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In electrophysiological investigations, measurement configurations are
preferred which not only supply the single cell potential but are also appli-
cable for further measurement tasks (Oomura et al. 1966; Wayner et al.
1967).

In the Biological Research Institute of the Hungarian Academy of
Sciences, Tihany, a measurement set-up for solving complex tasks in electro-
physiological measurements has been developed which is well suited for multi-
channel pick-up. The block-diagram of this system utilizing a microelectrode
pick-up is shown in Fig. 1. The heart of the system is the low level amplifier
with negative capacitance and high input impedance. The input of the ampli-
fier is fed by a measurement bridge which serves to polarize and stimulate
the living cell under test, and also to determine the resistance of the micro-
electrode.

The low level amplifier is followed by an oscilloscope. The amplifier
has unity gain, so only the oscilloscope calibration has to be taken into account.
A meter for performing amplifier zero adjustment and to determine the resis-

Fig. 1. Block-diagram of measurement set-up used for microelectrode pick-up
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tance and tip-potential of the microelectrode is also connected to the low
level amplifier output (Schanne et al. 1968). Finally, the low level amplifier
feeds a DC amplifier with large negative feedback for high level driving of
a signal storage device or an analyser.

The detailed circuit diagram of the system is shown in Fig. 2. An impor-
tant feature of the system is that two different operating modes are possible.
One is the direct operating mode in which the microelectrode is directly
connected to the amplifier input. In this case the electrode resistance may

be neglected compared to the amplifier input resistance, and there is no meas-
urable amplitude loss. This mode is used for recording of spontaneous ac-
tivity.

In the other operating mode, the measurement bridge is switched to
the input. In this case, the cell under test is either stimulated by an external
square-wave generator through a suitable Wheatstone-bridge connected to
the input, or may be polarized by DC current by using the built-in adjustable
current source.

The microelectrode resistance may be checked by the potentiometer
serving for the bridge balance which is calibrated in megohm values. Resis-
tances up to 50 megohms may be measured in the bridge arm.

A Texas type 2N3822 N-type field effect transistor is used in the input
stage of the low-level amplifier following the bridge, in a source follower
configuration (Gosting, 1965; Sevin, 1967). The second transistor is an emitter
follower, thus increasing the input resistance of the field effect transistor and
as a low impedance current source makes possible the driving of the following
common base transistor stage. This has two functions. First, the high ampli-
fication allows to realize an adjustable positive feedback to the input for the
purpose of neutralizing the capacitance loading the input (Guld, 1962).
The feedback loop is capacitively coupled to the input, so the high leakage
resistance of the coupling capacitor 1s an important requirement. Second,
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the common base transistor drives the emitter follower sugplylng the output,
comprising the potentiometer for zero adjustment in the emitter circuit.

The low-level amplifier oscilloscope and meter output point drives a
Fairchild pA 702 C DC operational amplifier with non inverting asymmetrical
input. The output level of this amplifier is high enough to drive a magnetic
signal storage device or an analyser.

The amplifier requires supply voltages of £9 volts. Battery operation
is made possible by low power consumption, and this made possible a measuring
system with no interfering signals.

Specification data of the negative capacitance amplifier are summarized
in Table 1. These have been based on measurement results obtained on 10 actu-
ally built amplifiers.

TABLE |

Specification data of the amplifier

Input impedance min. 1011 ohms
Capacitance compensation referred to the
input up to 100 pF
Input current Igs max. 10~12 amperes
Frequency response:
with RME = 0 ohm DC to 500 kHz,
flat within 3dB
with Rme =10 megohms rise time max. 20 /nsec
Noise voltage with
R{E =10 megohms max. 120/nV p-p
Amplification unity
Zero adjustmentt +100 millivolts
Drift 1mV/C® or 1 mV/hour
(after one hour warm-up time)
Input driving voltage max. = 1 volt
Input overload level max. +50 volts
Output impedance 500 ohms

The pick-up system was measured by the control circuit shown in Fig.
3 which proved to be suitable to check the correct system operation during
experiments.

