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1. Safety Regulations 
 
VERY IMPORTANT: Instruments and components supplied by npi electronic are NOT 
intended for clinical use or medical purposes (e.g. for diagnosis or treatment of humans) 
or for any other life-supporting system. npi electronic disclaims any warranties for such 
purpose. Equipment supplied by npi electronic must be operated only by selected, 
trained and adequately instructed personnel. For details please consult the GENERAL 
TERMS OF DELIVERY AND CONDITIONS OF BUSINESS of npi electronic, D-71732 
Tamm, Germany. 
 
1) GENERAL: This system is designed for use in scientific laboratories and must be 

operated by trained staff only. General safety regulations for operating electrical devices 
should be followed. 

 
2) AC MAINS CONNECTION: While working with the npi systems, always adhere to the 

appropriate safety measures for handling electronic devices. Before using any device, 
please read manuals and instructions carefully. 
The device is to be operated only at 115/230 Volt 60/50 Hz AC. Please check for 
appropriate line voltage before connecting any system to mains. 
Always use a three-wire line cord and a mains power-plug with a protection contact 
connected to ground (protective earth).  
Before opening the cabinet, unplug the instrument. 
Unplug the instrument when replacing the fuse or changing line voltage. Replace fuse 
only with an appropriate specified type. 

 
3) STATIC ELECTRICITY: Electronic equipment is sensitive to static discharges. Some 

devices such as sensor inputs are equipped with very sensitive FET amplifiers, which can 
be damaged by electrostatic charge and must therefore be handled with care. Electrostatic 
discharge can be avoided by touching a grounded metal surface when changing or 
adjusting sensors. Always turn power off when adding or removing modules, 
connecting or disconnecting sensors, headstages or other components from the 
instrument or 19” cabinet. 

 
4) TEMPERATURE DRIFT / WARM-UP TIME: All analog electronic systems are 

sensitive to temperature changes. Therefore, all electronic instruments containing analog 
circuits should be used only in a warmed-up condition (i.e. after internal temperature has 
reached steady-state values). In most cases a warm-up period of 20-30 minutes is 
sufficient. 

 
5) HANDLING: Please protect the device from moisture, heat, radiation and corrosive 

chemicals. 
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CONTROLS AND 
CONNECTORS 
 

FRONT PANEL 
ELEMENTS 
 
1 POWER      POWER 

This switch turns on the power supply. The line 
fuse, line voltage selector and power cable 
connector are located on the rear panel. 

 
2 VC ERROR     VC ERROR 

This analog display shows the error in the VC 
(voltage clamp) mode (command minus recorded 
potential). The desired range of operation is 
around zero. 
 

3 INTEGRATOR TIME CONSTANT  INTEGRATOR TIME CONSTANT  
In the most left position the integrator is turned 
off i.e. the VC controller has only proportional 
characteristic. By turning the knob clockwise the 
integrator is set on i.e. the VC controller has a PI 
characteristic (proportional and integral), which 
reduces the error considerably (theoretically to 
zero). The time constant of the integrator is set 
with a ten-turn potentiometer 3 (clockwise: time 
constant is decreased, effect of integrator is 
increased). When using the integrator, step 
commands applied to the input can cause 
overshoots, which can be reduced with the RISE 
TIME control 24. 
 

4 POTENTIAL FILTER    POTENTIAL FILTER 
Low pass Bessel filter for the POTENTIAL 
OUTPUT (see also CURRENT FILTER 8). The 
setting of the filter is monitored at 
FREQUENCY MONITOR POTENTIAL at 
the rear panel. 

 
5, 6 DISPLAYS     DISPLAYS 

5 POTENTIAL/RESISTANCE: display for the 
recorded potential in mV (B; C; V modes) or the 
electrode resistance in MΩ (R mode). 
6 CURRENT nA: display for the membrane 
current in nA. 
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7 CURRENT OUTPUT SENSITIVITY  CURRENT OUTPUT SENSITIVITY  
This switch sets the sensitivity of the current 
output (0.1-10 V/nA, seven position rotary 
switch). The setting of OUTPUT 
SENSITIVITY is monitored at CURRENT 
SENSITIVITY MONITOR at the rear panel. 
 

