Chapter 4

Commonly Used Valves
Glass triodes
Glass tetrodes and pentodes
High gain ceramic triodes
Russian ceramic triodes

Ceramic tetrodes
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COMMONLY USED VALVES

Glass triodes

1 811 used in the Collins 30L1, Linear Amp Ranger and the Ameritron 811

2 572Bused in the Yaesu FL2100, FL2100B and FL2100Z, Heathkit SB200, KW1000 and LA UK Pioneer
3 3-500Z/ZG used in the Kenwood TL922, Heathkit SB220, Linear AMP UK Explorer and Hunter 750

Glass Tetrodes and Pentodes
4  4-400 used in homemade amplifiers and marine transmitters
5 813 Pentode used in the KW500 and many home brew HF amplifiers.

High Gain Ceramic Triodes by Eimac

6 Introduction - Eimac 3CX series

7  3CX400A7/8874 used in older Alpha amplifiers, and some 2/6m amplifiers

8 3CX800A7 used in many 1500w HF amplifiers using a pair, or a single valve at VHF

9 3CX1200A7 only used in the Ameritron AL1200

10 3CX1500A7/8877 used in the Linear Amp UK Challenger, Ameritron AL 1500 and the Alpha 9500

Russian Ceramic Triodes

11 Introduction - Russian Triodes

12 GI7b/Gl46 300- 400 watt valve used up to 1296 MHz in home made amplifiers

13 GS31 used in the Linear Amp UK 1 KW 2m, 4m, and 6m and 70cm models.

14 GS35b used in the Linear Amp UK HF Challenger and 2m and 6m 1500 watt amplifiers.

Ceramic Tetrodes

15 Return of the tetrode

16 4CX250B 4CX350 used in many early VHF and UHF amplifiers to give 300 — 400 watts output.
17 A4CX800 or GU74 used in the Acom 1000 and 2000.

18 A4CX1000A used in the Collins 3051 and a pair in the latest Alpha 8410.

19 GS23b used in the latest OM-1500 watt tetrode amplifier
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The 811, Glass Triode

The 811 has been one of the popular valves used in Ham radio since the 1960s. The first amplifier to use
the 811 was the Collins 30L1 to go along with the rest of the Collins S line. A group of 4 x 811 will give
around 800 watts output. The gain is around 10 dB so you will get almost 10 x your drive power. 4 x 811
are a very stable design and easy to match the input and output. Originally made by GE and now only made
in China and for a short time in Russia.

Amplifiers to use the 811

Collins 30L1
Ameritron 811
Linear Amp UK Ranger 811

Specification HT voltage range 1600 to 1800 volts

Plate Dissipation

65 watts

Heater voltage 6 .3 volts @ 4 amps volts
Gain 9-10dB
Base 4 pin ceramic

Grid Bias / cathode
Standing current

- 3 volts
25 mA per valve

Drive 25 watts per valve
Cooling Low power axial fan
Max Freq 30 MHz

Typical output 200 watts

Cost £25 USAS35

Pin connections

Top cap Anode

Pins1and 4 Heater

Pin 3 Grid

Pin 2 N/C
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The 572b Glass Triode

The 572b Triode has been one of the most popular valves since the late 1960s. It was used in the Heathkit
SB200, the Yaesu FL2100, FL21008B and FL2100Z models and also the British built KW1000. The valve can
be fitted into amplifiers using the 811 i.e. the Collins 30L1 or the Linear Amp Ranger 811 as a more robust
alternative having larger anode dissipation.

You will not get any more power output using the same HT but the valve will run cooler as it has a larger
carbon anode. Originally made by Cetron but now made in China and badged under many different labels
including Golden Dragon and Taylor. Also made in Russia and badged under the name of Svetlana.

