by applying a higher value for a short time. The 
manufacturer should be consulted before doing so. 

3.3 Indirectly heated oxide coated cathodes 

To achieve satisfactory life, the heater voltage should be maintained within +1%and —3% of the 
published value. Excessive deviation over a long period from these limits will be harmful. Occasional 
temporary deviations should not exceed ±10%. In order to avoid heater cathode r.f. damage, the 
heater to cathode insulation and the heater itself should be decoupled for r.f. 

3.4 Switching on the filament 

Switching on at full filament voltage is permissible unless a maximum switch-on value of filament 
current is stated in the data sheet. For the published values of maximum permissible filament current 
during switch-on, refer to the absolute maximum of the instantaneous value under worst case condi-
tions. 

3.5 By-passing the filament 
Tubes with directly heated cathodes must have the filament terminals at the same r.f. potential. For 
this purpose it is usual to connect a capacitor which has low reactance with respect to the operating 
frequency, close to and between the filament terminals. As an added safety precaution, it should be 
ensured that the resonance of this capacitor together with the inductance of the filament structure, 
falls well below the operating frequency. 

3.6 Switching on electrode voltages 

Unless stated otherwise (e.g. cathode heating time t~,j, simultaneous switching on of filament, 
control grid, anode and screen grid voltages is permissible for tubes with an internal anode. Tubes 
with an external anode should in general not have their positive voltages applied until the cathode 
has reached its operating temperature. This can be checked by monitoring the filament current. 

3.7 Effective cathode 

If both filament limbs are marked 'f' in the data sheets, the filament may be regarded as being 
symmetrical in its function as cathode. If such a filament is fed with d.c. the anode return lead 
should be connected to the negative end of the filament. Alt other decoupl ing and circuit returns 
must then also be connected to this point. 
If the filament is fed with a.c., the anode return lead should be connected to the centre-tap of the 
filament transformer or to a tapped resistor shunted across the filament. The filament decoupl ing 
will then be symmetrical with regard to this point and all other circuit returns must also be made 
to this point. 

6 September 1984 



GENERAL 

Effective cathode (continued) 

If one filament limb is marked 'f' and the other 'flkl', only the one marked 'f(k)' may be used as 
the circuit cathode. If such a filament is fed with d.c., the negative side of the filament supply 
should be connected to this point. 
For either d.c. or a.c. filament supply, the anode supply, as well as decoupling and other circuit 
returns, must be connected to 'flk)' only. 
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4 INITIAL OPERATION OF TUBE 

4.1 Switching on the heater voltage 

Ensure that any necessary cooling system is operative. 
Sections 3.6 and 3.8 are applicable. The grid bias may be applied simultaneously. 

4.2 Conditioning a tube 

Conditioning is recommended for new tubes, after transit and after a period of storage. It is carried 
out by running the filament/heater only for at least 15 minutes before energizing the other electrodes, 
see also section 5.6. 
Industrial tubes with anode voltages above 5 kV should also be operated for approximately 15 minutes 
at reduced anode voltage before applying full input (Va x lal. 
Television triodes and tetrodes may be operated for 15 minutes with the specified anode current in a 
no-signal condition. This treatment will remove any traces of gases which could cause premature 
failure of the tube. 

4.3 Application of screen grid voltage to tetrodes 

The screen grid voltage, Vg2, should be applied only when the anode voltage is present. If the anode 
voltage is removed, a safety circuit in the anode supply should cause the simultaneous removal of 
drive and screen grid voltages. If high voltage transients are present, it may be necessary to protect 
the cathode and control grid from arcing by means of a spark gap or protection diode across the 
relevant electrodes. 
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5 LIMITING VALUES 

5.1 Notation 

Limiting values are the maximum or minimum permissible values of the parameters listed. These 
limits are given either for all operating conditions together, or for an individual appl ication. 
The limiting values are applicable up to the maximum frequency stated. When operating at higher 
frequencies the limiting values must be decreased in accordance with the published figures or curves. 

5.2 berating of limiting values 

If no limiting values have been published for a specific application, the derating factors listed in the 
following table must be applied. The values for class C telegraphy have been expressed as unity; the 
limiting values for other applications have been expressed as a factor of this unity. 
A rectified 3-phase supply with or without filtering is equivalent to a d.c. supply. 
The derating factors are determined by the physical limits of the tube and contain no safety margins. 
Where mains voltage fluctuations occur, further derating must be applied (see section 5.4~. The 
nature of operation, e.g. industrial appl ications of heating generators, may necessitate further safety 
derating. 

Table 

Va la Ig Wia Wa Wg2 

R.F. class C telegraphy 1 1 1 1 1 1 

Anode modulation 0,8 0,833 1 0,67 0,67 0,67 

R.F, class B 1 0,833 1 0,833 1 0,67 

A.F, class B 1 1 1 1 1 1 

A.F, class AB 1 1 1 1 1 1 

A.F. class A 1 1 Wa 1 1 

Self-rectifying oscillator 1,13 0,53 0,53 0,665 1 

Two-phase half-wave 
without filter 

0,9 0,89 0,89 1 1 

5.3 Rating system 

The limiting values should be used in accordance with the 'Absolute maximum rating system' as 
defined by IEC publication 134. 

5.4 Absolute maximum rating system 

Absolute maximum ratings are limiting values of operating and environmental conditions appli-
able to any electronic device of a specified type as defined by its published data, which should 
not be exceeded under the worst probable conditions. 
These values are chosen by the device manufacturer to provide acceptable serviceability of the 
device, taking no responsibility for equipment variations, environmental variations, and the effects 
of changes in operating conditions due to variations in the characteristics of the device under con-
sideration and of all other electronic devices in the equipment. 
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Absolute maximum rating system (continued) 

The equipment manufacturer should design so that, initially and throughout life, no absolute 
maximum value for the intended service is exceeded with any device under the worst probable 
operating conditions with respect to supply voltage variation, equipment component variation, 
equipment control adjustment, load variations, signal variation, environmental conditions, and 
variations in characteristics of the device under consideration and of all other electronic devices 
in the equipment. 

5.5 Limiting values 

Each I imiting value should be regarded independently of other values; under no circumstance is any 
limiting value to be exceeded (e.g. if the anode voltage is decreased to a value lower than its limiting 
value, it is not permissible to exceed the limiting value of anode current or anode dissipation). 

5.6 Electrode voltages 

The voltages IVa, Vg1, Vg2 etc.) listed under limiting values should not be exceeded even with a 
cold tube. Special attention should be paid to this point when a screen grid is supplied via a series 
resistor. 
When designing equipment to be operated from an unstabilized mains supply, the maximum mains 
voltage which occurs determines the nominal operating voltages of the tube. These nominal voltages 
must be lower than the I imiting values. Should the tube and thus the voltage supply, be temporarily 
under a lower load, these voltages may rise and these increased values, occurring at the highest mains 
voltage, determine the nominal operating voltages. 
The limiting values of voltage are d.c. values. If an a.c. or an unsmoothed d.c. supply is used, the 
limiting values must be decreased in accordance with the derating factors shown in the table (section 
5.2.1. 

5.7 Anode dissipation 

The l imiting value of the anode dissipation, Wa, should not be exceeded when fluctuations in the 
mains supply voltage occur, or when grid drive fails. To prevent damage to the tube in the latter case, 
adequate fixed bias or a quick action relay in the anode lead should be provided. When forced-air 
or water cooling is sufficient only for an anode dissipation smaller than the absolute maximum, the 
smaller value must be regarded as the limiting value. 

5.8 Anode input power 

Usually the data sheets show the limiting value of input power Wia to be smaller than the product of 
limiting values of anode voltage and anode current; the latter two limits should not therefore occur 
simultaneously. 
In practice, the input power Wia is not always4he product of the d.c. values of la and Va. For 
pulsating supply voltages the form factor should be taken into account. 

5.9 Screen grid dissipation, Wg2

The screen grid dissipation is the product of screen grid voltage and current. The screen grid should 
be protected against failure of anode voltage see also section 4.3. 

5.10 Control grid dissipation 

The control grid dissipation Wg or Wg1 can be approximated by subtracting the power supplied 
to the grid bias source (—Vg x Ig) from the grid driving power (approx. 0.95 x Vgp x Ig). When an 
a.c, or unsmoothed d.c. voltage supply is used, the form factor should be taken into account, see 
table in section 5.2 with the necessary derating factors. 

5.11 Grid resistor 

The maximum value of grid resistor, R g max, (when published) should not be exceeded. This 
value is the maximum d.c. resistance in the grid circuit. A higher value may cause instability. 
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6 OPERATING CONDITIONS 

6.1 General 

In the published data, operating conditions for various applications have been given, stating the 
maximum frequency at which the conditions apply. If it is required to operate a tube at higher 
frequencies, the manufacturer should be consulted. The published values of operating conditions 
are average values derived from measurements made on a number of tubes of the same type, 
operating at optimum conditions. 
Thus, small deviations from the published value may occur if measurerents are made on an 
individual tube. However, some of the measured values of voltage or current must be adjusted to 
give the published figure. For example, the published value of output power is an average value 
which can be reached in practice by adjusting the r.f. or a.f. input voltage Vgp, when the published 
value of output power is not obtained at the nominal value of Vgp. When designing amulti-stage 
transmitter it is good practice to leave a margin in the output power and input voltage to allow for 
adjustments similar to that just described. 
The published output power Wo of transmitting tubes is the tube's output, which may be determined 
by subtracting the anode dissipation Wa from the anode input Wia. When a tube is used in a common 
grid circuit (grounded gridl, the publ ished value of the output power includes the power transferred 
from the driver. 
Unless otherwise stated, losses in the anode circuit and coupling losses are not taken into account. 
The quoted grid input power is assumed to be 0,95 x the product of the average grid current Ig and 
the positive amplitude of the grid voltage Vg _. Losses in the grid circuit and the bleeder are some-
times accounted for by stating the required driver output power. 
At high frequencies where reduced ratings have to be applied, the required driving power will often 
be considerably higher than the grid input power, due to circuit losses. 

6.2 R.F. class C telegraphy and F.M. telephony 

A class C amplifier or oscillator is one in which the grid bias is appreciably greater than the cut-off 
voltage so that current flows for less than one half of each cycle of the alternating grid voltage. 
Working to the published operating conditions will ensure good output power and efficiency. 
If a grid resistor is used for obtaining automatic bias, care must be taken that the anode current 
does not become too high if the r.f. driving power should fail. A safety device in the anode or 
screen grid lead should be incorporated for this purpose. 

6.3 R.F. class C anode and screen grid modulation 

In an r.f, class C anode modulated stage the anode voltage is modulated with a.f. and at 100% 
modulation the voltage is varied from zero to twice the d.c. value. The average values of grid bias 
and r.f. driving voltage remain constant during modulation. With 100°k modulation the average 
anode dissipation is 1,5 times the value without modulation and this is taken into account, 
although the published limiting value of anode dissipation refers to the unmodulated power. 

6.4 R.F. class B telephony 

A class B amplifier is one in which to grid is biased to the cut-off voltage so that the anode 
current flows for approximately one half of each cycle of the alternating grid voltage. The 
published data for r.f. class B telephony has been determined experimentally to give a linear 
modulation characteristic. 
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6.5 Industrial operating conditions 

With a single phase mains supply, smoothing will sometimes be omitted as is normal in a 
three phase mains supply. Operating conditions and Berating factors are given for this kind of 
operation (section 5.2.). It must be ensured that no limiting values are exceeded because of 
fluctuations in the mains supply or by tolerances in other components. The published value of 
Wo is the actual tube output power. The output power of aself-oscillating circuit Wosc is obtained 
by subtracting the grid dissipation Wg and the losses in the grid resistor WRg from the output 
power Wo. The power in the load WI is obtained by subtracting the losses in the output circuit 
from Wosc• A favourable load output characteristic may be obtained by automatically controlling 
the grid voltage and current, depending on the matching. Anon-linear device e.g. a tungsten lamp 
or a PTC thermistor may be used to perform this function adequately and help to prevent overloading 
the grid. 
With self-oscillating circuits, the frequency must be held within the available frequency band. This 
may be done by having large circuit capacitance, small stable self inductance, undercritical inductive 
coupling with the output circuit, electrostatic screening between oscillator and output circuit, etc. 
If the frequency of an industrial generator is restricted to a very narrow band, crystal controlled 
driver stages may have to be used. It will then, however, be difficult to maintain a good match 
between tube and load over the whole of the processing cycle. Greater safety margins will have to 
be set for the tube, with the tube output very dependent on variations in the load. Special measures, 
such as automatic tuning and/or load matching, may have to be taken. 
For smaller tubes in industrial applications, operating conditions have been given for an anode supply 
from a single phase full-wave rectifier, a three phase half-wave rectifier (which is nearly equivalent 
to d.c.) and with raw a.c. In the latter case the output is about 0,6 times that obtained with d.c. 
and the peak inverse voltage is equal to the full anode voltage. With asingle-phase, full-wave 
rectified anode voltage the useful output is nearly equal to that with a d.c. supply. 

6.6 Intermittent service 

When data concerning intermittent service is published, it is conditional that, although the cathode 
may be heated continuously, the on-period is no more than 5 minutes and that the off-period is 
equally long or longer. 

7I 
I 
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7 COOLING 

7.1 Temperature limits 

The maximum temperatures given in the data should be heeded and operating temperatures 
should be kept well below these values in the interest of tube life. Surface (envelope) temperatures 

may be checked with the help of suitable thermocouples, thermocrayons, thermopaints or stick-on 

markers. 

7.2 Cooling of the tube header 

In order to maintain all parts of the tube header, i.e. contact surfaces and ceramic to metal or glass 
to metal seals, at temperatures below the limits given in the data, it may be necessary, depending 
on the surroundings and ambient temperatures, to provide some extra cooling even at low frequen-
cies. At frequencies above 4 MHz such extra cooling becomes mandatory for all types. For this 
purpose an axial air stream is preferred since this will ensure a more even temperature around the 
circumference of the individual electrodes. This will already be assisted by also ensuring an even 
distribution of the high frequency currents around the seals. 

7.2. 1 Forced air cooled tubes 

The anode cooler air will in most cases also effectively cool the seals, provided it is directed in such 
a way that the seals are not protected from this air stream. 

7.2.2 Water cooled tubes 

Unless environmental conditions make it necessary, additional cooling of the seals will be manda-
tory only at frequencies above 4 MHz. If some of the cooling water can be branched off, this may 
also serve as coolant through pipes that are in good thermal contact with the respective connectors. 
Such pipes are already integral with the filament connectors of industrial types YDt t92 to YD1432. 
Their use with a reliable water flow is strongly recommended. 

7.3 Minimum coolant quantities 

When determining the minimum coolant flow through the cooler, account must be taken of the 
maximum inlet temperature and the maximum anode dissipation that may occur under the pre 
vailing circumstances. 

7.3.1 Minimum forced air flow 

The temperature, dissipation and flow relationships are given in the published data, tables and 
curves. The temperature rise of the cooling air may be found from the following formula: 

50 x Wtot DT 
O 

where 0 =air flow in m3 /min 

Wtot -anode +grid +filament dissipation in kW 

DT =temperature rise in K 

This formula holds for an ambient temperature of 20 °C at sea level. Whenever the ambient 
conditions (temperature, altitude) are beyond those shown in the published data, the tube supplier 
must be consulted. 
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7.3.2 Minimum cooling water flow 

The amount of cooling water required is given in the published data. The temperature rise of the 
cooling water may be found from the following formula: 

14,4 x Wtot DT -
Q 

where Q =water flow in litres/min 

Wtot -anode +grid + filament dissipation•in kW 

DT =temperature rise in K 

7.4 Natural cooling 

This is applicable only to internal anode glass envelope tubes with a maximum anode dissipation 
of up to about 1 kW. A chimney around and extending above the tube will assist natural convec-
tion. For operation at Higher frequencies additional cooling of the electrode pins, the tube socket 
and the bulb is often required. Temperature checks may be carried out as noted in section 7.1. 

7.5 Forced air cooling 

When using air as a cooling medium the intake must be properly filtered to prevent blockage of 
the anode radiator. All electrical supplies to the tube should be interlocked with a flow sensor in 
the exhaust stream. Temperature checks may be carried out as noted in section 7.1. 

1 7.6 Water cooling 

The direction of water flow, indicated by arrows near the water inlets and outlets of the tube 
are for when the tube is mounted 'anode down'. When reversing the position of the tube, i.e. 
'anode up', the direction of flow should be reversed. Re-circulating systems are preferred, 
since, apart from saving water, they help to ensure a high standard of purity. 
Some of the requirements for satisfactory cooling water are that it should not be corrosive or 
deposit scale, should not contain insoluble material that might cause blockages and should have 
a high electrical resistance to prevent electrolysis. Its mineral content and electrical conductivity 
should therefore be periodically checked, especially when it is not drawn from a circulating 
system. 
Ingeneral anon-corrosive water should be low in chlorides, and dissolved oxygen and carbon 
dioxide. 
Scale formation may be avoided by maintaining a low amount of silica and bicarnonates, 
especially calcium bicarbonate. The total carbonate hardness should not exceed a value of 6odH. 
No exact figures can be given for impurities as they are interdependent. 
However, in a circulating system the water should be as free as possible from all solid matter, 
and the dissolved oxygen content should be low. Whenever possible a closed water system 
using destilled or demineralized water should be employed. In this case the following should be 
added: 
1.700 mg of a 24% solution hydrazin hydrate (approx. 0,7 ml per litre of water) to avoid 

corrosion. 
2. Approximately 700 mg sodium silicate per litre of water to increase the pH value (hydrogen 

ion concentration►. 
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7 COOLING (continued► 

The additives will reduce the electrical conductivity of the water well below 300 µSt-'cm-' 
(resistivity > 3,3 kS2 per cm3) and also increase the pH value. IA pH value of 7 to 9 is 
recommended). It is also recommended that the quality of the cooling water be checked after 
starting operations, and at regular intervals thereafter. 

The cooling water must also be free from all traces of greasy substances since a small amount 
may form a dangerous heat barrier on the anode cooler, causing excessive anode temperatures 
despite an apparently adequate water flow. These greasy or oily films may be removed by 
repeated flushing of the cooling channels with a domestic liquid detergent or slightly soapy 
water to which a small quantity of industrial alcohol and 33%ammonia has been added 
(approx. 10 ml of each per litre of water). The cleaning process should be completed by 
repeated flushing with demineralized water. The cause of such greasy deposits will usually be 
found elsowhere in the cooling system as a result of, for example, leaking pump glands. 
After the necessary repairs have been carried out, the whole system must be cleaned in a 
similar manner to prevent deposits forming again. The cooling water system must be interlocked 
with all electrical supplies to the tube. As an added safeguard, the interlocks should be 
activated if the water outlet temperature exceeds the indicated upper limit. To prevent the 
tube from running dry in the event of minor leakages in the system, the reservoir should 
always be above the level of the tube. 
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8 CHECKING PROTECTION OF THE TUBE 

To verify the operation of the safety circuits noted in section 4.3, as well as safeguarding against 
high and possibly destructive currents resulting from excessive transients, the following functional 
check is recommended. 
With the tube removed, the anode supply lines (anode -cathode) are shorted at the tube position 
with a copper wire that is of a specified diameter for the tube type used (see table below) and has 
a length of approx. 2,5 cm per kV of applied anode potential. If this test wire does not fuse upon 
application of the full high tension, the speed of the safety circuit is adequate to protect the tube. 

tube testwire dia 
mm 

tube testwire dia 
mm 

tube testwire dia 
mm 

TB4/1500 0,14 T612/38 0,23 YD1180/82 0,20 
TB5/2500 0,14 T612/40 0,12 YD1185/87 0,20 
T66/14 0,23 YD1150/52 0,12 YD1186 0,20 
T66/4000 0,14 YD1160/61/62 0,12 YD1192 0,20 
TB6/6000 0,18 YD1170/72 0,20 YD1195/97 0,20 
T67/8000 0,14 YD1173 0,20 YD1202 0,25 
TB7/9000 0,14 YD1174 0,15 YD1212 0,30 
T612/25 0,11 YD1175/77 0,20 YD1240/44 

YD1342 0,32 
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9 CONNECTORS 

9.1 Clean contact surface 

Attention must be paid to a good fit on a clean contact surface of all electrode connectors as well 
as an even r.f. current distribution around their circumference. 

9.2 Fastening the filament connector on industrial tubes 

To ensure good seating of the filament connectors on industrial tubes, care should be taken that 
they are not crooked and that the applied clamping force is within the specified limits. 
In the following table the minimum and maximum torque values are given for the different tubes 
concerned and the corresponding connector at room temperature. 

Tube type Cap dia. 
mm 

Bolt size Connector 
type 

Min. torque 
Ncm 

Max. torque 
Ncm 

YD1170/77 25 M6 40692A 400 600 

YD1180/87 32 M6 40708A 500 700 

YD1190/97 42 M6 40705A 600 700 

YD1202 
YD1212 } 
YD1342 J 54 M8 40695A 800 1000 

After the system has been warmed up and cooled down several times, it is advisable to check the 
bolts for correct tightness and if necessary re-tighten to the correct value. 
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10 STORAGE AND MAINTENANCE 

10.1 General 

Whenever possible, the tubes should be transported and stored in their original packing in an 
upright position. If the tubes are to be stored in an unpacked condition they should be kept in 
a dry room placed in an upright position in a rack that is not subject to excessive vibration and 
does not exert any mechanical stress on other parts of the tube except those that normally serve 
for the support of the tube, e.g. the anode cooler or the anode mounting flange. 
If a tube is stored for an extended period it should be subjected to the conditioning schedule 
outlined in section 4.2. 
Care should be taken that the glass or ceramic parts of a tube are kept clean and do not contact 
metallic objects since a scratch on glass may initiate a fracture and metal rubbed against ceramic 
may leave a metallic trace that can lead to surface arcing when high tension is applied to the tube. 
Soiled glass parts may be cleaned with conventional non-abrasive window cleaning agents and 
thoroughly rinsed and dried afterwards. Soiled ceramic parts are best cleaned with domestic 
cleaning powders applied with a moistened tooth brush. A final thorough rinse with clean water 
is essential to remove all traces of the cleaning powder and the loosened dirt. 

10.2 Cleaning integrally water cooled tubes 

If the water cooling channels or the helix of a tube become partially blocked (reduced flow and 
increased back pressure) by floating particles, these can be removed with compressed air or high 
pressure water, taking care that the water outlet of the tube is open to air and the maximum 
applied inlet pressure does not exceed 50 Pa. If the impurities adhere to the cooling channel 
walls or are of a sedimentary nature the cleaning will have to be assisted by a solvent. In the 
majority of cases these will be calcium deposits. They may be removed by flushing the tube, if 
necessary repeatedly, with a 5 to 10%solution of hydrochloric acid or 15%citric acid. This 
procedure should be followed by thoroughly rinsing with distilled or demineralized water. 

t 
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11 SAFETY ASPECTS 

11.1 X-radiation 

Power electron tubes operating at voltages in excess of 5 kV are possible sources of X-radiation, 
progressively so with increasing voltage levels. The envelope of the tubes offers only a limited 
shielding for such radiation. The equipment manufacturer should provide suitable additional 
shielding in his design. 

The level of X-radiation should be checked periodically. 

11.2 R.F.-radiation 

Exposure to strong r.f. fields may cause health-hazard, progressively so with increasing frequency. 
As such fields will exist in the vicinity of power electron tubes, the equipment manufacturer 
should provide suitable shielding in his design to reduce r.f. fields, in the neighbourhood of the 
equipment, to acceptable levels. 
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SURVEY OF TUBES FOR R.F. HEATING 

type status oscillator cooling 
output 
power 

kW 

freq. 
at full 
ratings 
max. 
MHz 

Vf 

V 

If 

A 

Va

kV 

la

A 

Va
max. 

kV 

Wa
max. 

kW 

h x dia. 
max. 

mm 

TBL2/300 C 0,27 FA 470 3,4 19 1,75 0,34 1,8 0,3 72 x 41,5 

T82.5/300 40 5,4 2,5 0,135' 
T62.5/400 

C 0,29 N 
50 

6,3 
5 8 

2 0,17 
2,7 0,15 

133 x 62 

TBL2/400 C 0,34 FA 470 3,4 19 2 0,38 2,2 0,4 83 x 41,5 

T63/750 C 0,9 N 50 5 14,1 3,5 0,325 3,8 0,35 151 x 87 

TB4/1250 C 1,55 N 100 10 9,9 4 0,535 4 0,45 213 x 118 

T64/1500 C 1,58 N 50 5 32,5 5 0,43 7 0,5 240 x 130 

YD1240 
0,75 1,5 

173 x 67,5 
D 

YD1244 
2,67 FA 250 6,3 33 5 5,5 

173 x 109,5 

TB5/2500 C 2,73 N 50 6,3 32,5 6 0,6 7 0,8 256 x 155 

TB L6/4000 C 4 FA 50 6,3 65 7 0,9 8 1,7 177,5 x 86 

YD1150A FA 6,3 33 1 ~ 7,2 2,5 
173 x 122,8 

YD1152 
D 4,75 WH 85 5 

207 x 131 

TBH7/8000 WH 219 x 130 
TB L7/8000 C 6 FA 50 12,6 33 6 1,5 7 6 195 x 122,6 
TBW7/8000 W 190 x 70,5 

TBL6/6000 
C 6,9 FA 50 12,6 33 6 1,5 6 

5 195 x 122,6 
TBW6/6000 W 6 190 x 70,5 

YD1160 FA 192 x 122,8 
YD1161 D 8,8. W 85 6,3 66 6,5 1,8 7,2 5 192 x 62 
YD1162 WH 227 x 131 

YD1173 D 13,2 FA 50 5,4 65 10 1,75 12 10 219 x 160 

YD1170 FA 6 3,4 7,2 10 219 x 160 
YD1172 

D 15,4 WH 120 5,8 130 
223 x 115 

YD1174 D 30 FA 120 5,8 130 10 4 12 10 219 x 160 

Cooling: FA =forced air; N = natural; V =vapour 
W =water; WH =water (helixl. 
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type status oscillator cooling 
output 
power 

kW 

freq. 
at full 
ratings 
max. 
MHz 

Vf 

V 

If 

A 

Va

kV 

la

A 

Va
max. 

kV 

Wa
max. 

kW 

h x dia. 
max. 

mm 

TBL6/14 
C 17,7 

FA 
30 6,3 136 7 3,5 8 

10 315 x 163 
TBW6/14 W 15 330 x 163 

TBL12/25 
C 25 

FA 
30 8 98 12 3,2 13 

15 386 x 198 
TBW12/25 W 20 376 x 190 

YD1175 
D 26,2 FA 

130 3,4 10 219 x 160 
YD1177 W 

120 5,8 10 12 
15 244 x 131 

TBL12/38 C 30 FA 
30 8 130 4,5 13 15 404 x 192 

TBW12/38 W 
12 

20 422 x 190 

YD1180 D 31,6 FA 
100 7 175 7,5 5,4 ~ 

9 15 241 x 192 
YD1182 W 29 292 x 130,5 

YD1185 FA 15 241 x 192 
YD1186 D 50 FA 100 7 175 12 5,33 14,4 15 241 x 192 
YD1187 VV 20 292 x 130,5 

YD1192 D 62,7 W 100 8,4 235 8 10 9,6 40 351 x 160,5 

YD1195 D 90 FA 30 8,4 235 12 9,75 14,4 30 294 x 216 

YD1197 D 108 W 30 8,4 235 12 12 15 50 351 x 160,5 

YD1202 D 163 W 30 12,2 250 12 18 15 80 460 x 191 

YD1212 D 240 W 30 12,6 380 14 23,5 16,8 120 460 x 191 

YD1010 
C 280 

W 
30 18 280 12 2g 16 120 656 x 218 

YD1012 V 180 650 x 315 

YD1342 D 530 W 30 14 555 16 42 19,5 240 625 x 230 

See Index in the back of the book for page numbers. 

September 1984 2t 

1/ 





R.F. TRIODES, T TYPES 



r 



5866 TB2.5/300 

R.F. POWER TRIODE 

QUICK REFERENCE DATA 

~ Freq. 
C telegr. C osc. B teleph. Ca mod. 

