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10.11 Tube-Data
10.11.1 Nomenclature for tubes
Amplifier tubes (or valves, as they are called in British English) are designated with letters
and/or numbers, e.g. ECC83. While this system helps as a coarse classification, we must not
expect precise statements regarding the function of the respective tube. Even within one and
the same batch of tubes manufactured in one go, there will be variations due to production
aspects. Often, developments led to changes in characteristics that were not necessarily
reflected in the designation, plus competitors sought to win over customers with
improvements. Today, the designation system has gone completely astray because almost
every “supplier” tends to invent fancy designations to make “his” tubes stand out more. The
classic system for European and US tubes, respectively, specifies them as follows:
The first character stands for the heater voltage: G and 5, respectively, for 5.0 V, E and 6 for
6.3 V, 12 for 12.6 V. A 12AX7 (and many similar double triodes) may be operated with 6.3
V, as well, by connecting the heaters in parallel rather than in series.
The second character designates the type of tube/valve in the European system: C for triode,
F for pentode, L for power pentode, Y for half-wave rectifier, Z for full-wave rectifier. In the
US-system the letters are consecutively allocated to this character position.
In the European system, the third character stands for the tube socket: 3 = octal (8-pin)
socket, 8 = 9-pin socket. In the US-system, the corresponding character designates the type of
tube: 4 = triode, 7 = double triode, 6 = tetrode or pentode in an octal socket.
In the US-system, the letters following the dash stand for the type of glass container: G for
the large, bulbous container, GT for the small cylindrical one. A prefix “W“ indicates MILspecs. The last letter designates the production version starting with an “A”.
Examples:
ECC81, ECC82, ECC83: double-triode, 9-pin socket, 6.3 V (or 12.6 V) heater.
EF86: pentode for preamplifier, 9-pin socket, 6.3 V heater.
EL34: power-pentode, octal socket, 6.3 V heater.
EL84: power-pentode, 9-pin socket, 6.3 V heater.
GZ34: full-wave-rectifier valve, octal socket, 5.0 V heater.
EZ81: full-wave-rectifier valve, octal socket, 6.3 V heater.
12AT7, 12AU7, 12AX7, 12AY7: double-triode, 9-pin socket, 12.6 V (or 6.3 V) heater.
6L6-G: power-pentode, octal socket, 6.3 V heater, bulbous glass container.
6L6-GA, 6L6-GB, 6L6-GC: continued development of the 6L6-G.
6L6-WGC: 6L6 with military specifications.
6V6-GT: power-pentode, octal sockets, 6.3 V heater, glass container.
5Y3-GT: full-wave rectifier tube, octal socket, 5.0 V heater, glass container.
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10.11.2 Double-triodes
Which idle current, or which internal impedance does an ECC83 have? Such data may be
found in the tables of tube manuals. These tables, however, are likely to have been compiled
50 or more years ago when manufacturers such as RCA, General Electric, Telefunken,
Sylvania, and many others, were still producing tubes. Today, only few manufacturers
remain: they each manufacture using several labels. As a consequence, a tube labeled
“Valvotron” may well stem from the same Chinese manufacturer as another tube labeled
“Tubitronics”. Their data may correspond to values found in the tables – or not. As an
orientation, these tables and manuals are certainly helpful: they specify mostly average
characteristics applicable for typical operating points in the HiFi context … which may not be
at fit for guitar amplifiers. More information is given by data sheets featuring characteristic
curves, but these may have been subjected to an averaging process (to make them “look
better”), or could be a third-generation copy of dubious quality.
The above may be the reason why our freshly unpacked tube does not match the data sheet.
Another reason may be the tube itself because, depending on availability, suppliers will often
offer similar (but not identical) tubes under the same designation. For example, the packaging
may specify “5751 = ECC83 = 7025” although the 5751 has slightly different data compared
to the ECC83. We might be reminded of the chocolate Santa the brown body of which, after
removing the wrapping, looks suspiciously like an Easter Bunny. It’s all marketing driven …
To say that an ECC83 is the same as an E83CC is not quite correct, either, since in fact the
E83CC is a special tube⊕ (long-life-tube, long-distance-communication-tube). Such tubes
often have gold-plated grids or zirconized electrodes with a highly special cathode build in
order to avoid the development of a disruptive intermediate layer. There’s magic in the
numbers: the 7025 supposedly is a special version of the 12AX7 that in turn is an equivalent
to the ECC83. The E83CC is a special version of the latter … but according to the data sheets,
it does not correspond to the 7025 but to the 6681 …
European designation