A Mowi  rme Q

Fig. 3. Circuit diagram of control circuit
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The control circuit comprises following parts: an astable multivibrator
oscillating at 200 Hz, an adjustable DC voltage standard, and an adjustable
high impedance resistance decade. Depending on the measurement problem,
either a 100 millivolt square wave or a DC voltage adjustable in 10 mV steps
ug to 100 mV can be given on the input of the pick-up system through a suit-
able high resistance. The different parts of the control circuit may also be
used independently, as the square-wave signal, the calibrated DC voltage
and the high resistance are independently usable.

Measurements performed by using the control circuit of Fig. 3 are
summarized in Table Il1. The block diagram No. 1 in Table Il was used to
measure the input IG5 current of the amplifier. Zeroing the negative capaci-
tance amplifier and using the high resistance of the control circuit voltage

TABLE 11

Control measurements carried out on the amplifier



VG was measured, and with the knowledge of R, the current was determined
by using the following formula:

Vos
| as R
The amplifier input resistance Ras was measured by using the block-
diagram No. 2 in Table I1. The calibrated DC voltage of the control circuit
was switched through a high resistance onto the amplifier input, voltages
Viand V2were measured, and knowing R, the input resistance was determined
by the formula

rag
Res—y Vo

The stationary transfer characteristic, i.e. the linearity was tested
according to block diagram No. 3 in Table Il (Tei1kes, 1968). The cahbrated
voltage of the control circuit was connected at the amplifier input, and the
voltage divider was switched in 10 mV-steps from zero to +100 mV and
zero to —100 mV. Measuring V2 and knowing Vv the linearity value was
determined for the operating range for our experiments using the formula

Lin _ (V2-Vi) max
Vi

Block diagram No. 4 in Table Il served to calibrate the unity gain of
the amplifier. A 100 mV square wave was given on the amplifier input, and
an oscilloscope at the output was used to check the equality Fx= V2

The amplifier drift under operating conditions was measured b?/ using
the block-diagram No. 5in Table Il. Adjusting and fixing the zero level of
the amplifier with short circuited input, the zero-drift was measured by a
digital voltmeter. The time required for reaching thermal equilibrium and
the drift after warm-up at room temperature was also measured.

Block diagram No. 6 in Table H served for measuring the output resis-
tance ROUT of the amplifier. A DC voltage from the control circuit was given
onto the amplifier input and a voltage Vx was measured at the output. An
adjustable resistance R connected to the output was used to adjust the voltage
V2= VJ2, and determining the resistance value R required for this condition,
the output resistance ROvr was calculated.

The bridge circuit used to measure the microelectrode resistance was
calibrated with the aid of block diagram No. 7 in Table I1. The amplifier
was switched into the bridge operating mode, and the high resistance decade
of the control circuit was connected to the inputs of the microelectrode and
of the reference electrode. The bridge was balanced in all decade steps, and
the scale of potentiometer RME was calibrated in the range of 0to 50 megohms.

The quality of capacitance compensation was controlled by using the
block diagram No. 8 in Table Il. The square-wave signal of the control circuit
was given through the high resistance decade onto the amplifier input. The
effects of electrode capacity, cable capacity and other stray capacities loading
the input were compensated by a neutralizing circuit. The steps and results
of the capacitance compensation investigation are shown by the photographs
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of Table I11. The four columns of the Table correspond to different series
resistance values through which the square wave signal was given on the ampli-
fier input. (Rme = 5 Mohm, 10 Mohm, 30 Mohm, 50 Mohm). The first row
shows the generator square wave signal, the second row shows the amplifier
input signal after the resistance without capacitance compensation, and
the third row shows the same signal with compensation. Finally, the fourth
row shows the expanded leading edge of the square wave in the compensated
case.

TABLE 111

Responses of capacitance neutralization test with different microelectrode
resistances

20mv

[UT. MkTK n A
LTL

2ms

20mv ] 20mvV Dmv
100V5 . 20/ts 20)15

s Msl Rliie=50 M

First row: square vave signal of generator

Second row: amplifier input signal without compensation

Third row: amplifier input signal with compensation

Fourth row: expanded view of compensated signal leading edge.