(In) (MHz) Va Wo Va Wo Va Wo Va Wo
(V) (~✓) (V) (W) (V) (W) (V) (~'✓) 

4 75 2500 390 2500 65 2000 204 
2000 295 2000 64 1500 153 
1500 210 1500 59 1000 95 
1000 126 

2 150 2500 376 
2000 282 

1.5 200 2000 198 

HEATING: direct; filament thoriated tungsten 

Filament voltage Vf = 6.3 V 

Filament current If = 5.4 A 

CAPACITANCES 

Anode to all other elements except grid Ca = 0.1 pF 

Grid to all other elements except anode Cg = 4.3 pF 

Anode to grid Cag = 5.2 pF 

TYPICAL CHARACTERISTICS 

Amplification factor µ = 25 

Mutual conductance S (Ia = 44 mA) = 2.8 mA/V 

COOLING : radiation/low-velocity air flow 

It is necessary to direct aloes-velocity air flow to the bottom and the top seal if 
the tube is used at or near the limiting values at frequencies above 50 MHz . 
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LIMITING VALUES 

Absolute maximum rating system 

Anode voltage Va max. 2500 V 

Anode dissipation* Wa max. 135 W 

Grid dissipation Wg max. 16 W 

Grid circuit resistance with fixed grid bias Rg max. 0,1 MSl 

Grid circuit resistance with automatic grid bias Rg max. 0,2 MS2 

Cathode current Ik max. 250 mA 

Ikp max. 1,6 A 

max. 220 oC 

max. 180 °C 

i 

Peak cathode current 

Temperature of anode seal 

Bottom temperature 

MECHANICAL DATA 

Base giant 5 p 

Anode connector 40624 

Socket 2422 512 01001 

Socket with grounded grid connections 40215/01 

Net mass 110 g 

~  max62
9 
r-7 

~~ fi 4.75 

Mounting position vertical with base up or down 

* Anode red hot, temperature = 850 oC. 

max 18.8 
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OPERATING CONDITIONS R.F. CLASS C TELEGRAPHY 

Wavelength l 4 4 4 4 m 

Anode voltage Va 2500 2000 1500 1000 V 

Grid voltage Vg -200 -150 -110 -80 V 

Anode current Ia 205 205 205 205 mA 

Grid current Ig 40 40 40 40 mA 

Peak grid A.C. voltage Vg = 390 340 300 260 V 
P 

Grid input power Wig = 14 13 11 10 W 

Anode input power Wia = 512 410 308 205 W 

Anode dissipation Wa = 122 115 98 79 W 

Output power Wo = 390 295 210 126 W 

Efficiency n = 76 72 68 61.5 

OPERATING CONDITIONS R.F. CLASS B TELEPHONY 

Wavelength ~ = 4 4 4 m 

Anode voltage Va 2500 2000 1500 V 

Grid voltage Vg = -87 -67 -45 V 

Anode current Ia 77 97 120 mA 

Peak grid A.C. voltage Vgp = 100 100 100 V 

Anode input power Wia = 193 194 180 W 

Anode dissipation Wa = 128 130 121 W 

Output power W o = 65 64 59 W 

Efficiency rl = 34 33 33 % 

Modulation depth m 100 100 100 

Grid current Ig 20 28 52 mA 

Grid input power Wig = 3.6 5.1 9.4 W 
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OPERATING CONDITIONS R.F. CLASS C ANODE MODULATION; two tubes 

Wavelength l = 4 4 4 m 

Anode voltage Va 2000 1500 1000 V 

Grid voltage Vg = -225 -180 -130 V 

Anode current Ia = 255 255 255 mA 

Grid current Ig = 80 80 80 mA 

Peak grid A.C. voltage Vgp = 415 370 320 V 

Grid input power Wig = 30 27 23 W 

Anode input power Wia 510 382 255 W 

Anode dissipation Wa 102 76 65 W 

Output power Wo 408 306 190 W 

Efficiency r~ = 80 80 74.5 

Modulation depth 

Modulation power 

m = 100 100 100 

Wmod = 25~ 191 126 W 

OPERATING CONDITIONS AS R.F. CLASS C OSCILLATOR; two tubes 

Wavelength ~ = 2 2 1.5 m 

Anode voltage Va 2500 2000 2000 V 

Anode current Ia 410 410 346 mA 

Grid current Ig = 80 80 80 mA 

Grid resistor Rg = 2500 1875 1875 S2 

Anode input power Wia 1025 820 692 W 

Anode dissipation Wa 245 230 270 W 

Grid input power Wig = 28 26 26 W 

Output power Wo = 752 564 396 W 

Efficiency n = 73 69 57 °Jo
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TB2.5/300 

OPERATING CONDITIONS AS R.F. CLASS C OSCILLATOR for high frequency 

heating and diathermy generators 

A. With anode voltage from single-phase full -wave rectifier without filter 

Wavelength ~ = 7.3 m 

Anode voltage Va = 2000 V 1) 

Anode current Ia = 170 mA 

Grid current Ig = 34 mA 

Grid resistor Rg 3750 S2 

Anode input power Wia 420 W 

Anode dissipation Wa = 120 W 

Grid input power Wig 10 W 

Output power Wo = 290 W 

Efficiency n = 69 

B. With anode and grid alternating voltage. Phase-shift of 180°  between Va

and Vg

W avelength ~ = 7.3 m 

Anode voltage Va = 2500 VRMS 

Anode current Ia = 90 mA 

Grid current Ig = 20 mA 

Grid resistor Rg = 1700 S2 

Grid voltage Vg = 85 VH,,~gg 

Anode input power Wia 255 W 

Anode dissipation Wa 85 W 

Output power Wo = 170 W 

Efficiency n = 67 

1) Mean value 
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OPERATING CONDITIONS R.F. CLASS C TELEGRAPHY 
grounded grid, two tubes 

V; 

Wavelength ~ = 3 3 3 3 m 

Anode voltage Va 2500 2000 1500 1000 V 

Grid voltage Vg = -200 -150 -110 -80 V 

Anode current Ia = 410 410 410 410 mA 

Grid current Ig 80 80 80 80 mA 

Peak grid A.C. voltage Vgp 390 340 300 260 V 

Grid input power Wig 158 136 118 100 W 

Anode input power Wia 1025 820 615 410 W 

Anode dissipation Wa 245 230 195 158 W 

Output power Wo = 780+130 590+110 420+96 252+80 W1) 

Efficiency n = 76 72 68 61.5 ~ 2) 

1) Power transferred from driving stage included 

2) Pure tube efficiency 
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A.F. CLASS B AMPLIFIER AND MODULATOR 

LIMITING VALUES (Absolute limits) 

Anode voltage Va max. 2500 V 

Anode dissipation Wa max. 135 W 

Grid dissipation Wg max. 16 W 

Cathode current Ik max. 250 mA 

Peak cathode current Ikp max. 1.6 A 

4 
i 

OPERATING CONDITIONS, two tubes 

Anode voltage Va = 2500 2000 V 

Grid voltage Vg = -86 -65 V 

Load resistance R aa,r  18.2 12.0 kSt 
~.^ 

Peak grid to grid voltage Vggp 0 412 0 394 V 

Anode current Ia = 2x30 2x178 2x30 2x208 mA 

Grid current Ig = 0 2x42 0 2x42 mA 

Grid input power Wig = 0 2x7.8 0 2x7.3 W 

Anode input power Wia = 2x75 2x445 2x60 2x416 W 

Anode dissipation Wa 2x75 2x95 2x60 2x101 W 

Output power Wo 0 700 0 630 W 

Total harmonic distortion dtot = - 5.0 - 3.7 

Efficiency p = - 78.5 - 76 °~o 

Anode voltage Va = 1500 1000 V 

Grid voltage Vg = -46 -23 V 

Load resistance R aa,,, = 8.5 5.0 kSl 

Peak grid to grid voltage Vggp = 0 340 0 295 V 

Anode current Ia = 2x30 2x210 2x30 2x210 mA 

Grid current Ig = 0 2x40 0 2x40 mA 

Grid input power Wig = 0 2x6.1 0 2x5.4 W 

Anode input power Wia = 2x45 2x315 2x30 2x210 W 

Anode dissipation Wa = 2x45 2x90 2x30 2x73 W 

Output power Wo = 0 450 0 274 W 

Total harmonic distortion dtot = - 2.9 - 2.2 

Efficiency ~l = - 71.5 - 65 °Jo
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7986 TB2.5/400 

R.F. POWER TRIODE 

QUICK REFERENCE DATA 

L Freq. 
C telegr. C 

grounded 
grid 

g teleph. Ca mod. 

(m) (MHz) Va Wo Va Wo Va Wo Va Wo

(~) M') (~) M') M (~'~') M M') 
2 150 2500 390 2500 65 

2000 295 2000 64 2000 205 
1500 210 1500 59 1500 154 
1000 126 1000 96 

3 100 2500 910 
2000 700 
1500 516 
1000 332 

C osc. industrial B mod. 
two tubes 

Va m Wo Vaav Wo
_ 
Va Wo

M M') M M') M M') 
6 50 2000 290 2500 170 2500 700 

1000 274 

HEATING: direct; filament thoriated tungsten 

Filament voltage 

Filament current 

CAPACITANCES 

Anode to all other elements except grid 

Grid to all other elements except anode 

Anode to grid 

TYPICAL CHARACTERISTICS 

Anode voltage 

Anode current 

Amplification factor 

Mutual conductance 

Vf = 6.3 V 

If = 5.8 A 

Ca = 0.1 pF 

Cg = 4.9 pF 

Cag = 5.0 pF 

Va 2500 V 

Ia = 60 mA 

µ = 25 

S = 2.8 mA/V 
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TEMPERATURE LIMITS 

Absolute maximum rating system 

Temperature of anode seal 

Bottom temperature 

= max. 220 °C 

= max. 180 oC 

It is recommended todirect aloes-velocity air flow on bottom and top seal if the tube is used at or near 
the limiting values at frequencies above 50 MHz. 

MECHANICAL DATA 

Base giant 5 p 

Socket 2422 512 01001 

Anode connector 40624 

Net mass 125 g 

Mounting position 

~ max 62 ~ 

~~ 

Internal screen 

4.75 

vertical with base up or down 

COOLING 

Radiation/low-velocity air flow. 

1 
+I 
0 

c 
E 
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TB2.5/400 

R.F. CLASS C TELEGRAPHY 

LIMITING VALUES (Absolute limits) 

Frequency f up to 150 MHz 

Anode voltage Va = max. 3000 V 

Anode current Ia = max. 255 mA 

Anode dissipation Wa max. 150 W 

Anode input power Wia max. 512 W 

Negative grid voltage -Vg = max. 300 V 

Grid current Ig = max. 45 mA 

Grid circuit resistance with fixed grid bias Rg = max. 0.1 MS2 

Grid circuit resistance with automatic grid bias Rg = max. 0.2 Ivltt 

OPERATING CONDITIONS 

Frequency f = 150 150 150 150 MHz 

Anode voltage Va 2500 2000 1500 1000 V 

Grid voltage Vg = -200 -150 -110 -80 V 

Anode current Ia = 205 205 205 205 mA 

Grid current Ig = 40 40 40 40 mA 

Peak grid A.C. voltage Vgp = 390 340 300 260 V 

Grid input power Wig = 14 13 11 10 W 

Anode input power Wia = 512 410 308 205 W 

Anode dissipation Wa = 122 115 98 79 W 

Output power Wo 390 295 210 126 W 

Efficiency n = 76 72 68 61.5 °Jo

September 1967 



TB 2.5/400 

R.F. CLASS B TELEPHONY 

LIMITING VALUES (Absolute limits) 

Frequency f up to 150 MHz 

Anode voltage Va = max. 3000 V 

Anode current Ia = max. 170 mA 

Anode dissipation Wa max. 150 W 

Anode input power Wia max. 200 W 

Grid current Ig = max. 55 mA 

Grid circuit resistance with fixed grid bias Rg = max. 0.1 MSZ 

Grid circuit resistance with automatic grid bias Rg = max. 0.2 MSZ 

OPERATING CONDITIONS 

Frequency f 150 150 150 MHz 

Anode voltage Va 2500 2000 1500 V 

Grid voltage Vg = -87 -67 -45 V 

Anode current Ia 77 97 120 mA 

Peak grid A.C. voltage Vgp = 100 100 100 V 

Anode input power Wia = 193 194 180 W 

Anode dissipation Wa = 128 130 121 W 

Output power Wo = 65 64 59 W 

Efficiency n = 34 33 33 

Modulation factor m = 100 100 100 

Grid current Ig = 20 28 52 mA 

Grid input power Wig = 3.6 5.1 9.4 W 
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TB2.5/400 

R.F. CLASS C ANODE MODULATION 

LIMITING VALUES (Absolute limits) 

Frequency f up to 150 MHz 

Anode voltage Va = max. 2400 V 

Anode current Ia = max. 170 mA 

Anode dissipation Wa max. 100 W 

Anode input power Wia = max. 340 W 

Negative grid voltage -Vg = max. 300 V 

Grid current Ig = max. 45 mA 

Grid circuit resistance with fixed grid bias Rg max. 0.1 MS2 

Grid circuit resistance with automatic grid bias Rg max. 0.2 MS2 

OPERATING CONDITIONS 

Frequency f 150 150 150 MHz 

Anode voltage Va = 2000 1500 1000 V 

Grid voltage Vg = -225 -180 -130 V 

Anode current Ia 128 128 128 mA 

Grid current Ig 40 40 40 mA 

Peak grid A.C. voltage Vgp 415 370 320 V 

Grid input power Wig 15 14 12 W 

Anode input power Wia = 256 192 128 W 

Anode dissipation Wa = 51 38 32 W 

Output power Wo = 205 154 96 W 

Efficiency 
n 

= 80 80 75 

Modulation factor m = 100 100 100 

Modulation power Wmod = 128 96 64 W 
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TB2.5/400 

R.F. CLASS C TELEGRAPHY, grounded grid 

LIMITING VALUES (Absolute limits) 

Frequency f up to 150 MHz 

Anode voltage Va = max. 3000 V 

Anode current Ia = max. 205 mA 

Anode dissipation Wa max. 150 W 

Anode input power Wia max. 512 W 

Negative grid voltage -Vg = max. 300 V 

Grid current Ig = max. 45 mA 

Grid circuit resistance with fixed grid bias Rg = max. 0.1 MS2 

Grid circuit resistance with automatic grid bias Rg = max. 0.2 MS2 

OPERATING CONDITIONS, two tubes 

Vi 

Frequency f 100 100 100 100 MHz 

Anode voltage Va 2500 2000 1500 1000 V 

Grid voltage Vg -200 -150 -110 -80 V 

Anode current Ia 410 410 410 410 mA 

Grid current Ig 80 80 80 80 mA 

Peak grid A.C. voltage Vgp 390 340 300 260 V 

Grid input power Wig 158 136 118 100 W 

Anode input power Wia 1025 820 615 410 W 

Anode dissipation Wa 245 230 195 158 W 

Output power Wo 780+130 590+110 420+96 252+80 W 1) 

Efficiency r~ 76 72 68 61.5 ~ 2) 

1) Power transferred from driving stage included 
2) Pure tube efficiency 
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TB2.5/400 

R.F. CLASS C OSCILLATOR for high-frequency heating and diathermy gener-
ators, with anode voltage from single-phase full-wave rectifier without filter 

LIMITING VALUES (Absolute limits) 

Frequency f up to 150 MHz 

Anode voltage Va max. 2700 V 1) 

Anode current Ia max. 180 mA 

Anode dissipation Wa max. 150 W 

Anode input power Wia max. 512 W 

Negative grid voltage -Vg max. 300 V 

Grid current Ig max. 40 mA 

Grid circuit resistance with fixed grid bias Rg max. 0.1 MSl 

Grid circuit resistance with automatic grid bias Rg max. 0.2 MS2 

OPERATING CONDITIONS 

Frequency f = 50 MHz 

Anode voltage Va 2000 V 1) 

Anode current Ia = 170 mA 

Grid current Ig = 34 mA 

Grid resistor Rg = 3750 S2 

Anode input power Wia 420 W 

Anode dissipation Wa = 120 W 

Grid input power Wig 10 W 

Output power Wo 290 W 

Efficiency n = 69 

1) Mean value 
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TB2.5/400 

R.F. CLASS C OSCILLATOR for industrial use with self-rectification. Phase 
shift of 1800 between Va and Vg

LIMITING VALUES (Absolute limits) 

Frequency f up to 150 MHz 

Anode voltage Va = max. 2825 VR~ 

Anode current Ia = max. 110 mA 

Anode dissipation Wa = max. 150 W 

Anode input power Wia = max. 340 W 

Negative grid voltage -Vg = max. 300 V 

Grid current Ig = max. 35 mA 

Grid circuit resistance with fixed grid bias Rg = max. 0.1 MSl 

Grid circuit resistance with automatic grid bias Rg = max. 0.2 MS2 

OPERATING CONDITIONS 

Frequency f 50 MHz 

Anode voltage Va 2500 VR~ 

Anode current Ia = 90 mA 

Grid current Ig = 20 mA 

Grid resistor Rg = 1700 St 

Grid voltage Vg = 85 VR~ 

Anode input power Wia = 255 W 

Anode dissipation Wa = 85 W 

Output power Wo = 170 W 

Efficiency n = 67 °Ja
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TB2.5/400 

A.F. CLASS B AMPLIFIER AND MODULATOR 

LIMITING VALUES (Absolute limits) 

Anode voltage 

Anode current 

Anode dissipation 

Anode input power 

Grid current 

OPERATING CONDITIONS, 

Anode voltage 

two tubes 

Va = 

Va

Ia

Wa

Wia

Ig

2500 

max. 

= max. 

max. 

max. 

= max. 

1000 

3000 

210 

150 

512 

45 

V 

mA 

W 

W 

mA 

V 

Grid voltage Vg -86 -23 V 

Load resistance R aa,r = 18.2 5.0 kS2 
~~ 

0 412 0 295 Peak grid to grid voltage Vggp = V 

Anode current Ia = 2x30 2x178 2x30 2x210 mA 

Grid current Ig = 0 2x42 0 2x40 mA 

Grid input power Wig 0 2x7.8 0 2x5.4 W 

Anode input power Wia = 2x75 2x445 2x30 2x210 W 

Anode dissipation W a = 2x75 2x95 2x30 2x73 W 

Output power Wo = 0 700 0 274 W 

Total harmonic distortion dtot = - 5.0 - 2.2 

Efficiency p = - 78.5 - 65 
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TB2.5/400 
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5867 TB3/750 

R.F. POWER TRIODE 

QUICK REFERENCE DATA 

 J  

class-C class-B 

telegraphy grounded oscillator oscillator, industrial modulator 
freq. grid m ~ 

Va Wo Va Wo. Va Wo. Va Wo Va Wo Va Wo. 

MHz kV W kV W kV W kV W kV W kV W 

100 4 1200 4 2320 
3 840 3 1936 3 1626 

2,5 750 2,5 1747 
2 585 2 1374 

1,5 425 1,5 1040 

50 3,5 1100 4 630 
2,25 685 3 415 

4 1500 
3 1360 

2,5 1140 

HEATING: direct, parallel supply; thoriated tungsten filament 

Filament voltage Vf 5 V 

Filament current If 14,1 A 

The filament is designed to accept temporary fluctuations of +5%and —10% 

CAPACITANCES 

Anode to all other elements except grid Ca = 0,16 pF 

Grid to all other elements except anode Cg = 6,3 pF 

Anode to grid Cag = 5,0 pF 

TYPICAL CHARACTERISTICS 

Anode voltage Va = 3 kV 

Anode current la = 90 mA 

Mutual conductance S = 5 mA/V 

Amplification factor µ 25 

* Two tubes. 
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TB3/750 

 ~ ~ 

TEMPERATURE LIMITS 

Absolute maximum rating system 

Bulb temperature Tbulb max. 350 oC 

Anode seal temperature Ta max. 220 oC 

Pin temperature Tpin max. 180 oC 

COOLING 

Incases where the maximum permissible temperatures are likely to be exceeded, as would normally be 
the case at frequencies above 30 MHz with full ratings, aloes-velocity air flow has to be directed onto 
the anode seal and the bottom of the envelope. The cooling will be facilitated by the use of a blower 
and a glass chimney type 40666. 

MECHANICAL DATA 

Socket 

Anode connector (clip) 

Chimney 

30° 

3~ 

2422 512 01001 Base Giant 5 p. 

40624 Net mass 190 g 

40666 

max B7f~ 

I I I 
k4.750 

max 62s~ 

30.3•/Y~I 

Mounting suggestion of 
tube with chimney. 

a. 

Mounting position vertical with base up or down 

In order to prevent overheating of the grid pins by high-frequency current it is recommended to include 
the three grid socket connections in the circuit. 
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TB3/75O 

R.F. CLASS C TELEGRAPHY OR F.M. TELEPHONY 

LIMITING VALUES (Absolute limits) 

Frequency f up to 100 MHz 

Anode voltage Va max. 4 kV 

Anode input power Wia max. 1550 W 

Anode dissipation Wa max. 350 W 

Negative grid voltage -Vg max. 500 V 

Grid dissipation Wg max. 40 W 

Grid circuit resistance Rg max. 100 kS2 

Cathode current Ik max. 500 mA 

OPERATING CONDITIONS 

Frequency f = 100 100 100 100 100 MHz 

Anode voltage Va = 4 3 2.5 2 1.5 kV 

Grid voltage Vg = -350 -250 -200 -150 -120 V 

Peak grid A.C. voltage Vgp = 535 430 380 320 295 V 

Anode current Ia = 380 363 400 400 400 mA 

Grid current Ig = 80 69 69 80 80 mA 

Driving power Wdr 40 27 23.5 23 21.5 W 

Anode input power Wia 1520 1090 1000 800 600 W 

Anode dissipation Wa 320 2S0 250 215 175 W 

Output power W o 1200 840 750 585 425 W 

Efficiency ~l = 79 77 75 73 71 
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TB3/750 

R.F. CLASS C TELEGRAPHY OR F.M. TELEPHONY (continued) 

OPERATING CONDITIONS, grounded grid, two tubes 

Frequency f = 100 100 100 100 MHz 

Anode voltage Va = 3 2.5 2 1.5 kV 

Grid voltage Vg = -250 -200 -150 -120 V 

Peak grid 

A.C. voltage Vgp = 430 380 320 295 V 

Anode current Ia = 726 800 800 800 mA 

Grid current Ig = 138 138 160 160 mA 

Driving power W~ 310 294 250 233 W 

Anode input power Wia = 2180 2000 1600 1200 W 

Anode dissipation Wa = 500 500 430 350 W 

Output power Wo 1680+256 1500+247 11.70+204 850+190 W 1) 

Efficiency rl = 77 75 73 71 

1) Power transferred from driving stage included 
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TB 3/ 750 

R.F. CLASS C OSCILLATOR 

LIMITING VALUES (Absolute limits) 

Frequency f up to 100 MHz 

Anode voltage Va max. 4 kV 

Anode input power Wia = max. 1550 W 

Anode dissipation Wa max. 350 W 

Negative grid voltage -Vg max. 500 V 

Grid dissipation Wg = max. 40 W 

Grid circuit resistance Rg max. 100 kSt 

Cathode current Ik = max. 500 mA 

OPERATING CONDITIONS, two tubes 

Frequency f = 100 100 MHz 

Anode voltage Va 4 3 kV 

Anode current Ia = 760 726 mA 

Grid current Ig = 160 138 mA 

Grid resistor Rg 2200 1800 S2 

Driving power W~ = 80 54 W 

Anode input power Wia 3040 2180 W 

Anode dissipation Wa = 640 500 W 

Output power Wo 2320 1626 W 

Efficiency p = 77 75 
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R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE with anode voltage from 

single-phase fullwvave rectifier without filter ~ 

LIMITING VALUES (Absolute limits) 

Frequency 

Anode voltage 

Anode input power 

Anode dissipation 

Negative grid voltage 

Grid dissipation 

Grid circuit resistance 

Cathode current 

OPERATING CONDITIONS 

Frequency 

Anode voltage 

Anode current 

Grid current 

Grid resistor 

Anode input power 

Anode dissipation 

Output power 

Efficiency 

Output power in the load 

f up to 50 

Va = max. 3.8 

Wia = max. 1500 

Wa = max. 350 

—Vg = max. 500 

Wg = max. 40 

Rg = max. 100 

Ik = max. 450 

up to 100 up to 150 MHz 

max. 2.7 max. 1.8 kV 

max. 975 max. 650 W 

max. 350 max: 350 W 

max. 500 max. 500 V 

max. 40 max. 40 W 

max. 100 max. 100 kS2 

max. 450 max. 450 mA 

f = 50 50 

Va = 3.5 2.25 

Ia = 325 340 

Ig = 65 60 

Rg = 4500 3330 

Wia 1400 935 

Wa = 300 250 

Wo = 1100 685 

r~ = 78 73 

W~ 900 560 

MHz 

kV 

mA 

mA 

S2 

W 

W 

W 

W 
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TB 3/750 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE with self rectification, 
180°  phase shift between Va and Vg

LIMTI'ING VALUES (Absolute limits) 

Frequency f up to 50 up to 100 up to 150 MHz 

Transformer voltage 

Anode input power 

Anode dissipation 

Negative grid voltage 

Grid dissipation 

Grid circuit resistance 

Cathode current 

OPERATING CONDITIONS 

Frequency 

Transformer voltage 

Anode current 

Driving voltage 

Grid current 

Grid resistor 

Anode input power 

Anode dissipation 

Output power 

Efficiency 

Output power in the load 

Vtr = max. 4.5 max. 3.5 max. 2.25 kVRMS 

Wia = max. 900 max. 730 max. 500 W 

Wa = max. 350 max. 350 max. 350 W 

-Vg = max. 500 max. 500 max. 500 V 

Wg = max. 40 max. 40 max. 40 W 

Rg = max. 100 max. 100 max. 100 kSl 

Ik = max. 285 max. 285 max. 285 mA 

f = 50 

Vtr 4 

Ia 190 

Vg 280 

Ig 35 

Rg 5500 

Wia 840 

Wa 210 

W o 630 

p 75 

W~ 515 

50 MHz 

3 kVRMS 

180 mA 

110 VRMS 

32 mA 

3000 S2 

600 W 

185 W 

415 W 

69 

350 W 
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TB 3/750 

A.F. CLASS B AMPLIFIER AND MODULATOR, two tubes in push-pull 

LIMITING VALUES (Absolute limits) 

Anode voltage Va max. 4 kV 

Anode input power Wia max. 1550 W 

Anode dissipation Wa max. 350 W 

Negative grid voltage -Vg max. 500 V 

Grid dissipation Wg max. 40 W 

Grid circuit resistance Rg max. 100 kSZ 

Cathode current Ik = max. 500 mA 

OPERATING CONDITIONS 

Va = 4 3 2.5 kV 

Vg = -135 -102 -77.5 Vl) 

R aa,~ = 20 14.5 12 kSZ 

Vggp

Ia

Ig

W~ 

Wia 

Wa

Wo

dtot 

n 

= 0 485 

= 2x88 2x270 

= 0 2x30 

0 2x7 

2x350 2x1080 

= 2x350 2x305 

= 0 1550 

_ - < 2.5 

_ - 71.7 

0 475 0 400 V 

2x60 2x290 2x90 2x300 mA 

0 2x60 0 2x55 mA 

0 2x13 0 2x10 W 

2x180 2x870 2x225 2x750 W 

2x180 2x190 2x225 2x180 W 

0 1360 0 1140 W 

- < 2.5 - < 2.5 

- 78.1 - 76 

1) To be adjusted for zero signal anode current 
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5658 TB4/1250 

R.F. POWER TRIODE 

QUICK REFERENCE DATA 

C to egr. 
C grounded 

grid 
Ca mod. B mod. 2) 

Freq 

Va Wo Va Wol) Va Wo Va Wo (m) (MHz) 
(V) (W) (V) (W) (V) (W) (V) (~') 

3 100 4000 1690 4000 1950 3000 1050 4000 2290 
3500 1430 3500 1650 3500 2440 
3000 1175 3000 1375 3000 2310 

2500 950 2500 1120 2500 2000 

HEATING: direct; filament thoriated tungsten 

Filament voltage Vf = 10 V 

Filament current If = 9.9 A 

CAPACITANCES 

Anode to all other elements except grid Ca = 0.17 pF 

Grid to all other elements except anode Cg = 8.0 pF 

Anode to grid Cag = 7.0 pF 

TYPICAL CHARACTERISTICS 

Amplification factor µ = 28 

Mutual conductance S (Ia = 125 mA) = 4.5 mA/V 

TEMPERATURE LIMITS (Absolute limits) 

Temperature of anode seal = max. 220 ° C 

Temperature of bottom pin seals = max. 180 ° C 

Bulb temperature = max. 250 ° C 

1) Power transferred from driving stage included 
2) Two tubes 
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TB4/1250 

COOLING 

In general cooling of the tube is not necessary at normal ambient temperature 
at frequencies below 50 MHz . 

When the tube is used at or near the limiting values at frequencies above 
50 Mc/s, it will be necessary to direct aloes-velocity air flow on the anode seal 
and the bottom of the envelope. 

MECHANICAL DATA 

Socket 2422 512 00001 

Anode connector: 40626 

Net mass 420 g 

Mounting position: vertical with base up or down 

Dimensions in mm 

i 
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TB4/1250 

R.F. CLASS C TELEGRAPHY 

LIMITING VALUES (Absolute limits) 

Frequency f up to 100 MHz 

Anode voltage Va max. 4000 V 

Anode dissipation W a max. 450 W 

Grid dissipation Wg max. 50 W 

Grid current Ig max. 115 mA 

Cathode current Ik max. 650 mA 

OPERATING CONDITIONS (controlled) 

W avelength ~ = 3 3 3 3 m 

Anode voltage Va = 4000 3500 3000 2500 V 

Grid voltage Vg = -350 -300 -250 -200 V 

Anode current Ia = 535 535 535 535 mA 

Grid current Ig = 115 115 115 115 mA 

Peak grid A.C. voltage Vgp = 580 520 460 405 V 

Grid input power Wig = 60 54 48 42 W 

Anode input power Wia = 2140 1880 1600 1340 W 

Anode dissipation Wa = 450 450 425 390 W 

Output power Wo = 1690 1430 1175 950 W 

Efficiency r~ = 79 76 73.5 71 

OPERATING CONDI'T'IONS (self excited) 

Wavelength ~ = 3 3 3 3 m 

Anode voltage Va = 4000 3500 3000 2500 V 

~ Grid resistor Rg = 3000 2600 2200 1800 S2 

Anode current Ia = 535 535 535 535 mA 

Grid current Ig = 115 115 115 115 mA 

Peak grid A.C. voltage Vgp = 580 520 460 405 V 

Grid input power Wig 60 54 48 42 W 

Anode input power Wia 2140 1880 1600 1340 W 

Anode dissipation Wa 450 450 425 390 W 

Output power Wo 1630 1376 1127 908 W 

Efficiency n 76.5 73 70.5 67.5 
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TB4/1250 

OPERATING CONDITIONS R.F. CLASS C TELEGRAPHY (continued) 
Grounded grid circuit, two tubes 

Vi 

W avelength ~ = 3 3 3 3 m 

Anode voltage Va 4000 3500 3000 2500 V 

Grid voltage Vg = -350 -300 -250 -200 V 

Anode current Ia = 2x535 2x535 2x535 2x535 mA 

Grid current Ig = 2x115 2x115 2x115 2x115 mA 

Peak grid voltage Vgp 580 520 460 405 V 

Grid input power Wig 2x320 2x274 2x248 2x212 W 

Anode input power Wia 2x2140 2x1880 2x1600 2x1340 W 

Anode dissipation W a 2x450 2x450 2x425 2x390 W 

Output power Wo 3380+520 2860+440 2350+400 1900+340 W1) 

Efficiency rl 79 76 73.5 71 ~ 2) 

1) Power transferred from driving stage included 

2) Pure tube efficiency 
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TB4/1250 

R.F. CLASS C ANODE MODULATION 

LIMITING VALUES (Absolute limits) 

Frequency f up to 100 MHz 

Anode voltage Va = max. 3000 V 

Anode dissipation Wa = max. 300 W 

Grid dissipation Wg max. 50 W 

Grid current Ig max. 115 mA 

Cathode current Ik max. 550 mA 

OPERATING CONDITIONS 

Wavelength ~ 3 m 

Anode voltage Va = 3000 V 

Grid voltage Vg -375 V 

Anode current Ia 450 mA 

Grid current Ig 85 mA 

Peak grid A.C. voltage Vgp 580 V 

Grid input power Wig = 42 W 

Anode input power Wia 1350 W 

Anode dissipation Wa 300 W 

Output power Wo 1050 W 

Efficiency n = 78 °jo

Modulation factor m 100 

Modulation power Wmod = 675 W 

September 1969 59 



TB4/1250 

A.F. CLASS B AMPLIFIER AND MODULATOR 

LIMITING VALUES (Absolute limits) 

Anode voltage Va max. 4000 V 

Anode dissipation Wa max. 450 W 

Grid dissipation Wg max. 50 W 

Cathode current Ik max. 700 mA 

Peak cathode current Ikp max. 5 A 

Grid current Ig max. 130 mA 

Grid circuit resistance Rg max. 50 kSt 

OPERATING CONDITIONS, two tubes 

Anode voltage Va = 4000 3500 V 

Grid voltage Vg = -135 -114 V 
Load resistance Raa.r = 14.5 10.2 kS2 

Peak grid to grid voltage Vggp 0 566 0 563 V 

Anode current Ia = 2x70 2x368 2x70 2x442 mA 

Grid current Ig = 0 2x93 0 2x115 mA 

Grid input power Wig = 0 2x24 0 2x29 W 

Anode input power Wia = 2x280 2x1474 2x245 2x1550 W 

Anode dissipation Wa = 2x280 2x329 2x245 2x330 W 

Output power Wo = 0 2290 0 2440 W 

Total distortion dtot = - 5 - 5 

Efficiency n = - 77.7 - 78.8 jo

Anode voltage Va = 3000 2500 V 

Grid voltage Vg = -94 -75 V 

Load resistance Raa~ = 7.5 5.2 kSZ 

Peak grid to grid voltage Vggp = 0 560 0 530 V 

Anode current Ia = 2x70 2x500 2x70 2x555 mA 

Grid current Ig = 0 2x130 0 2x126 mA 
Grid input power Wig = 0 2x33 0 2x30 W 

Anode input power Wia 2x210 2x1500 2x175 2x1387 W 

Anode dissipation W a 2x210 2x345 2x175 2x387 W 

Output power Wo = 0 2310 0 2000 W 

Total distortion dtot = - 5 - 3.5 °jo
Efficiency n = - 77 - 72 
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TB4/1250 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE with anode voltage from 
two-phase half -wave rectifier without filter 

LIMITING VALUES (Absolute limits) 

Frequency f up to 100 MHz' 

Anode voltage 

Negative grid voltage 

Anode current 

Grid current 

Anode input power 

Anode dissipation 

Grid dissipation 

Va = max. 3600 V 

-Vg = max. 320 V 

Ia = max. 475 mA 

Ig = max. 100 mA 

Wia = max. 2200 W 

Wa = max. 450 W 

Wg = max. 50 W 

OPERATING CONDITIONS 

Transformer voltage Vtr 40001) 33502) VRMS 

Anode voltage Va = 3600 3000 V 3) 

Anode current Ia 450 400 mA 

Grid current Ig 100 85 mA 

Grid resistor Rg 3.0 3.0 kSl 

Anode input power Wia 2000 1480 W 

Anode dissipation Wa 450 400 W 

Output power Wo 1500 1040 W 

Efficiency r~ = 75 70 

1) Care must betaken that under these operating conditions the absolute limiting 
values are not exceeded by variation of the supply voltage or the load or by 
tolerances in the circuit elements. 

2) Under these conditions normal deviations of voltages and load are permis-
sible. The absolute limiting values of the tube must, however, not be ex-
ceeded. 