ECC 81

ECC 82

ECC 83

-

-

Alternate designation

12AT7
6201⊕

12AU7
6189⊕

12AX7
7025⊕

5751⊕

12AY7
6072⊕

Plate voltage

V

250

250

250

250

250

Grid/cathode-voltage

V

-2,0

-8,5

-2,0

-3,0

-4,0

mA

10

10,5

1,2

1,1

3,0

mA/V

5,5

2,2

1,6

1,2

1,75

-

60

17

100

70

44

Internal plate resistance

kΩ

11

7,7

62,5

58

25

Grid/plate capacitance

pF

1,6

1,5

1,6

1,4

1,3

Max. plate voltage

V

300

300

300

300

300

Max. plate power dissipation

W

2,5

2,75

1,0

1,0

1,5

Plate current
Transconductance
Open-loop gain

Table: Tube-data (typical standard values). All operational values depend on the corresponding operating point,
and are subject to individual scatter. Heater voltage: 6,3 V, heater current: 0,30...0,37A. 9-pin socket.
ECC81 ≈ 6060 ≈ 6201 ≈ 6679 ≈ 7492 ≈ 7728.
ECC82 ≈ 5814 ≈ 6189 ≈ 6680 ≈ 7489 ≈ 7730.
ECC83 ≈ 5721 ≈ 6057 ≈ 6681 ≈ 7025 ≈ 7729.
⊕

This designation is supposed to indicate special tubes, see the tube manuals.
Translation into English by Tilmann Zwicker
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The following table lists old octal tubes that were in service in the amplifiers in pioneering
times (up to about the mid-1950’s).
Octal tubes

6 SC7

6 SJ7

6 SL7

6 SN7

System(s)

3+3

5

3+3

3+3

Plate voltage

V

250

250

250

250

Grid/cathode voltage

V

-2

-3

-2

-8

mA

2

3

2.3

9

mA/V

1.33

1.65

1.6

2.6

-

70

70

20

Internal plate resistance

kΩ

53

1M

44

7.7

Grid/plate capacitance

pF

2

0.005

2.8

4

Max. plate voltage

V

250

300

300

300

Max. plate power dissipation

W

2.5

1

3.5

Plate current
Transconductance
Open-loop gain

Socket
connections:
left 9-pin socket, mid
and right octal socket
(seen from below).

Fig. 10.11.1: Output characteristics of triodes (according to data sheets).
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The data books recommend the ECC83 as preamplifier tube when high amplification is
required. The equivalent to the European ECC83 is the US-made 12AX7, replaced around the
beginning of the 1960’s by the slightly improved 12AX7A. The changes related to the
maximum load (1,2 W instead of 1,0 W), to the maximum plate voltage (330 V instead of 300
V), and to the typical noise voltage referenced to the input (equivalent noise). For the first
time this is limited: (1.8 µVeff, 25 Hz – 10 kHz). The RCA Receiving Tube Manual writes
about the equivalent 7025: The 7025 is identical with 12AX7A except that it has a controlled
equivalent noise and hum characteristic; the data sheet in addition limits the maximum
interference voltage. If less amplification is needed, the recommended tube is the 5751 and
for even less gain it is the 12AY7.
The ECC81 (12AT7) and the ECC82 (12AU7) are specified to 10 mA plate current, and are
used not for preamps but for driver- and reverb-circuits. This does not exclude that an ECC81
is operated with a plate current of 1 mA – however in this case we must not expect the low
output-impedance specified for 10 mA plate current. The below table lists tube data for the
following operating conditions: plate connected to 300 V via 100 kΩ, cathode connected to
ground via 1,5 kΩ, cathode resistor bridged with a capacitor; grid at 0 V.

