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Amplitude of constant-current
pulses canbe preset

WILLIAM J. MUNDL
Concordia University, Montreal, Quebec H3G IM8, Canada

The required magnitude of stimulation current can be adjusted with a voltage divider,
consisting of a Ifl-turn potentiometer and a digital dial. This method of adjustment offers
greater convenience than depending solely on a monitoring oscilloscope for current readings,
especially when frequent changes in stimulation current must be made. Tissue polarization
is prevented by a shunt gate, which is in operation during the pulse interval.

A linear relationship between the stimulation current
and a control voltage must be achieved, so that the cur
rent magnitude can be preset with a calibrated voltage
divider (Mundl, 1981). The control voltage is set by
means of a 10-turn potentiometer and a digital turn
counting dial. This gives a direct indication of stimula
tion current magnitude, according to the setting of the
current range switch.'

Figure 1 shows the schematic diagram of the constant
current stimulator. The first operational amplifier,
connected in differential mode, supplies an appropriate
voltage level to the constant-current source. The voltage
level varies from -38 V to -29 V, as the input voltage
provided by the 10-turn potentiometer changes from 0
to -10 V. The constant-current source consists of an
operational amplifier and an NPN transistor. The current

is held constant by negative feedback. A deviation in
collector current causes a variation in the emitter voltage.
This, in turn, is amplified by the operational amplifier
and fed back to the base of the transistor, thereby
counteracting the original change in collector current.

The frequency and width of the stimulation pulses is
determined by the control pulses applied to the input of
the gate control, which modifies the positive input pulse
(8 V minimum) so that it becomes a negative-goingpulse
of between +7 V and -40 V, the voltage levels required
to switch the gates to the "on" or "off' state. Stimula
tion current is negative, in accordance with the usual
requirement in electric brain stimulation (Ranck, 1975).

Inasmuch as the electrode-tissue interface acts as a
capacitor, the build-up of electrical charges is prevented
by the shunt gate. This gate conducts during the pulse
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Figure l. Schematic diagram. Stimulation current is adjusted with the lo-tum potenti
ometer. Resistance values on the current range switch are approximate and must be selected.
Operational amplifiers are Type LM343" of National Semiconductor. NPN transistors are
2N2l02, PNPs are 2N3503, and diodes are lN458A. Broken lines indicate how an identical
second stimulator is interconnected to produce dual stimulation pulses.
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interval, but it is nonconducting over the duration of
the stimulation pulse. A comprehensive description of
the distorting effect of electrode-tissue interface upon
the shape of the stimulation pulses was given by Mundl
(1980). The series gate serves to isolate the electrode
from the constant-current source; this is a mandatory
feature in preventing cross talk in two-electrode arrange
ments (i.e., with two stimulation sites). The broken lines
in the diagram show how the two stimulators are to be
interconnected so that the shunt gates can function prop
erly; both shunt gates must be "off' whenever a stimu
lation pulse is present on either of the two electrodes.

Resistors on the range switch are selected for the
appropriate full-scale current. The first step in the pro
cedure calls for insertion of an approximate resistance
value in the 100-microA range switch position. The
"adjust zero" potentiometer (with the 10-turn potenti
ometer set at zero) should then be carefully brought to a
point at which the stimulation current is approaching
zero. Following this, precise resistance values can be
inserted into the range switch.

Maximum permissible electrode resistance varieswith
the current range: 100 microA, 150 kohm maximum;
200 microA, 80 kohm maximum; 1 rnA, 22 kohm
maximum; 2 rnA, 10 kohm maximum. When operated

within the stated ranges of electrode resistance, the
constant-current pulses retain their shape and amplitude
within close tolerances. The tracking error between cur
rent amplitude and dial setting can be kept down to 2%.

Supply voltages should be regulated. For this pur
pose, simple series-regulating transistors with the base
voltage provided by Zener diodes are sufficient. An
acceptable rectangular shape of the current pulse can be
maintained at a width as minimal as 5 microsec.
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NOTE

1. It is advisable to check calibration of the potentiometer,
especially after extended use.
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