3) D.C. value 
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TB4/1250 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE with anode voltage from 
three-phase half -wave rectifier without filter 

LIMITING VALUES (Absolute limits) 

Frequency f up to 100 MHz 

Anode voltage Va max. 4000 V 

Negative grid voltage -Vg max. 500 V 

Anode current Ia max. 535 mA 

Grid current Ig = max. 115 mA 

Anode input power Wia max. 2200 W 

Anode dissipation Wa max. 450 W 

Grid dissipation Wg max. 50 W 

OPERATING CONDITIONS 

Transformer voltage Vir = 34001) 29002) VRMS 

Anode voltage Va = 4000 3400 V 3) 

Anode current Ia = 535 450 mA 

Grid current Ig - 115 100 mA 

Grid resistor Rg 3.0 3.0 kSZ 

Anode input power Wia 2140 1530 W 

Anode dissipation Wa 450 390 W 

Output power Wo 1630 1090 W 

Efficiency 
n 

76.5 71 

r 
4 

1) Care must be taken that under these operating conditions the absolute limiting 
values are not exceeded by variation of the supply voltage or the load or by 
tolerances in the circuit elements. 

2) Under these conditions normal deviations of voltages and load are permis-
sible. The absolute limiting values of the tube must, however, not be ex-
ceeded. 

3) D.C. value. 
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T64/1250 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE with self rectification 

LIMITING VALUES (Absolute limits) 

Frequency f up to 100 MHz 

Transformer voltage 

Negative grid voltage 

Anode current 

Grid current 

Anode input power 

Anode dissipation 

Grid dissipation 

Vtr 

-Vg

Ia

Ig

Wia 

Wa 

Wg

max. 4500 VR~ 

max. , 500 V 

= max. 280 mA 

= max. 55 mA 

max. 1450 W 

max. 450 W 

max. 50 W 

OPERATING CONDITIONS 

Transformer voltage Vtr 45001) 38002) VR~ 

Anode current Ia = 280 240 mA 

Grid current Ig = 55 47 mA 

Grid resistor Rg = 3.4 3.4 kS2 

Anode input power Wia 1400 1010 W 

Anode dissipation Wa = 350 295 W 

Output power Wo 1000 670 W 

Efficiency r~ = 71.5 66 %p 

ti~ 

1) Care must be taken that under these operating conditions the absolute limiting 
values are not exceeded by variation of the supply voltage or the load or by 
tolerances in the circuit elements. 

2) Under these conditions normal deviations of voltages and load are permis-
sible. The absolute limiting values of the tube must, however, not be ex-
ceeded. 
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R.F. power triode TB4/1250 
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ao7s TB4/1500 

R.F INDUSTRIAL TRIODE 

Radiation cooled triode of metal-glass construction intended for use as an industrial 
oscillator 

QUICK REFERENCE DATA 

Oscillator output power (Wo- Wfeedb~~ typical Wosc 1.58 kW 

Frequency for full ratings f max. 50 MHz 

To be read in conjunction with "General Recommendations Transmitting tubes, 
Tubes for R. F . heating. " 

A. R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE 

with anode voltage from athree-phase rectifier 

OPERATING CONDITIONS continuous service 

Frequency f 50 50 50 MHz 

Oscillator output power (Wo-Wfeedb~ Wosc 1.55 1.58 1.55 kW 

Anode vootage Va 6 5 4 kV 

Anode current Ia 350 430 535 mA 

Anode input power Wia 2100 2150 2140 W 

Anode dissipation W a 460 480 490 W 

Anode output power W o 1640 1670 1650 W 

Anode efficiency ~a 78 78 77 

Oscillator efficiency Wosc 74 73.5 72.5 

Feedback ratio Vgp/Vap 15 15.5 20 ~/~ 

Grid resistor R 
g 

4.2 3.5 2.7 kS2 

Grid current, on load Ig 120 130 150 mA 

Grid voltage, negative -Vg 500 456 405 V 

Grid dissipation Wg 23 29 41 W 

Grid resistor dissipation WRg 60 59 61 W 
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TB4/1500 

LIMITING VALUES (Absolute max. rating system) 

Frequency for full ratings f up to 50 MHz 

Anode voltage Va max. 7 kV 

Anode current Ia max. 560 mA 

Anode input power Wia max. 2.5 kW 

Anode dissipation Wa max. 500 W 

Grid voltage -Vg max. 1250 V 

Grid current, on load Ig max. 210 mA 

off load Ig max. 280 mA 

Grid dissipation Wg max. 100 W 

Grid circuit resistance Rg max. 15 kS2 

Cathode current, mean Ik max. 850 mA 

Envelope temperature tenv max. 350 ° C 

Seal temperature t max. 220 ° C 
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TB4/1500 

B. R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE, 

with anode voltage from three-phase rectifier, 

OPERATING CONDITIONS , intermittent service 

Frequency f 50 50 MHz 

Oscillator output power (Wo-Wfeedb) Wosc 3.05 2.28 kW 

Anode voltage V a 6 6 kV 

Anode current la 700 630 mA 

Anode input power Wia 4200 3150 W 

Anode dissipation Wa 1000 750 W 

Anode output power Wo 3200 2400 W 

Anode efficiency na 76 76 

Oscillator efficiency ~osc 72.5 72.5 

Feedback ratio Vgp/Vap 16 17 

Grid resistor Rg 3.3 2.7 kS2 

Grid current, on load 170 160 mA 

Grid voltage, negative 
- I~ 

560 432 V 

Grid dissipation 
g 

Wg 55 48 W 

Grid resistor dissipation WKg

LIMITING VALUES (Absolute max. rating system) 

95 69 W 

Frequency for full ratings f up to 50 MHz 

Anode voltage Va max. 7 kV 

Anode current Ia max. 750 mA 

Anode input power Wia max. 5 kW 

Anode dissipation Wa max. See page 7 

Grid voltage -Vg max. 1250 V 

Grid current, on load Ig max. 185 mA 

off load Ig max. 300 mA 

Grid dissipation W max. 100 W 

Grid circuit resistance Kg max. 15 k52 

Cathode current, mean Ik max. 1. 1 A 

Envelope temperature tenv max. 330 ° C 

Seal temperature t max. 220 ° C 
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C. R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE, 

with anode voltage from single—phase rectifier without filter 

OPERATING CONDITIONS , continuous service 

Frequency f 50 50 MHz 
Oscillator output power (Wo — Wfeedb) Wosc 1.565 1.525 kW 
Anode voltage Va 5.4 4.5 kV 
Anode current Ia 320 380 mA 

Anode input power Wia 2125 2100 W 

Anode dissipation Wa 490 500 W 
Anode output power Wo 1635 1600 W 

Anode efficiency ~a 77 76 
Oscillator efficiency ~osc 74 73 
Feedback ratio Vgp/Vap 13 15.5 
Grid resistor Rg 4.2 3.5 kS2 
Grid current, on load Ig 110 120 mA 
Grid voltage, negative —Vg 462 420 V 
Grid dissipation Wg 15 25 W 
Grid resistor dissipation WRg 50 50 W 

LIMITING VALUES (Absolute max. rating system) 

Frequency for full ratings f up to 50 MHz 

Anode voltage Va max. 6.3 kV 
Anode current Ia max. 500 mA 

Anode input power Wia max. 2.5 kW 
Anode dissipation Wa max. 500 W 
Grid voltage —Vg max. 1250 V 
Grid current, on load Ig max. 185 mA 

off load IgSg max. 280 mA 
Grid dissipation max. i00 W 
Grid circuit resistance Rg max. 15 kS2 
Cathode current, mean Ik max. 780 mA 
Envelope temperature tenv max. 330 °C 
Seal temperature t max. 220 ° C 
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D. R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE, 

with self rectification 

OPERATING CONDITIONS , continuous service 

Frequency f 50 MHz 

Oscillator qutput power (W°- Wfeedb) Wosc 990 W 

Transformer voltage, RMS Vtr 4. 5 kV 

Anode current Ia 280 mAl) 

Anode input power Wia 1400 W 

Anode dissipation Wa 380 W 

Anode output power Wo 1020 W 
Anode efficiency Ala 78 
Oscillator efficiency post 71 
Feedback ratio Vgp/Vap 18 
Grid resistor Rg 2.7 kS2 
Grid current, on load Igg 80 mAl) 
Grid voltage, negative -vg 216 V 
Grid dissipation Wg 14 W 

Grid resistor dissipation WRg 17 W 

LIMITING VALUES (Absolute max. rating system) 

Frequency for full ratings f up to 50 MHz 
Transformer voltage, RMS Va max. 5 kV 
Anode current Ia max. 320 mAl)
Anode input power Wia max. 1600 W 
Anode dissipation Wa max. 500 W 
Grid voltage, at peak of mains frequency 

sine wave -Vg max. 1350 V 
Grid current, on load Ig max. 110 mAl) 

off load Igg max. 150 mAl)
Grid dissipation Wg max. 100 W 

Grid circuit resistance Rg max. 15 kS2 
Cathode current, mean Ik max. 470 mA 1) 

Envelope temperature tenv max. 330 °C 
Seal temperature t max. 220 ° C 

1) Average over any mains frequency cycle. 
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T64/1500 

HEATING :direct; filament thoriated tungsten 

Filament voltage Vf 5 V 

Filament current If 32.5 A 

The filament is designed to accept temporary fluctuations of +5 ~ and -10 ~. 

CAPACITANCES 

Anode to filament C~ 0.2 pF 

Grid to filament C~ 7.5 pF 

Anode to grid 

CHARACTERISTICS 

Cag

measured at Va = 4 kV, Ia = 120 mA 

5. 1 pF 

Transconductance S 3.3 mA/V 

Amplification factor µ 21 

COOLING 

In general cooling of the tube working at the published operating conditions with 
matched load is not necessary. When the tube is mounted in a small cabinet adequate 
ventilation must be provided. 

At non-matched load, combined with the higlest operating frequencies glow-ve-
locity airflow on the tube is necessary. Asmall fan will suffice; it is recommended 
to mount the fan underneath the tube socket. 

ACCESSORIES 

Socket catalogue nr. 2422 511 05001 

Anode connector type 40665 
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TB4/1500 

MECHANICAL DATA 

Mounting position: vertical 

Net weight: approx. 450 g 
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7os2 TBS/2500 

R.F. INDUSTRIAL TRIODE 

Radiation cooled triode of glass construction intended for use as an industrial os-

cillator 

QUICK REFERENCE DATA 

Oscillator output power (Wo- Wfeedb)' typical 

Frequency for full ratings 

W osc 

f 

2.73 kW 

max. 50 MHz 

To be read in conjunction with "General Recommendations Transmitting tubes, 
Tubes for R.F. heating." 

A . R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE 

with anode voltage from athree-phase rectifier 

OPERATING CONDITIONS , continuous service 

Frequency f 50 50 50 50 MHz 

Oscillator output power (Wo- Wfeedb) Wosc 2.73 2.61 2.04 1.44 kW 

Anode voltage Va 6 5 4 3 kV 

Anode current Ia 600 700 700 700 mA 

Anode input power Wia 3600 3500 2800 2100 W 

Anode dissipation Wa 760 780 640 540 W 

Anode output power Wo 2840 2720 2160 1560 W 

Anode efficiency na 79 78 77 74 

Oscillator efficiency rjosc 76 75 73 69 

Feedback ratio Vgp/Vap 13 17 20 25 

Grid resistor Rg 3 2.5 2 1.5 k52 

Grid current, on load Ig 150 160 180 200 mA 

Grid voltage, negative -Vg 450 400 360 300 V 

Grid dissipation Wg 43 46 55 60 W 

Grid resistor dissipation WRg 67 64 65 60 W 

Recommended grid blocking capacitor at high frequencies about 100 pF 
at 1 MHz about 1000 pF 
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LIMITING VALUES (Absolute max. rating system) 

Frequency for full ratings f up to 50 MHz 

Anode voltage Va max. 7 kV 

Anode current Ia max. 750 mA 

Anode input power Wia max. 4000 W 

Anode dissipation Wa max. 800 W 

Grid voltage -Vg max. 1250 V 

Grid current, on load Ig max. 300 mA 

off load Ig max. 400 mA 

Grid dissipation Wg max. 150 W 

Grid circuit resistance Rg max. 10 k52 

Cathode current, mean Ik max. 1.2 A 

peak I~ max. 4.3 A 

Envelope temperature tenv max. 350 ° C 

Seal temperature t max. 220 °C 

ti
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TBS/2500 

B. R.F. CLASS C OSCILLATOR.FOR INDUSTRIAL USE 

with anode voltage from athree-phase rectifier 

OPERATING CONDITIONS , intermittent service 

Frequency f 50 50 MHz 

Oscillator output power (Wo-Wfeedb) Wosc 4.25 3.24 kW 

Anode voltage Va 6 5 kV 
Anode current Ia 950 900 mA 

Anode input power Wia 5700 4500 W 

Anode dissipation Wa 1300 1125 W 

Anode output power Wo 4400 3375 W 

Anode efficiency na 77 75 

Oscillator efficiency 'lose 74 72 

Feedback ratio VSP/Vap 17 20 °jo
Grid resistor Rg 2.5 2 k52 

Grid current, on load Ig 190 190 mA 
Grid voltage, negative -Vg 475 380 V 
Grid dissipation Wg 63 63 W 
Grid resistor dissipation WRg 90 72 W 

LIMITING VALUES (Absolute max. rating system) 

Frequency for full ratings f max. 50 MHz 

Anode voltage Va max. 7 kV 

Anode current Ia max. 1000 mA 

Anode -input power Wia max. 7000 W 

Anode dissipation Wa max. see page 7 

Grid voltage -Vg max. 1250 V 
Grid current, on load Ig max. 300 mA 

off load Ig max. 400 mA 

Grid dissipation Wg max. 150 W 

Grid circuit resistance Rg max. 10 k52 

Cathode current, mean Ik max. 1.4 A 
peak Ikp max. 4.3 A 

Envelope temperature tenv max. 350 ° C 

Seal temperature t max. 220 °C 
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C. R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE 

with anode voltage from single-phase rectifier without filter 

OPERATING CONDITIONS , continuous service 

Frequency f 50 50 MHz 
Oscillator output power (Wo- Wfeedb) Wosc 2655 2451 W 
Anode voltage Va 5.4 4.5 kV 

Anode current Ia 530 600 mA 
Anode input power Wia 3520 3320 W 

Anode dissipation Wa 770 770 W 
Anode output power Wo 2750 2550 W 
Anode efficiency na 78 77 
Oscillator efficiency nosc 75 74 
Feedback ratio Vgp/Vap 13 15.5 
Grid resistor Rg 3 2.5 kS2 
Grid current, on load 
Grid voltage, negative 

- I~ 

g 

140 
420 

150 
375 

mA 
V 

Grid dissipation Wg 36 43 W 

Grid resistor dissipation WRg 59 56 W 

LIMITING VALUES (Absolute max. rating system) 

Frequency for full ratings f up to 50 MHz 
Anode voltage Va max. 6.3 kV 
Anode current la max. 670 mA 
Anode input power Wia max. 4000 W 
Anode dissipation Wa max. 800 W 
Grid voltage -Vg max. 1250 V 
Grid current, on load Ig max. 270 mA 

off load Iggg 
max. 400 mA 

Grid dissipation max. 150 W 
Grid circuit resistance Rg max. 10 kS2 
Cathode current, mean Ik max. 1.0 A 

peak Ikp max. 3.3 A 
Envelope temperature tenv max. 350 oC 
Seal temperature t max. 220 °C 

ti

c 
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TBS/2500 

D. R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE 

with self rectification 

OPERATING CONDITIONS 

Frequency f 50 MHz 

Oscillator output power (Wo- Wfeedb) Wosc 1.49 kW 

Transformer voltage, RMS Vtr 5.2 kV 

Anode current Ia 360 mAl)

Anode input power Wia 2080 W 

Anode dissipation Wa 520 W 

Anode output power Wo 1560 W 

Anode efficiency na 75 

Oscillator efficiency nosc 72 

Feedback ratio Vgp/Vap 17 

.arid resistor Rg 1.8 kS2 

Grid current, on load Ig
gg

100 mAl) 

Grid voltage, negative - 180 V 

Grid dissipation Wg 54 W 

Grid resistor dissipation WRg 18 W 

Recommended grid blocking capacitor at high frequencies about 100 pF 
at about 1 MHz about 1000 pF 

LIMITING VALUES (Absolute max. rating system) 

Frequency for full ratings f up to 50 MHz 

Transformer voltage, RMS Vtr max. 5.6 kV 

Anode current Ia max. 400 mAl)

Anode input power Wia max. 2250 W 

Anode dissipation Wa max. 800 W 

Grid voltage, at peak of mains frequency 

sine wave -Vg max. 1250 V 

Grid current, on load Ig max. 160 mAl) 

off load Ig max. 210 mA l)

Grid dissipation Wg max. 150 W 
Grid circuit resistance Rg max. 10 kS2 

Cathode current, mean Ik max. 610 mAl) 
peak Ikp max. 4.3 A 

Envelope temperature tenv max. 350 ° C 

Seal temperature t max. 220 °C 

1) Averaged over any mains frequency cycle 

n......... ~o~~ 79 



TB5/2500 

HEATING :direct; filament thoriated tungsten 

Filament voltage Vf 6.3 V 

Filament current If 32.5 A 

The filament is designed to accept temporary fluctuations of +5 ~ and -10 ~. 

CAPACITANCES 

Anode to filament Caf 0.25 pF 

Grid to filament Cgf 10.5 pF 

Anode to grid 

CHARACTERISTICS 

Cag 

measured at Va = 4 kV, Ia = 190 mA 

6.2 pF 

Transconductance S 5.1 mA/V 

Amplification factor µ 22 

COOLING 

In general cooling of the tube is not necessary at matched load. When the tube is 

mounted in a small cabinet adequate ventilation must be provided. 

Atnon-matched load or at high anode voltages, combined with the highest operating 
frequencies glow-velocity air flow directed on the tube is necessary. A small fan 

will suffice; it is recommended to mount the fan underneath the tube socket. 

ACCESSORIES 

Socket catalogue nr. 2422 511 05001 

Anode connector type 40665 

80 August 1971 



TBS/2500 

MECHANICAL DATA 

Mounting positions: vertical 

Net weight: approx. 600 g 

0 10 20 30 k0 50 
Operotion time (sec) 

August 1971 

Dimensions in mm 
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ss92 TBH7/8000 

WATER COOLED INDUSTRIAL R.F. POWER TRIODE 

WITH INTEGRAL HELICAL COOLER 

Water cooled triode with integral helical cooler intended for use as an industrial 

oscillator 

QUICK REFERENCE DATA 

Oscillator output power (Wo -Wfeedb) 

Frequency for full ratings 

Wosc 6 kW 

f max. 55 MHz 

To be read in conjunction with "General Recommendations Transmitting tubes, Tubes for 

R.F. heating" 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE'~~ 

OPERATING CONDITIONS 

Frequency f 50 MHz 

Oscillator output power (Wo -Wfeedb ) Wosc 6 kW 

Transformer voltage, RMS Vtr 5, 1 kV 

Anode voltage Va b kV 

Anode current Ia 1, 5 A 

Anode input power Wia 9 kW 

Anode dissipation Wa 2, 7 kW 

Anode output power Wo 6, 3 kW 

Anode efficiency ~a 
70 °Jo 

Oscillator efficiency 
Wosc 

67 °Jo 

Grid current, on load Ig 0, 4 A 

Grid input power Wig 300 W 

~' With anode voltage from three-phase half -wave rectifier without filter. 
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TBH7/8000 

LIMITING VALUES (Absolute max. rating system ) 

Frequency f up to 55 MHz 

Anode voltage Va max. 7 kV 

Anode current Ia max. 1, 8 A 

Anode input power Wia max. 11 kW 

Anode dissipation Wa max. 6 kW 

Grid voltage -Vg max. 1250 V 

Grid current, on load Ig max. 0, 5 A 
off load Ig max. 0, 7 A 

Grid resistor Rg max. 10 kS2 

Temperature of filament seals T max. 210 °C 

Temperature of anode and grid seals T max. 180 °C 

HEATING: direct ;filament thoriated tungsten 

Filament voltage 

Filament current 

Vf

If

12, 6 V 

33 A 

The filament is designed to accept temporary fluctuations of +5~ and —10~. 

CAPACITANCES 

Anode to all other elements except grid Ca

Grid to all other elements except anode Cg

Anode to grid Cag

CHARACTERISTICS measured at Va = 6 kV, Ia = 1 A 

Transconductance 

Amplification factor 

S 

µ 

0, 3 pF 

16 pF 

11 pF 

15 mA/V 

32 
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TBH7/8000 

COOLING 

Wa 

(k41~ 

Ti 

(°C) 

gmin 

(1/min) 

Pi 

(atm) 

To 

(°C) 

2 20 1, 5 0, 06 44 
50 3 0,22 62 

4 20 3 0,22 42 

50 6 0,73 61 

6 20 5 0, 54 39 
50 10 1, 8 59 

Absolute max. water inlet temperature Ti max. 50 ° C 

At water inlet temperatures between 20 ° C and 50 ° C the required quantity of water can 
be found by linear interpolation. 

In general no air cooling will be required at frequencies up to 30 MHz and at ambient 
temperatures below 35 ° C. At higher temperatures or at higher frequencies a low velocity 

air flow to the grid and filament seals will be necessary. 

ACCESSORIES 

Filament connectors type 40634 

Connector for centre pin of 

the filament 40649 

Grid connector 40650 or 40622 

The centre filament pin fc must not be used for filament current supply. The connector 

type 40649 should, however , be used for cooling of this pin. 

The grid connector type 40650 must not be used at frequencies higher than 30 MHz. 

October 1979 
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MECHANICAL DATA 

Mounting position: vertical with anode down 

Net mass approx. 0, 8 kg 

fiLamentconnections 
water connections 

slat 7x14(6x) 
for bolt M6 

The use of wing nuts for the water connections should be avoided. 

Dimensions in mm 

10.5 ~ 
91m 
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7200655 —20.2.12 g/hjjj 
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7004 TBL2/300 

AIR COOLED COAXIAL R.F. POWER TRIODE 

QUICK REFERENCE DATA. 

Frequency 
(MHz) 

C to egr. C an. mod. 

Va (V) Wo M') Va (V) Wo (W) 

175 

300 

470 

600 

900 

2500 

2000 

1750 

1600 
1300 

475 

460 

405 

350 
155 

2000 

1600 

1400 

1280 
1040 

505 

370 

275 

225 
107 

Industrial oscillator class C 

Frequency 
(MHz) 

AC operation 
Single-phase full -wave 

with filter 

Vtr (V) Wo (W) Va (V) Wo (W) 

470 1750 235 1750 38$ 

HEATING : direct; filament thoriated tungsten 

Frequency f < 600 600 to 750 750 to 900 ~4Hz 

Filament voltage Vf = 3.4 3.3 3. 2 V 

Filament current If = 19 - - A 

CAPACITANCES 

Anode to all except grid Ca < 0.12 pF 

Grid to all except anode Cg = 9 pF 

Anode to grid Cag = 4 pF 

TYPICAL CHARACTERISTICS 

Anode voltage Va = 2000 V 

Anode current Ia = 150 mA 

Amplification factor µ = 32 

Mutual conductance S = 10 mA/V 
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TBL2/300 

AIR COOLING CHARACTERISTICS 

Wa h ti 43min pi 
(W) (m) (°C) (m /min) (mm H2O) ' 

0 45 0.45 24.0 
< 300 1500 35 0.46 22.5 

3000 25 0.49 21.5 

Temperature of envelope =max. 200 ° C 

Generally it will be necessary to direct an air flow to the centre filament seal. 

MECHANICAL DATA 

Net weight: 143 g 

9 

Dimensions in mm 
I_ 36.4±Q2 ~ 
~` 25.41Q2 

f\ + 9—Q2 
~ ~ ~-~ 

A  a , 
N ~ ~i ~Q b~W~I 

N 

 ~~ 
 ~vT tl

 ̀ r ~.1 

~ a 
ip ~ E 

Ni 

~ 41.3{'Q2 . 

Eccentricity of the electrode connections: The electrode connections A, B and 
C are within cylindrical surfaces having a diameter of 9.5, 25.9 and 36.9mm 
respectively and being coaxial with the cylindrical surface D. 

Mounting position: vertical with anode up or down 

4 

t 
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T B L 2/300 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE with self -rectification 

LIMITING VALUES (Absolute limits) 

Frequency f up to 470 MHz 

Transformer voltage Vtr = max. 1800 V (RMS) 

Anode current Ia = max. 210 mA 

Anode input power W is = max. 400 W 

Anode dissipation Wa = max. 170 ~4' 

Negative grid voltage -Vg = max. 500 V 

Grid current, loaded Ig = max. 85 mA 

Grid current, unloaded Ig = max. 120 mA 

Grid circuit resistance Rg = max. 5 kSt 

OPERATING CONDITIONS 

Frequency f 470 MHz 

Transformer voltage Vtr 1750 V(RMS) 

Anode current, loaded Ia = 185 mA 

Anode current, unloaded Ia = 105 mA 

Grid current, loaded Ig = 75 m~A 

Grid current, unloaded 1) Ig = 80 mA 

Grid circuit resistance under matched conditions Rg = 400 S? 

Anode input power Wia 365 W 

Anode dissipation Wa 130 W 

Tube output power Wo 235 ~V 

Tube efficiency n = 64 ~a 

Output power in the load 2) Wp = 165 W 

1) The grid resistance is obtained by a current stabilising device 

2) Measured by a calorimetric method 
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TBL2/300 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE with anode voltage from 
a single-phase full -wave rectifier with filter. 

LIMITING VALUES (Absolute limits) 

Frequency f up to 470 MHz 

Anode voltage Va max. 1800 V 

Anode current Ia = max. 400 mA 

Anode input power Wia = max. 700 W 

Anode dissipation Wa = max. 300 W 

Negative grid voltage -Vg max. 300 V 

Grid current, loaded Ig = max. 110 mA 

Grid current, unloaded Ig = max. 120 mA 

Grid circuit resistance Rg = max. 5 kSt 

OPERATING CONDITIONS 

Frequency f = 470 MHz 

Anode voltage Va = 1750 V 

Anode current, loaded Ia 340 mA 

Anode current, unloaded Ia = 170 mA 

Grid current, loaded Ig = 95 mA 

Grid current, unloaded 1) Ig = 100 mA 

Grid circuit resistance under snatched conditions Rg 1000 S2 

Anode input power Wia = 595 W 

Anode dissipation Wa = 210 W 

Tube output power Wo = 385 W 

Tube efficiency 
n = 65 °Jo

Output power in the load W
P 

= 270 W 

1) The grid resistance is obtained by a current stabilising device. 
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8119 TBL2/400 

AIR COOLED COAXIAL R.F. POWER TRIODE 

QUICK REFERENCE DATA 

Frequency C telegr. 
Industrial oscillator class C 

(MHz) grounded grid DC operation AC operation 

Va (V) wo (W) Va (V) Wo (W) Vtr (V) Wo (W) 

470 2000 595 2000 480 1800 230 
640 1800 490 
730 1800 460 
810 1800 408 1800 284 

HEATING: direct; filament thoriated tungsten 

Frequency f < 600 600 to 750 750 to 900 MHz 

Filament voltage Vf = 3.4 3.3 3.2 V 

Filament current If = 19 — — A 

CAPACITANCES 

Anode to all except grid Ca < 0.12 pF 

Grid to all except anode Cg = 11. S pF 

Anode to grid Cag = 6.5 pF 

TYPICAL CHARACTERISTICS 

Anode voltage Va 2000 V 

Anode current Ia = 200 mA 

Amplification factor 
µ 

= 33 

Mutual conductance S = 10 mA/V 
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TBL 2/400 

TEMPERATURE LIMITS (Absolute limits) 

Temperature of seal between filament terminals 

Temperature of other seals 

COOLING CHARACTERISTICS 

max. 200 oC 

= max. 250 ° C 

Wa
(W) 

h 
(m) 

ti 
(°C) 

gmin 
(m3/min) 

Pi 
(mm H2O) 

400 0 45 0.65 12 
1500 35 0.65 12 
3000 25 0.65 12 

The required quantity of air is independent of the anode dissipation and the fre-
quency. 