European designation

ECC 83

-

ECC 81

-

ECC 82

Alternate designation

12AX7

5751

12AT7

12AY7

12AU7

Plate voltage

V

195

176

140

140

85

Grid/cathode-voltage

V

-1,6

-1.8

-2,4

-2,4

-3,3

mA

1,05

1,2

1,6

1,6

2,2

mA/V

1,6

1,4

1.5

1,3

0,8

-

100

72

42

41

15

kΩ

70

52

27

30

18

Plate current
Transconductance
Open-loop gain
Internal plate resistance

Table: tube data; benchmarks rounded off for small plate current.

The Barkhausen-relationship should connect the transconductance S, the open-loop gain µ
and the internal resistance Ri (see chapter 10.11.4):
. Checking the tables and
data sheets provide by the manufacturers shows that this relationship is often not complied
with. Deficient theory is not likely to be the reason; rather, we can surmise that this is due to
rounded-off or inaccurate values. The tube parameters given here and in the following are
those provided by the manufacturer – they are not corrected even though they may give rise
to small errors.
In Fig. 10.11.2 we see the output characteristics of commonly used double triodes. For all
diagrams, the ordinate range is 0 – 4 mA to obtain operating conditions typical for preamp
applications. For Ra = 100 kΩ, a load characteristic is included as the dashed line; it crosses
the abscissa at 300 V (operating voltage). Positive grid voltages will not occur for highimpedance drive-signals (that are typical for guitar amplifiers); therefore the minimum plate
voltage is quite high in some cases (e.g. 90V for the ECC83).
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The missing content in some figures (w/red
text) is reserved for the print version of this
book.

Fig. 10.11.2a: Triode-characteristics for small plate currents (taken from data sheets provided by manufacturers).

Fig. 10.11.2b: Pentode-characteristics for comparison: left Telefunken, right Svetlana.
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10.11.3 Power tubes
Power (or output) tubes deliver the high power required for operation with loudspeakers.
They are larger than preamp tubes, need more heater power, and dissipate more heat. In guitar
amps, it is normal to use exclusively pentodes and tetrodes; however, in HiFi-poweramplifiers, triodes may indeed be found.
As already elaborated in chapter 10.5.1, the maximum allowable power dissipation must not
be confused with the output power. Data sheets give information as to how much load a tube
may take; however, the approach is rather inconsistent: the various rating systems make
comparisons difficult. We find design center values, design maximum, absolute maximum,
système des limites hybrides, or simply limit data. There are hints as to what these definitions
are supposed to imply (chapter 10.5.9), and approximate conversion factors may be
discovered – but it’s still kind of flaky. For example, the Siemens data book of 1972 specifies
the “limit data” as “average limit data” which can be exceeded by a maximum of 10%. For
the table, we interpreted this as “design centre” to be able to compare to the US-nomenclature.
The limit data may also be exceeded at the expense of the operating life, and in fact this does
happen in guitar amplifiers. However, no specification can be found as to what effect e.g. an
overload of 50% will have on the durability. Consequently, the table below may only be
regarded as a rough guideline – the professional user is well advised to request data with a
binding commitment from his or her supplier.
Design center

Design max.

Absolute max.

For example

similar

Philips

6BQ5

General Electric

7184

EL-84

12W / 2W

6V6-GT(A)

12W / 2W

EL-34

25W / 8W

Siemens

KT-77

5881

23W / 3W

Tung-Sol

6L6-WGB

6L6-G (B)

19W / 2.5W

14W / 2.2W

22W / 2.8W

6L6-WGB

Tung-Sol
26W / 3.5W

Tung-Sol

6L6-GC

30W / 5W

KT-66

25W / 3.5W

30W / 4.5W

Marconi, MOV

KT-88

35W / 6W

42W / 8W

Genalex

General Electric

6L6, 6V6, 5881

EL-34

EL-84

6550, KT-66, KT-88

KT-77

6BQ5

Translation into English by Tilmann Zwicker

5881

6550

Pin connections of the
socket (seen from below)
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EL 34
Pentode, octal socket, 6.3 V, 1.5 A. Pa,max = 25 W, Pg2,max = 8 W.
Data sheet diagrams:

Measurement results:

The missing content in the figures (w/red text) is reserved for the print version of this book.
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6L6-GC
Beam-tetrode, octal socket, 6.3 V, 0.9 A; Pa,max = 30 W, Pg2,max = 5 W.
Similar transmission values are obtained using the 5881.
Data sheet diagrams:

Measurement results:

The missing content in the figures (w/red text) is reserved for the print version of this book.

Translation into English by Tilmann Zwicker
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KT-66
Beam-tetrode, octal socket, 6.3 V, 1.3 A. Pa,max = 25 W, Pg2,max = 3.5 W.
Data sheet diagrams:

Measurement results:

The missing content in the figures (w/red text) is reserved for the print version of this book.
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6V6-GT
Beam-tetrode, octal socket, 6.3 V, 0.45 A. Pa,max = 14 W, Pg2,max = 2.2 W.
Data sheet diagrams:

Measurement results:

The missing content in the figures (w/red text) is reserved for the print version of this book.

Translation into English by Tilmann Zwicker
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EL 84
Pentode, 9-pin socket, 6.3 V, 0.76 A. Pa,max = 12 W, Pg2,max = 2 W.
Data sheet diagrams:

Measurement results:

The missing content in the figures (w/red text) is reserved for the print version of this book.
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KT-88
Beam-tetrode, octal socket, 6.3 V, 1.6 A. Pa,max = 35 W, Pg2,max = 6 W.
Similar transmission values are obtained using the 6550.
Data sheet diagrams:

Measurement results:

Translation into English by Tilmann Zwicker
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Comments
As the pictures below show, diagrams for tubes can turn out very different. Although all 4
bundles of curves supposedly characterize the KT-88, they correspond only moderately. This
may be due to the diligence (or lack thereof) when drawing the curves (there were no PC’s
back in 1956), or due to developmental progress (between 1956 and 1974). Today, we cannot
really find out how well the tubes produced 50 years ago in fact met the data sheet
specifications. Even using “new old stock” – i.e. tubes manufactured back then but becoming
operational for the first time today – is not conclusive since the long storage time might well
have changed the tube. It would be possible to determine how well tubes offered today meet
the historic specs … but normally this is not done. Inquiring with the chief technician of a big
tube supplier about a much too high residual voltage led to the counter-question: “what do
you mean by residual voltage?” – this clarified that the good man had never done any power
measurements himself.
The diagrams shown on the previous pages get their bearings from the old data sheets,
including all associated uncertainties. The measurements were done with new tubes some of
which showed considerable variance – indicating that the term “selected” tube is based on
quite inconsistent selection processes. Sometimes it is difficult not to conclude that, with
some tube suppliers, the term “selected” means little more than “glass container still in one
piece”. Indeed, that is important, as well, after all …

Four different data sheets for the KT-88 (output characteristics).
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10.11.4 Tube-parameters
In triodes, the plate current Ia depends on the grid voltage Ug and the plate voltage Ua . This
bi-variant correspondence can be depicted via a pseudo-3D-graph. Due to the perspectiverelated warping, additional sectional views are also required. Fig. 10.11.3 shows the context
using an idealized performance map. The sectional views of the bent “working area” are
derived first for constant plate voltage (Ua = const), second for constant grid voltage (Ug =
const), and third for constant plate current (Ia = const). In the sectional views the slope of the
curves (i.e. the partial derivative) yields the three tube parameters transconductance (S),
internal resistance (Ri) and gain (µ):

The transconductance increases (for Ua = const) with growing grid voltage; the internal
resistance decreases (for Ug = const) with growing plate voltage; the gain remains (in this
idealized example) independent of the grid voltage (for Ia = const).

Fig. 10.11.3: Tube-parameters: pseudo-3D-picture (top) with sectional views (bottom).

