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10.8.5.3 Range-Master (Dallas Arbiter)
One of the famous distortion devices from the early days of hard rock is the “Range-Master”
built by the Dallas-Arbiter-company in Britain. It was also called a treble-booster, although
it did not just increase the gain at high frequencies (as it happens when a “Treble”-knob is
turned up) but performs this job in a non-linear fashion, with a rich seasoning of distortion.
The circuit of the Range-Master (Fig. 10.8.30) is a simple as they come: the input signal is fed
via a relatively small 6.8-nF-capacitor to a transistor providing an amplification of a factor of
approximately 60. Since normal pickups generate several 100s of mV (even up to 4 V are not
impossible), this transistor is almost always overdriven. However, two peculiarities need to be
considered already at the input (U1): The input impedance is – at about 10 kΩ – rather low,
and for this reason the coupling capacitor has the effect of a strong attenuation of the low
frequencies. To calculate the cutoff frequency, it is not only the input impedance of the rangemaster that needs to be taken into account, but also the pickup impedance that is part of the
mesh. 6.8 nF and 10 kΩ would result in a cutoff frequency of 2.3 kHz; depending on the
pickup this value drops to 1 – 2 kHz.

Abb. 10.8.30: Range-Master: circuit (left), old Germanium transistors (right).

The OC44 used in the Range-Master is a Germanium-RF-transistor from the dawn of solidstate technology, and was probably available at very low cost – deemed outdated already back
in the day given the high-speed progress in technology. Even in fully conducting mode, the
collector current remains below 1 mA (for normal loads); the quiescent current flowing
through the output potentiometer is merely 0.2 mA. The corresponding base current is 1 – 2
µA, the base-emitter-voltage is smaller than 100 mV. The quotient of collector- and basecurrents (the current-gain B = IC / IB) has a large scatter-range due to manufacturing
tolerances; values of 50 … 200 are possible. Thus, the operating point is also subject to
scatter: typically, we find -6.8 … -7 V at the collector. For a new battery, that is – the power
source will also influence the transmission behavior.
Connecting the Range-Master to an amplifier input of 1 MΩ impedance, the output capacitor
(10 nF) of the Range-Master creates – in conjunction with this load – a high-pass with a
cutoff frequency of 16 Hz. Choosing the low-sensitivity input of the amp (typically 136 kΩ
input impedance) pushes the cutoff frequency up to 114 Hz. In total, two high-passes have an
effect: the first at the Range-Master-input, the second at its output. The emitter resistor is so
effectively bridged for AC that the resulting high-pass may be ignored: it creates no
attenuation of the bass frequencies. It may not be ignored, however, regarding its effect on
shifting the operating point. This happens when an input signal is present because now charge
reversals of the emitter capacitor take place. Due to the non-sine-shaped emitter-current, the
emitter-voltage shifts by about 0.2 V towards the negative at high drive-levels. Similarly, the
polarization voltage of the input capacitor changes: the asymmetric base current flowing at
overdrive-levels decreases the average voltage at the input cap. These shifts in the potentials
are the “secret” of the Range-Master – not the purportedly unique behavior of the OC44.
Translated into English by Tilmann Zwicker