MECHANICAL DATA 

Net weight: 157 g 

a 

36.4±0.2~~

I ~ 5.4±Q20 
f~ 9±0.2>~ 
N  ~ 

~. 

f~ 
9 ~-.

min LS z—
straight 

A 

ie ~~~ 
+I 

 ~~~

v 

I 

"I v~ 
_ ,M4 

41.3±Q20 

Dimensions in mm 

Eccentricity of the electrode connections: The electrode connections A, B andC 
are within cylindrical surfaces having a diameter of 9.5, 25.9 and 36.9 mm 
respectively and being concentric with the cylindrical surface D. 

Mounting position: vertical with the anode up or down. 
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TBL2/400 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE 

LIMITING VALUES (Absolute limits) 

Frequency f up to 470 900 MHz 

Anode voltage Va max. 2200 2000 V 

Anode current Ia =max. 400 400 mA 

Anode input power Wia max. 880 800 W 

Anode dissipation Wa max. 400 400 W 

Negative grid voltage -Vg max. 300 300 V 

Grid current, loaded Ig =max. 120 120 mA 

Grid current, unloaded Ig =max. 130 130 mA 

Grid circuit resistance Rg max. 10 10 kS2 

OPERATING CONDITIONS 

Frequency f = 470 810 MHz 

Anode voltage Va 2000 1800 V 

Anode current, loaded Ia = 380 380 mA 

Anode current, unloaded Ia = 170 - mA 

Grid circuit resistance Rg 1000 1000 S2 1) 

Grid current, loaded Ig = 110 110 mA 

Grid current, unloaded Ig = 120 120 mA 

Anode input power Wia = 760 684 W 

Anode dissipation Wa = 280 400 W 

Tube output power Wo = 480 284 W 

Tube efficiency ~7 = 63 41 0 ~ 

Output power in the load W~ 340 200 W 

1) The grid circuit resistance is obtained by a current stabilising device. The 
stated value applies to loaded conditions . 
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TBL2/400 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE in grounded grid circuit 
with self rectification 

LIMITING VALUES (Absolute limits) 

Voltages with respect to cathode 

Frequency f up to 470 MHz 

Transformer voltage Vtr = max. 2000 V(RMS) 

Anode current Ia = max. 210 mA 

Anode input power Wi max. 450 W 
a 

Anode dissipation Wa = max. 170 W 

Negative grid voltage -Vg = max. 300 V 

Grid current, loaded Ig = max. 85 mA 

Grid current, unloaded Ig = max. 120 mA 

Grid circuit resistance Rg = max. 5 kS2 

OPERATING CHARACTERISTICS 

Voltages with respect to cathode 

Frequency f = 470 MHz 

Transformer voltage Vtr = 1800 V(RMS) 

Anode current, loaded Ia = 190 mA 

Anode current, unloaded Ia = 110 mA 

Grid current, loaded Ig 70 mA 

Grid current, unloaded Ig = 100 mA 

Grid circuit resistance Rg = 400 S2 

Anode input power Wia = 380 W 

Anode dissipation Wa = 150 W 

Tube output power Wo 230 W 

Tube efficiency r1 = 60 

Output power in the load W~ = 160 W 
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7804 TBL6/14 

INDUSTRIAL R.F. POWER TRIODE 

• Air cooled 

QUICK REFERENCE DATA 

Industrial r.f. oscillator, class-C 

freq. three phase 

Va Wo 
MHz kV kW 

30 7 17,7 
6 14,3 

HEATING: direct; thoriated tungsten filament 

Filament voltage Vf = 6,3 V 

Filament current I f = 136 A 

Cold filament resistance Rfo = 0,005 SZ 

The filament is designed to accept temporary fluctuations of +5%and —10% 

The filament current must never exceed a peak value of 280 A at any time during the initial energizing 
schedule. 

CAPACITANCES 

Anode to all other elements except grid Ca = 1,2 pF 

Grid to all other elements except anode Cg = 44,5 pF 

Anode to grid Cag = 33,5 pF 

TYPICAL CHARACTERISTICS 

Anode voltage Va 6 kV 

Anode current la = 2,5 A 

Mutual conductance S = 23 mA/V 

Amplification factor µ = 17,5 

TEMPERATURE LIMIT (Absolute limit) 
Temperature of all seals max. 220 °C 

October 1979 101 



TBL6/14 

COOLING 

See also cooling curves, 1 mm HZ 0 ~ 10 Pa. 

anode 
dissipation 

Wa 
kW 

altitude 

h 
m 

inlet temperature 

Ti 
oC 

rate of flow 

gmin 
m3/min 

pressure drop 

Pi 
Pa 

outlet-temperature 

To max 
oC 

10 0 35 11 500 90 
7,5 0 35 8,0 270 90 
5 0 35 5,2 120 95 

10 0 45 12,3 630 95 
7,5 0 45 9,0 340 95 
5 0 45 5,9 150 100 

10 1500 35 13 590 90 
7,5 1500 35 9,5 320 90 
5 1500 35 6,2 140 95 

10 3000 25 14 640 85 
7,5 3000 25 10,2 340 85 
5 3000 25 6,6 150 90 

ACCESSORIES 

Filament connectors with cable 40662 
Grid connector 
Insulating pedestal 
or air distributor K509 

40664 
K508 

The rounded side of the grid connector should face the anode. To ensure a uniform R.F. current 
distribution in the grid seal at frequencies higher than 4 MHz, the grid lead should be connected as 
shown below. 

Connection of the grid lead 
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Industrial r.f. power triode TBL6/14 

MECHANICAL DATA 

1&? 
14B 

i 
max 101 

224 

"T 

0 
E 

,° v 

t t
Q
~ 

C 

0 

D 
F 

(BxJ7~ 

242 
262 

Mounting position vertical with anode down 
Net mass of tube 3,8 kg 
Net mass of pedestal 7,4 kg 

~zaaoss 

August 1984 103 



TBL6/14 

 ~ ~ 

R.F. CLASS-C OSCILLATOR FOR INDUSTRIAL USE with anode voltage from three•phase rectifier 
without filter 

LIMITING VALUES (Absolute maximum rating system) 

Frequency f up to 30 MHz 

Anode voltage Va max. 8 kV 

Anode input power Wia max. 30 kW 

Anode dissipation Wa max. 10* kW 

Anode current la max. 4,0 A 

Negative grid voltage —Vg max. 1600 V 

Grid current, on load Ig max. 1,5 A 

Grid current, off load Ig max. 2,0 A 

Grid circuit resistance Rg max. 10 kS2 

OPERATING CONDITIONS 

Frequency f 30 30 MHz 

Anode voltage Va 7 6 kV 

Anode current, on load la 3,5 3,3 A 

Anode current, off load la 0,7 0,51 A 

Grid current, on load Ig 0,95 0,8 A 

Grid current, off load Ig 1,35 1,1 A 

Grid resistor R g 950 1000 SZ 

Load resistance Ra~ 1000 870 S2 

Feedback ratio under loaded conditions Vg..,/Va,., 25 26 

Anode input power Wia 24,5 19,8 kW 

Anode dissipation Wa 6,8 5,5 kW 

Output power Wo 17,7 14,3 kW 

Efficiency n 72 72 

Output power in the load ** Wp 14 11 kW 

* TBW6/14: Wa max — 15 kW 
** Useful power in the load, measured in a circuit having an efficiency of approx. 85°k. 

104 August 1984 
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Industrial r.f, power triode TBL6/14 
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TBL6/14 
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Limits of anode dissipation and cooling, intermittent service. 
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7753 TBL6/4000 

1~ 

INDUSTRIAL R.F. POWER TRIODE 

• Air cooled 

QUICK REFERENCE DATA 

Industrial r.f. oscillator, class-C 

three-phase rectifier 
freq. continuous intermittent 

Va Wo Va Wo 
MHz kV kW kV kW 

50 7 4,85 
6 4,1 6 5,9 

HEATING: direct; thoriated tungsten filament 

Filament voltage V.f 

Filament current If 

The filament is designed to accept temporary fluctuations of +5%and —10% 

CAPACITANCES 

= 

= 

6,3 V 

65 A 

Anode to all other elements except grid Ca < 0,5 pF 

Grid to all other elements except anode Cg = 13 pF 

Anode to grid Cag = 7,5 pF 

TYPICAL CHARACTERISTICS 

Anode voltage Va 6 kV 

Anode current la = 0,24 A 

Mutual conductance S = 7 mA/V 

Amplification factor µ = 23 

TEMPERATURE LIMITS (Absolute limits) 

Temperature of all seals max. 220 °C 

Temperature of external parts of anode max. 270 oC 
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TBL6/4000 

COOLING 

Continuous service Wa (k~') gmin (m3/min) Pi (mm H2O) 

1.3 1.6 16 
1.7 2.1 25 

For intermittent service see figure page 113 

At higher altitudes and/or temperatures a corresponding higher amount of air 
should be applied 

RECOMMENDED COOLING DEVICE 

(1) = metal housing (see page 3) 

(2) =glass cylinder 

(3) =socket 2422 511 05001 

(4) =ground plate (see page 3) 

Dimensions of [he glass cylinder: 

Height 118 mm 

Outside diameter : 150 mm 

Inside diameter : 144 mm 

3azi , e 

The cooling air should preferably be supplied through the space under the ground 
plate (4). This ground plate should have holes of sufficient cross section to pass 
the required air flow . 

The housing (1)should be connected to the anode connector. Atfrequencies above 
4 MHz both grid terminals should be connected in parallel. At [he highest fre-
quencies care should be taken to distribute the R.F. current equally between 
both grid terminals to avoid excessive grid seal temperatures. 

7Z2 8655 
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TBL6/4000 

RECOMMENDED COOLING DEVICE (continued) 

a 40 i 
~ section BB 

f 

140 
151 ~ 

-f 

A

Metal housing (1) ~ section AA 

R=35 

45° ~/ 

 0 

~~

Ground plate 141 

coo B 

z°ata Vell a 

Dimensions in mm 
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TBL6 /4000 

MECHANICAL DATA (dimensions in mm) 
max 70 

Socket: 2422 511 05001 3B ~ 

~+9~ 

Mounting position: vertical with anode up or down 

1) Area for anode connector 

110 June 1965 



TBL6/4000 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE with anode voltage from 
three-phase rectifier without filter 

LIMITING VALUES (Absolute limits) continuous service 

Frequency 

Anode voltage 

Anode current 

f 

Va

Ia

up to 

= max. 

= max. 

SO 

8 

1 

MHz 

kV 

A 

Anode input power Wia = max. 7 ~ kW 

Anode dissipation Wa = max. 1 .7 kW 

Negative grid voltage —Vg = max. 1250 V 

Grid current, loaded Ig = max. 0.4 Fi 

Grid current, unloaded Ig = max. 0.5 A 

Grid resistor Rg = max. 10 kS2 

OPERATING CONDITIONS ,continuous service 

Frequency f = SO 50 MHz 

Transformer voltage Vtr = 6.0 5.1 kVRMS 

Anode voltage Va = 7 6 kV 

Anode current, loaded Ia = 0.9 0.9 A 

Anode current, unloaded Ia = 0.2 0.2 A I) 

Grid current, loaded Ig = 0.25 0.28 A 

Grid current, unloaded Ig = 0.30 0.35 A 1) 

Grid resistor Rg 2.5 2 kS2 

Load resistance Ram = 3.85 3.3 kS2 

Feedback ratio under loaded conditions Vg,,,/Va,,, = 15 16 ~o 

Anode input power Wia 6.3 5.4 kW 

Anode dissipation Wa = 1.45 1.3 kW 

Output power Wo = 4.85 4.1 kW 

Efficiency n = 77 76 

Output power in the load Wp = 4.0 3.3 kW 2) 

1) In a typical circuit 
2) Useful power in the load measured in a circuit having an efficiency of 85%. 

7Z2 3535 
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TBL6 /4000 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE with anode voltage from 
three-phase rectifier without filter 

LIMITING VALUES (Absolute limits) intermittent service 

Frequency f up to 50 MHz 

Anode voltage Va max. 8 kV 

Anode current Ia = max . 1.5 A 

Anode input power Wia = max. 9 kW 

Anode dissipation Wa max. 2.1 kW 1) 

Negative grid voltage —Vg max. 1250 V 

Grid current, loaded Ig = max. 0.4 A 

Grid current, unloaded Ig = max. 0.5 A 

Grid resistor Rg max. 10 kS2 

OPERATING CONDITIONS, intermittent service 

Frequency f = 50 MHz 

Transformer voltage Vtr 5.1 kVRMS 

Anode voltage Va = 6 kV 

Anode current, loaded Ia 1.33 A 

Anode current, unloaded Ia = 0.33 A 2) 

Grid current, loaded Ig = 0.38 A 

Grid current, unloaded Ig = 0.48 A 2) 

Grid resistor Rg = 1450 St 

Load resistance Ra ,~ = 2200 S2 

Feedback ratio under loaded conditions Vg,~,/Va,,, = 17 

Anode input power Wia = 8 kW 

Anode dissipation Wa = 2.1 kW 1) 

Output power Wo 5.9 kW 

Efficiency r1 = 74 ~o 

Output power in the load Wp 4.75 kW 3) 

1) See figure next page 
2) In a typical circuit 
3) Useful power in the load measured in a circuit having an efficiency of 85~. 

7Z2 4051 
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TBL6/4000 
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TBL6/4000 
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5924 TBL6/6000 

AIR COOLED R.F. POWER TRIODE 

QUICK REFERENCE DATA 

General purposes 

A 

(m) 

Freq. 

(MHz) 

C to egr. B teleph. Ca mod. B mod. 1) 

Va
(kV) 

Wo
(kW) 

Va
(kV) 

Wo
(kW) 

Va
(kV) 

Wo
(kW) 

Va
(kV) 

Wo
(kW) 

4 75 6 
5 
4 

6.9 
5.6 

4 

6 
5 

1.9 
1.45 5 

4.5 
4 

3.5 
3 

4.7 
4.1 
3.5 

3 
2.2 

6 
5 

4.5 
4 

3.5 
3 

13.3 
6.6 
6.0 
5.3 
4.6 
3.3 

Television service 

Freq. 
(MHz) 

Neg. mod. Pos. sync. Pos. mod. Neg. sync. 

Va
(kV) 

Wo sync 
(kW) 

Wo black 
(kW) 

Va
(kV) 

Wo white 
(kW) 

75 5 9 5.35 5 9 

HEATING: direct; filament thoriated tungsten 

Filament voltage Vf 12.6 V 

Filament current If 33 A 

CAPACITANCES 

Anode to all other elements except grid Ca 0.3 pF 

Grid to all other elements except anode Cg 16 pF 

Anode to grid Cag 11 pF 

COOLING: forced air 

1) Two tubes 
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TBL 6/6000 

TYPICAL CHARACTERISTICS 

Anode voltage 

Anode current 

Amplification factor 

Mutual conductance 

Va 4 kV 

Ia 1 A 

µ 32 

S 17 mA/V 

AIR COOLING CHARACTERISTICS, see also the cooling curves 

Wa 
(kW) 

h 
(m) 

Ti max. 
(o C) 

9min. 
(m3/min) 

Pi 
(mm H2O) 

1 0 35 3 8 
0 45 3.1 8 

1500 35 3.7 9 
3000 25 4.1 10 

3 0 35 5.2 23 
0 45 6.1 29 

1500 35 6.2 26 
3000 25 6.6 26 

5 0 35 9.2 68 
0 45 10.7 90 

1500 35 11.2 81 
3000 25 11.6 79 

TEMPERATURE LIMITS (Absolute limits) 

Temperature of seals = max. 180 ° C 
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TBL6/6000 

MECHANICAL DATA Dimensions in mm 

Mounting position: Vertical with anode up or down. 
The centre tap fc must not be used for filament current supply. The connectors type 
40634, however, must be used for cooling of all three filament pins. 

Net mass approx. 4.6 kg 

ACCESSORIES 

Grid connector 

Filament connectors 

Insulating pedestal 

or 

a 

f tc t 

type 40650 
40622 

40634 

40630 

2)

69.5-70.5 
max59 

•.1 

122-122.6 

For further data and curves (except cooling curves) please refer to type TBW6/6000 

I) This pin is marked "O" 

2) The connector 40650 should be used only below 30 MHz. 

September 1972 
~~ 
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TBL6/6000 
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6961 TBL7/8000 

INDUSTRIAL R.F. POWER TRIODE 

Air-cooled triode for use in industrial r.f. generators and in telegraphy and telephony transmitters. 

QUICK REFERENCE DATA 

class-C class-B 

telegraphy oscillator modulator* 

~ freq. Va Wo Va Wo Va Wo 
m MHz kV kW kV kW kV kW 

10 30 6,5 9,5 7,0 20 
6,0 8,5 5,0 9,0 
5,0 7,1 4,0 7,1 

6 50 6,0 6,0 

COOLING: forced air 

HEATING: direct; thoriated tungsten filament 

Filament voltage V f 

Filament current I f 

The filament is designed to accept temporary fluctuations of +5% and —10% 

= 12,6 V 

= 33 A 

CAPACITANCES 

Anode to all other elements except grid Ca = 0,3 pF 

Grid to all other elements except anode Cg = 16 pF 

Anode to grid Ca9 = 11 pF 

TYPICAL CHARACTERISTICS 

Anode voltage Va = 6 kV 

Anode current la = 1 A 

Mutual conductance 

Amplification factor 

* Two tubes. 

S = 15 mA/V 

µ = 32 

October 1979 119 



TBL7/8000 

AIR COOLING CHARACTERISTICS 

Wa

kW 

h 

m 

Ti 
max. 
oC 

9 
min. 
m3 /min 

Pi See cooling curves. 

mmH2O 

2 0 35 4,8 20 
0 45 5,7 25 

1500 35 5,7 23 
3000 25 6,1 23 

3,5 0 35 6,2 32 
0 45 7,3 42 

1500 35 7,3 36 
3000 25 7,8 36 

6 0 35 9,2 68 
0 45 10,7 91 

1500 35 11,2 81 
3000 25 11,7 80 

Temperature of filament seals max. 210 oC 

Temperature of grid and anode seals max. 180 oC 

ACCESSORIES 

Filament connectors 40634 ~' 

Connector for centre pin of filament 40649* 

Grid connector 40650** or 40622 

Insulating pedestal 40630 

* The centre-tap fc (diameter 10,5 mm, marked O) must not be used for filament current supply. 
Connector type 40649, however, must be used for the cooling of this pin. 

** Connector 40650 should only be used below 30 MHz. 

120 October 1979 



TBL7/8000 

~ ~ 

MECHANICAL DATA 

Mounting position: vertical with anode up or down 

f 69,5-70,5 
A max 59 ~ ~ 

1059" 

f Pc f 

For further data and curves (except cooling curves) 
please refer to type TBW7/8000 

April 1983 121 



TBL7/8000 
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ss~a TBL12/25 

 ~ ~ 

INDUSTRIAL R.F. POWER TRIODE 

• Air cooled 

QUICK REFERENCE DATA 

Industrial r.f. oscillator, class-C 

freq. three phase 
Va Wo 

MHZ kV kW 

30 12 29,0 
10 23,3 
8 17,9 

HEATING: direct; thoriated tungsten filament 

Filament voltage Vf = 8,0 V 

Filament current I f = 98 A 

Cold filament resistance Rfo 0,008 S2 

The filament is designed to accept temporary fluctuations of +5°h and —10% 

The filament current must never exceed a peak value of 210 A instantaneously at any time during the 
initial energizing schedule. 

CAPACITANCES 

Anode to all other elements except grid Ca = 0,4 pF 

Grid to all other elements except anode Cg = 37 pF 

Anode to grid Cag = 30 pF 

TYPICAL CHARACTERISTICS 

Anode voltage Va = 12 kV 

Anode current la = 2 A 

Mutual conductance S = 20 mA/V 

Amplification factor µ = 34 

TEMPERATURE LIMIT (Absolute limit) 

Seal temperature max. 220 oC 
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TBL12/25 

AIR COOLING CHARACTERISTICS 

( W) (m) (° C) (m~%min) (mm H2O) 

0 35 6.6 10 
0 45 7.7 13 

1500 35 7.9 12 
3000 25 8.3 12 

L0 0 35 10.5 23 
0 45 12.3 31 

1500 35 12.6 28 
3000 25 13.2 27 

IS 0 35 18.1 60 
0 45 21.2 79 

1500 35 21.7 73 
3000 25 22.8 70 

To ensure a uniform R.F. current distribution in the grid seal especially at 
frequencies higher than 4 MHz, the grid lead should be connected as shown 
below 

t  J~ 

7Z2 3548 
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1 
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Industrial r.f. power triode TBL12/25 

/ \ 

MECHANICAL DATA Dimensions in mm 

Filament connectors, with cable 40662 

Grid connector 40663 

Insulating pedestal 40648 

Net mass of tube 17,3 kg 

~~ 
<o v 
N N 
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ll
1 ~If~ 

190_____ ~ 
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~~ . 
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~ 242 

262 

Mounting position: vertical with anode down 
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TBL12/25 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE with anode voltage from 
three-phase half -wave rectifier without filter 

LIMITING VALUES (Absolute limits) 

Frequency f up to 30 MHz 

Anode voltage Va max. 13 kV 

Anode current Ia = max. 4.8 A 

Anode dissipation Wa max. 15 kW 

Anode input power Wia max. 60 kW 

Negative grid voltage -Vg = max. 1500 V 

Grid current Ig = max. 0.8 A 

Grid circuit resistance Rg = max. 10 kSt 

OPERATING CONDITIONS 

Frequency f = 30 30 30 MHz 

Transformer voltage Vtr = 8.9 7.4 6.0 kV 

Anode voltage Va = 12 10 8 kV 

Anode current, loaded Ia = 3.2 3.2 3.2 A 

Anode current, unloaded Ia = 0.52 0.50 0.48 A 

Grid current, loaded Ig = 0.50 0.50 0.50 A 

Grid current, unloaded Ig = 0.74 0.77 0.80 A 

Grid resistor Rg = 2.0 1.6 1 .1 kS2 

Load resistance R am = 1800 1450 1100 SZ 

Feedback ratio under 
loaded conditions Vg~/Vag = 16 17 19 

Anode input power Wia = 38.4 32.0 25.6 kW 

Anode dissipation Wa = 9.4 8.7 7.7 kW 

Output power Wo = 29.0 23.3 17.9 kW 

Efficiency n = 75.5 72.5 70 °~o

Output power in the load W~ = 25 20 15.5 kW 1) 

1) Useful power in the load measured in a circuit having an efficiency of about 
90% 
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TBL12/25 
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~$os TBL12/38 

~ ~ 

INDUSTRIAL R.F. POWER TRIODE 

• Air cooled 

QUICK REFERENCE DATA 

Industrial r.f. oscillator, class-C 

freq. three phase 

Va Wo 
MHz kV kW 

30 12 39 
10 31,3 
8 23,2 

HEATING: direct; thoriated tungsten filament 

Filament voltage Vf = 8 V 

Filament current If = 130 A 

Cold filament resistance Rfo = 0,006 Sl 

The filament is designed to accept temporary fluctuations of +5%and —10°k. 

The filament current must never exceed a peak value of 280 A at any time during the initial energizing 
schedule. 

CAPACITANCES 

Anode to all other elements except grid Ca = 0,9 pF 

Grid to all other elements except anode Cg = 45 pF 

Anode to grid Cag = 23,5 pF 

TYPICAL CHARACTERISTICS 

Anode voltage Va = 12 kV 

Anode current la = 2 A 
Mutual conductance S = 22 mA/V 

Amplification factor µ = 21 

TEMPERATURE LIMIT (Absolute limit) 

Temperature of all seals max. 220 °C 
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TBL12/38 

 ~~ 

COOLING 

See also cooling curves, 1 mm HzO ~ 10 Pa 

anode dissipation 
Wa 
kW 

altitude 
h 
m 

inlet temperature 
Ti 
oC 

rate of flow 
gmin 

m'/min 

pressure drop 
Pi 
Pa 

outlet temperature 
To max 

oC 

15 0 35 18,1 600 90 
10 0 35 10,5 230 90 

7 0 35 6,6 100 95 
15 0 45 21,2 790 90 
10 0 45 12,3 310 90 
7 0 45 7,7 130 100 

15 1500 35 21,7 730 90 
10 1500 35 12,6 280 90 
7 1500 35 7,9 120 100 

15 3000 25 22,8 700 80 
10 3000 25 13,2 270 80 

7 3000 25 8,3 120 95 

ACCESSORIES 

Filament connectors 40662 
Grid connector* 40663 
Insulating pedestal 40648 

The rounded side of the grid connector should face the anode. To ensure a uniform RF current 
distribution in the grid seal at frequencies higher than 4 MHz, the grid lead should be connected as 
shown below. 

l 

Connection of the grid lead 
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Industrial r.f, power triode TBL12/38 

MECHANICAL DATA 

Mounting position 
Net mass of the tube 
Net mass of pedestal 

~ 190
~_ 166.5 

65 
„~9.5 
-I P 

f 

198 

max 192 

242 

(4x)M5 

262 
 J 

~(8x)7~ 

vertical 
approx. 16,1 kg 
7,15 kg 
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 ~ ~ 

R.F. CLASS-C OSCILLATOR FOR INDUSTRIAL USE with anode voltage from three-phase rectifier 
without filter. 

LIMITING VALUES (Absolute maximum rating system) 

Frequency f up to 30 MHz 

Anode voltage Va max. 13 kV 

Anode current l a max. 5 A 

Anode dissipation Wa max. 15* kW 

Anode input power Wia max. 60 kW 

Negative grid voltage —Vg max. 2 kV 

Grid current, on load Ig max. 1,5 A 

Grid current, off load Ig max. 2,0 A 

Grid circuit resistance Rg max. 10 kS2 

OPERATING CONDITIONS 

Frequency f 30 30 30 MHz 

Anode voltage Va ~ 12 10 8 kV 

Anode current, on load l a 4,5 4,5 4,5 A 

Anode current, off load l a 0,65 0,63 0,62 A 

Grid current, on load Ig 0,9 0,9 0,9 A 

Grid current, off load Ig 1,22 1,3 1,35 A 

Grid resistor Rg 1100 1000 900 -" S2 

Load resistance Ra,., 1450 1100 800 S2 

Feedback ratio under loaded conditions Vg~/Va... 16 19 24 

Anode input power Wia 54 45 36 kW 

Anode dissipation Wa 15 13,7 12,8 kW 

Output power Wo 39 31,3 23,2 kW 

Efficiency ~7 72,5 70 64,5 

Output power in the load** W~ 30 25 18 kW 

* TBW12/38: Wa max. = 20 kW. 
** Useful power in the load, measured in a circuit having an efficiency of about 85%. 
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Industrial r.f, power triode TBL12/38 

J  
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7805 TBW6/14 

INDUSTRIAL R.F. POWER TRIODE 

• Water cooled 

QUICK REFERENCE DATA 

Industrial r.f. oscillator, class-C 

freq. three phase 

Va Wo 
MHz kV kW 

30 7 17,7 
6 14,3 

HEATING: direct; thoriated tungsten filament 

Filament voltage Vf = 6,3 V 

Filament current If = 136 A 

Cold filament resistance Rfo = 0,005 Sl 

The filament is designed to accept temporary fluctuations of +5%and —10% 

The filament current must never exceed a peak value of 280 A at any time during the initial energizing 
schedule. 

CAPACITANCES 

Anode to all other elements except grid Ca = 1,2 pF 

Grid to all other elements except anode Cg = 44,5 pF 

Anode to grid Cag = 33,5 pF 

TYPICAL CHARACTERISTICS 

Anode voltage Va = 6 kV 

Anode current la = 2,5 A 

Mutual conductance S = 23 mA/V 

Amplification factor µ = 17,5 

TEMPERATURE LIMIT (Absolute limit) 

Temperature of all seals max. 50 ~C ~---

Water inlet temperature 
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COOLING 

See also cooling curves, 1 atm o 100 kPa 

anode dissipation 

Wa 
kW 

inlet temperature 

Ti 
°C 

rate of flow 

4min 
I/min 

pressure drop 

pi 
kPa 

15 20 15 30 
50 34 140 

10 20 9,5 15 
50 22 60 

5 20 4,5 3 
50 12 20 

20 
Wo

(kW) 

15 

10 

5 

0 + --

oe zo 
Wa Pi 

'atm) (kW)   ti=20°C t,-50°C 

0.6 15 
0 

0.4 10 

Q2 5 
i 

I 

i~ 

 0 0 
5 10 q (i/mom) 15 )U 20 

ACCESSORIES 

Filament clips with cable 40662 
Grid connector 40664 
Water jacket K720 
O-ring, large 2622 080 30889 

small 2622 080 30736 

7700054  
2 

TBW 614 22'i•-5=60 

Vim) 

15 

1 

0.5 

0 
30 q 1/mm) 
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Industrial r.f, power triode TBW6/14 

J  

MECHANICAL DATA 

(Bx)M5 

(6x)7.5 

Mounting position 
Net mass of tube 
Net mass of water jacket 

F 

163 
148 

C 
9.5 

vertical with anode down. 
2 kg 
2,2 kg 

~ ~ 

t

For further data and curves (except cooling curves► 
please refer to type TB L 6/ 14 
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5923 TBW 6/6000 

WATER COOLED R.F. POWER TRIODE 

QUICK REFERENCE DATA 

General purposes 

C telegr. B teleph. Ca mod. B mod. i) 
~ Freq. 

Va Wo Va Wo Va Wo Va Wo(m) (MHz) 
(k V) (kW) (kV) (kW) (kV) (kW) (kV) (kW) 

4 75 6 6.9 6 1.9 6 13.3 
5 5.6 5 1.45 5 4.7 5 6.6 
4 4 4.5 4.1 4.5 6.0 

4 3.5 4 5.3 
3.5 3 3.5 4.6 
3 2.2 3 3.3 

Television service 

Neg mod. Pos. sync. Pos. mod. Neg. sync. 
Freq 

Va Wo sync Wo black Va Wo white (MHz) 
(kV) (kW) (kW) (k V) (kW) 

75 5 9 5.35 5 9 

HEATING: direct, filament thoriated tungsten 

Filament voltage Vf 12.6 V 

Filament current If 33 A 

CAPACITANCES 

Anode to all other elements except grid Ca 0.3 pF 

Grid to all other elements except anode Cg 16 pF 

Anode to grid Cag 11 pF 

1) Two tubes 

September 1972 739 



TBW6/6000 

TYPICAL CHARACTERISTICS 

Anode voltage 

Anode current 

Mutual conductance 

Amplification factor 

COOLING: water/low-velocity air flow 

Va 4 kV 

Ia 1 A 

S 17 mA/ V 

µ 32 

WATER COOLING CHARACTERISTICS See also the cooling curves 

Wa 

(kW) 

Ti 

(o C) 

gminl) 

(1/min) 

pi 

(atm) 

1 20 2.5 0.08 
50 3 0.1 

2 20 2. ~ 0.08 
50 5 0.3 

4 20 4 0.18 
50 9 0.9 

6 20 6 0.4 
50 14 2.5 

It is necessary to direct aloes-velocity air flow to the anode and the grid seal at 
frequencies above 30 MHz 
The air flow must be started upon or before application of the filament voltage 

TEMPERATURE LIMITS (Absolute limits) 

Water inlet temperature Ti max. 50 °C 

Temperature of seals T max. 180 °C 

1) At inlet temperatures between 20 and 50°C the required quantity of water can 
be found by proportional interpolation 
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TBW 6!6000 

MECHANICAL DATA 

Mounting position: vertical with anode down 

Net mass :0.45 kg 

f fc f 

Dimensions in mm 

Tube mounted in water jacket K713 
The centre tap fc must not be used for filament current supply. The connectors 
type 40634, however, must be used for the cooling of all three filament pins, thus 
also of pin fc

ACCESSORIES 

Grid connector 

Water jacket 

Filament connector 
"O" ring 

type 40650 3) or 40622 

K713 

40634 
3322 026 82801 

1) 1/8 in pipe thread 

2) This pin is marked "O" 

3) The connector 40650 should be used only below 30 MHz. 
When the tube is used with this connector at maximum ratings additional cooling 
of the grid seals will be required. 

September 197? 



TBW6/6000 

R.F. CLASS C TELEGRAPHY 

LII~IITING VALUES (Absolute limits) 

Frequency f up to 75 MHz 

Anode voltage Va max. 6 kV 

Negative grid voltage -Vg max. 1000 V 

Anode current Ia max. 1.5 A 

Grid current Ig max. 0.35 A 

Grid dissipation Wg max. 120 W 

Anode input power W is max. 9 kW 

Anode dissipation Wa max. 6 kW 1) 

OPERATING CONDITIONS 

Wavelength ~ 4 4 4 m 

Frequency f 75 75 75 MHz 

Anode voltage Va 6 5 4 kV 

Grid voltage Vg -400 -300 -200 V 

Anode current Ia 1.5 1.5 1.37 A 

Grid current Ig 0.31 ' 0.33 0.35 A 

Peak grid A.C. voltage Vgp 740 640 500 V 

Grid input power Wig 210 190 160 W 

Anode input power Wia 9 7. 5 5.5 kW 

Anode dissipation Wa 2.1 1.9 1.5 kW 

Output power Wo 6.9 5.6 4 kW 

Efficiency ri 76.5 75 73 ~o 

]) TBL6/6000 Wa maw= 5 kW 
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TBW 6/6000 

R.F. CLASS C TELEGRAPHY, grounded grid 

LIMITING VALUES (Absolute limits) 

Frequency f up to 75 MHz 

Anode voltage Va max. 6 kV 

Positive cathode to grid voltage Vkg max. 1000 V 