Normally used in a pair to deliver around 700 watts with a drive of 100 watts. All designs use the valve in
grounded grid driving the cathode.
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Specifications

DC Plate Voltage
Plate Dissipation
Bias on Grid

Heater voltage
Zero signal current
Single Plate current
Drive power

Single Tone useful O/P
Base

Max freq

Cooling

Cost

Top cap
Pins 1and 4
Pin 3

Pin 2

2400 DC
160 watts
-2

6.3 volts @ 4 amps, 25 watts

45 mA

250 mA

up to 50 watts per valve
300 watts

4 pin Ceramic

30 MHz

low power axial fan

UK £45 USA $60

Anode
Heater
Grid
N/C

Bottom view showing 4 x 572b or 4 x 811 bases
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The 3-500 Z and 3-500ZG Glass Triode

The 3-500Z has been the powerhouse of many of the early 1kW amplifiers to give the USA legal limit of 1000
watts, now increased to 1.5kW. The classics have been the Heathkit SB220, Drake L4, L7, plus the single
valve version the Drake L75, the Kenwood TL922 and the first Linear Amplifier UK, Explorer 1000. With most
transceivers having a power output of 100 watts, a pair of 3-500 will comfortably deliver well over 1000W
RMS output. All 3-500Z amplifiers use a grounded grid and drive the cathodes.

Articles have been written about the 3-500Z and its related amplifiers. In practice | have found the 3-500Z
stable and long lasting, if not over driven. Each valve heater runs at 5 volts at 15 amps, though the cold
switch-on current can be many times this, it is a good idea to fit step-start on switch on. This limits the
inrush current of the valve. Cooling to the valve pins is also very important. | have known many valves
desolder themselves inside their own pins due to overheat. This is due to the heater itself taking 75 watts
plus the heat from the anode making the temperature very high unless adequately cooled. With an input
power of around 2000 watts into the two valves, it is worth having the step-start as part of the HT circuit
which helps limit the input switch-on current.

The 3-500Z was a classic Eimac tube made for many years until Eimac decided to stop production of all
glass tubes. The 5 pin base has 2 pins for the heater and the other 3 pins strapped together for the grid.
The tetrode equivalent, the 4-400 and 4-250 will also work in the same valve base. The heater pins and
voltage are the same as the 3-500Z. Having 2 grids rather than one they both get grounded and work as a
triode.

A pair of 4-400 will give around 800 watt compared with over 1kW from a pair of 3-500Z working with the
same HT voltage. Of course the 4-400 is really designed to be grid driven and a very low drive of 20 watts
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or less would drive a pair to over 1kW output in a passive grid circuit. The 4-400 was used in many ship
fransmitters and commercial long distance communications.

Eimac ceased production of all glass valves, this caused quite a vacuum in the supply of the 3-500Z. To my
knowledge the Russians have never made the 3-5007. | started to use the Amperex 3-500ZG made in France.
While | was producing the Explorer 1200, | was experiencing a real production problem with the Amperex
valve. The reliability was poor and | got many changed FOC! | stopped buying them and this was before
the Chinese ones came available. For this one reason | stopped production of my very popular Explorer 1200
amplifier.

Later the Chinese 3-500ZG came available and now | think it is the only one made in the world. There are
still many thousands of 3-500Z amplifiers working every day by radio amateurs. Like other valves they come
badged with different labels including Taylor and other brands, but all are made in China.

The Chinese valves when | first started using them were not that reliable. Now the quality and reliability is
much improved and | would recommend them. The 500 watt dissipation is much more conservative now
from a pair running 1000 watts output. The Z type would run between red and bright red (do not drive into
white hot). Two 3-500ZG will run 1000 watts output with no sign of getting overheated in either ICAS or
SSB operation. Cooling can be vertical through a pyrex chimney but more commonly with amateur
amplifiers the whole of the glass is cooled horizontally.

A single 3-500ZG as used in the Linear Amp UK Hunter and also the Drake L75 will give 600 to 700 watts
output from a single valve. A pair as used in the TL922 and the SB220 just cruises along at 1kW with no
stress. This is similar to a 2000cc car doing 70 mph on the motorway compared with a 1000cc car doing the
same. Some manufacturers push a single 3-500ZG to 1000 watts output, twice the anode dissipation! The
tube will suffer sooner and will need replacing. After all the difference from 700 watts to 1kW is no more
than 1dB which will not make the difference between working a DX station or not!