8 CURRENT FILTER    CURRENT FILTER 
(20Hz – 20 kHz, 16 position rotary switch) 
• 4-pole tunable Bessel filter (24dB/oct) with 16 

corner frequencies, selected by a rotary 
switch. 

• The following 16 frequencies can be set: 
20, 50, 100, 200, 300, 500, 700, 1k, 1.3k, 2k, 
3k, 5k, 8k, 10k, 13k, 20k (Hz) 

The setting of the filter is monitored at 
FREQUENCY MONITOR CURRENT at the 
rear panel. 
 

9 OSCILLATION SHUT-OFF   OSCILLATION SHUT-OFF 
Disconnects current injection and capacity 
compensation if parasitic oscillations occur. 
• A red/green LED shows the state of the 

system (red = shut-off triggered). 
• THRESHOLD: Sets the threshold for shut-

off activation. 
• DISABLED/RESET switch: resets or 

disables oscillation shut-off unit. 
 
10 – 12 PENETRATION   CELL PENETRATION UNIT 

This unit is used to clean the tip of the electrode 
and to facilitate the penetration of the cell 
membrane. 
• The unit can be operated by a remote switch 

connected to the REMOTE BNC 42 (active 
LOW). 

• The duration can be set by the DURATION  
control 10. 

• It can be turned off by the mode select 
(OFF/PULSE/Imax/BUZZ) rotary switch 27. 

• PULSE mode: application of DC pulses. In 
the B (bridge mode) or C (switched current 
clamp mode) square pulses are applied to the 
electrode to clean the tip of the electrode or 
to facilitate cell penetration. 

• The PULSE parameters are set by two 
controls and a switch: AMPLITUDE control 
12, +/- polarity switch 12 and 
FREQUENCY control 11. 
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• Imax: In this mode DC currents are applied to 
the electrode. The amplitude and polarity are 
also set by the respective controls 
(AMPLITUDE, +/- polarity switch) 

• BUZZ (= CAPACITY COMPENSATION 
mode): overcompensation of the capacity 
compensation, effective in all four modes of 
operation (R, B, C, V modes). 

 
CAUTION: Once an appropriate cell is found, 
always turn off the PENETRATION UNIT 
(OFF position of switch 27) 
 

13 BRIDGE BALANCE    BRIDGE BALANCE (MΩ) 
In the B (= bridge) mode the electrode resistance 
is compensated with this control (ten turn 
potentiometer, clockwise); calibrated in MΩ. 
100 MΩΩ / 10 MΩΩ switch: With this switch the 
range of the BRIDGE BALANCE control is set 
(10 MΩ / turn, i.e. 100 = 10 MΩ or 
100 MΩ / turn, i.e. 100 = 100 MΩ) 
 

14 VC OUTPUT LIMITER   VC OUTPUT LIMITER (Current Limit) 
Under certain experimental conditions it is 
necessary to limit the current in the voltage 
clamp mode (e.g. in order to prevent blocking of 
the electrode or to protect the preparation). This 
is possible with an electronic limiter that sets the 
current range between 0 and 100%. 
 

15 VC GAIN      VC GAIN 
This control sets the gain of the VC controller, 
(range: 100nA/V – 10µA/V). The gain must be as 
high as possible. 
 

16 DUTY CYCLE     DUTY CYCLE (1/8; 1/4; 1/2) 
In discontinuous modes (V and C modes) this 
switch sets the ratio between current injection 
and potential recording mode (12.5%; 25% or 
50% of each switching period). 
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17 SWITCHING FREQUENCY   SWITCHING FREQUENCY 
In switched modes (V and C modes) the 
switching frequency for the discontinuous 
current injection is set with this control (ca. 1kHz 
- 50kHz). The selected  frequency is shown on 
the display 36. 

 
18 HEADSTAGE BIAS CURRENT  HEADSTAGE BIAS CURRENT 

With this 10 turn control the output current of 
the headstage can be tuned to zero (see following 
chapters).  