Anode current Ia max. 1.5 A 

Grid current Ig max. 0.35 A 

Grid dissipation Wg max. 120 W 

Anode input power Wia max. 9 kW 

Anode dissipation Wa max. 6 kW 1) 

For frequencies from 75 MHz up to 220 MHz , see page 151. 

OPERATING CONDITIONS, two tubes 
Vi 

1) TBL6/6000 Wa max.= 5 kW 
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TBW6/6000 

R.F. CLASS C TELEGRAPHY , grounded grid (continued) 

OPERATING CONDITIONS, two tubes (continued) 

~ 4 2.71) 2.71) 1.361) m 

f 75 110 110 220 MHz 

Va 6 5 4 4 kV 

Vg -400 -300 -?.00 -200 V 

Ia 2x1.5 2x1.5 2x1.37 2x1.25 A 

Ig 2x0.31 2x0.33 2x0.35 2x0.2 A 

Vgp 740 640 500 450 V 

Wig 2x1120 2x920 2x675 2x380 W 

Wia 2x9 2x7.5 2x5.5 2x5 kW 

Wa 2x2.1 2x2.2 2x1.7 2x2.5 kW 

Wo 13.8+1.82 10.6+1.46 7.6+1.03 5+0.6 kW 2) 

n 76.5 71 69 50 ~Io 3) 

1)

2) 

3) 

When using the tube above 108 MHz, particular attention must be paid to a 
careful design of the installation, otherwise the tube may be damaged. 
Therefore, our guarantee for the tubes operating at frequencies above 108 
Mc/s can only be given after approval of the installation. 

Power transferred from driving stage included. 

Pure tube efficiency. 
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TBW 616000 

R.F. CLASS B TELEPHONY 

LIMITING VALUES (Absolute limits) 

Frequency f up to 75 MHz 

Anode voltage Va max. 6 kV 

Anode current Ia max. 1.1 A 

Anode input power W is max. 6.6 kW 

Anode dissipation Wa max. 6 kW 1) 

OPERATING CONDITIONS 

Wavelength ~ 4 4 m 

Frequency f 75 75 MHz 

Anode voltage Va 6 5 kV 

Grid voltage Vg -180 -145 V 

Anode current Ia 0.99 0.9 A 

Peak grid A.C. voltage Vgp 250 225 V 

Anode input power Wia 5.9 4.5 kW 

Anode dissipation Wa 4 3.05 kW 

Output power Wo 1.9 1.45 kW 

Efficiency r~ 32 32 ~/~ 

Modulation factor m 100 100 ~o 

Grid current Ig 0.3 0.32 A 

Grid input power Wig 140 130 W 

1) TBL6/6000 Wa max.= 5 kW 
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TBW6/6000 

R.F. CLASS C ANODE MODULATION 

LIMITING VALUES (Absolute limits) 

Frequency f up to 75 MHz 

Anode voltage Va max. 5 kV 

Negative grid voltage -Vg max. 1000 V 

Anode current Ia max. 1.3 A 

Grid current Ig max. 0.35 A 

Grid dissipation Wg max. 120 W 

Anode input power Wia max. 6. 5 kW 

Anode dissipation Wa max. 4 kW 2) 

OPERATING CONDITIONS 

Wavelength ~ 4 4 4 4 4 m 

Frequency f 75 75 75 75 75 MHz 

Anode voltage Va 5 4.5 4 3.5 3 kV 

Grid voltage Vg -400 -350 -300 -300 -250 V 1) 

Anode current Ia 1.2 1.2 1.2 1.2 1 A 

Grid current Ig 0.3 0.3 0.3 0.3 0.3 A 

Peakgrid A. C. voltage Vgp 690 650 600 600 510 V 

Grid input power Wig 190 180 165 165 140 W 

Anode input power Wia 6 5.4 4, 8 4, 2 3 kW 

Anode dissipation Wa 1.3 1.3 1.3 1.2 0.8 kW 

Output power Wo 4.7 4.1 3.5 3.0 2.2 kW 

Efficiency n 78 76 73 71.5 73 

Modulation fator m 100 100 100 100 100 ~o 

Modulation power Wmod 3.0 2.7 2.4 2.1 1.5 kW 

1) Grid bias partially obtained by the grid resistor 
2) TBL6/6000 Wa max,= 3. 4 kW 

 s 
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TBW6/6000 

R.F. CLASS B TELEPHONY for television service (American and European sys-
tem). 

LIMITING VALUES (Absolute limits) 

Frequency f up to 75 up to 220 MHz 

Anode voltage Va max. 5 max. 4 kV 

Anode input power Wia sync max. 9.5 max. 6.5 kW 

Anode dissipation Wa sync max. 5 max. 4 kW 

Anode current Ia sync max. 1.9 max. 1.6 A 

Grid dissipation Wg sync max. 120 max. 120 W 

OPERATING CONDITIONS, two tubes in push-pull 

Frequency f 48 to 75 170 to 2201) 

Bandwidth (-1.5 db) B 5.25 6.5 

Bandwidth (-3 db) B 8 10 

Anode voltage Va 5 4 

Grid voltage Vg -200 -150 

sync 1000 1000 
Peak grid to grid voltage Vggp black 800 750 

white 0 200 

sync 3.8 3.2 
Anode current Ia black 3 2.6 

white 0.2 - 

sync 0.5 0.4 
Grid current Ig black 0.22 0.22 

white 0 - 

Grid input power Wig sync 250 350 to 450 

Output power Wo 
sync 
black 

9 
5.35 

6 
3.37 

MHz 

MHz 2) 

MHz 2) 

kV 

V 

V 3) 
V 3) 
V 3) 

A 
A 
A 

A 
A 
A 

W 4) 

kW 
kW 

1) When using the tube above 108 MHz, particular attention must be paid to a 
careful design of the installation, otherwise the tube may be damaged 
Therefore, our guarantee for the tubes operating at frequencies above 108 
MHz can only be given after approval of the installation 

2) These values are based on measurements on a circuit with a single LC section 
3) Measured by the slide back method 
4) Driving power is accounted for largely by circuit losses. The indicated driving 

power is required to take care of losses in damping resistors, circuit losses 
and tube driving power 
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TBW6/6000 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE with anode voltage from 

three-phase half -wave rectifier without filter 

LIMITING VALUES (Absolute limits) 

Frequency f up to 75 

Anode voltage Va max. 6000 

Negative grid voltage -Vg max. 1000 

Anode current Ia max. 1.5 

Grid current Ig max. 0.35 

Anode input power Wia max. 9 

Anode dissipation Wa max. 6 

Grid dissipation Wg max. 120 

OPERATING CONDITIONS 

Frequency f 75 75 

Transformer voltage, RMS Vtr 5.11) 4.42) 

Anode voltage Va 6.0 5.1 

Anode current la 1.5 1.25 

Grid current Ig 0.31 0.28 

Grid resistor Rg 1300 1100 

Grid input power Wig 210 160 

Anode input power Wia 9 6.4 

Anode dissipation Wa 1.9 1.74 

Output power Wo 6.9 4.5 

Efficiency n 76.5 70 

MHz 

V 

V 

A 

A 

kW 

kW 4) 

W 

MHz 

kV 

kV3) 

A 

A 

S2 

W 

kW 

kW 

kW 

~o 

1) Care must be taken that under these operating conditions the absolute lim-

iting values are not exceeded by variation of the supply voltage or the load or 
by tolerances fn the circuit elements 

2) Under these conditions normal deviations of voltages and load are permis-
sible. The absolute limiting values of the tube must, however, not be ex-
ceeded 

3) D.C. value 

4) TBL6/6000 Wa max= 5 kW 

1 

4 
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TBW6/6000 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE with self rectification 

LIMITING VALUES (Absolute limits) 

Frequency f up to 75 MHz 

Transformer voltage, RMS 

Negative grid voltage 

Anode current 

Grid current 

Anode input power 

Anode dissipation 

Grid dissipation 

Vtr max. 6800 V 

-Vg max. 640 V 

Ia max. 0.8 A 

Ig max: 0.19 A 

Wia max. 9 kW 

Wa max. 6 kW 3) 

Wg max. 120 W 

OPERATING CONDITIONS 

Frequency f 75 75 MHz 

Transformer voltage ,RMS Vtr 6.81) 5.92) kV 

Anode current Ia 0.8 0.7 A 

Grid current Ig 0.19 0.165 A 

Grid resistor Rg 1050 1050 

Grid input power Wig W 

Anode input power Wia 6.05 4. 6 kW 

Anode dissipation Wa 1.5 1.24 kW 

Output power Wo 4.55 3.36 kW 

Efficiency ~ 75 73 °jo

1) Care must be taken that under these operating conditions the absolute lim-
iting values are not exceeded by variation of the supply voltage or the load or 
by tolerances in the circuit elements 

2) Under these conditions normal deviations of voltages and load are permis-
sible. The absolute limiting values of the tube must, however, not be ex-
ceeded 

3) TBL6/6000 Wa max. = 5 kW 
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6960 TBW 7/8000 

WATER COOLED R.F. POWER TRIODE 

QUICK REFERENCE DATA 

(m) 
Freq. 
(MHz) 

C telegr. C osc. B mod. 1) 

Va
(kV) 

Wo 
(kW) 

Va 
(kV) 

Wo 
(kW) 

Va 
(kV) 

~`o 
(kW) 

10 30 6.5 9.5 7.0 20 
6.0 8.5 5.0 9.0 
5.0 7.1 4.0 7.1 

6 50 6.0 6.0 

COOLING: water/low velocity air flow 

HEATING: direct; filament thoriated tungsten 

Filament voltage Vf 12.6 V 

Filament current If 33 A 

CAPACITANCES 

Anode to all other elements except grid Ca 0.3 pF 

Grid to all other elements except anode Cg 16 pF 

Anode to grid Cag 11 pF 

TYPICAL CHARACTERISTICS 

Anode voltage Va 6 kV 

Anode current Ia 1 A 

Amplification factor µ 32 

Mutual conductance S 15 mA/V 

1) Two tubes 
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TBW7/8000 

WATER COOLING CHARACTERISTICS , see also the cooling curves 

Wa 
(kW) 

Ti 
(°C) 

gmin 1) 
(1/min) 

Pi 
(atm) 

1 20 2.5 0.08 
50 3 0.1 

2 20 2.5 0.08 
50 5 0.3 

4 20 4 0.18 
50 9 0.9 

6 20 6 0.4 
50 14 2. 5 

TEMPERATURE LIMITS (.Sbsolute limits) 

Inlet temperature 

Temperature of filament seals 

Temperature of grid and anode seals 

Ti max. 50 °C 

max. 210 °C 

max. 180 °C 

ACCESSORIES 

Filament connectors 40634 

Connector centre pin of filament 40649 2) 

Grid connector 40622 

Water jacket K713 

In general, no air cooling will be required at frequencies up to 30 MHz and at 
ambient temperatures below 35 ° C. 
At higher frequencies or at higher ambient temperatures aloes-velocity air flow 
to the grid and filament seals will be necessary. 

1) At water inlet temperatures between 20 and 50 ° C the required quantity of 
water can be found by proportional interpolation 

2) The centre tap fc (diameter 10. 5 mm; marked O) must not be used for fila-
ment current supply. The connector type 40649, however, must be used for the 
cooling of this pin 
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Water cooled r.f. power triode TBW7/8000 

MECHANICAL DATA 

Mounting position: vertical with anode down 

Net mass: 0,45 kg 

0-ring: 3322 026 82801 

0 

f fc f 

(1) 1 /8-in pipe thread 

695-70.5--., 
,~ max59_~ ';

XJ591 
_ ,= ~: r 

F 

20 

Dimensions in mm 
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TBW7/8000 

R.F. CLASS C TELEGRAPHY 

LIMITING VALUES (Absolute limits) 

Frequency f up to 30 MHz 

Anode voltage Va max. 7.2 kV 

Negative grid voltage -Vg max. 1250 V 

Anode current Ia max. 2.2 .4 

Grid current Ig max. 0.6 A 

Anode input power Wia max. 14 kW 

Anode dissipation Wa max. 6 kW 

OPERATING CONDITIONS 

Wavelength ~ 10 10 10 m 

Frequency f 30 30 30 MHz 

Anode voltage Va 6.5 6.0 5.0 kV 

Grid voltage Vg -450 -400 -300 V 

Anode current Ia 2.0 2.0 2.0 A 

Grid current Ig U.5 0.5 0.5 A 

Peak grid A.C. voltage Vgp 820 780 660 V 

Grid input power Wig 370 350 297 W 

Anode input power Wia 13 12 10 kW 

Anode dissipation Wa 3.5 3.5 2.9 kW 

Output power Wo 9.5 8.5 7.1 kW 

Efficiency ri 73 71 71 °Jo
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TBW7/8000 

A.F. CLASS B AMPLIFIER AND MODULATOR 

LIMITING VALUES (Absolute limits) 

Anode voltage Va max. 7.2 kV 

Anode current Ia max. 2.2 A 

Anode input power Wia max. 14 kW 

Anode dissipation Wa max. 6 kW 

Grid circuit resistance Rg max. 15 kS2 

OPERATING CONDITIONS, two tubes 

Va 7 5 5 4 kV 

Vg -250 -165 -165 -135 V 

Raa~, 4150 4800 5500 3800 S2 

VggP

Ia

Ig

Ig
P 

W 
i8 

Wia 

Wa 

Wo 

~l 

-^ ~~ ,~~-. ,~~ 

0 13001 0 8801 0 730 1 0 930 V 

2x0.2 2x2.0 2x0.15 2x1.251 2x0.15 2x1.1 1 2x0.1 2x1.25 A 

0 2x0.53 I 0 2x0.33 1 0 2x0.22 1 0 2x0.36 A 

- 2x2.8 ~ - 2x1.75 1 - 2x1.2 1 - 2x1.8 A 
I I I 

0 2x310 ~ 0 2x130 0 2x70 1 0 2x135 W 

2x1.4 2x14 1 2x0.75 2x6.21 2x0.75 2x5.5 1 2x0.4 2x5.0 kW 

2x1.4 2x4.0 ~ 2x0.75 2x1.71 2x0.75 2x1.51 2x0.4 2x1.45 kW 

0 20 1 0 9 1 0 8.0 1 0 7.1 kW 

- 71.5 I - 72.5 - 72.5 ~ - 71 °Jo
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TBcW7/8000 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE with anode voltage from 

three-phase half -wave rectifier without filter 

LIMITING VALUES (Absolute limits) 

Frequency f up to 55 MHz 

Anode voltage 

Negative grid voltage 

Anode current 

Grid current ,off load 

Anode input power 

Anode dissipation 

Grid circuit resistance 

Va

- Vg

Ia

Ig

Wia 

Wa 

Rg

max. 7 kV 

max. 1250 V 

max. 1 .8 A 

max. 0.5 A 1) 

max. 11 kW 

max. 6 kW 

max. 10 kS2 

OPERATING CONDITIONS 

Frequency f 50 MHz 

Transformer voltage Vtr 5100 VRMS 

Anode voltage Va 6.0 kV 

Anode current Ia 1.5 A 

Grid current , on load Ig 0.4 A 

Grid resistor R 
g 

1000 U 

Grid input power Wig 300 W 

Anode input power W ia 9 kW 

Anode dissipation Wa 2.7 kW 

Output power Wo 6 kW 2) 

Efficiency p 67 % 

1) Off load max. 0.7 A 

2) Available power (Load +circuit losses) 

i 

i 

1 
z 
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TBW7/8000 
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6617 TBW12/25 

~ ~ 

INDUSTRIAL R.F. POWER TRIODE 

• Water cooled 

QUICK REFERENCE DATA 

Industrial r.f. oscillator; class-C 

freq. three phase 

Va Wo 
MHz kV kW 

30 12 29,0 
10 23,3 
8 17,9 

HEATING: direct; thoriated tungsten filament 

Filament voltage Vf 8,0 V 

Filament current If = 98 A 

Cold filament resistance Rfo = 0,008 S2 

The filament is designed to accept temporary fluctuations of +5%and —10% 

The filament current must never exceed a peak value of 210 A instantaneously at any time during the 
initial energizing schedule. 

CAPACITANCES 

Anode to all other elements except grid Ca = 0,4 pF 

Grid to all other elements except anode Cg = 37 pF 

Anode to grid Cag = 30 pF 

TYPICAL CHARACTERISTICS 

Anode voltage Va = 12 kV 

Anode current la = 2 A 

Mutual conductance S = 20 mA/V 

Amplification factor µ = 34 

TEMPERATURE LIMIT (Absolute limit) 

Seal temperature max. 220 °C 

Generally, a low velocity air flow to the seals is required. 
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TBW12/25 

WATER COOLING CHARACTERISTICS 

Wa 
(kW) 

ti 
(° C) 

1 
9min) 

(I/min) 
Pi 

(atm.) 

5 20 6 0.02 
50 15 0.22 

10 20 11 0.1 

50 25 0.7 

15 20 16 0.25 
50 37 1.3 

20 20 22 0.5 
50 49 2.3 

t i =max. 50 oC 

To ensure a uniform R.F. current distribution in the grid seal especially at 
frequencies higher than 4 MHz , the grid lead should be connected as shown 
below . 

1) At inlet temperatures between 20 and 50 oC the required quantity of water can 
be found by proportional interpolation 
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TBW 12/25 

MECHANICAL DATA 

Net weight of the tube 2.8 kg 

Net weight of water jacket: 2.1 kg 

Filament connectors 
with cable 40662 

Grid connector 40663 

Water jacket K717 

O-ring large 2622 080 30895 

small 2622 080 30736 

Mounting position: vertical with anode down 

Dimensions in mm 

Tube with grid connector 
and water jacket 
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TBW12/25 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE with anode voltage from 
three-phase half -wave rectifier without filter 

LIMITING VALUES (Absolute limits) 

Frequency f up to 30 MHz 

Anode voltage Va = max . 13 kV 

Anode current Ia = max. 4.8 A 

Anode dissipation Wa = max. 20 kW 

Anode input power ~'ia = max. 60 kW 

Negative grid voltage -Vg = max. 1500 V 

Grid current Ig = max. 0.8 A 

Grid circuit resistance Rg = max. 10 kS2 

OPERATING CONDITIONS 

Frequency f = 30 30 30 MHz 

Transformer voltage Vtr = 8.9 7.4 6.0 kV 

Anode voltage Va = 12 10 8 kV 

' Anode current, loaded Ia = 3.2 3.2 3.2 A 

Anode current, unloaded Ia = 0.52 0.50 0.48 A 

Grid current, loaded Ig = 0.50 0.50 0.50 A 

Grid current, unloaded Ig = 0.74 0.77 0.80 A 

Grid resistor Rg = 2.0 1.6 1.1 kSt 4
~ 

Load resistance Rat = 1800 1450 1100 St 
4 

Feedback ratio under loaded 
~} conditions Vgy/Vag = 16 17 19 oIo 

Anode input power W is = 38.4 32.0 25.6 kW 

Anode dissipation ~'a = 9.4 8.7 7.7 kW 

Output power Wo = 29.0 23.3 17.9 kW 

Efficiency n = 75.5 72.5 70 °Jo T 

Output power in the load W~ = 25 20 15.5 kWl) 

1) Useful power in the load measured in a circuit having an efficiency of 90~ 
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TBW12/25 
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TBW12/25 
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7ao7 TBW12/38 

~ ~ 

INDUSTRIAL R.F. POWER TRIODE 

• Water cooled 

QUICK REFERENCE DATA 

Industrial r.f. oscillator, class-C 

freq. Va
MHz kV 

Wo 
kW 

30 12 39 
10 31,3 
8 23,2 

HEATING: direct; thoriated tungsten filament 

Filament voltage Vf = 8 V 

Filament current If = 130 A 

Cold filament resistance R fo = 0,006 S2 

The filament is designed to accept temporary fluctuations of +5%and —10%. 

The filament current must never exceed a peak value of 280 A at any time during the initial energizing 
schedule. 

CAPACITANCES 

Anode to all other elements except grid Ca = 0,9 pF 

Grid to all other elements except anode Cg = 45 pF 

Anode to grid Cag = 23,5 pF 

TYPICAL CHARACTERISTICS 

Anode voltage Va = 12 kV 

Anode current la = 2 A 

Mutual conductance S = 22 mA/V 

Amplification factor µ = 21 

TEMPERATURE LIMITS (Absolute limits) 

Temperature of all seals max. 220 °C 

Water inlet temperature max. 50 oC 
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TBW12/38 

COOLING Generally a low velocity air flow to the seals is required. 

See also cooling curves; 1 atm = 100 kPa 

anode dissipation 

Wa 
kW 

inlet temperature 

Ti 
oC 

rate of flow 

Qmin 
I/min 

pressure drop 
pi 

kPa 

20 20 22 50 
50 49 230 

15 20 16 25 
50 37 130 

10 20 11 10 
50 25 70 

5 20 6 2 
50 15 22 

25 
Wo

(kW) 

15 

~o  :- - ~:::2 ~ 
t 
+r I 

....  ~ 
5  ...:  ' 1 

1 

0  
20 30 40 q(i/mom) 50 

ACCESSORIES 

Filament connectors 
Grid connector 
Water jacket 

40662 
40663 
K722 

4 

1 

t 
O-ring, large 2622 080 30895 

small 2622 080 30736 
1 
#~ 

t 

1 
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Industrial r.f. power triode TBW12/38 

MECHANICAL DATA 

Mounting position 
Net mass of tube 
Net mass of water jacket 

;4 

190 
1665 

~_, ~_J 

I 

L ~-; 1 

92.5 

vertical with anode down. 
3,0 kg 
2,7 kg 

For further data and curves (except cooling curves) 
please refer to type TB L12/38 
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R.F. TRIODES, YD TYPES 





YD1010 

~ ~ 

R.F. POWER TRIODES 

YD1012 

Power triodes in metal-glass construction intended for use as h.f. amplifier, a.f. amplifier, or oscillator 
at frequencies up to 30 MHz. The YD1010 is water cooled. The YD1012 is vapour cooled. 

QUICK REFERENCE DATA 

R.F. class-C telegraphy 

Frequency 10 30 MHz 

Anode voltage 15 12 kV 

Output power 360 285 kW 

R.F. class-C anode modulation 

Frequency 30 30 30 MHz 

Anode voltage 11 10 8 kV 

Output power 165 135 110 kW 

R.F. class-B telephony 

Frequency 30 30 30 MHz 

Anode voltage 10 8 6 kV 

Output power 60 50 35 kW 

A.F. class-B amplifier (two tubes) 

Anode voltage 

Output power 

12 10 8 6 kV 

450 400 300 200 kW 

HEATING: direct by a.c. or d.c.; thoriated tungsten filament. 

Filament voltage 

Filament current 

CAPACITANCES 

Anode to filament 

Grid to filament 

Anode to grid 

Vf 18 V 

I f 280 A 

Caf 7,5 pF 

Cgf 240 pF 

Cag 120 pF 
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YD1010 
YD1012 

 ~~ 

TYPICAL CHARACTERISTICS 

Anode voltage 

Anode current 

Transconductance 

Amplification factor 

Va

la

S 

µ 

4 kV 

5 A 

130 mA/V 

55 

TEMPERATURE LIMITS 

Absolute maximum bulb and seal temperature t max 180 oC 

COOLING 

YD1010 

Wa 
kW 

ti 
oC 

gmin 
Q/min 

Pi 
kPa 

10 20 12 0,3 
50 17 0,5 

40 20 37 3 
50 54 7 

80 20 75 12 
50 112 26 

120 20 120 30 
50 179 60 

For inlet temperatures between 20 oC and 50 oC the required quantity of water can be found by pro-
portional interpolation. At frequencies higher than 10 MHz a low velocity air flow should be directed 
to the seals of grid and filament. 

YD1012 

Cooling data for anode dissipation Wa = 180 kW 

Total dissipation to be transferred by cooling system 
(Wa + Wg + 0,8W fl 
equivalent to 

Volume of produced vapour 
at back flow water temperature of 20 oC 
at back flow water temperature of 90 oC 

Amount of back flowing water 
at back flow water temperature of 20 oC 
at back flow water temperature of 90 oC 

* 100 kPa ~ 1 at. 

188 kW 
2700 kcal/min 

7,3 m3 /min 
8,3 m3 /min 

4,4 Q/min 
5,1 k/min 

176 March 1977 



R.F. power triodes YD1010 

MECHANICAL DATA 

YD1010 

Net mass of tube: 32,5 kg 

Net mass of water jacket: 40,5 kg ~, 179 

Mounting position: vertical with anode down 

ACCESSORIES 

Water jacket 

Filament connectors with cable 

* This pin should be used for connecting the anode return lead. 

YD1012 

Dimensions in mm 

type K723 

type 40667 
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YD1010 
YD1012 

 ~ ~ 

YD1012 

Net mass: 51,5 kg 

Mounting position: vertical with anode down 

ACCESSORIES 

Vapour cooling system 

Filament connectors with cable 

* This pin should be used for connecting the anode return lead. 

type K729 

type 40667 
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R.F. power triodes 

R.F. CLASS-C TELEGRAPHY 

LIMITING VALUES (Absolute maximum rating system) 

YD1010 
YD1012 

Frequency f up to 10 up to 30 MHz 

Anode voltage Va max 15 12 kV 

Anode dissipation YD1010 Wa max 120 120 kW 

Anode dissipation YD1012 Wa max 180 180 kW 

Grid voltage —Vg max 1200 1200 V 

Grid dissipation Wg max 4 4 kW 

Anode current la max 33 33 A 

Grid current Ig max 8 8 A 

OPERATING CONDITIONS 

Frequency f 10 10 30 30 MHz 

Anode voltage Va 15 15 12 12 kV 

Grid voltage Vg —520 —800 —480 —720 V 

Anode current la 29,3 24,7 29,3 24,7 A 

Grid current Ig 5,4 5,2 5,9 5,5 A 

Peak driving voltage Vgp 1090 1370 1050 1290 V 

Driving power Wdr 5,5 6,6 5,7 6,6 kW 

Anode input power Wia 440 371 353 296 kW 

Anode dissipation Wa 80 61 68 51 kW 

Output power Wo 360 310 285 245 kW 

Efficiency ri 81,8 83,5 80,8 82,6 % 
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YD1010 
YD1012 

 J ~ 

R.F. CLASS-C ANODE MODULATION 

LIMITING VALUES (Absolute max;mum rating system) 

Frequency f up to 30 MHz 

Anode voltage Va max 11 kV 

Anode dissipation YD1010 Wa max 80 kW 

Anode dissipation YD1012 Wa max 120 kW 

Grid voltage —Vg max 1000 V 

Grid dissipation Wg max 4 kW 

Anode current la max 22 A 

Grid current Ig max 8 A 

OPERATING CONDITIONS 

Frequency f 30 30 30 MHz 

Anode voltage Va 11 10 8 kV 

Grid voltage Vg —170 —140 —100 V 

Grid resistor Rg 40 44 33 S2 

Anode current la 19 17,3 18 A 

Grid current Ig 7,4 6,9 7,6 A 

Peak driving voltage Vgp 1000 930 855 V 

Driving power Wdr 7,1 6 6 kW 

Anode input power Wia 209 173 144 kW 

Anode dissipation Wa 44 38 34 kW 

Output power Wo 165 135 110 kW 

Efficiency ~l 79 78 76,5 

Modulation depth m 100 100 100 

Modulation power Wmod 105 87 72 kW 
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R.F. power triodes YD1010 

~ ~ 

R.F. CLASS-B TELEPHONY 

LIMITING VALUES (Absolute maximum rating system) 

YD1012 

Frequency f up to 10 up to 30 MHz 

Anode voltage Va max 15 12 kV 

Anode dissipation YD1010 Wa max 120 120 kW 

Anode dissipation YD1012 Wa max 180 180 kW 

Grid voltage —Vg max 800 800 V 

Grid dissipation Wg max 4 4 kW 

Anode current la max 27 27 A 

Grid current Ig max 8 8 A 

OPERATING CONDITIONS 

Frequency f 30 30 30 MHz 

Anode voltage Va 10 8 6 kV 

Grid voltage Vg —150 —115 —82 V 

Anode current la 17 18,2 17,9 A 

Grid current Ig 0,8 1,2 1,5 A 

Peak driving voltage Vgp 338 338 321 V 

Driving power Wdr 0,25 0,36 0,43 kW 

Anode input power Wia 170 146 108 kW 

Anode dissipation Wa 110 96 73 kW 

Output power Wo 60 50 35 kW 

Efficiency ~ 35,3 34,3 32,6 

Modulation depth m 100 100 100 

Grid current Ig 5,9 6,8 7,2 A 

Driving power Wdr 3,6 4,1 4,1 kW 
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YD1010 
YD1012 

~ ~ 

A.F. CLASS-B AMPLIFIER 

LIMITING VALUES (Absolute maximum rating system) 

Anode voltage Va max 12 kV 

Anode dissipation YD1010 Wa max 120 kW 

Anode dissipation YD1012 Wa max 180 kW 

Grid voltage —Vg max 800 V 

Grid dissipation Wg max 4 kW 

Anode current la max 33 A 

Grid current Ig max 8 A 

OPERATING CONDITIONS, two tubes in push-pull 

Anode voltage Va 12 10 kV 

Grid voltage Vg —180 —150 V 

Load resistance Raa~. 552 410 SZ 
~~ 

Peak driving voltage Vggp 0 1210 0 1205 V 

Anode current la 2 x 2 2 x 26 2 x 1,8 2 x 28 A 

Grid current Ig 0 2 x 4,4 0 2 x 4,8 A 

Peak grid current Igp 0 2 x 23 0 2 x 24 A 

Driving power Wdr 0 2 x 2,4 0 2 x 2,6 kW 

Anode input power Wia 2 x 24 2 x 312 2 x 18 2 x 280 kW 

Anode dissipation Wa 2 x 24 2 x 87 2 x 18 2 x 80 kW 

Output power Wo 0 450 0 400 kW 

Efficiency rt — 72 — 71,4 

Anode voltage Va 8 6 kV 

Grid voltage Vg —115 —82 V 

Load resistance Raa,r  338 268 St 

Peak driving voltage Vggp 0 1110 0 990 V 

Anode current la 2 x 1,6 2 x 27 2 x 1,4 2 x 25 A 

Grid current Ig 0 2 x 5 0 2 x 4,9 A 

Peak grid current Igp 0 2 x 24 0 2 x 22 A 

Driving power Wdr 0 2 x 2,5 0 2 x 2,2 kW 

Anode input power Wia 2 x 12,8 2 x 216 2 x 8,4 2 x 150 kW 

Anode dissipation Wa 2 x 12,8 2 x 66 2 x 8,4 2 x 50 kW 

Output power Wo 0 300 0 200 kW 

Efficiency tl — 69,5 — 67 
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R.F. power triodes YD1010 
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8728 
8730 

INDUSTRIAL R.F. TRIODES 

 J  

Triodes in metalceramic construction, intended for use as industrial oscillators. 
The YD1150A is forced air cooled, with integral cooler. 
The YD1152 has an integral helical water cooler. 

QUICK REFERENCE DATA 

YD1150A 
YD1152 

Oscillator output power (Wo — Wfeedb~• typical Wosc 4,75 kW 

Frequency for full ratings f max. 85 MHz 

To be read in conjunction with "General Operational Recommendations". 

R.F. CLASS-C OSCILLATOR FOR INDUSTRIAL USE 

OPERATING CONDITIONS 

Frequency f 30 30 MHz 

Filament voltage Vf 6,3 6,3 V 

Oscillator output power (Wo — Wfeedb) Wosc 4,7 3,8 kW 

Anode voltage Va 6 5 kV 

Anode current la 1 1 A 

Anode input power Wia 6 5 kW 

Anode dissipation Wa 1,1 1,0 kW 

Anode output power Wo 4,9 4 kW 

Anode efficiency r?a 81,5 80 

Oscillator efficiency 'gosc 78 76 °~ 

Feedback ratio Vgp/Vap 17,6 19,4 

Grid resistor Rg 3,1 2,75 kS2 

Grid current, on load Ig 205 200 mA 

Grid voltage, negative —Vg 640 550 V 

Grid dissipation Wg 60 60 W 

Grid resistor dissipation WRg 130 110 W 

Note: For operation above 85 MHz the tube manufacturer should be consulted. 
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YD1150A 
YD1152 

 ~~ 

LIMITING VALUES (Absolute maximum rating system) 

—+ Frequency 

Anode voltage 

Anode current 

Anode input power 

Anode dissipation 

f 

Va

la

Wia 

Wa 

up to 

max. 

max. 

max. 

max. 

85 MHz' 

7,2 kV 

1,1 A 

6,5 kW 

2,5 kW 

Grid voltage —Vg max. 1 kV 

~ Grid current, on load Ig max. 250 mA 

~ off load Ig max. 350 mA 

Grid dissipation Wg max. 140 W 

Grid circuit resistance Rg max. 20 kSt 

Cathode current, mass Ik max. 1,4 A 

peak IkP max. 7,5 A 

Envelope temperature Tenv max. 240 °C 

HEATING: direct; thoriated tungsten filament 

Filament voltage (< 120 MHz) Vf 6,3 V 

(> 120 MHz) Vf 6,0 V 

Filament current at Vf = 6,3 V I f 33 A 

The filament is designed to accept temporary fluctuations of + 5%and —10%. 

It is extremely important that the filament be properly decoupled. This should be so done that the 
resonance of the circuit formed by the filament and decoupling elements remains below the fundamental 
oscillator frequency. Ingrounded-grid circuits this resonance should be below the grid-cathode resonance. 
For further information please see Application Book "Tubes for R.F. Heating" or contact the manu-
facturer. 

CAPACITANCES 

Anode-to-filament Caf 0,4 pF 

Grid to filament Cgf 15 pF 

Anode to grid Cag 11 pF 

CHARACTERISTICS measured at Va = 2,0 kV, la = 0,5 A 

Transconductance S 10 mA/V 

Amplification factor µ 17 

For operation above 85 MHz the tube manufacturer should be consulted. 
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Industrial r.f. triodes 

 ~ ~ 

YD1150A 
YD1152 

COOLING 

See also cooling curves. 

To obtain optimum life, the temperature of the seals and the envelope should, under normal operating 
conditions, be kept below 200 °C. 

YD1150A 

With insulating pedestal type 40630 

anode +grid 
dissipation 

Wa + Wg 
kW 

altitude 

h 
m 

inlet 
temperature 

Tj 
oC 

rate of 
flow 

gmin 
m3/min 

pressure 
drop 

Pi 
Pa

max. outlet 
temperature 

To 
oC 

1 0 35 1,25 32 83 
0 45 1,9 50 78 

3 0 35 5,7 170 64 
0 45 6,1 184 73 

YD1152 

anode +grid inlet rate of pressure 
dissipation temperature flow drop 

Wa + Wg Ti gmin Pi 
kW °C Q/min kPa 

1 20 0,9 5 
50 1,4 6 

3 20 2,2 14 
50 4,1 27 