Specifications

Plate Voltage 3000 volts typical

Grid dissipation 20 watts

Plate Dissipation 500 watts

Freg Max 110 MHz

Cooling Radiation or forced air
Heater 5.0 volts at 15 amps thoriated tungsten
Base 5 pin special SK 410
Mounting Vertical

Gain upto 12 dB

Typical Qutput 700 to 800 watts
Typical Drive 70 watts

Top cap Anode

Pins land5 Heater

Pins 2,3and4 Grid
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The 4-400 Glass Tetrode

Glass tetrodes have never been used in commercial Ham Radio amplifiers to my knowledge. The 4-400
was widely used in Marine transmitters because of their high gain. The driver was either a synthesized
transmitter or a crystal controlled transmitter which would only have a power output of 10 to 20 watts.
Driving a tuned input circuit of a glass tetrode would give a very high gain and a good power output. You
would typically get over 1000 watts from a pair of 4-400 and often known as the QY4-400 where the Q
depicts the tetrode version. These valves became very popular in amateur homebrew amplifiers. There
was large release of the new surplus valves coming onto the market when commercial amplifiers were
being changed for the more modern ceramic tubes.

Many homemade amplifiers with the 4-400 were made, either by using grounded grid or the classic G2DAF
design were you rectify some of the drive and feed it onto Grid 2. A very good design was published in the
ARRL Handbook of 1982. This was the basis of my very first grounded grid HF amplifier, using no tuned
input as the input is low impedance. In 1982 all radios had a valve PA so a normal Pi network would easily
drive the cathodes with just a simple coupling capacitor. With 100 watts of drive you would get 800 watts
of RF into your aerial - quite nice for 1982.
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Specifications 2 to 50 MHz

HT Voltage 3400 DC

Input Current 270 mA

Anode Dissipation 400 watts

Screen Dissipation 35 watts

Grid Dissipation 10 watts

Drive 5 watts in Passive (Grid Driven), 60 watts cathode driven
Heater 5volts @ 14.7 amps approx 75 watts

Bias 8.2 volts in grounded grid

Output 630 watts

Max Freq 110 MHz

Cooling Horizontal or vertical with a SK - 406 cooling system
Type of operation Grid driven or cathode driven grounded grid.

Base 5 Pin - Special

Top cap Anode

Pins1and5 Heater

Pins2,3and 4 Grids when used in grounded grid
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The 813 Glass Pentode

In the 1960s to 1980s the 813 was an iconic valve, just like the 4CX250B was for VHF. It was used widely in
HF power amplifiers for amateur radio.

From memory the first transmitter in the UK to use the 813 was the famous Lab Gear LG300 which gave
100 watts AM. KW electronics made the KW 500 designed by Rowley G8KW. This was the first 400 watt PEP
amplifier to use the 813 Pentode. The most common way of driving it is in grounded grid, you do not get
the gain compared to running it in passive grid but the circuitry is simpler. This valve has quite a large
internal capacitance which limits its upper operating frequency especially when using a pair of 813.

Specifications

HT Voltage 2500 vDC

Screen voltage 750 VDC

Grid Voltage -85 volts

Plate Current 360 mA

Drive 60 watts in grounded grid
Power Out 650 watts

Max Freq 30 MHz

Heater/Cathode 10 volts @ 5 amps

Base 5BA

Mounting Vertical
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Eimac 3CX Series of Ceramic Triodes
Introduction

The 3CX series of valves are the best triodes ever made. Having a gain of x40, a drive of 10 watts will give
an output of 400 watts and 25 watts, 1 kW. This is more what would you expect from a grid driven tetrode
without all the complications of regulated screen and bias supplies. These valves have an external anode
so the cooling air can be pushed directly through the metal anode. This gives a far better cooling than the
old type glass triode.

In practice the 3CX series of valves are the most reliable | have known, although expensive to buy.

The design of the valve is beam focusing, beaming the electrons on to the anode like a sharp torch. These
valves are extremely reliable and | used a pair of 3CX800A7 in my first Challenger | to deliver 1500 watts.

There are a few variations of the normal valves. The 3CPX version is made for pulse transmission often
used in NMR (Nuclear Magnetic Resonance) MRI body scanner. | used 4 x 3CPX800A7 in an amplifier for
scanning soil sampling. It delivered pulses of 20 kW at 500 kHz.

The 3CPX series have a strengthened cathode for the higher pulse operation and the base is usually a few
millimetres longer. Pulses are only a few milliseconds long and each valve can operate up to 10 x its normal
anode dissipation. A 3CPX800A7 will happily pulse at 8000 watt.

The group available for Ham Radio service include the 3CX400A7, 3CX800A7, 3CX1500A7. Larger ones are
available for commercial service. The 3CX15000A7 will produce 29.6 kW with 8000 volts DC on the anode
and a drive of 1750W.