 
19 VOLTAGE COMMAND INPUT  VOLTAGE COMMAND INPUT 

(see also CURRENT STIMULUS INPUT 21). 
The command signal for the voltage clamp mode 
(V mode) is a sum of following input signals: 
• 19 HOLDING POTENTIAL (mV), with a 

+/0/- switch for selecting the polarity 
• 32 analog input BNC (:10mV), 
• 30 analog input BNC (:40mV), 
• 33 GATE (TTL) / 25 STEP SIZE (mV) 

analogue to the current GATE INPUT 38 / 
STEP SIZE (nA) 26 

 
20 MODE OF OPERATION   MODE OF OPERATION 

Push-button selector of the four operating 
modes, the selected mode of operation is 
indicated by a green LED at the respective push-
button: 
• R: ELECTRODE RESISTANCE TEST 

MODE (see POTENTIAL monitor) 
• B: BRIDGE MODE (see BRIDGE 

BALANCE control 13) 
• C: CURRENT CLAMP MODE using 

discontinuous current injection. 
• V: VOLTAGE CLAMP MODE using 

discontinuous feedback. 
The mode of operation can be selected also by 
TTL signals connected to the respective BNC 
connectors at the rear panel. 

 
21 CURRENT STIMULUS INPUT  CURRENT STIMULUS INPUT 

The current injected through the electrode in the 
current clamp modes (B and C modes) is the 
sum of the following input signals: 
• 21 HOLDING CURRENT (nA): With this 

control a constant current can be generated, 
(ten turn potentiometer, clockwise), 
calibrated in nA. The polarity is selected with 
a +/0- toggle switch near the control. 
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• 40 Analog input (BNC connector), 1 nA/V 
• 41 Analog input (BNC connector), 0.1 nA/V  

All analog inputs have an ON/OFF switch. 
• 38 STEP GATE (TTL) / 26 STEP SIZE 

(nA): With this input a current step set in nA 
with a digital potentiometer can be generated 
with a positive digital pulse (3-15V). The 
polarity is selected with a +/0- toggle switch. 

22 OFFSET      OFFSET 
Control to zero the output of the electrode 
preamplifier (ten turn potentiometer, 5 = 0 mV); 
up to +/-400 mV offset can be compensated. 

 
23 AUDIO      AUDIO MONITOR 

Output volume of audio monitor (voltage to 
frequency conversion of the recorded potential.) 

 
24 RISE TIME     RISE TIME 

Sometimes it is necessary to limit the rise time of 
a voltage clamp pulse especially in connection 
with PI-controllers to avoid overshooting of the 
potential. See also 3. 
 

25 STEP SIZE (mV)    STEP SIZE 
Control for the amplitude of the voltage 
command step elicited by using the STEP 
GATE TTL 33. Polarity is selected by a +/0/- 
switch near the control. See also 19. 

26 STEP SIZE (nA)    STEP SIZE (nA) 
With this digital potentiometer control the 
amplitude of a current step (set in nA) generated 
by using the STEP GATE TTL 38 input The 
polarity is selected with a +/0- toggle switch near 
the control. See also 21. 

 
27 OFF/PULSE/Imax/BUZZ    MODE SWITCH  

for the PENETRATION unit. See also 10. 
 
28 CAP.COMP    CAPACITY COMPENSATION 

Fine adjustment for the compensation of input 
capacitance (ten turn potentiometer, clockwise), 
up to 20 pF can be compensated. (Coarse 
compensation control on headstage (CC) and 
tuning procedure, see CAPACITY 
COMPENSATION chapter). 
 

29 GROUND      GROUND plug 
This connector is linked to the internal system 
ground, which has no connection to the 19" 
cabinet and the mains ground to avoid ground 
loops. Ground connectors are also on the rear 
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panel (see REAR PANEL ELEMENTS, 
GND/EARTH connectors). 

 
30-33 VC COMMAND INPUT  VC COMMAND INPUT 

• 30 :40 mV input BNC connector. See 19. 
• 32 :10 mV input BNC connector. See 19. 
• 33 STEP GATE TTL input BNC 

connector. See 19. 
 