Absolute max. water inlet temperature 

Absolute max. water pressure 

Ti max. 50 °C 

P max. 600 kPa (abs) 

A low-velocity air flow may be required for cooling of the seals at frequencies above 4 MHz. 

ACCESSORIES 

Filament connector 

Filament/cathode connector 

Grid connector 

Insulating pedestal (YD1150A only) 

typ. 40688 

type 40689 

type 40886 

type 40630 
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YD1150A 
YD1152 

MECHANICAL DATA 

YD1150A 

Mounting position: vertical with anode up or down 

Net mass: 3 kg 

~ 062 max ~ 

X048±0,3~ 

—+ 036±0,3 ~-

014,4±0,2 
~ f 

f(k) f max 

31 
+t0,2min 

+ 2 13,6±0,8f  ~ 

Dimensions in mm 

~ f 

f (k) 

l 1• 9 

ja j 

I 

I 102 
81 

±2.2 

122,3±0,5 rzesoac 
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Industrial r.f. triodes 

YD1152 

Mounting position: vertical with anode down 

Net mass: 0,85 kg 

slot 7x14 (6x1 
for bolt M6 

60° 60°

~ 55±1 

110±0,5 

130±1 

062 max 

048±0,3-► 

036±0,3 

014,4±0,2 

} 
31 
±y 

207 
max 

10.2 min 

13,6±0,8 

33 

1 
2±0,05 

122 116 

t 

t— 39 —► 

Thread of water connections BSP 1/4 in. 

f 

fi (kl 

9 

rzesoo: 

a 

 ~~ 

21 
±1 

19,5 
29 

—1 ±1 

YD1150A 
YD1152 
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YD1152 

 ~ ~ 

500 

Vy

IVI 

400 

300 

200 

700 

0 

100 

—200 

300 

400 

—500 
0 2 3 4 5 8 7 8 9 10 

Ve (kV I 

7ZBz,6~.z 

\' 

/~ 19=2A 

i 

/ 7,5 A 
/ 

~1A 

i 0,5 A 

la ' 

6A 

5A 

4A 

3A 

2A 

7A 

0,5 A 

OA 

190 October 1984 



Industrial r.f. triodes 

YD1150A 
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8731 
8732 
8733 

INDUSTRIAL R.F. TRIODE 

Triodes in metal-ceramic construction intended for use as industrial oscillators. 
The YD1160 is forced-air cooled, with integral cooler. 
The YD1161 is water cooled by means of a separate jacket. 
The YD1162 has an integral helical water cooler. 

QUICK REFERENCE DATA 

YD1160 
YD1161 
YD1162 

Oscillator output power (Wo - Wfeedbackj- typical Wosc 8,8 kW 

Frequency for full ratings f max. 85 MHz 

To be read in conjunction with "General Operational Recommendations Transmitting 
Tubes for Communication, Tubes for R.F. Heating" 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE 

OPERATING CONDITIONS 

Frequency f 150 - 27,12 27,12 MHz 

Filament voltage Vf 5,8 6,3 6,3 V 

Oscillator output power IWo  Wfeedb) Wosc 7,15 8,8 7,5 kW 

Anode voltage Va 5,0 6,5 6,0 kV 

Anode current la 2,0 1,8 1,6 A 

Anode input power Wia 10,0 11,7 9,6 kW 

Anode dissipation Wa 2,45 2,5 1,7 kW* 

Anode output power Wo 7,55 9,2 7,9 kW 

Anode efficiency ga 75,5 78,6 82,3 

Oscillator efficiency '~osc 71,5 75,2 78,1 

Feedback ratio Vgp/Vap 15 16 15 

Grid resistor Rg 1,0 1,6 1,3 kS2 

Grid current, on load Ig 480 430 480 mA 

Grid voltage, negative -Vg 480 688 624 V 

Grid dissipation Wg 100 110 120 W 

Grid resistor dissipation WR9 230 296 300 W 

July 1984 193 



YD1160 
YD1161 
YD1162 

LIMITING VALUES (Absolute maximum rating system) 

Frequency f up to 85 150 MHz 

Anode voltage Va max. 7,2 6,0 kV 

Anode current la max. 2,2 2,2 A 

Anode input power Wia max. 12,5 11 kW 

Anode dissipation Wa max. 5 5 kW 

Grid voltage —Vg max. 1 1 kV 

Grid current 
on load Ig max. 550 550 mA 
off load Ig max. 750 750 mA 

Grid dissipation Wg max. 250 250 W 

Grid circuit resistance Rg max. 20 20 kS2 

Cathode current 
mean Ik max. 2,8 2,8 A 
peak IkP max. 15 15 A 

Envelope temperature Tenv max. 240 240 °C 

HEATING: direct; filament thoriated tungsten 

Filament voltage 
(f = 150 MHz) Vf 5,8 V 
(f < 150 MHz) Vf 6,3 V 

Filament current at V f= 6,3 V I f 66 A 

The filament is designed to accept temporary fluctuations of +5%and —10%. 

It is extremely important that the filament be properly decoupled. This should be so done that the 
resonance of the circuit formed by the filament and decoupling elements remains below the fundamental 
oscillator frequency. In grounded-yrid circuits this resonance should be below the grid-cathode 
resonance. For further information please see Application Book "Tubes for R.F. heating" or contact 
the manufacturer. 

CAPACITANCES 

Anode to filament Caf 0,5 pF 

Grid to filament Cgf 19 pF 

Anode to grid Cag 14,5 pF 

CHARACTERISTICS measured at Va = 2 kV, ly = 1 A. 

Transconductance S 22 mA/V 

Amplification factor µ 20 
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Industrial r.f. triodes 

YD1160 
YD1161 

J  ~ YD1162 

COOLING 

To obtain optimum life, the seal/envelope temperature under normal operating conditions should be 
kept below 200 oC. See also cooling curves. 

YD1160 

anode+grid 
dissipation 
Wa + Wg

kW 

inlet 
temperature 

Ti 
°C 

rate of flow 

gmin 
m3 /min 

pressure 
drop 

Pi 
Pa 

outlet 
temperature 

to 
oC 

3 

3 

35 

45 

3,6 

4,2 

90 

110 

82 

87 

YD1161 

With jacket K726 

anode +grid 
dissipation 

Wa + Wg 
kW 

inlet 
temperature 

Ti 
°C 

rate of flow 

gmin 
R/min 

pressure drop 

Pi 
kPa 

3 20 3 16 
50 7 52 

5 20 5 34 
50 11,5 140 

Absolute max. water inlet temperature 

A low-velocity air flow may be required for cooling of the seals. 

YD7162 

Ti max. 50 oC 

anode +grid 
dissipation 

Wa + Wg
kW 

inlet 
temperature 

Ti 
°C 

rate of flow 

gmin 
Q/min 

pressure drop 

Pi 
kPa 

3 20 2,2 18 
50 4,3 38 

5 20 4,0 40 
50 8,0 140 

Absolute max. water inlet temperature 

Absolute max. water pressure 

A low-velocity air flow may be required for cooling of the seals. 

Ti 

P 

max. 50 °C 

max. 600 kPa(abs) 
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YD1160 
YD1161 
YD1162 

 ~~ 

ACCESSORIES 

Filament connector 

Filament/cathode connector 

Grid connector 

Insulating pedestal (YD1160 only) 

Water jacket (YD1161 only) 

Gasket (YD1161 only) 

MECHANICAL DATA 

YD7160 

Mounting position: vertical, with anode up or down 

Net mass: approx. 3,9 kg 

192 
max 

type 40688 

type 40689 

type 40686 

type 40630 

type K726 

code 3322 026 82801 

062 max 

f 046±0.3 y 

—►i 036±0,3 

0t4.4i0,2 

+z `10,'min  
t 

` 1 -

+ 13,6tos I ~ 11 1 

Dimensions in mm 

--f 

--fik) 

'* 9 

f f~ 

122 
101 
±2 

t 12T 3±0,5 
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Industrial r.f, triodes 

~~ 

YD1161 

Mounting position: vertical with anode down 

Net mass: approx. 0,66 kg 

~f-062max—► 

048±0.3~ 

036±0,3 

014,4±0,2 

y

} 10,2min 
31 +

+ 13,6±O,B 
}

233 5 155,4 
max ±2,7 

33 

97 

136,5 
1 
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_ 14 

`r - T" 

~-054— i► 
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±2 

7

f Ikl 
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~a 

23.4 
r j t0,2 

yJ 29±0,2 ~ 

  r ~ r 
i i i 
h-.1 1.-.4 

Y Y -Y 
T- i Y-i 
i i i i 
~r*{ r~i 
yl~ y~ 

I I 
' +I11,6~ 

+ 20 

~— 041,5 ~ 

YD1160 
YD1161 
YD1162 

1 
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YD1160 
YD1161 
YD1162 ~ ~ 

YD1162 

Mounting position: vertical with anode up or down 

Net mass: approx. 1 kg 

slot 7x74 (6x1 
for bolt M6 —~~ 

31 
±2 

f 

227 
max 

I 

60°

~- 55±1 

 110±Q6 

  130±1  

10.2min 
t 

13.6±0,6 

33 

2±0,05 

~ ~ 
i ~ 

1v2 
136 

Thread of water connections BSP'/e in. 
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YD1160 
Industrial r.f. triodes YD1161 

YD1162 
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YD1160 
YD1161 
YD1162 
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Industrial r.f. triodes 
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8666 

8668 

YD1170 
YD1172 

INDUSTRIAL R.F. TRIODE 

Triodes in metal -ceramic construction intended for use as industrial oscillators. 
The YD1170 is forced-air cooled. 
The YD1172 has an integral helical water cooler. 

QUICK REFERENCE DATA 

Oscillator output power (Wo -Wfeedb) 

Frequency for full ratings 

Wosc 

f max. 

15, 4 kW 

120 MHz 

To be read in conjunction with "General Operational Recommendations Transmitting 
Tubes for Communication; Tubes for R.F. Heating". 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE 

OPERATING CONDITIONS 

Frequency f 120 MHz 

Filament voltage Vf See under "HEATING" 

Oscillator output power (Wo - Wfeedb) Wosc 15, 4 kW 

Anode voltage Va 6 kV 

Anode current Ia 3, 4 A 

Anode input power W is 20, 4 kW 

Anode dissipation Wa 4, 3 kW 

Anode output power Wo 16, 1 kW 

Anode efficiency na 78, 9 

Oscillator efficiency Wosc 75,5 

Feedback ratio Vgp~Vap 15, 5 

Grid resistor Rg 500 S2 

Grid current, on load Ig 920 mA 

Grid voltage, negative —Vg 460 V 

Grid dissipation Wg 280 W 

Grid resistor dissipation W Rg 423 W 
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YD1170 
YD1172 

LIMITING VALUES (Absolute max. rating system) 

Frequency for full ratings 

Anode voltage 

Anode current 

f 

Va

Ia

up to 

max. 

max. 

120 MHz 

7, 2 kV 

4 A 
_ ~. 

Anode input power W is max. 24 kW 

Anode dissipation Wa max. 10 kW 

Grid voltage —Vg max. 1, 5 kV 

Grid current, on load Ig max. _1 A 
off load Ig max. 1, 5 A 

Grid dissipation Wg max. 350. W 

Grid circuit resistance Rg max. 10 kS2 

Cathode current, mean Ik max. 5 A 
peak Ikp max. 25 A 

Envelope temperature t env max. 240 ° C 

HEATING :direct; thoriated tungsten filament 

Filament voltage Vf 5, 8 V 

Filament current If 130 A 

Peak filament starting current Ifp max. 800 A 

Cold filament resistance Rfo 5, 6 mS2 

The filament is designed to accept temporary fluctuations of +5~ and -10~. 

To ensure that the cathode temperature remains constant irrespective of the operating 

frequency, it may be necessary to reduce the filament voltage at higher frequencies. 
When doing so it must be borne in mind that the filament voltage-to-current ratio 
measured with only the filament voltage applied should remain constant under all 
operating conditions. 

It is extremely important that the filament be properly decoupled. This should be so done 
that the resonance of the circuit formed by the filament and decoupling elements remains 
below the funamental oscillator frequency. In groundedrgrid circuits this resonance 
should be below the grid-cathode resonance. For further information please see 
Application Book "Tubes for R.F. heating" or contact the manufacturer. 

--► CAPACITANCES 

Anode to filament Cap 0,8 pF 

Grid to filament Cgf 47 pF 

Anode to grid Cag 25 pF 
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YD1170 
YD1172 

CHARACTERISTICS measured at Va = 6 kV, Ia = 2 A 

Transconductance 

Amplification factor 

COOLING 

S 

N 

40 mA/V 

30 

To obtain optimum life, the temperature of the seals and of the envelope should, under 
normal operating conditions, be kept below 200 °C. 

To maintain these temperatures additional cooling may be necessary. At frequencies 
higher than about 4 MHz cooling of the seals becomes mandatory. 

YD1170 

See also cooling curves 

Anode +grid 
dissipation 

Wa + Wg

(kW) 

Altitude 

h 

(m) 

Inlet 
temperature 

ti 

(°C) 

Rate of 
flow 

gmin 

(m3/min) 

Pressure 
drop 

Pi 

(Pa") 

Outlet 
temperature 

to 

(°C) 

10 0 35 9, 5 550 94 
8 0 35 6, 5 280 105 
6 0 35 4,5 150 113 
4 0 35 3,0 80 117 

10 0 45 11,0 690 98 

8 0 45 7,6 350 108 

6 0 45 5, 2 190 115 
4 0 45 3, 5 100 119 

10 1500 35 11,4 630 94 

8 1500 35 7,8 320 105 

6 1500 35 5,5 170 113 

4 1500 35 3,6 90 117 

10 3000 25 12,0 620 90 
8 3000 25 8, 2 320 102 
6 3000 25 5,7 170 111 

4 3000 25 3,8 90 116 

Absolute max. air inlet temperature 

Direction of airflow 

~1Pa~0,1mmH2O. 

ti max. 45 ° C 

arbitrary 
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YD1170 
YD1172 

YD1172 

See also cooling curves 

Anode +grid 
dissipation 

Wa + Wg

(kW) 

Inlet 
temperature 

ti 

(°C) 

Rate of 
flow 

Qmin 

(2/min) 

Pressure 
drop 

Pi 

(kPa'x) 

Outlet 
temperature 

to 

(°C) 

10 20 6,0 25 46 

50 9, 0 52 67 

8 20 4, 5 15 49 
50 6, 7 31 69 

6 20 3, 0 7 53 
50 4, 5 15 72 

Absolute max. water inlet temperature 

Absolute max. water pressure 

=100 kPa ~ 1 at. 

ti

P 

max. 50 ° C 

max. 600 kPa(abs) 
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YD1170 
YD1172 

ACCESSORIES 

Filament connector with cable 40692A 

Filament/cathode connector with cable 40693A 

Grid connector f 5 4 MHz 
f>4MHz 

40690 
40691 

Insulating pedestal (YD1170 only) 40654 

MECHANICAL DATA 

YD117O 

Mounting position :vertical with anode up or down 

Net mass approx, 7, 5 kg 

7263744 

f(k) f 

October 1979 

♦ t, 
21 

~ 10 

108 ~ B 
maz 

79 
61 

219 ~ _I 
max ~ 

fio 

} 

~---085max~ 

t---066±0,3 --+ 

if 050±0,3 +) 

0251 f 
~ i ±0'2

-~ mz7 t 
f- 051±0,2 -+ 

0159±1 

Dimensions in mm 

 f Ikl 

~~ 9 

-a 



YD1170 
YD1172 

 ~\ 

YD1172 

Mounting position :vertical with anode up or down 

Net mass : approx. 2 kg 

32 

slot 7x7416x) 
for bolt M6 

~— 49 —~ 

085 max im

~— 066±0,3 —► 

f050±0,3w 

y  025,1 f
±0,2 

11 

223 
max 

82 

10 

21 

✓. } 

8 
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1 ~~ 
} 

4±0,3 

96 775 
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f Ikl 

Thread of water connections BSP 3/8 in 
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27~ 

rzaso~s, 

a 
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Industrial r.f. triode YD1170 
J  ~ YD1172 
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YD1176 
YD1172 

YD1170 15 

4min 

(m3/min) 

10 

5 

h=Om 
ti.35°C 

7209653.1 750

to

4 I~ pi 

0 
4 

P;
(Pa) 

500 

250 

150 

to

( °C) 

100 

50 

8 WQ+W9 (kW)12 
-0 

7zo9652. 15 

Qmin 
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h~Om 
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(Pa) 

-150 

t °
( °C) to

10 500 -100 

/P 4 i 

5 250 0 

04 8 WQ+Wg (kW) 120

1 Pa ~ 0, 1 mm H2O. 
t
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YD1170 
YD1172 
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YD1170 
YD1172 

YD1172 

100 kPa = 1 at 

6 

4min 

(l/min) 

12 

4min 

(l/min) 

8 

4 

Pi 

(kPa) 

20 

10 

8 WQ+Wg (kW)10 
0 
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8734 YD1173 

AIR COOLED R.F. INDUSTRIAL TRIODE 
Forced air cooled triode of metal-ceramic construction with integral cooler intended 
for use as an industrial oscillator. 

QUICK REFERENCE•DATA 

Oscillator output power (Wo-Wfeedb~~ tYPical Wosc 13.22 kW 

Frequency fur full ratings f max. 50 MHz 

To be read in conjuction with "General RecommendationsTransmittingtubes. Tubes 
for R.F. heating". 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE 

OPERATING CONDITIONS 

Frequency f 50 MHz 

Oscillator output power (Wo-Wfeedb~ Wosc 13.22 kW 

Anode voltage Va 10.0 kV 

Anode current Ia 1.75 A 

Anode input power Wia 17.5 kW 

Anode dissipation Wa 3. 8 kW 

Anode output power Wo 13.7 kW 

Anode efficiency ri a 78.3 °/~ o 

Oscillator efficiency Wosc 75.6 

Feedback ratio Vgp/Vap 12.0 °/ 0 

Grid resistor Rg 1. 5 k52 

Grid current, on load Ig 450 mA 

Grid voltage, negative —Vg 675 V 

Grid dissipation Wg 180 W 

Grid resistor dissipation WRg 304 W 
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YD1173 

LIMITING VALUES (Absolute max. rating system) 

Frequency for full ratings f up to 50 MHz 

Anode voltage Va max. 12 kV 

Anode current Ia max. 2. 0 A 

Anode input power Wia max. 20 kW 

Anode dissipation Wa max. 10 kW 

Grid voltage —Vg max. 1. 5 kV 

Grid current, on load Ig max. 0.6 A 

off load Ig max. 0. 8 A 

Grid dissipation Wg max. 250 W 

Grid circuit resistance Rg max. 10 kS2 

Cathode current, mean Ik max. 2.5 A 

peak Ikp max. 10 A 

Envelope temperature tenv max. 240 °C 

HEATING :direct; filament thoriated tungsten 

Filament voltage Vf 5.4 V 

Filament current If 65 A 

Peak filament starting current Ifn ;nax. 400 A 

Cold filament resistance Rfo 10 Ind 

The filament is designed to accept temporary fluctuations of +5 ~ and —10 ~. 

It is extremely important that the filament be properly decoupled. This should be so 
done that the resonance of the circuit formed by the filament and decoupling ele-
ments remains below the fundamental oscillator frequency. In grounded-grid cir-
cuits this resonance should be below the grid-cathode resonance. For further in-
formation please see Appication Book "Tubes for R.F. heating" or contact the 
manufacturer. 

CAPACITANCES 

Anode to filament Caf 0.4 pF 

Grid to filament Cgf 42 pF 

Anode to grid 

y  CHARACTERISTICS measured at Va = 10 kV, Ia = 

Cag

1 A 

17 pF 

Transconductance S QQ mA/V 

Amplification factor µ 45 

August 1984 



YD1173 

COOLING 

See also cooling curves. 

With insulating pedestal type 40654. 

Anode +grid 
dissipation 

Wa + Wg
(kW) 

Altitude 

h 

(m) 

Inlet 
temperature 

t i
(°C) 

Rate of 
flow 
gmin 

(m3/min) 

Pressure 
drop 

Pi 

(Pa)"~ 

Outlet 
temperature 

to

(°C) 

10 0 35 9, 5 550 94 
8 0 35 6,5 280 105 
6 0 35 4, 5 150 113 
4 0 35 3,0 80 117 

10 0 45 11 690 98 
8 0 45 7, 6 350 108 
6 0 45 5, 2 190 115 
4 0 45 3, 5 100 119 

10 1500 35 11,4 630 94 

8 1500 35 7,8 320 105 

6 1500 35 5, 5 170 113 
4 1500 35 3,6 90 117 

10 3000 25 12 620 90 
8 3000 25 8, 2 320 102 
6 3000 25 5,7 170 111 
4 3000 25 3,8 90 116 

To obtain optimum life, the temperatures of the seals and of the envelope should, under 
normal operating conditions, be kept below 200 ° C. 

ACCESSORIES 

Filament connector with cable type 40692A net mass 450 g 

Filament/cathode connector with cable type 40693A net mass 490 g 

Grid connector f ~ 4 MHz type 40690 net mass 55 g 
f > 4 MHz type 40691 net mass 240 g 

Insulating pedestal type 40654 net mass 4,25 kg 

1 Pa = 0, 1 mmH2O. 
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YD1173 

MECHANICAL DATA 

Mounting position :vertical with anode up or down 

Net mass : approx. 7 kg 

f— 085max 

flkl f 

•- 0 s0±0,3 ~ 

0251 f 
~ +02 

yl mn tI 

os9±o.z—►~ 

  0169±1 
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Industrial r.f. triode YD1173 
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YD1173 
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YD1174 

INDUSTRIAL R.F. TRIODE 

Forced-air cooled triodes in metal-ceramic construction intended for use as industrial oscillators. 

QUICK REFERENCE DATA 

Oscillator output power (Wo — Wfeedb) 
Frequency for full ratings 

Wow 30 kW 

f max. 50 MHz .---

To be read in conjunction with "General Operational Recommendations Transmitting Tubes for 
Communication; Tubes for r.f. Heating". 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE 

OPERATING CONDITIONS 

Frequency f 30 30 MHz 

Oscillator output power (Wo — Wfeedb) Wosc 25,7 30,3 kW 

Anode voltage Va 10 10 kV 

Anode current la 3,4 4,0 A 

Anode input power Wia 34 40 kW 

Anode dissipation Wa 7,6 9,2 kW 

Anode output power Wo 26,4 30,8 kW 

Anode efficiency ~7a 77,6 77,0 

Oscillator efficiency rfosc 75,6 75,8 

Feedback ratio Vgp/Vap 12 10 

Grid resistor Rg 1440 900 S2 

Grid current, on load Ig 600 690 mA 

Grid voltage, negative —Vg 864 621 V 

Grid dissipation Wg 150 180 W 

Grid resistor dissipation WRg 518 428 W 
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YD1174 

LIMITING VALUES (Absolute maximum rating system) 

Frequency f up to 120 MHz* 

Anode voltage Va max. 12 kV 

Anode current la max. 5 A 

Anode dissipation Wa max. 10 kW 

Grid voltage —Vg max. 1,8 kV 

Grid current, on load Ig max. 1 A 
off load Ig max. 1,5 A 

Grid dissipation Wg max. 300 W 

Grid circuit resistance Rg max. 10 kS2 

Cathode current, mean Ik max. 6 A 
peak Ikp max. 25 A 

Envelope temperature Tenv max. 240 °C 

HEATING: direct; thoriated tungsten filament 

Filament voltage Vf 5,8 V 

Filament current If 130 A 

Peak filament starting current Ifp max. 800 A 

Cold filament resistance Rfo 5,6 mS2 

The filament is designed to accept temporary fluctuations of +5%and —10%. 

To ensure that the cathode temperature remains constant irrespective of the operating frequency, it 
may be necessary to reduce the filament voltage at higher frequencies. When doing so it must be borne 
in mind that the filament voltage-to-current ratio measured with only the filament voltage applied 
should remain constant under all operating conditions. 

It is extremely important that the filament be properly decoupled. This should be so done that the 
resonance of the circuit formed, by the filament and decoupling elements remains below the 
fundamental oscillator frequency. In grounded-grid circuits this resonance should be below the grid-
cathode resonance. For further information please see Application Book "Tubes for r.f. heating" or 
contact the manufacturer. 

CAPACITANCES 

Anode to filament Caf 1 PF 

Grid to filament Cgf 47 pF 

Anode to grid Cag 25 pF 

* When the tube is to be used at frequencies above 50 MHz the manufacturer should be consulted for 
more detailed information. 
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Industrial r.f. triodes YD1174 

CHARACTERISTICS measured at Va = 6 kV, la = 2 A 

Transconductance 

Amplification factor 

 J \ 

S 55 mA/V 

µ 24 

COOLING 

To obtain optimum life, the temperature of the seals and of the envelope should, under normal oper-
atingconditions, be kept below 200 oC. 

To maintain these temperatures additional cooling may be necessary. At frequencies higher than about 
4 MHz cooling of the seals becomes mandatory. 

See also cooling curves 

anode +grid 
dissipation 
Wa + Wg

kW 

altitude 

h 
m 

inlet 
temperature 

Ti 
oC 

rate of 
flow 

gmin 
m3 /min 

pressure 
drop 

Pi 
Pa 

max. outlet 
temperature 

To 
oC 

10 0 35 9,5 550 94 
8 0 35 6,5 280 105 
6 0 35 4,5 150 113 
4 0 35 3,0 80 117 

10 0 45 11,0 690 98 
8 0 45 7,6 350 108 
6 0 45 5,2 190 115 
4 0 45 3,5 100 119 

10 1500 35 11,4 630 94 
8 1500 35 7,8 320 105 
6 1500 35 5,5 170 113 
4 1500 35 3,6 90 117 

10 3000 25 12,0 620 90 
8 3000 25 8,2 320 102 
6 3000 25 5,7 170 111 
4 3000 25 3,8 90 116 

Absolute max. air inlet temperature 

Direction of airflow 

Ti max. 45 oC 

arbitrary 
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YD1174 

MECHANICAL DATA 

Mounting position: vertical with anode up or down 

Net mass: approx. 7,5 kg 

~ 085max~

f(k) f 

~- 06610,3—+ 

~- 050±0,3 -+ 

0251 ~ 
+02 I 

21 

0 } 

f ~ 
8 

~ 027 ~t 

~-051±0,2-► 

159_1 nesoce ~ 

ACCESSORIES 

Filament connector with cable 40692A 

Filament/cathode connector with cable 40693A 

Grid connector f ~ 4 MHz 40690 
f ~ 4 MHz 40691 

Insulating pedestal 40654 

f Ikl 
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Industrial r.f. triodes YD1174 
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YD1175 

~ ~ 

INDUSTRIAL R.F. TRIODES 

Triodes in metal-ceramic construction intended for use as industrial oscillators. 
The YD1175 is forced-air cooled. 
The YD1177 has an integral helical water cooler. 

QUICK REFERENCE DATA 

YD1177 

Oscillator output power (Wo—Wfeedbj~ typical 
Frequency for full ratings 

W osc 
f max 

26,5 kW 
120 MHz 

To be read in conjunction with "General Operational Recommendations Transmitting Tubes for Com-
munication;Tubes for R.F. Heating". 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE 

Operating conditions 

Frequency f 120 

Oscillator output power (Wo—Wfeedb) Wosc 15,6 

Anode voltage Va 6 

Anode current l a 3,6 

Anode input power Wia 21,6 

Anode dissipation Wa 5,4 

Anode output power Wo 16,2 

Anode efficiency r1a 75 

Oscillator efficiency nosc 72,2 

Feedback ratio Vgp/Vap 12 

Grid resistor Rg 300 

Grid current, on load Ig 1,0 

Grid voltage, negative —Vg 300 

Grid dissipation Wg 290 

Grid resistor dissipation WRg 300 

120 120 MHz 

22,0 26,5 kW 

8 10 kV 

3,6 3,4 A 

28,8 34,0 kW 

6,1 6,8 kW 

22,7 27,2 kW 

78,8 80 

76,3 78,0 

10 9 

400 560 St 

1,0 0,9 A 

400 500 V 

290 240 W 

400 450 W 

1 
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YD1175 
YD1177 

LIMITING VALUES (Absolute maximum rating system) 

Frequency for full ratings f up to 120 MHz* 

Anode voltage Va max. 12 kV 

Anode current l a max. 4 A 

Anode input power Wia max. 40 kW 

Anode dissipation YD1175 Wa max. 10 kW 
YD1177 Wa max. 15 kW 

Grid voltage —Vg max. 1,5 kV 

Grid current, on load Ig max. 1,1 A 
off load Ig max. 1,6 A 

Grid dissipation Wg max. 350 W 

Grid circuit resistance Rg max. 10 k12 

Cathode current, mean Ik max. 5 A 
peak Ikp max. 25 A 

Envelope temperature Tenv max. 240 °C 

HEATING: direct; filament thoriated tungsten. 

Filament voltage Vf 5,8 V 

Filament current I f 130 A 

Peak filament starting current I fp max. 800 A 

Cold filament resistance Rfo 5,6 mSt 

The filament is designed to accept temporary fluctuations of + 5%and —10%. 

To ensure that the cathode temperature remains constant irrespective of the operating frequency it 
may be necessary to reduce the filament voltage at higher frequencies. When doing so it must be 
borne in mind that the filament voltage-to-current ratio, as measured with only the filament voltage 
applied, should remain constant under all operating conditions. 

It is extremely important that the filament be properly decoupled. This should be so done that the 
resonance of the circuit formed by the filament and decoupling elements remains below the funda-
mental oscillator frequency. Ingrounded-grid circuits this resonance should be below the grid-cathode 
resonance. For further information please see Application Book "Tubes for r.f, heating" or contact 
the manufacturer. 

* When the tubes are to be used at frequencies above 30 Mhz the manufacturer should be consulted 
for more detailed information. 
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Industrial r.f. triodes YD1175 

CAPICITANCES 

Anode to filament 

Grid to filament 

Anode to grid 

CHARACTERISTICS measured at Va = 8 kV, l a = 1,2 A 

Transconductance 

Amplification factor 

YD1177 

Caf 0,4 pF 

Cgf 47 pF 

Cag 17 pF 

S 

µ 

35 mA/V 

45 

COOLING 

To obtain optimum life, the temperatures of the seals and of the envelope should, under normal 
operating conditions, be kept below 200 oC. 

To maintain these temperatures additional cooling may be necessary. At frequencies higher than about 
4 MHz, cooling of the seals becomes mandatory. 

YD1175 

See also cooling curves 

anode +grid 
dissipation 
Wa +Wg

kW 

altitude 

h 
m 

inlet 
temperature 

Ti 
oC 

rate of 
flow 

q min. 
m3/min 

pressure 
drop 

pi 
Pa 

max. outlet 
temperature 

To 
oC 

10 0 35 9,5 550 94 
8 0 35 6,5 280 105 
6 0 35 4,5 150 113 
4 0 35 3,0 80 117 

10 0 45 11,0 690 98 
8 0 45 7,6 350 108 
6 0 45 5,2 190 115 
4 0 45 3,5 100 119 

10 1500 35 11,4 630 94 
8 1500 35 7,8 320 105 
6 1500 35 5,5 170 113 
4 1500 35 3,6 90 117 

10 3000 25 12,0 620 90 
8 3000 25 8,2 320 102 
6 3000 25~ 5,7 170 111 
4 3000 25 3,8 90 116 

Absolute max. air inlet temperature 

Direction of airflow: arbitrary. 

Ti max. 45 oC 
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YD1175 
YD1177 

 J~ 
YD1177 

See also cooling curves 

anode +grid inlet rate of pressure max. outlet 
dissipation temperature flow drop temperature 

Wa+Wg Ti 4min pi To 
kW °C !?/min kPa oC 

15 20 7,5 50 50 
50 11,0 100 71 

10 20 5,0 24 51 
50 7,2 47 72 

5 20 2,5 7 53 
50 3,7 17 73 

Absolute max. water inlet temperature Ti max 50 °C 

ACCESSORIES 

Filament connector with cable type 40692A 

Filament/cathode connector with cable type 40693A 

Grid connector f 5 4 MHz type 40690 
f> 4 MHz type 40691 

Insulating pedestal (YD1175 only) type 40654 
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Industrial r.f. triodes YD1175 

~~ 

MECHANICAL DATA 

YD1175 

Mounting position: vertical with anode up or down 

Net mass: 7,5 kg 

f(kl f 

065 max —_ 

066±0,3 --+-

f 050±0,3 y 

y  025,1 ~ 
±0,2 

29 
max 

108 
max 

21 

10 

61 

8 

YD1177 

f (k) 

Dimensions in mm 

a 

80 

-► 027 ~ 
~ 0 58±0,2 —► 

 0159±1 rznsou 
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YD1175 
YD1177 

YD1177 

Mounting position: Vertical with anode up or down 

Net mass: approx. 6,5 kg 

131 
max 13 