The 3CX400A7/8874 also have a sister called the 8875, this is horizontally cooled and only requires a small
amount of air in comparison. The 8875 was used in the Heathkit SB230 and Dentron MLA2500.

Unfortunately these two valves are not made anymore.

The 3CX400U7, 3CX600U7, 3CX800U7, 3CX1500U7, 3CX5000U7 can been used for operation up to 1000
MHz but are more expensive.
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3CX400A7/8874 Ceramic Triode 500 watts

The 3CX400A7 is the smallest of all the 3CX series valves. It has a very low profile and so an amplifier can
be made a very low, small and compact for a power output of 500 watts. The Alpha 76 uses 3 x 3CX400A7
to make a very low profile neat amplifier to give 1500 watts.

The 3CX400A7 has a sister valve, the 8875, two are used in the Dentron MLA 2500 and one in the Heathkit
SB230. Both valves are basically the same except for their anode coolers. The 8875 employs horizontal
cooling compared with the vertical anode cooler of the 8874. Both valves must be the most difficult to
purchase and replace.

| recently managed to swap an 8875 to the 8874 by altering the cooling system. The base is just the same
and requires no change.

The valve works very well on 2m and 6m, but rarely used, as the 3CX800A7 is twice the power and is
normally the same price or cheaper.

If you have a faulty 3CX400A7 and you cannot get hold of one, which is likely, you have a few choices. A
3CX800 will work well, but you will have to make the chimney larger and also change the heater supply to
12.8 volts. Another option is to use the Russian GI7b or Gl46b. These are a similar size and have similar
outputs. Both are triodes and can be used for normal grounded grid operation. The only snag, there is NO
valve base, like the GS31 and GS35 they mount directly into a hole in the chassis and the grid is clamped
down to earth. This is not a big job and is very well worth the modification rather than spending maybe over
1000 dollars, approximately 600 pounds/euro, on two valves. The heater on the GI7b is 12.8 voits so you
would have to add a small transformer to give the 12.8 VAC supply.
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A UHF version is available and useable up to 1000MHz (3CX400U7)
The base is a Johnson special called the SK 1900, 11 pin or ledec E11-81
Recommended Chimney is the SK 696

Max freq operation 500 MHz

Specifications

Heater Voltage 6.3 volts at 3 amps
HT Anode 2200 VDC

Grid dissipation 5 watts

Cooling Forced air

Power out 550 watts

Drive 25 watts

Valve pin connections

Top Cap Anode
Pins 5and6 Heater
Pins 4,7 and 11 Grid

Pins 1, 2,3,8,9 and 10 Cathode
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3CX800A7 Ceramic Triode 1000 watts

il

The 3CX800A7 and the 3CX1500A7 are my all time favourite valves. Both have style and power when
required, such fantastic classics of all valves. Turn the steam on and they give you fantastic power, very stable
and useable to 350MHz and the 3CPX800A7 to 500MHz. The only drawback to the 3CX800A7 is its price.

When | first used the 3CX800A7 the price was only £200 each plus £25 each for the base. Unfortunately the
price went up and up, and then the Chinese started to make the 3CX1500A7 for about the same price or lower!

The 3CX1500A7 is twice the power and for about same price, the base is an old type ceramic QQV06-40
valve base which can be bought for a few pounds. It made more sense to use one 3CX1500A7 instead of
the 2 x 3CX800A7 that | used in the first Challengers and 2m and 6m Discoveries.

The 3CX800A7 operates at a relatively low HT voltage of 2200 volts for a valve that delivers 1000 watts.
Output is very good, as low as 25 drive watts can deliver 1000 watts.

Other users of the 3CX800A7 have been Alpha, Ten-Tec Titan, Henry and Command Technology, that’s just
a few that | can think off!

Areally great valve, but a pity about the price!

Specifications

Heater voltage 13.5 Volts at 1.5 amps, 20 watts
HT Anode 2200 VDC
Max Freq. 350MHz
Grid Dissipation 4 watts
Cooling Forced air
Power out 1000 watts
Anode dissipation 800 watts
Drive 25 watts
Valve pin connections

Top Cap Anode
Pins 5and6 Heater
Pins 4,7 and 11 Grid

Pins 1,2,3,8,9and 10 Cathode
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