© M. Zollner 2007

10.8 Effekte

10-233

An original OC-44 may be microphonic and/or be very noisy, its reverse current may be
beyond good and evil – still it is being traded at prices 50 times of what modern transistors
cost. What about the unique sound? That can be achieved with other transistors, as well. Of
course, the latter need to be PNP-Germanium transistors, and an individual check is warranted
for modern merchandise, too. An original OC-44, however, does not need to be put into the
Range-Master – the operational behavior of different transistors can, in fact, be surprisingly
similar. We may find large differences in the maximum ratings; for example with the
collector voltage: 20 V, or 100 V. The same for the maximum collector current: e.g. 10 mA,
or 2000 mA. And of course for the β-cutoff frequency: 150 kHz, or 10 kHz. However, all
these values are of secondary importance for a distortion device operated at 9 V. Important is
the current gain (static and dynamic) and the reverse current – and both these are not in any
way special for the OC-44. Why else could B. C. Meiser♣ recommend as replacement the
AC122, or the AC128, or – particularly suitable – the AC151. It should be noted that this
recommendation is not the writing of a blind amateur (as it often is the case in magazines),
but the well-founded opinion of a seasoned, experienced circuit designer. N.B.: the AC128 is
recommended in the data sheets “for slow switches” or for “small audio power stages”, the
AC122 for audio preamplifiers, and the AC151 for audio-preamps and driver stages. The
OC-44 was designed as RF-transistor for AM-radio usage … and still it can be swapped for
these other transistors. Of course, there are piles of other possible transistors – the special
sound is not due to a special transistor, but due to the asymmetric and drive-dependent
transmission characteristic (which in itself is not even that unusual).

Fig. 10.8.31: Range-Master: transmission characteristics; U0 ⇒ U1 (left), U1 ⇒ U2 (right).
This figure is reserved for the printed version of this book.

Fig. 10.8.31 shows, in its right-hand part, the transmission behavior from input (U1) to output
(U2); the operating point is indicated via the coordinate axes. For small drive-levels, the
correspondence between input- and output-voltage is approximately linear (short, straight
section of the characteristic); with increasing amplitude the characteristics grow longer and
curved, and shift to the left towards more negative input voltages. As already mentioned, the
reason for the shift is the charge reversal in the capacitors. Without the shift, limiting on both
sides would occur already at U1 = -0.2 V; with the shift it happens only at U1 = -0.4 V. Put
another way: the shift of the operating point renders the characteristic less symmetric and
emphasizes even-numbered distortion (for a sine-input). Another effect is the dependency of
the operating-point-drift on the input signal amplitude: it changes transmission parameters
more strongly than a fixed characteristic: the guitar-sound increases in liveliness. To
emphasize it again: all this is not a special OC-44-characteristic – every suitable transistor
will take care of these effects. But know this: many are suitable, but few are chosen …
♣

Gitarre&Bass, 01/2002.
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In the left section of Fig. 10.8.31, the correspondence between U0 and U1 is show. A voltage
source was connected via 6.8 kΩ to the input of the Range-Master; the non-linear input
impedance of the latter is the reason for the curve in the characteristic. For a (passive)
magnetic pickup, the Range-Master represents a very special load: non-linear and of low
Band2:
impedance such that the pickup resonance cannot
manifest itself. Fig. 10.8.32 indicates the
effect assuming linear filtering: the low-impedance load attenuates the treble upwards of
about 1 kHz, the series capacitor attenuates the bass, and, from the pickup-source-voltage (in
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Seite 10-234, Abb. 10.8.32: das rechte Bild ist falsch, richti
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Fig. 10.8.32: Low-pass model of the loaded pickup (see Chapter 5.5.4). In the left picture, the Strat-pickup is
subjected to a real load of 10 kΩ, in the right-hand figure the load is the series circuit of 6.8 nF and 10 kΩ.
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wave of the collector voltage is cut off first; the characteristic is not point-symmetrical and
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capacitor was enlarged to 680 nF in order to be able to clearly separate linear and non-linear
distortion. For the regular operation (6.8 nF), linear and non-linear distortion interact.

Fig. 10.8.33: Range-Master: collector voltages for sine-shaped input signal; f = 500 Hz.

In the following table transistors are listed that may serve as replacements of the OC44; the
limit values are taken from data sheets (Va, Te, Si, and others).
kHz
mA
V

OC44 AC122 AC125 AC126 AC128 AC151 2N508 2N527 OC71 OC75 OC77
150
15
17
17
15
15
45
35
10
8
3.5
5
100
200
200
2000
200
100
500
10
10
125
15
18
32
32
32
32
16
45
30
30
60

Table: transistors comparable to the OC44 [B.C. Meiser, Gitarre&Bass 1/02]. It follows from the data variance
that practically every Ge-small-signal transistor is suitable; optimum-β = 80-110.
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