The theory of quadripoles would – given the two input and two output terminals – in fact
require 4 quadripole parameters. However, due to the normally negligible input current, three
are sufficient♣. Moreover, these three parameters (S, Ri, µ) are interdependent such that in the
end only 2 of them are required to describe the transmission behavior. Additionally, for some
triodes the gain µ is almost independent of the plate current, plus it is possible to calculate e.g.
the internal impedance from the transconductance:
Barkhausen formula, D = “Durchgriff”

♣

It was already shown in Chapters 10.1.3 and 10.2.2 that the gird current must not generally be ignored.
Translation into English by Tilmann Zwicker
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If we do not consider the grid current, three static parameters (Ua, Ia, Ug) and three dynamic
(or differential) parameters (S, Ri, µ) remain. The static parameters describe the behavior at
the operating point and the dynamic parameters describe the behavior at small drive levels.
Only with linearization (i.e. replacing the curved transmission characteristic by the tangent),
we can obtain a linear equivalent circuit with signal-independent components. In it, the tube is
replaced by a controlled source with internal resistance (Fig. 10.11.4):

Fig.10.11.4: Two tube-equivalent-circuits for small drive levels (small-signal-EC) with equivalent behavior.

Source voltage UQ und source current IQ are interdependent via the internal resistance (UQ =
IQ ⋅ Ri), RL is the load resistance at the plate. RL combines the total external plate load i.e. plate
resistance (from plate to supply voltage) plus in parallel the input impedance of the
subsequent stage. The AC-values UQ and IQ are “controlled” by the alternating voltage at the
grid
:

The ratio of the alternating voltage at the plate
yields the alternating voltage gain vU:

and the alternating voltage at the grid

Alternating voltage gain

The alternating voltage gain vU, (also called operational gain) needs to be distinguished over
the gain µ; µ is also called the open-loop gain (see the above tables). Under regular operating
conditions (i.e. with a plate load RL) the gain is smaller than the open-loop gain. Of course,
both formulas given for the calculation of vU lead to the same result. For tubes featuring a µ
almost independent of current (the ECC83 belongs to this group), the first formula would be
more conducive because with it only the internal impedance remains as current-dependent
(i.e. operation-point-dependent) variable. The larger the plate current Ia, the smaller Ri, gets
and the larger the amplification vU becomes. On the other hand, the (static) plate voltage drops
with increasing voltage, and so does the maximum possible alternating voltage at the plate.
Let us quickly repeat, just to be clear: without any drive signal we obtain the static values for
the operating point (Ua, Ia, Ug). With a drive signal, the small dynamic alternating values
are superimposed on top of (i.e. added to) the static values of the operating point.
“Plate voltage” always signifies the voltage between plate and cathode, and correspondingly
the “grid voltage” always is the voltage between grid and cathode. Nonlinear behavior
(distortion) cannot be covered via the small-signal equivalent circuit. Often, tube data sheets
merely give the three dynamic tube parameters for a single operating point that may or may
not fit. For the ECC83 we find, for example, data at Ia = 1.2 mA: a reasonable fit for typical
input stages. For the ECC81, however, the parameters in the data sheet are specified at 10
mA; this value is normally not a good match at all because preamps and intermediate stages
mostly operate with smaller currents.
© M. Zollner 2007
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Fig. 10.11.5 compares tube parameters within the range of plate currents typical for
amplifiers. Special consideration is required because: 1) the data sheets on which the
comparison is based are most often of a very small format and not precisely drawn, 2) the
nominal curves for the same types of tubes from different manufacturers are not an exact
match, and 3) there is significant production scatter. In the top right figure, the dependency of
the open-loop-gain on the current is shown, below that we see the gain at 91 kΩ (a value
resulting from connecting a 1-MΩ-pot via a coupling capacitor to a 100-kΩ-plate resistor).
The largest gain is obtained by the ECC83 (12AX7, 7025) – therefore this type is often found
in the input stages of amplifiers. Since this tube can be overdriven with more sensitive
pickups, the 12AY7 may also occasionally be found – however compared to the ECC83 the
12AY7 requires a more negative grid voltage at the same plate current. Given its parameters,
the ECC81 (12AT7) would be a suitable replacement of the ECC83; however the data sheet
does not feature the small hum and noise values as they would be necessary for input stages.