~~~ 

098 

With the anode up the water connections should be interchanged. 

32°

  8B 

slot 7x 1418x! 
for bolt M6 
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Industrial r.f. triodes YD1i75 
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YD1175 
YD1177 

YD1175 
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Industrial r.f. triodes YD1175 

YD1175 
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YD1175 
YD1177 

YD1177 
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YD1180 
YD1182 

INDUSTRIAL R.F. TRIODE 

Triodes in metal -ceramic construction intended for use as industrial oscillators. 

The YD1180 is forced-air cooled 
The YD1182 is water cooled by an integral cooler. 

QUICK REFERENCE DATA 

Oscillator output power (Wo -Wfeedb~. typical Wosc 31,6 kW 

Frequency for full ratings f max. 100 MHz 

To be read in conjunction with "Genera]. Operational Recommendations Transmitting 
Tubes for Communication, Tubes for R.F. Heating". 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE 
OPERATING CONDITIONS 

Frequency f 90 MHz 

Oscillator output power (Wo -Wfeedb~ Wosc 31, 6 kW 

Anode voltage Va 7, 5 kV 

Anode current Ia 5, 4 A 

Anode input power Wia 40, 5 kW 

Anode dissipation W a 7, 5 kW 

Anode output power W o 33 kW 

Anode efficiency na 81, 5 

Oscillator efficiency nosc 78 

Feedback ratio VgPNaP 14, 8 

Grid resistor Rg 450 S2 

Grid current, on load Ig 1, 45 A 

Grid voltage, negative —Vg 652 V 

Grid dissipation Wg 450 W 

Grid resistor dissipation W Rg 
946 W 
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YD1180 
YD1182 

LIMITING VALUES (Absolute max. rating system) 

Frequency f up to 100 MHz 

Anode voltage Va max. 9 kV 

Anode current Ia max. 6 A 

Anode input power Wia max. 45 kW 

Anode dissipation: continuous service 
(YD1180) 

Wa 
max. 15 kW 

(YD1182) max. 20 kW 

—► Grid voltage —Vg max. 1,5 kV 

Grid current, on load Ig max. 1, 6 A 
of load Ig max. 2, 4 A 

Grid dissipation Wg max. 500 W 

Grid circuit resistance Rg max. 10 k52 

Cathode current, mean Ik max. 7, 5 A 
peak Ikp max. 40 A 

Envelope temperature tenv max. 240 ° C 

HEATING :direct; thoriated tungsten filament, mesh construction 

Filament voltage 

Filament current 

Peak filament starting current 

Cold filament resistance 

Vf

If 

IfP 

Rfo 

max. 

7 V 

175 A 

1000 A 

4, 2 m52 

The filament is designed to accept temporary fluctuations of +5% and -10~. 
To ensure that the cathode temperature remains constant irrespective of the 
operating frequency, it may be necessary to reduce the filament voltage at higher 
frequencies. When doing so it must be borne in mind that the filament voltage-to-
current ratio measured with only the folament voltage applied should remain 
constant under all operating conditions. 

It is extremely important that the filament be properly decoupled. This should be 
so done that the resonance of the circuit formed by the filament and decoupling 
elements remains below the fundamental oscillator frequency. In grounded-grid 
circuits this resonance should be below the grid-cathode resonance. For further 
information please see Application Book "Tubes for R.F. heating" or contact the 
manufacturer. 

CAPACITANCES 

Anode to filament Caf 1 pF 

-+ Grid to filament Cgf 66 pF 

Anode to grid Cag 32 pF 
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YD1180 
YD1182 

CHARACTERISTICS measured at Va = 7 kV, Ia = 2, 4 A 

Transconductance S 40 mA/V 

Amplification factor µ 33 

COOLING 

To obtain optimum life, the temperature of the seals and of the envelope should, under 
normal operating conditions, be kept below 200 oC. 

To maintain these temperatures additional cooling may be necessary. 
At frequencies higher than about 4 MHz cooling of the seals becomes mandatory. 
Y D1180 
Direction of airflow: see outline drawing. 

See also cooling curves 

With insulating pedestal type 40648 

Anode+grid 
dissipation 
Wa+Wg
(kW) 

Altitude 

h 
(m) 

Inlet 
temperature 
ti 
(°C) 

Rate of 
flow 
gmin 
(m3/min) 

Pressure 
drop 

Pi 
(Pam) 

Outlet 
temperature 

to 
(oC) 

15 0 35 15 850 92 
10 0 35 9, 3 320 99 

8 0 35 7 200 104 

15 0 45 17,3 1060 98 
10 0 45 10,7 400 104 
8 0 45 8, 1 250 108 

15 1500 35 18 970 93 
10 1500 35 11, 2 460 100 

8 1500 35 8,4 230 104 

15 3000 25 19 950 90 
10 3000 25 11,8 450 95 

8 3000 25 8, 9 230 99 

1 Pa = 0, 1 mm H2O 
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YD1180 
YD1182 

YD1182 

See also cooling curves 

Anode +grid 
dissipation 
Wa + Wg 

(k~') 

Inlet 
temperature 
ti 
(°C) 

Rate of 
flow 
qm~ 
(Q/min) 

Pressure 
drop 
Pi 
(kPa''~ 

Outlet 
temperature 
to
(oC) 

20 20 10 40 51 

50 15 80 71 

15 20 7,5 22 54 

50 10, 5 43 73 

10 20 4, 5 10 58 
50 6, 7 20 75 

Absolute max. water inlet temperature 

Absolute max. water pressure 

ACCESSORIES 

Filament connector with cable 

Filament /cathode connector with cable 

Grid connector f ~ 4 MHz 
f > 4 MHz 

Insulating pedestal (YD1180 only) 

~° 100 kPa = 1 at . 

ti 

P 

max. 50 °C 

max. 600 kPa(abs) 

type 40708A net mass 600 g 

type 40709A net mass 640 g 

type 40710 net mass 60 g 

type 40711 net mass 310 g 

type 40648 net mass 7, 15 kg 
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YD1180 
YD1182 

MECHANICAL DATA 

YD1180 

Mounting position :vertical with anode up or down 

1\et mass : approx. 12 kg 

1263744 

f(k) f 

Dimensions in mm 

~-- 0101 max ~ 

f080*0,3~ 

~ 066±0,3 ~ 

~ 032 
t0,2 

241 
max 

124 
mox i

22 

1 9+ + ~ •  I, r 

1 e~ ~~ ' N 
92 

74 

f 

f (k) 

9 

preferred direction 
of air flow 

1 
90 

--a 

—► 027 

f - 072 —► 

 0192 max R65409.~ 
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YD1180 
YD1182 

YD1182 

Mounting position :vertical with anode up or down 

Net mass : approx. 3,5 kg 

slot 7x14(Bxl 
for bolt M8 

40 f-

173 --► 

0130,5 max 

~ 0101max 

~080t0,3~

y 

292 
max 

} + 22 

9 + 
122 } 9 } 
max 

89 I 

li 
4 

066±0,3 f 

y 032i~ 

(

+_ 02 

l ~~-  f 

i r1~--  f (k) 
_H g 

086,5 max -+~ 

27 
min 

i 23 y 13~ 

t 0 80±0,5 ~ 

Thread of water connections BSP 1/2 in 

a 

12650601 

With anode up the inlet and outlet connections should be interchanged. 
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YD1180 
YD1182 
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YD1180 
YD1182 

YD1180 20 
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YD1180 
YD1182 

YD1180 20 
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YD1180 
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YD1180 
YD1182 

YD1182 15 
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YD1185 
YD1187 

~~ 

i 

I 
f 

INDUSTRIAL R.F. TRIODE 

Triodes in metal-ceramic construction intended for use as industrial oscillators. 
The YD1185 is forced-air cooled 
The YD1187 is water cooled by an integral cooler. 

QUICK REFERENCE DATA 

Oscillator output power (Wo-Wfeedb)~ typical Wosc 50 kW 

Fequency for full ratings f max. 100 MHz 

To be read in conjunction with "General Operational Recommendations Transmitting 

Tubes for Communication ,Tubes for R.F. Heating" 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE 

OPERATING CONDITIONS 

Frequency f 90 90 90 MHz 

Oscillator output power (Wo'Wfeedb) Wosc 33, 4 40 50 kW 

Anode voltage Va 8, 5 10 12 kV 

Anode current Ia 5, 4 5, 33 5, 33 A 

Anode input power Wia 45, 9 53, 3 64 kW 

Anode dissipation Wa 11, 4 12, 1 12, 8 kW 

Anode output power Wo 34, 5 41, 2 51, 2 kW 

Anode efficiency na 75, 1 77, 3 80, 0 

Oscillator efficiency Wosc 72, 7 75, 0 78, 1 

Feedback ratio Vgp/Vap 11 10, 2 9 

Grid resistor Rg 330 400 430 52 

Grid current, on load Ig 1, 5 1, 45 1, 4 A 

Grid voltage, negative -Vg 495 580 600 V 

Grid dissipation Wg 400 380 360 W 

Grid resistor dissipation WRg 740 840 840 W 
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YD1185 
YD1187 

LIMITING VALUES (Absolute max. rating system) 

Frequency for full ratings f up to 100 MHz 

Anode voltage Va max. 14, 4 kV 

Anode current Ia max. 6 A 

Anode input power Wia max. 72 kW 

Anode dissipation, continuous service (YD1185) Wa max. 15 kW 
(YD1187) Wa max. 20 kW 

Grid voltage -Vg max. 1, 5 kV 

Grid current, on load Ig max. 1, 6 A 
off load Ig max. 2, 4 A 

Grid dissipation Wg max. 500 W 

Grid circuit resistance Rg max. 10 kS2 

Cathode current, mean Ik max. 7, 5 A 
peak Ikp max. 40 A 

Envelope temperature Tenv max. 240 °C 

HEATING :direct; thoriated tungsten filament, mesh construction 

Filament voltage Vf 7 V 

Filament current If 175 A 

Peak filament staring current Ifp max. 1000 A 

Cold filament resistance Rfo 4, 2 mS2 

The filament is designed to accept temporary fluctuations of +5~ and -10~. 

To ensure that the cathode temperature remains constant irrespective of the operating 
frequency, it may be necessary to reduce the filament voltage at higher frequencies. 
When doing so it must be borne in mind that the filament voltage-to-current ratio meas-
ured with only the filament voltage applied should remain constant under all operating 
conditions 

It is extremely important that the filament be properly decoupled. This should be so done 
that the resonance of the circuit formed by the filament and decoupling elements remains 
below the fundamental oscillator frequency. In grounded-grid circuits this resonance 
should be below the grid-cathode resonance. For further information please see Appli-
cation Book "Tubes for R.F. heating" or consult the manufacturer. 

CAPACITANCES 

Anode to filament Caf 0,8 PF 

Grid to filament Cgf 66 PF 

Anode to grid Cag 22 pF 
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YD1185 
YD1187 

CHARACTERISTICS measured at Va = 11 kV, Ia = 1, 5 A 

Transconductance S 40 mA/V 

1 

Amplification factor 

COOLING 

4~ 50 

To obtain optimum life, the temperature of the seals and of the envelope should, under 
normal operating conditions, be kept below 200 oC. 

To maintain these temperatures additional cooling may be necessary. 
At frequencies higher than about 4 MHz cooling of the seals becomes mandatory. 

YD1185 

See also cooling curves 

With insulating pedestal type 40648 

Anode +grid 
dissipation 

Wa + Wg
(kW) 

Altitude 

h 
(m) 

Inlet 
temperature 

ti 
(oC) 

Rate of 
flow 

gmin 
(m3/min) 

Pressure 
drop 

Pi 
(Pa ~~) 

Outlet 
temperature 

to 
(oC) 

15 0 35 15 850 92 

10 0 35 9,3 350 99 

8 0 35 7 220 104 

15 0 45 17,3 1060 98 

10 0 45 10,7 440 104 
8 0 45 8,1 270 108 

15 1500 35 18 970 93 
10 1500 35 11,2 400 100 
8 1500 35 8,4 250 104 

15 3000 25 19 950 90 

10 3000 25 11,8 390 95 
S 3000 25 8,9 250 99 

1 Pa ~ 0, 1 mm H2O 
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YD1185 
YD1187 

YD1187 

See also cooling curves 

Anode +grid 
dissipation 
Wa + Wg

Inlet 
temperature 

ti 

Rate of 
flow 

9min 

Pressure 
drop 

Pi 

Outlet 
temperature 

to 

(kW) (oC) (2/min) (kPa'~) (oC) 

20 20 10 40 51 

50 15 80 71 

15 20 7 22 54 

50 10,5 43 73 

10 20 4, 5 10 58 
50 6, 7 20 75 

Absolute max. water inlet temperature ' 