34 POTENTIAL OUTPUT (x10mV)  POTENTIAL OUTPUT  

BNC connector monitoring the recorded 
potential with a gain of ten. 

 
36 SWITCHING FREQUENCY kHz SWITCHING FREQUENCY (kHz) 

The selected switching frequency (see 17) is 
displayed with a 3 digit display. In the linear 
modes (B and R modes) it must show zero. 
 

37 CURRENT OUTPUT    CURRENT OUTPUT 
BNC connector on the front panel, monitoring 
the effective (average) current passed through the 
electrode. 

 
38 – 41 CURRENT STIMULUS INPUT CURRENT STIMULUS INPUT 

• 38 STEP GATE TTL input BNC connector. 
See 21. 

• 40 1 nA/Volt input BNC. See 21. 
• 41 0.1 nA/V input BNC. See 21. 

 
42 REMOTE      REMOTE 

BNC connector for activating the 
PENETRATION UNIT remotely. See also 10. 

 
43 HEADSTAGE INPUT    HEADSTAGE INPUT connector 

The headstages are connected via a flexible cable 
and a 12-pole connector to the mainframe. 

 
CAUTION: Please always adhere the 
appropriate safety regulations (see SAFETY 
REGULATION chapter). When connecting or 
disconnecting the headstages from the 19" 
cabinet connector please turn power off! 
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REAR PANEL  
ELEMENTS 
 
 
 
 
• SWITCHING OUTPUTS    SWITCHING OUTPUTS (see Fig. 3) 

These outputs provide signals for tuning 
of the switched operation modes (V and 
C modes). In the V and C modes these 
signals are necessary for tuning the 
capacity compensation (see following 
chapter). 
• SW FREQUENCY MONITOR 

BNC-connector monitoring the 
selected switching frequency (+5V 
pulses), used to trigger the 
oscilloscope which displays the 
switching pulses. 

• ELECTRODE POTENTIAL (VEL): 
BNC connector monitoring the 
electrode potential, i.e. the response 
of the electrode to the discontinuous 
current injection 

 
 
• MODE OF OPERATION    MODE OF OPERATION  

(TTL) (BR, CC, VC, REL) 
These inputs can be used to select the 
mode of operation by means of TTL 
pulses from a digital computer or timing 
unit (see also 20).  

 
• CURR.SENSITIVITY BNC   CURRENT SENSITIVITY 

MONITOR: This BNC connector 
provides eight output voltages (1-7V, 1V 
per switch position) corresponding to the 
seven positions of the CURRENT 
OUTPUT SENSITIVITY switch. See 
also 7. 
 

• FREQUENCY MONITOR   FREQUENCY MONITOR BNC 
CURRENT The position of the CURRENT FILTER 

switch 8 is monitored at the 
FREQUENCY MONITOR BNC 

 (-8...+7 Volt, 1 Volt / switch position). 
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POTENTIAL The position of the POTENTIAL 
FILTER switch 4 is monitored at the 
FREQUENCY  MONITOR BNC 

  (-8...+7 Volt, 1 Volt / switch position).  
 

 
 

• GROUND / PROTECTIVE EARTH   GROUND / PROTECTIVE EARTH  
Connectors; see also 29. 
In order to avoid ground loops, the 
internal zero (ground) signal of the 
instrument is not connected to the mains 
ground and the cabinet. The cabinet and 
mains ground are connected to the 
green/yellow connector, the internal 
ground is connected to the yellow 
connector. 

 
 
• POWER       POWER / FUSE / LINE VOLTAGE  

SELECTOR 
The power chord is connected by a 
standardized coupling which comprises 
also the fuse, voltage selector and a line 
filter. With 230V AC the fuse must be 
0.63A (slow), with 115V AC it must be 
1.25A (slow). 

 
CAUTION: (see also Safety 
Regulations) 
• Always use a three-wire line cord and 

a mains power-plug with a protection 
contact connected to ground.  

• Before opening the cabinet 
disconnect mains power-plug.  

• Disconnect mains power-plug when 
replacing the fuse or changing line 
voltage.  