Fig.10.11.5: Comparison of tube-parameters, for 250 V plate voltage. Taken from manufacturer data sheets.

Other than from the plate current, the tube parameters also depend on the plate voltage, but
this effect is relatively weak (Fig. 10.11.6).

Fig.10.11.6: Tube parameters dependent on the plate voltage. Taken from manufacturer data sheets.

Translation into English by Tilmann Zwicker

© M. Zollner 2007

10.11 Tube Data

10-341

The two transmission-parameters transconductance S and open-loop gain µ are defined for
short circuit and open loop, respectively, at the plate. These are operating conditions that do
not appear in practice. In real circuits the plate resistor Ra interconnects the static values
plate voltage Ua, plate current Ia, and supply voltage UB: Ua = UB – Ra ⋅ Ia (for the dynamic
values see Fig. 10.11.4). In Fig. 10.11.7, the load plane – a slanted area in the 3Drepresentation – intersects the characteristic area in a line (dashed in the figure), the projection
of which onto the Ug/Ua-plane below shows the dependency on the grid voltage. We do not
achieve a distinction between static and dynamic plate load yet (there’s only Ra, no coupling
capacitor, no additional load) – still: we get the whole range and thus real large-signalbehavior. Almost, that is, since the grid current remains not considered. It is here where the
beautiful tube models find their limitations, because no data sheet tells us anything reliable
about the grid current. The latter is subject to too much scatter to be specified in the data
sheets. That is why it is not possible to reliably describe the Ug/Ua-development in the right
corner (Ug > -0.5V), why distortion models always remain limited to idealized characteristics,
and why every individual tube can sound different when overdriven. Less emphatically: that
is why tubes of the same type differ in particular in their non-linear behavior. The differences
can be very large: grid currents of tubes of the same type can vary by a factor of 20! We may
neglect the grid currents only as we drive the tube with a low-impedance signal generator in
the lab. With a high impedance source (such as a guitar pickup or a preceding tube in
common-cathode-configuration driving the tube), the individual grid current is significant.

Fig.10.11.7: Load plane for Ra = 100 kΩ (left); projection onto the Ug/Ua-plane (right).

Based on measurements, Fig. 10.11.8 shows how much the grid currents can vary. However,
the figure must not be interpreted such that e.g. tubes manufactured by Siemens would
generally have a strong grid current; another ECC83 by Siemens may well have a much
smaller grid current.

Fig.10.11.8: Grid currents for five different ECC83.
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Data sheets do specify an operating point with associated transconductance. This does not
help much, however, if the tube is deployed using a different operating point, and thus there
are supplementary diagrams. For the triode, the grid and cathode define the input port, and
plate and cathode define the output port. Grid voltage and grid current are the input signals,
while plate voltage and plate current form the output signals. Fig. 10.11.09 shows a
characteristic area, selected characteristic curves (for Ug = const), and the projection of these
curves onto the right-hand boundary plane. The axes of this boundary plane represent the
output signals of the tube, and thus the curves are called “output characteristic curves”.

Fig. 10.11.09: Characteristic area and batch of
characteristic curves for a triode. The lines of constant
grid voltage are projected onto the left boundary surface
(upper right); this results in the output characteristic
curve diagram (left)

Alternatively, the curves for constant plate voltage may be projected onto the boundary area
towards the back (Fig. 10.11.10). Since in this case one of the axes belongs to the input values
while the other belongs to the output values, these characteristic curves are designated
“transmission characteristic curves”, or transfer characteristic curves. As a supplement,
further characteristic curve diagrams are customary, for example for a special plate load (see
Fig. 10-11-7).

Fig. 10.11.10: Transfer characteristic curves for constant plate voltage.
Translation into English by Tilmann Zwicker
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