CONSTANT-CURRENT SOURCE WITH
UNUSUALLY HIGH INTERNAL

RESISTANCE AND GOOD TEMPERATURE
STABILITY

A transistor operating at 1 mA, with 10k in the emitter lead,
g’ves a colleclor a.c. output resistance in the region of 10 M1,

2-(ransistor circuit is described, having an output resislance
of approximately 50M<, with much improved temperaiure
stabiiity. A further modification gives an output resistance of
?bﬁ%t 1000 M2, corresponding lo an ‘aiming vollage’ of

well known circuit of Fig.1a, operating at 1 mA d.c. with
== 10Kk{, has been found to have an a.c. output resistance
ically in the region of 10MC2. The output resistance is not
ite, because
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(a) the base current of a transistor at constant emitter current
falls with increasing collector voltage, causing an equal
and opposite increase in collector current

(b) the base-emitter voltage, at almost constant emitter
current, falls with increasing collector voltage; with the
base fixed in potential, this voltage variation appears as
an increase in the voltage across R,, causing a correspond-
ing small increase in emitter current.

In practice, effect (g) is usually the dominant one with this
circuit, The magnitude of the two effects can be predicted
from the collector-current/collector-voltage family of curves
for the transistor used; or, alternatively, a formula may be
derived using an equivalent circuit for the transistor, the
hybrid-11 circuit being preferred. !

autput

Fig. 1

a Simople constant-current source
& Improved constani-curreni source

A further shortcoming of the circuit of Fig. 1a is that the
collector-base capacitance of the transistor appears across
the output, reducing the output impedance at high frequencies.
Also, if the circuit is used 10 charge a capacitor, for the
purpose of generating a linear ramp, the voltage-dependent
nature of this collector—base capacitance will result in non-
linearity of the ramp.

The output current of the circuit is dependent on ambient
temperature, because of variation with temperature of
the following properties:

(i) transistor emitter—base voltage
(ii) transistor current gain
(iii) leakage current

The circuit shown in Fig. 1& is largely free from the above
defects,

When the T collector voltage increases, the base current
becomies -less, as in the previous circujt. In the new circuit,
however, nearly all of this change in base current Al,, flows
to the emitier of T,, giving rise to an almost equal increase in
T, collector current. This current increment flows tc T,
emitter, resulting in a reduction of the T; emitter current by
very nearly the amount necessary for preventing the increase
in the T, collector current which would otherwise occur. An
a.c. output resistance of 50ML is readily achieved with this
circuit at 7,; = LmA and R, = 10 k(.

it is now mechanism (b) above that is the main effect
limiting the output resistance; this is considered in more
detail later. The circuit possesses the following further
advantages:

(@) Assuming T, and T, to be of similar construction,
e.g. both silicon planar, the effects of ambient temperature
on the emitter~base voltages of the two transistors will
largely balance oul, as far as the voltage across the main
current-determining resistor R, is concerned. If we assume a
coefficient of 0-25mV/fdegC for \he two transisiors taken
together, and a 10V drop across R,, the output-current
varjation due to this cause will be 0-0025% per degC. This
is likely to be a negative coefficient, since the coefficient for a
single transistor tends to become numerically greater as the
working current is reduced.? (The emitter—base-voltage
variations of T, will nevertheless appear across R’, causing a
current change in this resistor, which finds its way through
T, to the emitter and collector of T,. This current change
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will be quite small, however, R’ being much larger than
R, in value. If we assume 10V across R’, and the working
current of T, to be 10% of that of T}, a 2-5mV/degC
varjation in T, emitter-base voltage will cause T; collector
current to change by —0-0025% per degC.)

(b) Current flowing in the collector-base capacitance of
T, is transmitted via T, back to T, emitter, causing a collector-
current variation in T, such as will almost balance out the
flow of capacitive current in the lead to the output terminals.
Effective output capacitances of well under 1pF are obtained.

(¢) Variation of the current gain of T, with temperature
causes /,; 10 vary; but the action of T, almost prevents the
collector current of T; from being affected by this—just as
already described in connection with the changes in I,
caused by output-voltage variations. An effect for which the
circuit does not provide any compensating action is variation
of T, current gain, and hence base current, with temperature
However, because T, is operated at only 5 or 109, of the
current of T, this effect is very small. (If we assume the
common-emitter current gain «’ of T, to increase by 1%
per degC, which is a typical value, and o is taken as 100,
and if T, operates at 10% of the current of T, the variation
in T; output current due to this cause will be only —0-001%;
per degC.)

(d) Variation with temperature of the leakage current
Icpo of transistor T, is prevented from affecting the output
current by the same compensating action as has already been
described. Whereas any variation in J.go of T, affects the
output current in full measure, the value of /g, in this
transistor will be very much smaller than normal, because the
transistor is operated with zero voltage between the base and
the collector. Thus the overall effect of leakage currents,
assuming silicon transistors, should be negligibly small.

In an experimental version of the circuit of Fig. 1b, using
types 2N2926 (2" ~ 115) for T, and BFY 64 for T;, an output
impedance of about 60M{) was obtained at frequencies
below 1kHz at an output current of 1 mA. For ramp-generat-
ing applications, this corresponds to a so called ‘aiming
voltage’ of 60kV.

While the above performance figures are probably good
enough for any practical application, it was thought interest-
ing to investigate how high an a.c. output resistance could be
obtained if R, in Fig. 15 were replaced by a constant-current
circuit of the type in Fig. la, thus preventing the small
variation in the emitter voltage of T, that occurs when the
collector voltage changes from affecting the current in T,.
With this modification, an a.c. output resistance of about
1000 M) was obtained, corresponding to an aiming voltage
of 1 MV. This modification, of course, causes the very desirable
temperature-compensating features of the straightforward
circuit of Fig. 15 to be Jost, but further elaboration would
obviously enable these virtues to be regained if desired.

The arrangement used for measuring the a.c. output
impedance of these circuits is shown in Fig. 2. During these
experiments, it was found necessary to insert a 22052 resistor
in the base lead of T, (2N2926), with a 1000pF capacitor
between the base and the emitter, to prevent a tendency for a
r.f. parasitic oscillation to occur,
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Fig. 2 Circuil for measuring the a.c. oulput impedance of a
constant-current source
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Another application for circuits of the type described in this
letter is in the production of a sinewave-signal source of very
low harmonic distortion and very high impedance. In the
circuit of Fig. 1a, with a signal voltage applied in series with
the base, the distortion in the collector current is liable to
exceed that of the current flowing in R, ,because of the variable
proportioning of the emitter current between base and
collector during an a.c. cycle. The circuit of Fig. 15 is parii=
cularly effective in overcoming this difficulty, since variation
in the proportioning of emitter current in T, between base
and collector is compensated by the action of T,, as already
described, and T, operates with virtually constant inter-
electrode voltages. The circuit of Fig. 1 was, in fact, first
investigated because of its ability to give very low distortion,
which was further reduced by using the voltage across R,
to provide negative feedback to an earlier stage of an ampli-
fier system. Distortion figures of less than 0-01% were
obtained at a high output level.

P. J. BAXANDALL
E. W. SHALLOW

Royal Radar Establishment
Great Malvern, Wores., England

2nd September 1966
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