Absolute max. water pressure 

~ ACCESSORIES 

Filament connector with cable 

Filament/cathode connector with cable 

Grid connector ~ 4 MHz 

Grid connector > 4 MHz 

Insulating pedestal (YD1185 only) 

~~~ 100 kPa = 1 at. 

ti 

P 

50 °C 

600 kPa'~° (abs) 

type 40708A net mass 600 g 

type 40709A net mass 640 g 

type 40710 net mass 60 g 

type 40711 net mass 310 g 

type 40648 net mass 7,15 kg 
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YD1185 
YD1187 

MECHANICAL DATA 

YD1185 

Mounting position :vertical with anode up or down 

Net mass 

a 

September 1979 

approx. 11, 3 kg 

241 
max 

124 
mox 

22 

9f 

1 of 
92 

74 

I 
80 

1 

~--- 0101max ~ 

~ 08010,3-► 

-► 066103 •-

032 
~±0,2 

f 

027 

~-07z 

0192 max 

Dimensions in mm 

f 

f (k( 

9 

preferred direction 
of air flow 
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YD1185 
YD1187 

YD1187 

Mounting position :vertical, with anode up or down 

Net mass approx. 3, 4 kg 

slot 7x1418x) 
for boItIM6) 

~-- .0113 ~ 

~—fd130,5max—~ 

~-1b101max~ 

~fD80±0,3~ 

l~J66±0,3 
032 
±0,2 

I 
122 
max 

292max 

1  ~ ~ 
89 72 9 f8 

1 

~4 

27 
mm 

]Zfi5235.2 

Thread of water connections BSP 1/2 in 

73 
i23t 

x087±0,5~ 

f 

f(k) 

9 

With the anode up the inlet and outlet connections should be interchanged. 
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Industrial r.f. triode YD1185 
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YD1185 
YD1187 

YD1185 20 

4min. 
(m3/min) 

15 

t0 

7Z7Z433 

t; = 35 °C 
h=0 

t°

Q 

1500 -150 

pi t°
IPa) (°CI 

1000 -100 

500 

5 0 
5 10 W° + yy9 k W 15 

7Z7Z434 

50 

0 

20 

4min. 
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t; = 45 °C 
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1500 
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(Pa) 
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(°C) 

Q 
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15 1000 100 
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10 500 50 

5 0 0 

1 Pa = 0, 1 mm H2O 
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YD1185 
YD1187 

Y D118 5 
20 

4min. 
(m3/min) 

15 
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t°
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Pi t °
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1000 -100 
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YD1187 

YD1185 
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b 
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75 
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intermittent service 

15 kW 
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N 
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cooling see 10 kW continuous service 
20 25 30 

operation time (sl 
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7267463.2 

Wa +Wg =15kW~ 
intermittent service 

20 kW 

25 kW 

0 
0 5 10 15 

cooling see 15 kW continuous service 
20 25 30 

operation time (s) 
(total "ori'time) 
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YD1185 
YD1187 

YD1187 
15 7209650.2 150 - 60 t, —20°C 

Qmin. pi to 
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t0 
Ikea) (°C) 

10 100 40 
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5 50 20 
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YD1186 

INDUSTRIAL R.F. TRIODE 

Forced-air-cooled triode in metal-ceramic construction intended for use as industrial oscillator. 

QUICK REFERENCE DATA 

Oscillator output power (Wo Wfeedb~- typical 

Frequency for full ratings 
Wosc 
f 

50 kW 

max. 100 MHz 

To be read in conjunction with General Operational Recommendations Transmitting Tubes for 
Communication, Tubes for R. F. Heating. 

R.F. CLASS-C OSCILLATOR FOR INDUSTRIAL USE 

OPERATING CONDITIONS 

Frequency f 90 90 90 M H z 

Oscillator output power (Wo-Wfeedb) Wosc 33 40 50 kW 

Anode voltage Va 8,5 10 12 kV 

Anode current la 5,4 5,4 5,4 A 

Anode input power Wia 45,9 54,0 64,8 kW 

Anode dissipation Wa 11,6 12,5 13,2 kW 

Anode output power Wo 34,4 41,5 51,6 kW 

Anode efficiency na 75 77 80 

Oscillator efficiency r7osc 72 74 77 

Feedback ratio V9P/VaP 17 16 14 

Grid resistor Rg 700 900 1100 S2 ~---

Grid current, on load Ig 1,2 1,1 1,0 A 

Grid voltage, negative —Vg 840 1000 1100 V ~--

Grid dissipation Wg 360 340 320 W 

Grid resistor dissipation WRg 1000 1100 1200 W 
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YD1186 

 ~ \ 

LIMITING VALUES (Absolute maximum rating system) 

Frequency for full ratings f up to 100 MHz 

Anode voltage Va max. 14,5 kV 

Anode current la max. 7 A 

Anode input power Wia max. 72 kW 

Anode dissipation, continuous service Wa max. 15 kW 

Grid voltage —Vg max. 2 kV 

Grid current 
on load Ig max. 1,2 A 
off load Ig max. 1,6 A 

Grid dissipation Wg max. 400 W 

Grid circuit resistance Rg max. 15 kSt 

Cathode current 
mean 
peak 

Envelope temperature 

Ik 

Ikp 

Tenv 

HEATING: direct; thoriated tungsten filament, mesh construction 

Filament voltage Vf 

Filament current I f 

Peak filament staring current IfP 
Cold filament resistance Rfo 
The filament is designed to accept temporary fluctuations of +5%and —10%. 

To ensure that the cathode temperature remains constant irrespective of the operating frequency, it 
may be necessary to reduce the filament voltage at higher frequencies. When doing so it must be borne 
in mind that the filament voltage-to-current ratio measured with only the filament voltage applied 
should remain constant under all operating conditions. 

It is extremely important that the filament be properly decoupled. This should be so done that the 
resonance of the circuit formed by the filament and decoupling elements remains below the funda-
mental oscillator frequency. In grounded-grid circuits this resonance should be below the grid-cathode 
resonance. For further information please see Application Book Tubes for R.F. Heating or consult 
the manufacturer. 

max. 8 A 
max. 40 A 

max. 240 oC 

CAPACITANCES 

Anode to filament 

Grid to filament 

Anode to grid 

Caf 

Cgf 

Ca9 

7V 

175 A 

max. 1000 A 

4,2 mSt 

0,8 pF 

60 pF 

21 pF 
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Industrial r.f. triode YD1186 

CHARACTERISTICS measured at Va = 11 kV, la = 1,5 A 

Transconductance S 22 mA/V 

Amplification factor 
µ 

24 

COOLING 

To obtain optimum life, the temperature of the seals and of the envelope should, under normal 
operating conditions, be kept below 200 oC. 

To maintain these temperatures additional cooling may be necessary. At frequencies higher than about 
4 MHz cooling of the seals becomes mandatory. 

See also cooling curves. 

If used with insulating pedestal type 40648: 

Anode +grid 
dissipation 

Wa + Wg
kW 

Altitude 

h 
m 

Inlet 
temperature 

Ti 
oC 

Rate of 
flow 

gmin 
m3 /min 

Pressure 
drop 

Pi 
Pa 

Outlet 
temperature 

To
oC 

15 0 35 15 850 92 
10 0 35 9,3 350 99 
8 0 35 7 220 104 

15 0 45 17,3 1060 98 
10 0 45 10,7 440 104 
8 0 45 8,1 270 108 

15 1500 35 18 970 93 
10 1500 35 11,2 400 100 
8 1500 35 8,4 250 104 

15 3000 25 19 950 90 
10 3000 25 11,8 390 95 
8 3000 25 8,9 250 99 

1 
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YD1186 

 ~~ 

MECHANICAL DATA Dimensions in mm 

Mounting position: vertical with anode up or down 

Net mass: approx. 12 kg 

~ 0101max —~ 

~ 080±0,3i 

f(k) f 

Fig. 1. 

241 
max 

22

124 ~ 9 + ~ 

1~e 
max 

92 I 

111 
I 
80 

1 

ACCESSORIES 

Filament connector with cable 

Filament/cathode connector with cable 

Grid connector < 4 MHz 

Grid connector > 4 MHz 

Insulating pedestal 

066±0,3 t 

i  032 ~ 
~±0,2 

~ 027 

x -072 

 0192 max 

type 40708A 

type 40709A 

type 40710 

type 40711 

type 40648 

f 

f (k) 
.-~ g 

preferred direction 
of air flow 

'1265409.1 
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Industrial r.f. triode 
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YD1186 

 ~~ 

Fig. 3. 

Fig. 4. 

1 Pa ~ 0,1 mm H2O. 
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Industrial r.f. triode YD1186 

Fig. 5. 

Fig. 6. 
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YD1186 
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YD1192 

INDUSTRIAL R.F. TRIODE 

Triode in metal-ceramic construction intended for use as industrial oscillator. The YD1192 has an 
integral water cooler. 

QUICK REFERENCE DATA 

Oscillator output power (Wo —Wfeedb) 
Frequency for full ratings 

Wosc 
f 

62,7 kW 

max 100 MHz 

To be read in conjunction with "General Operational Recommendations Transmitting Tubes for 
Communication; Tubes for R.F. Heating". 

R.F. CLASS•C OSCILLATOR FOR INDUSTRIAL USE 

OPERATING CONDITIONS 

Frequency f 

Oscillator output power (Wo — Wfeedb) Wosc 
Anode voltage Va

Anode current la

Anode input power Wia 
Anode dissipation Wa

Anode output power Wo

Anode efficiency na 

Oscillator efficiency nose 
Feedback ratio Vgp/Vap

Grid resistor Rg

Grid current, on load Ig

Grid voltage, negative —Vg

Grid dissipation Wg

Grid resistor dissipation WRg

30 MHz 

62,7 kW 

8 kV 

10 A 

80 kW 

15 kW 

65 kW 

81,2 

78,4 °k 

14,6 

300 St 

2,25 A 

675 V 

750 W 

1,52 kW 
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YD1192 

LIMITING VALUES (Absolute maximum rating system) 

Frequency for full ratings f up to 100 MHz 

Anode voltage Va max 9,6 kV 

Anode current la max 12 A 

Anode input power Wia max ~ 96 kW 

Anode dissipation Wa max 40 kW 

Grid voltage —Vg max 1,5 kV 

Grid current, on load Ig max 2,5 A 

Grid current, off load Ig max 3,5 A 

Grid dissipation Wg max 1 kW 

Grid circuit resistance Rg max 10 kSZ 

Cathode current, mean Ik max 14 A 

Cathode current, peak Ikp max 70 A 

Envelope temperature tenv max 240 °C 

HEATING: direct; thoriated tungsten filament 

Filament voltage V f 8,4 V 

Filament current If 235 A 

Peak filament starting current I fp max 1500 A 

Cold filament resistance Rfo 3,9 mSt 

The filament is designed to accept temporary fluctuations of +5%and —10%. 

To ensure that the cathode temperature remains constant irrespective of the operating frequency, it 
may be necessary to reduce the filament voltage at higher frequencies. When doing so it must be borne 
in mind that the filament voltage-to-current ratio measured with only the filament voltage applied 
should remain constant under all operating conditions. 

It is extremely important that the filament be properly decoupled. This should be so done that the 
resonance of the circuit formed by the filament and decoupling elements remains below the funda-
mental oscillator frequency. In grounded-grid circuits this resonance should be below the grid-to-
cathode resonance. For further information please see Application Book "Tubes for R.F. heating" or 
contact the manufacturer. 

* When the tube has to be used at frequencies above 30 MHz the manufacturer should be consulted for 
more detailed information. 
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Industrial r.f. triode YD1192 

CAPACITANCES 

Anode to filament 

Grid to filament 

Anode to grid 

Caf 

Cgf 

Ca9 

1,3 pF 

100 pF 

45 pF 

CHARACTERISTICS measured at Va = 8 kV, la = 6 A 

Transconductance S 90 mA/V 

Amplification factor µ 35 

COOLING 

To obtain optimum life, the temperature of the seals and the envelope should, under normal operating 
conditions, be kept below 200 °C. At low frequencies the seals are sufficiently cooled when the fila-
ment connectors are water cooled by a flow of about 0,5 Q/min. At higher frequencies, however, an 
additional air flow of about 1 m3 /min must be led along the seals from a 30 mm diameter nozzle 
positioned at a distance of 200 mm from the tube header. 

See also cooling curves 

Anode+grid Inlet Rate of Pressure Outlet 
dissipation temperature flow drop temperature 
Wa + Wg ti gmin Pi to 

kW oC Q/min kPa °C 

40 20 20 40 51 
50 30 80 71 

30 20 14 21 53 
50 21 43 72 

20 20 9 10 56 
50 13,5 20 74 

Absolute maximum water inlet temperature 

Absolute maximum water pressure 

ACCESSORIES 

Filament connector with cable 

Filament/cathode connector with cable 

Grid connector f 5 4 MHz 
f>4MHz 

type40705A 

type 40706A 

type 40707 
type 40736 

ti max 50 °C 

p max 600 kPa 
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YD1192 

 ~~ 

MECHANICAL DATA 

Mounting position: Vertical with anode up or down 

Net mass: ~ 5,8 kg 

a 

7163244 

f(k) f 

-~ 

slot 7x14 (Bxl 
for bolt M6 

351 
max 

Thread of water connections BSP 1 in 

24 
~ ~ 

12 
145 } ~ 14 
max ~ 

1~7 

4 

~ 0160,5max ~ 

tti 
36 

min 

~ -- 0125 max ~ 

010510,3 

08610,3 

~ 042 
±pp 

i 
36 

+i19 

~m1a210,5i

With anode up the inlet and outlet connections should be interchanged. 

Dimensions in mm 

f (k) 

9 

)2850591 
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Industrial r.f. triode YD1192 
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YD1192 
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10 

30 yy°+Wy(kW) 40 

7 Z]3437 

t ; = 50 °C 

9 
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YD1195 
YD1197 

INDUSTRIAL R.F. TRIODE 

Triodes in metal-ceramic construction intended for use as industrial oscillators. 
The YD1195 is forced-air cooled. 
The YD1197 has an integral water cooler. 

QUICK REFERENCE DATA 

Oscillator output power (Wo-Wfeedb)~ typical YD1195 Wosc 90 kW 

YD1197 Wosc 107, 6 kW 

Frequency for full ratings f max. 30 MHz 

R.F. CLASS C OSCILLATOR FOR INDUSTRIAL USE 

OPERATING CONDITIONS YD1195/YD1197 YD1197 

Frequency f 30 30 30 30 MHz 

Oscillator output power (Wo-Wfeedb) Wosc 60, 6 74 90 107, 6 kW 

Anode voltage Va 8, 5 10 12 12 kV 

Anode current Ia 10 10 9, 75 12 A 

Anode input power Wia 85 100 117 144 kW 

Anode dissipation Wa 22, 4 24 24, 9 34 kW 

Anode output power Wo 62, 6 76 92, 1 110 kW 

Anode efficiency na 73, 6 76 78, 8 76, 4 

Oscillator efficiency Wosc 71, 2 74 77 74, 7 

Feedback ratio Vgp/Vap 12, 5 10, 9 9, 4 11 

Grid resistor Rg 210 240 260 230 S2 

Grid current, on load Ig 2, 4 2, 3 2, 3 2, 6 A 

Grid voltage, negative -Vg 500 550 600 600 V 

Grid dissipation Wg 760 730 720 840 W 

Grid resistor dissipation WRg 1, 2 1, 27 1, 3S 1, 56 kW 
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YD1195 
YD1197 

LIMTTING VALUES (Absolute max. ratings system) 

Frequency f up to 100 MHzl) 

Anode voltage Va max. 14, 4 kV 

Anode current Ia max. 15 A 

Anode input power YD1195 Wia max. 144 kW 
YD1197 Wia. max. 150 kW 

Anode dissipation, continuous service YD1195 
intermittent service YD1195 

Wa max. 
see curves 

30 kW 

Anode dissipation YD1197 Wa max. 50 kW 

Grid voltage —Vg max. 1,5 kV 

Grid current, on load Ig max. 2, 8 A 
off load Ig max. 3, 8 A 

Grid dissipation Wg max. 1 kW 

Grid circuit resistance Rg max. 10 kS~ 

Cathode current, mean Ik max. 17, 5 A 
peak Ikp max. 70 A 

Envelope temperature tenv max• 240 oC

HEATING : direct: thoriated tungsten filament, mesh construction 

Filament voltage Vf 8, 4 V 

Filament current If 235 A 

Peak filament starting current Ifp max. 1500 A 

Cold filament resistance Rfo 3, 9 mS2 

The filament is designed to accept temporary fluctuations of +5% and —10~. 

1) When the tubes are to be used at frequencies above 30 MHz the manufacturer should 
be consulted for more detailed information. 
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YD1195 
YD1197 

To ensure that the cathode temperature remains constant irrespective of the operating 

frequency it may be necessary to reduce the filament voltage at higher frequencies. 
When doing so it must be borne in mind that the filament voltage-to-current ratio 
measured with only the filament voltage applied should remain constant under all 
operating conditions. 

It is extremely important that the filament be properly decoupled. This should be so done 
that the resonance of the circuit formed by the filament and decoupling elements remains 
below the fundamental oscillator frequency. In grounded -grid circuits this resonance 
should be below the grid-cathode resonance. For further information please see Appli-
cation Book "Tubes for R.F. heating" or contact the manufacturer. 

CAPACITANCES 

Anode to filament Caf 1, 2 pF 

Grid to filament Cgf 100 pF 

Anode to grid Cag 33 pF 

CHARACTERISTICS measured at Va = 12 kV, Ia = 3 A 

Transconductance 

Amplification factor 

COOLING 

Y D119 5 

S 80 mA/V 

µ 

50 

Anode +grid 
dissipation 

Wa + Wg
kW 

Altitude 

h 
m 

Inlet 
temperature 

ti 
oC 

Rate of 
flow 

gmin 
m3/min 

Pressure 
drop 

Pi 
Pa 

Outlet 
temperature 

to 
oC 

30 0 35 34 1200 84 

25 0 35 27,2 780 87 

20 0 35 21,4 480 89 

30 0 45 38 1500 91 
25 0 45 30,4 980 93 
20 0 45 23,9 600 95 

30 1500 35 41 1380 84 
25 1500 35 32,7 900 87 
20 1500 35 25,7 550 89 

30 3000 25 43 1350 79 
25 3000 25 34,4 880 83 

20 3000 25 27 540 85 
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YD1195 
YD1197 

The above cooling conditions apply to the air flow direction as indicated in the outline 
drawing. In case of reversed flow direction a larger air volume will be required to keep 
the anode temperature below the limiting value. 

To obtain optimum life, the temperature of the seals and the envelope should, under 
normal operating conditions, be kept below 200 °C. 

YD1197 

See also cooling curves 

Anode +grid T Inlet Rate of Pressure Outlet 
dissipation temperature flow drop temperature 

Wa + Wg ti gmin Pi ti 

kW oC p /min kPa oC

50 20 26 60 49 
50 39 123 69 

40 20 20 40 51 
50 30 80 71 

30 20 14 24 53 
50 21 43 72 

20 20 9 10 56 
50 13,5 20 74 

Absolute max. water inlet temperature 

Absolute max. water pressure 

ti 

P 

max. 

max. 

50 ° C 

600 kPa(abs) 

To obtain optimum life, the temperature of the seals and the envelope should, under 
continuously loaded conditions, be kept belwo 200 °C. 

At low frequencies the seals are sufficiently cooled when the filament connectors are 
water cooled with a flow of about 0,5 2/min. At higher frequencies, however, an additional 
air flow of about 1 m3/min must be ted along the seals from a 30 mm diameter nozzle 
positioned at a distance of 200 mm from the tube header. 

ACCESSORIES 

Filament connector with cable type 40705A 

Filament/cathode connector with cable type 40706A 

Grid connector, f > 4 MHz type 40736 
f ' 4 MHz type 40707 

Insulating pedestal (YD1195 only) tYPe 40729 

"100 kPa =1 at. 
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YD1195 
YD1197 

YD1195 

MECHANICAL DATA 

Mounting position :vertical with anode up or down 

Net mass : approx. 20 kg 

f(k) f 

~- 0125 max 

~-- 0105 ± 0,3 -~ 

~-086±0,3-+ 

-s 042 f
±py 

141 
max 

106 

294 
max ~ 

100 
±1 

25 , ~ 

~  / 1 
12 + 

~ 14 

84 } / of air flow 

1 ~ ~l 

Dimensions in mm 

  f (k) 

 9 

preferred direction 

-•Ip}27 f-

~— 0101,5 max --► 

 021511  
'lZfi9fi15.1 
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YD119.5 
YD1197 

YD1197 

MECHANICAL DATA 

Mounting position :vertical with anode up or down 

Net mass : approx. 6, 5 kg 

351 max 

Thread of water 
connections BSP 1 in. 

slot 7x14(8x) 
for bolt M6 

~ 0160,6max 

~--0126max —► 

0105±0,3 ~ 

~--086±0,2~ 
i  042 ~ 

±0,2 

With the anode up the water connections should be interchanged. 

Dimensions in mm 
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Industrial r.f. triode YD1195 
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YD1195 
YD1197 

YD1195 
100 

b 
(%) 

75 
`o
y 
U 
d w 
T 

7 

50 

25 

7265309 

W° +W9 _30kW~ 
intermittent service 

40 kW 

50 kW 

0 
0 

100 

b 
°%) 

75 
0 .~ 
U 
O 

T 

J 

50 

25 

5 10 15 

cooling see 30kW continuous service 
20 25 30 

operation time (s) 
(total "on'time) 

)265308 

I I I I 
W° +W9 =25kW 

OkW 

intermittent service 

:~ 

40kW 

50 kW 

0 
0 5 10 15 

cooling see 25kW continuous service 

20 25 30 
operation time (s) 
(total 'bn" time ) 

282 September 1975 



YD1195 
YD1197 

YD1195 
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YD1195 
YD1197 

Y D1197 
7 Zfi762fi .1 
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YD1202 

 ~ ~ 

INDUSTRIAL R.F. TRIODE 

Triode in metal-ceramic construction intended for use as industrial oscillator. The YD1202 has an 
integral water cooler. 

QUICK REFERENCE DATA 

Oscillator output power (Wo -- Wfeedb~~ typical 
Frequency for full ratings 

Wosc 
f 

163 kW 
max 30 MHz 

To be read in conjunction with "General Operational Recommendations Transmitting Tubes for 
Communication, Tubes for R.F. Heating". 

R.F. CLASS-C OSCILLATOR FOR INDUSTRIAL USE 

OPERATING CONDITIONS 

Frequency f 30 30 MHz 
Oscillator output power (Wo — Wfeedb) Wosc 120 163 kW 

Anode voltage Va 10 12 kV 
Anode current la 16 18 A 
Anode input power Wia 160 216 kW 

Anode dissipation Wa 36 47 kW 

Anode output power Wo 124 169 kW 

Anode efficiency Ala 77,5 78 °% 

Oscillator efficiency ~7osc 75 75,4 °6 

Feedback ratio Vgp/Vap 11,5 12,5 °% 

Grid resistor Rg 200 225 S2 

Grid current, on load Ig 3,5 4 A 

Grid voltage, negative —Vg 700 900 V 

Grid dissipation Wg 1,5 2 kW 

Grid resistor dissipation WRg 2,45 3,6 kW 
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YD1202 

LIMITING VALUES (Absolute maximum rating system) 

Frequency f up to 100 MHz* 

Anode voltage Va max 15 kV 

Anode current la max 19 A 

Anode input power Wia max 220 kW 

Anode dissipation Wa max 80 kW 

Grid voltage —Vg max 2 kV 

Grid current, on load Ig max 5 A 

Grid current, off load Ig max 7 A 

Grid dissipation Wg max 2,5 kW 

Grid circuit resistance Rg max 10 kSt 

Cathode current, mean Ik max 24 A 

-~ Cathode current, peak Ikp max 110 A 

Envelope temperature Tenv max 240 °C 

HEATING: direct; thoriated tungsten filament 

Filament voltage Vf 12,2 V 

Filament current I f 250 A 

Peak filament starting current I fp max 1500 A 

Cold filament resistance Rfo 5,3 mSZ 

The filament is designed to accept temporary fluctuations of +5°b and —10%, 

To ensure that the cathode temperature remains constant irrespective of the operating frequency, it 
may be necessary to reduce the filament voltage at higher frequencies. When doing so it must be borne 
in mind that the filament voltage-to-current ratio measured with only the filament voltage applied 
should remain constant under all operating conditions. 

It is extremely important that the filament be properly decoupled. This should be so done that the 
resonance of the circuit formed by the filament and decoupling elements remains below the 
fundamental oscillator frequency. In grounded-grid circuits this resonance should be below the grid-
cathode resonance. For further information please see Application Book "Tubes for R.F. heating" 
or contact the manufacturer. 

* When the tubes are to be used at frequencies above 30 N~Hz the manufacturer should be consulted 
for more detailed information. 
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Industrial r.f. triode YD1202 

i 
~~ 

~~ 

CAPACITANCES 

Anode to filament 

Grid to filament 

Anode to grid 

Caf 2,4 pF 

Cgf 160 pF 

Cag 57 p F 

CHARACTERISTICS measured at Va = 10 kV, la = 8 A ~ 
Transconductance S 140 mA/V 

Amplification factor µ 36 

COOLING 

To obtain optimum life, the temperature of the seals and the envelope should, under continuously 
loaded conditions, be kept below 200 °C. 

At frequencies up to about 4 ~AHz the seals are sufficiently cooled if the filament connectors are 
water-cooled by a flow of about 0,5 Q/min. 
At higher frequencies however, an additional airflow of about 4 m3 /min must be led along the seals 
from a 50 mm diameter nozzle positioned at a distance of 250 mm from the tube header. 

See also cooling curves 

anode +grid 
dissipation 

Wa + Wg 
kW 

inlet 
temperature 

Ti 
oC 

rate of 
flow 

gmin 
A/min 

pressure 
drop 

Pi 
kPa 

outlet 
temperature 

To 
oC 

100 20 52 55 49 
50 78 105 69 

80 20 39 32 51 

50 60 65 70 

60 20 29 19 52 
50 42 32 72 

40 20 18 8 54 
50 27 15 73 

Absolute maximum water inlet temperature 

Absolute maximum water pressure 

ACCESSORIES 

Filament connector with cable 

Filament/cathode connector with cable 
Grid connector f > 4 MHz 

f 54 MHz 

Ti max 50 °C 

p max 600 kPa 

type40695A 

type 40696A 

type 40737 
type 40694 
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YD1202 

MECHANICAL DATA 

Mounting position: vertical, anode up or down 

Net mass: approx. 11,5 kg 

7263744 

f(k) f 

Thread of water connections 1'/< in. 

slot 9x18 16x1 
for bolt M8 

l~ 70~ 

 770 

0191max 

Dimensions in mm 

~— 0146 max —+ 

~0112t0,3 —► 

ID96t 0,3-► 

054 f
±p2 

460 
max 

175 
max 

25 

137 

15 

14~ 

~  ~   J 
+ 1 
6 

~~ H140 max --! 

i ~i5 ~ 
L5 
min ~   

f  + 46 ~~ 32 If 

~ 0133±1—► 

With the anode up the water inlet and outlet connections should be interchanged. 

f 

flkl 

9 

a 
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Industrial r.f. triode YD1202 
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YD1202 
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YD1212 

INDUSTRIAL R.F TRIODE 

Triode in metal-ceramic construction intended for use as industrial oscillator. The YD1212 has an 
integral water cooler. 

QUICK REFERENCE DATA 

Oscillator output power (Wo - Wfeedb~~ typical 

Frequency for full ratings 
Wosc 240 kW 

f max. 30 MHz 

To be read in conjunction with "General Operational Recommendations Transmitting Tubes for 
Communication, Tubes for R.F. Heating". 

R.F. CLASS-C OSCILLATOR FOR INDUSTRIAL USE 

OPERATING CONDITIONS 

Frequency f 30 MHz 

Oscillator output power (Wo - Wfeedb) Wosc 240 kW 

Anode voltage Va 14 kV 

Anode current la 23,5 A 

Anode input power Wia 329 kW 

Anode dissipation Wa 81,5 kW 

Anode output power Wo 247,5 kW 

Anode efficiency ~7a 75,2 

Oscillator efficiency Wosc 73 °~ 

Feedback ratio Vgp/Vap 10,4 

Grid resistor Rg 135 St 

Grid current, on load Ig 6 A 

Grid voltage, negative Vg —810 V 

Grid dissipation Wg 2,6 kW 

Grid resistor dissipation WRg 4,86 kW 
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YD1212 

LIMITING VALUES (Absolute maximum rating system) 

Frequency f up to 100 MHz* 

Anode voltage Va max. 16,8 kV 

Anode current l a max. 25 A 

Anode input power Wia max. 375 kW 

Anode dissipation Wa max. 120 kW 

Grid voltage —Vg max. 2 kV 

Grid current 
on load Ig max. 7 A 
off load Ig max. 8,5 A 

Grid dissipation Wg max. 3 kW 

Grid circuit resistance Rg max. 10 kSt 

Cathode current 
mean 
peak 

Envelope temperature 

Ik 
IkP 
tenv 

max. 31 A 
max. 175 A 

max. 240 °C 

HEATING: direct; filament thoriated tungsten 

Filament voltage Vf 12,6 V 

Filament current If 380 A 

Peak filament starting current Ifp max. 2000 A 

Cold filament resistance Rfo 3,6 mS2 

The filament is designed to accept temporary fluctuations of + 5% and —10%. 

To ensure that the cathode temperature remains constant irrespective of the operating frequency, it may 
be necessary to reduce the filament voltage at higher frequencies. When doing so it must be borne in 
mind that the filament voltage-to-current ratio measured with only the filament voltage applied should 
remain constant under all operating conditions. 

It is extremely important that the filament be properly decoupled. This should be so done that the 
resonance of the circuit formed by the filament and decoupling elements remains below the fundamental 
oscillator frequency. In grounded-grid circuits this resonance should be below the grid-cathode resonance. 
For further information please see Application Book "Tubes for R.F. heating" or contact the manufac-
turer. 

CAPACITANCES 

Anode to filament Caf 3 pF 

Grid to filament Cgf 185 pF 

Anode to grid Cag 60 pF 

* When the tubes are to be used at frequencies above 30 MHz the manufacturer should be consulted for 
more detailed information. 
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Industrial r.f. triode YD1212 

CHARACTERISTICS measured at Va = 14 kV, la = 10 A 

Transconductance 

Amplification factor 

S 

µ 

190 mA/V 

40 

COOLING 

To obtain optimum life, the seal/envelope temperature under normal operating conditions should be 
kept below 200 oC. 

At low frequencies the seals are sufficiently cooled if the filament connectors are water-cooled by a 
flow of about 0,5 Q/min. At higher frequencies, however, an additional air flow of about 4 m'/min 
must be led along the seals from a 50 mm diameter nozzle positioned at a distance of 250 mm from the 
tube header. 

See also cooling curves 

anode +grid inlet rate of pressure outlet 
dissipation temperature flow drop temperature 

Wa + Wg Ti gmin Pi To 
kW oC R/min kPa oC 

120 20 60 70 50 
50 90 130 70 

80 20 34 30 56 
50 54 55 72 

40 20 15 7 63 
50 24 13 77 

Absolute max. water inlet temperature 

Absolute max. water pressure 

ACCESSORIES 

Filament connector with cable 

Filament/cathode connector with cable 

Grid connector 
f ~4 MHz 
f>4 MHz 

type 40695A 

type 40696A 

type 40694 
type 40737 

Ti 50 oC 

p 600 kPalabs) 
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YD1212 

MECHANICAL DATA 

Mounting position: vertical with anode up or down 

Net mass: approx. 15,6 kg 

f(kl f 

slot 9x18 16x1 
for bolt MB 

Dimensions in mm 

• 0191 max 

0146 max ---i 

~— 0112±Q3 

096± 0.3 

054 f 
±Q2 ~ 

} 

460 
max 

} 

15 ~~ 

175 
maz 

~ 137 
~ 113 

1

25 

1

14 

6 

f 

f (k) 

9 

 .—a 

45 
min 

I 
-+ 46 yi 32 

~ 

0143±1—~ 

Thread of water connections BSP 1'/a in. 

With anode up the water inlet and outlet connections should be interchanged. 

izeso~z~ 
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Industrial r.f. triode YD1212 
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YD1240 
YD1244 

AIR-COOLED R.F. INDUSTRIAL TRIODES 

Air-cooled triodes of metal-ceramic construction with integral cooler intended for use as industrial 
oscillators. 

QUICK REFERENCE DATA 

Oscillator output power (Wo Wfeedbj• typical Wosc 2,67 kW 

Frequency for full ratings f max. 250 MHz 

To be read in conjunction with "General Recommendations Transmitting tubes, Tubes for R.F. heating". 

R.F. CLASS-C OSCILLATOR FOR INDUSTRIAL USE 

OPERATING CONDITIONS 

Frequency f 160 27,12 MHz 

Filament voltage V f 6,0 6,3 V 

Oscillator output power (Wo-Wfeedb) Wosc 2,22 2,67 kW 

Anode voltage Va 4,5 5,0 kV 

Anode current la 700 750 mA 

Anode input power Wia 3,15 3,75 kW 

Anode dissipation Wa 0,75 0,83 kW 

Anode output power Wo 2,4 2,9 kW 

Anode efficiency ~a 76 78 % 

Oscillator efficiency "iosc 71 71 

Feedback ratio Vgp/Vap 17 17 

Grid resistor Rg 2,2 2,2 kSZ 

Grid current, on load Ig 225 235 mA 

Grid voltage, negative —Vg 495 517 V 

Grid dissipation Wg 70 80 W 

Grid resistor dissipation WRg 111 121 W 
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YD1240 
YD1244 

 ~~ 

LIMITING VALUES (Absolute maximum rating system) 

Frequency for full ratings f up to 250 MHz 

Anode voltage Va max. 5,5 kV 

Anode current la max. 1,1 A 

Anode input power Wia max. 6,0 kW 

Anode dissipation Wa max. 1,5 kW 

Grid voltage —Vg max. 1,0 kV 

Grid current 
on load Ig max. 280 mA 

off load Ig max. 400 mA 

Grid dissipation Wg max. 150 W 

Grid circuit resistance Rg max. 20 kS2 

Cathode current 
mean Ik max. 1,4 A 

peak Ikp max. 8 A 

Envelope temperature tenv max. 240 °C 

HEATING: direct; filament thoriated tungsten 

Filament voltage 
f 5 120 MHz Vf 6,3 V 

f > 120 MHz Vf 6,0 V 

Filament current at V f = 6,3 V If 33 A 

The filament is designed to accept temporary fluctuations of + 5%and —10%. 

It is extremely important that the filament be properly decoupled. This should be so done that the 
resonance of the circuit formed by the filament and decoupling elements remains below the fundamental 
oscillator frequency. In grounded-grid circuits this resonance should be below the grid-cathode 
resonance. For further information please see Application Book "Tubes for R.F. heating" or contact 
the manufacturer. 

CAPACITANCES 

Anode to filament 

Grid to filament 

Anode to grid 

Caf 

Cgf 

Ca9 

0,4 pF 

17 pF 

14 pF 

CHARACTERISTICS measured at Va = 2,0 kV, la = 0,5 A 

Transconductance S 10 mA/V 

Amplification factor µ 20 

COOLING 

See cooling curves. 

A low velocity air flow directed to the seals may be required. 

To obtain optimum life, the temperature of the seals and of the envelope should, under normal 
operating conditions, be kept below 200 °C. 

To maintain these temperatures additional cooling may be necessary. At frequencies higher than about 
4 MHz cooling of the seals becomes mandatory. 
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Air-cooled r.f, industrial triodes 

ACCESSORIES 

Filament connector 

Filament/cathode connector 

Grid connector 
f <30 MHz 
f>30 MHz 

MECHANICAL DATA 

YD1240 

Mounting position: vertical with anode up or down 

Net mass: approx. 1,13 kg 

f(k) f 

type 40688 

type 40689 

type 40686 
type 40687 

YD1240 
YD1244 

Dimensions in mm 

~— R162 max --► 

fR148±0,3~ 

036±0,3 ~-
4114,4 

~ +0,2~ 

1 31 +10,2 min 

+ 13,6±0,8~ 

173 
max 

t 

102 
81 

±2,6 

f 1 

66±1,5 

f 

f (k) 

9 

•—a 

]Z85039 
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YD1244 

 ~~ 

YD7244 

Mounting position: vertical with anode up or down 

Net mass: approx. 1,2 kg 

f(k) f 

' 31 
+10,2 min 

±2 
+ 13,6±0,8 

m7ax 105 

3,25 

1 

f - 062 max-- ► 

f048±0,3i 

-►~ 036±0,3 ~-
014,4 

i +0'2~-

~ 66±1,5 —+ 

88 

10811,5 

Dimensions in mm 

f 

f (k) 

9 

102 
81 

± 2,5 

~zesoao 
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Air-cooled r.f. industrial triodes 
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YD1342 

INDUSTRIAL R.F. TRIODE 

Triode in metal-ceramic construction intended for use as industrial oscillator. The YD1342 has an 
integral water cooler. 

QUICK REFERENCE DATA 

Oscillator output power (Wo — W•feedb) 
Frequency for full ratings 

Wosc 
f. 

530 kW 

max. 30 MHz 

To be read in conjunction with "General Recommendations Transmitting Tubes for Communication, 
Tubes for R.F. Heating". 

R.F. CLASS-C OSCILLATOR FOR INDUSTRIAL USE 

OPERATING CONDITIONS 

Frequency f 30 30 30 MHz 

Oscillator output power (Wo — Wfeedb) Wosc 530 530 530 kW 

Anode voltage Va 16 17 18 kV 

Anode current la 43,5 40,4 38 A 

Anode input power Wia 696 686 683 kW 

Anode dissipation Wa 156 149 147 kW 

Anode output power Wo 540 538 536 kW 

Anode efficiency ~a 77,6 78,3 78,5 

Oscillator efficiency nosc 76,1 77 77,4 

Feedback ratio Vgp/Vap 9,3 8,4 7,6 

Grid resistor Rg 97 111 123 SZ 

Grid current, on load Ig 7,7 7 6,5 A 

Grid voltage, negative —Vg 750 775 800 V 

Grid dissipation Wg 3,8 3,2 2,7 kW 

Grid resistor dissipation WRg 5,8 5,2 4,9 kW 
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LIMITING VALUES 

(Absolute maximum rating system) 

Frequency for full ratings f up to 30 MHz 

Anode voltage Va max. 19,5 kV 

Anode current la max. 45 A 

Anode input power Wia max. 750 kW 

Anode dissipation Wa max. 240 kW 

Grid voltage —Vg max. 2,5 kV 

Grid current, on load Ig max. 9 A 

Grid current, off load Ig max. 11 A 

Grid dissipation Wg max. 6 kW 

Grid circuit resistance Rg max. 10 kSt 

Cathode current, mean Ik max. 55 A 

Cathode current, peak Ikp max. 250 A 

Envelope temperature Tenv max. 240 oC 

HEATING; direct; thoriated tungsten filament, mesh construction 

Filamentvoltage Vf 14 V 

Filament current If 555 A 

Peak filament starting current Ifp max.3500 A 

Cold filament resistance Rfo 2,6 mS2 

The filament is designed to accept temporary fluctuations of + 5%and — 10%. 

It is extremely important that the filament be properly decoupled. This should be so done that the 
resonance of the circuit formed by the filament and decoupling elements remains below the funda-
mental oscillator frequency. In grounde•grid circuits this resonance should be below the grid-cathode 
resonance. For further information please see Application Book 'Tubes for R.F. heating"or contact 
the manufacturer. 

CAPACITANCES 

Anode to filament Caf 4,5 pF 

Grid to filament Cgf 250 pF 

Anode to grid Cag 70 pF 

CHARACTERISTICS 

Measured at Va = 16 kV, la = 18 A 

Transconductance S 230mA/V 

Amplification factor µ 35 
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Industrial r.f. triode YD1342 

COOLING 

To obtain optimum life, the temperature of the seals and of the envelope should, under normal 
operating conditions, be kept below 200 oC. 

At low frequencies the seals are sufficiently cooled if the filament connectors are water-cooled by a 
flow of about 1 I/min. At high frequencies, however, an additional air flow of about 6 m3/min must be 
led along the seals from a 60 mm diameter nozzle positioned at a distance of 300 mm from the tube 
header. 

anode+grid inlet rate of pressure outlet 
dissipation temperature flow drop temperature 
Wa + Wg Ti gmin Pi To 

kW oC I/min kPa oC 

240 20 120 100 50 
50 180 180 70 

200 20 95 65 52 
50 144 120 71 

160 20 72 42 54 
50 110 75 72 

Absolute max. water inlet temperature 
Absolute max. water pressure 

ACCESSORIES 

Filament connector with cable 

F ilament/cathode connector with cable 
Grid connector 

f~4MHz 
f>4MHz 

Ti 

P 

max. 50 oC 
max. 600 kPa 

type40695A 

type 40696A 

type 40694 
type 40737 
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MECHANICAL DATA 

Mounting position vertical with anode up or down 

Net mass approx. 30 kg 

625 
max 

slot 9x1818x1 
for bok M8 

~94~ 

200 

Dimensions in mm 

0231max-

f 0146max 

0112±0,3+1 

096±0,3 ~-
054 -r +02~ 

I 

r 0175 max 

56 
min 

The handles should be removed before switching on the tube. 

When using the tube in the anode up position the input and output water connections should be 
reversed. 

45°

1 

f 

f Ikl 
9 

~ ~ 

56 t~ 
36 ~ 

X0163±0,5—+ vxesoen 
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K713 

WATER JACKET 

—► 20 ~ ~zsosis 

Net mass 0,52 kg 

Absolute maximum water pressure 6 x 105 Pa 
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K717 

 ~ ~ 

WATER JACKET 

exs~ 

Net mass 2,6 kg 

Absolute max. water pressure 6 x 105 Pa 
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K720 

WATER JACKET 

1206891 

78,5 

Net mass 2,2 kg 

Absolute max. water pressure 6 x 105 Pa 
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K722 

WATER JACKET 

Net mass 2,7 kg 

Absolute max. water pressure 6 x 105 Pa 
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K723 

WATER JACKET 

j 

0 
N 

X 

E 
(O 
M 

~~ 
pf■~~Il~~iq 

o~ 
uunmi nunuii ~~ 
~ ~~ 

BSP1 ~2" 

7°±q5 
ZD 

Net mass 30,5 kg 

Absolute max. water pressure 6 x 105 Pa 
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ventilation screw 
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K726 

~ ~ 

WATER JACKET 

I 

~ 54±o,s 

l I I I III I IIII~I~N~IIHIIIIII 

IN 

Net mass 

Absolute max. water pressure 6 x 105 Pa 

OUT 

1ia~~~ 
11,6 ±o,z 

~zoexee 
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K729 

VAPOUR JACKET 

M10 threadhole for width across flat 54 mm 
mounting the cooler 

Net mass 22 kg 

316 October 1979 

water input 

interchangeable 
"white metal" pin 
(protection against 
electrolysis) 



40622 

GRID CONNECTOR 

for 70 mm dia. terminals 

Material: Brass, silver plated 
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40624 

 ~ ~ 

ANODE CONNECTOR 

for 9 mm dia. terminals 

Material: brass, nickel plated 
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40626 

ANODE CONNECTOR 

for 9,5 mm dia. terminals 

Material: brass, nickel plated 
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40630 

INSULATING PEDESTAL 

Material: ceramic 

Net mass: 2,1 kg 

MS 
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40634 

~ ~ 

FILAMENT CONNECTOR 

for 9,1 mm dia. terminals 

Material: brass, nickel plated 
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40648 

INSULATING PEDESTAL 

Material: ceramic 

Net mass: 7,15 kg 

I~-
218 
1946

r- — ~ la~ 

N 

174 
242'" 
262e

I 

8x76
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40649 

 ~ ~ 

FILAMENT CONNECTOR 

for 10,5 mm dia. terminals 

~muuummr. r= 
~~~~~ 

28 

N 

O 
M 

)Z069]1 

12 

Material: brass, nickel plated 
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40650 

 ~~ 

GRID CONNECTOR 

for 70 mm dia. terminals 

0 

Material: brass, nickel plated 

324 October 1979 



40654 

 ~~ 

INSULATING PEDESTAL 

7 
Material: ceramic 18X) 

Net mass: 4,25 kg 

X146 
134 

0204 

0 220 

148 
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FILAMENT CONNECTOR WITH CABLE 

-~ 58 

16 

A-B 

~ r 
1,5 

Q~ 

260 
±5 

'!20695 (..1 

~g,5f 

—► 20 ~f-

Material: cable —braided copper 

connector —brass, nickel plated 
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40663 

 ~ ~ 

GRID CONNECTOR 

for 114 mm dia. terminals 

r+ (. 
~ 166.5  ~ I~ o 

190  ~~ V̀~ 
~~ 

Material: brass, silver plated. 
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GRID CONNECTOR 

for 96 mm dia. terminals 

- ~ - ~ ~ i 

4~ 163 ~ ~ `~' ~ ~~ 

Material: brass, silver plated 

Net mass: ~ 415 g 
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40665 

 ~ ~ 

ANODE CONNECTOR 

for 9,5 mm dia. terminals 

58 

Material: brass, nickel plated 

Net mass: 100 g 

7206957 ~ 
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40666 

CHIMNEY 

]Z 69109 

Material: glass 

Net mass: x 200 g 
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40667 

 ~ ~ 

FILAMENT CONNECTOR WITH CABLE 

55 _~ 400 

Material: cable —braided copper 
connector —brass, nickel plated 

50 
x23.5 11~

9mm thick 

f 

m 
N 

rzmui 

I October 1979 331 



40686 

Material: brass, silver plated 

332 October 1979 

GRID CONNECTOR 

for 48 mm dia. terminals 

53 

20 '~ 

a 

6.5 ~-► 

E~ ~ ' 

M6 

N 
(~O 

m 

 ~~ 
)206990 



40687 

~~ 

GRID CONNECTOR 

130 

R 

r `~~' -~~~ 6,0 (3x1 
R 6,0 

Material: brass 

--- 5 3,0 

130 izsosn 
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40688 

FILAMENT CONNECTOR 

for 14,4 mm dia. terminals 

Material: brass, nickel plated 

34 

___ 1 
i ( 1 ~ 

~, 20  ,J 
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40689 

FILAMENT CONNECTOR 

for 36 mm dia. terminals 

40 

C  
_ r 

—( 
_~ ~ 20 

6.5 

~M6 
1 ~ 1 

Material: brass, nickel plated 

~I

M 
►~ 

—i! 
izoesez 
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40690 

GRID CONNECTOR 

for 66 mm dia. terminals 

Material: brass, nickel plated 

Net mass: 55 g 

6,5 ~ 

~~zosse42 N 
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40691 

GRID CONNECTOR 

for 66 mm dia. terminals 

~s.t
~ I J 

Material: brass, silver plated 
Net mass: 240 g 
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40692A 

FILAMENT CONNECTOR 

for 25 mm dia. terminals 

— 6 

264'_5 

Net mass: = 450 g 
Material: cable — braided copper 

connector — brass, nickel plated 

socket-head 
screw 

)Z68990 
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40693A 

~ ~ 

FILAMENT CONNECTOR 

for 50 mm dia. terminals 

6 

Net mass: ~ 480 g 
Material: cable —braided copper 

connector —brass, nickel plated 

~~~ 

I
socket-head screw 

~-%~I~ +3 
)Z6B)9~ 
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40694 

GRID CONNECTOR 

for 112 mm dia. terminals 

g~5 f 

Material: brass, nickel plated 
Net mass: 270 g 
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40695A 

~ ~ 

WATER-COOLED FILAMENT CONNECTOR 

for 54 mm dia. terminals 

Net mass: ~ 1380 g 
Material: cable —braided copper 

connector —brass, nickel plated 

socket-head 
screw 

6 

'/Z6B)94 
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40696A 

/ ~ 

WATER-COOLED FILAMENT CONNECTOR 

for 96 mm dia. terminals 

Net mass: ~ 1550 g 
Material: cable — braided copper 

connector — brass, nickel plated 

6,3 

f 

35835 

•-- 44 --► 

~-► 26 

~ ~ 
8 
22 

f 

socket-head 
screw 

6 

~zse~ss 
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40705A 

FILAMENT CONNECTOR 

for 42 mm dia. terminals 

Net mass: ~ 700 g 
Material: cable —braided copper 

connector —brass, nickel plated 

seo±s 

socket-head 
strew 

1 October 1979 343 



40706A 

 ~ ~ 

FILAMENT CONNECTOR 

for 86 mm dia. terminals 

Net mass: ~ 830 g 
Material: cable —braided copper 

connector —brass, nickel plated 

~~ socket-head screw 

344 October 1979 



40707 

GRID CONNECTOR 

for 105 mm dia. terminals 

Material: brass, nickel plated 
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40708A 

FILAMENT CONNECTOR 

for 32 mm dia. terminals 

y l 18 ~~ 

— 6,3 — 
} 

26415 

Net mass: ~ 600 g 
Material: cable — braided copper 

connector — brass, nickel plated 

socket-head 
screw 

i 
3 

Heaves 
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40709A 

FILAMENT CONNECTOR 

for 66 mm dia. terminals 

-►~ 18 ~ 

socket-head screw 

3 

'!268'!89 

Net mass: ~ 640 g 
Material: cable — braided copper 

connector — brass, nickel plated 
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40710 

 / ~ 

GRID CONNECTOR 

for 80 mm dia. terminals 

Material: brass, nickel plated 
Net mass: 60 g 
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40711 

J ~ 

GRID CONNECTOR 
for 80 mm dia. terminals 

 J 

Material: brass, silver plated 

Net mass: 310 g 
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40729 

 ~ ~ 

INSULATING PEDESTAL 

M51bx1 for 
a connection 

contact 
springs 

ceramic 
insulator 

Net mass: approx. 8,2 kg 

~ 226 

r' 

L 

a irduct m 200 
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40736 

~~ 

GRID CONNECTOR 
for 105 mm dia. terminals 

I 

~ ~ J 

Material: brass, silver plated 

Net mass: 450 g 

October 1979 351 



40737 

GRID CONNECTOR 
for 112 mm dia. terminals 

~ ~ J 

12xm6.3 

Material: brass, silver plated 

Net mass: 525 g 
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INDEX OF TYPE NUMBERS 

type page type page type page 

TB2.5/300 25 YD1197 275 40706A 344 
T62.5/400 33 YD1202 285 40707 345 
T63/750 45 YD1212 291 40708A 346 
TB4/1250 55 Y D1240 297 40709A 347 
T64/1500 67 Y D1244 297 40710 348 

TB5/2500 75 Y D1342 303 40711 349 
TBH7/8000 83 K713 310 40729 350 
TBL2/300 89 K717 311 40736 351 
TBL2/400 95 K720 312 40737 352 
TBL6/14 101 K722 313 

TBL6/4000 107 K723 314 
TBL6/6000 115 K726 315 
TBL7/8000 119 K729 316 See also Data Handbooks T2a and 

TBL12/25 123 40622 317 T2b. 

TBL12/38 129 40624 318 

TBW6/14 137 40626 319 
TBW6/6000 141 40630 320 
TBW7/8000 155 40634 321 
TBW12/25 163 40648 322 
TBW12/38 169 40649 323 

Y D1010 175 40650 324 
Y D1012 175 40654 325 
Y D1150 185 40662 326 
Y D1152 185 40663 327 
Y D1160 193 40664 328 

Y D1161 193 40665 329 
Y D1162 193 40666 330 
Y D1170 203 40667 331 
Y D1172 203 40686 332 
Y D1173 213 40687 333 

Y D1174 221 40688 334 
Y D1175 227 40689 335 
Y D1177 227 40690 336 
Y D1180 237 40691 337 
Y D1182 237 40692A 338 

Y D1185 249 40693A 339 
Y D1186 261 40694 340 
YD1187 249 40695 341 
Y D1192 269 40696A 342 
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