Our control measurements included the investigation of the frequency
response and the noise voltage of the amplifier (Schoeeetd, 1962). These are
summarized in Fig. 4 which shows the frequency responses obtained with
different electrode resistances, and also the different noise voltages. All data
shown in Fig. 4 are valid for the cases when the amplifier is compensated
for the appropriate rise times. The Figure also shows the block-diagram of
the measurement set-up.

The photograph of the amplifier is shown by Fig. 5. The unit shown
by the photo contains the measurement bridge, the polarizer, the negative
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Fig. 4. Amplifier frequency responses with different electrode resistances, and measure
ment set-up to obtain these responses

Fig. 5. Photograph of the amplifier for microelectrode pick-up

capacitance amplifier, the DC amplifier and the batteries giving the supply
voltages. On the front panel are seen following controls: battery in-out switch,
zero adjustment, capacitance compensating, resistance measuring and polarizer
voltage adjusting potentiometers, polarity change switch and mode switch.
The input BCN connector and the reference electrode input jack are also on
the front panel. The high and low level outputs, the connectors for the square-
wave generator and the meter are located on the rear panel. Dimensions of
the amplifier unit shown in Fig. 5 are 200x130x50 mm.

Finally, the application fields of the described above system which were
actually tried successfully will be enumerated:

8 Tihanyi Evkényv
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1 — In direct operating mode:
— tip-potential investigation of microelectrodes,
— measurement of membrane potential in cells,
— recording of spontaneous activity from a single cell or simul-
taneously from several cells,
— recording in voltage-clamp set-up.
2 — In bridge operating mode:
— measurement of microelectrode resistance,
— polarization by DC current and simultaneous pick-up,
— stimulation by square wave and simultaneous pick-up,
- introducing differentmaterials by intracellular iontoforetie mode
with simultaneous pick-up.

Summary

A solid state amplifier and different measurement set-ups for micro-
electrode method are investigated by the author.

The preamplifier is supplied with a compensating circuit for neutrali-
zation of the input shunt capacity, and has unity gain and high input resis-
tance. The different measurement tasks are handled by a bridge which can
be connected to the input. In this way, the object under test may be polarized
by DC current or stimulated by a square wave. The measurement bridge
also serves for measuring the microelectrode resistance. The visual evaluation
of the signals is possible by an oscilloscope connected to the output of the
low-level preamplifier. The system has also a high-level output for driving
signal storage and signal processing devices.

The control methods of the measurement set-up parameters are summar-
ized in a Table. The parameters have been controlled by a calibrating circuit
which has been also dealt with.
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NEGATIV KAPACITASU EROSITO
MIKROELEKTRODAS VIZSGALATOKHOZ

Véré Mihély
Osszefoglalas

A szerz6 mikroelektréd technikdhoz készilt félvezetds erdsit6t, valamint kilén-
b6z6 mérési feladatok elvégzésére alkalmas dsszeallitast ismertet.

Az elGerbsité egységnyi erdsitésli, nagy bemendellenallast és a bemenetet terheld
kapacitas neutralizdlasara kompenzalé aramkorrel van ellatva. A kilonb6z6 mérési fel-
adatokat a bemenetre kapcsolhaté méréhid segitségével lehet elvégezni. igy elvezetés
kdozben egyenarammal polarizalni, illetve négyszéghullammal stimuldlni lehet a vizsgalt
objektumot. Ugyancsak a mér6hid segitségével lehet megmérni a mikroelektréd ellen-
allasat. Az elvezetett jelek vizuélis értékelése a kisszint( el6er6sité kimenetére kapcsolt
oszcilloszképon térténik. Az egyéb jeltarolasi és adatfeldolgozéasi problémak megoldéasara
az elvezetd rendszer nagyszintl kimenettel is rendelkezik.

A mérési Osszeallitas paramétereinek vizsgalati médszerei tablazatban vannak
osszefoglalva. A paraméterek ellen6rzése a megadott hitelesit6 aramkdr segitségével
tortént.
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