• Replace fuse only with appropriate 
specified type.  

• SYNC. MODE CONNECTORS / SWITCH see Appendix “Synchronization of Two  
or More SEC Amplifier Systems” 
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1. Introduction 
 
The cell model is designed to be used to check the function of the instrument either 
 
1. just after unpacking to see whether the instrument has been damaged during transport or 
2. to train personnel in using the instrument or 
3. in case of trouble to check which part of the setup does not work correctly e.g. to find out 

whether the amplifier is broken or if something is wrong with the electrodes or holders 
etc. 

 
This cell model consist only of passive elements i.e. resistors that simulate the resistance of 
the cell membrane and the electrodes and capacitances that simulate the capacitance of the 
cell membrane (see Figure 2). A switch allows to simulate two different cell types: a “small” 
cell with 100 MΩ membrane resistance and 100 pF membrane capacitance or a “large” cell 
with 20 MΩ and 500 pF. The headstage of the amplifier can be connected to one of two 
different types of electrodes (see below). 
 

2. Cell Model Description 
 
 

 
 

Figure 1: SEC passive cell model 
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REL BNC: connector for the “patch” electrode, resistance: 5 MΩ 
GND: ground connector 
CELL: switch for cell membrane representing a membrane of either 100 MΩ and 

100 pF or 20 MΩ and 500 pF 
REL SUBD: connector for the “sharp” electrode, resistance: 100 MΩ 
 
 

 
 

Figure 2: schematic diagram of the passive cell model 

 

3. Connections and Operation 
 

3.1. Checking the Configuration with the Cell Model 
 
R Turn POWER switch of the amplifier off. 

a) For simulation of an experiment using a “suction electrode” 
R Connect the BNC jack of the cell model to the BNC connector MICROELECTRODE 

of the headstage. 

b) For simulation of an experiment using a “sharp electrode” 
R Connect SUBCLICK connector of the cell model to the BNC connector at the 

headstage. 

For a) and b) 

R Connect GND of the cell model to GND of the headstage. 

R Leave REF untouched. 

R Switch the CELL membrane switch (see Figure 1) to the desired position. 

R Turn all controls at the amplifier to low values (less than 1) and the OFFSET in the range 
of 5. 
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R Turn POWER switch of the amplifier on. 

Now you can adjust the amplifier and apply test pulses to the cell model. Connection to the 
BNC jack gives access to the cell via an electrode with 5 MΩ resistance. Connection to 
SUBD adapter simulates access to the cell via an electrode with 100 MΩ resistance. The 
upper position the CELL membrane switch simulates “small” cell with a resistance of 
100 MΩ and a capacitance of 100 pF. In the lower position a “large” cell membrane with 
20 MΩ and 500 pF is simulated. 
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For accurate measurements in switched mode, it is essential that the capacity of the electrode is fully 
compensated. 
 
Important: Wrong compensation of electrode capacity leads to errors in measurements done in 
switched mode of the amplifier (see Figure 2). 
 
Microelectrode selection: Electrodes must be tested before use. This is done by applying positive 
and negative current pulses. Electrodes that show significant changes in resistance (rectification) 
cannot be used for intracellular recordings. By increasing the current amplitude the capability of the 
electrode to carry current can be estimated. The test current must cover the full range of currents 
used in the experiment. For details see (3). 
 
Switching frequency is a key parameter of discontinuous single electrode clamp (dSEVC) systems. 
The switching frequency determines the accuracy, speed of response, and signal-to noise ratio of the 
dSEVC system (3)(6). Since its launch in 1984, one of the outstanding features of the SEC series of 
single electrode voltage / current clamp systems has been the ability to record routinely with high 
switching frequencies in the range of tens of kilohertz, regardless of the microelectrode resistance (1). 
Principles of the dSEVC technique are found in (1)(2). 
 
Looking back: In the early eighties, when the design of the SEC 1L system was started, single 
electrode clamping began to gain importance beside the two classical intracellular methods: bridge 
recording or whole cell patch clamp recording. The great advantage compared to the whole cell 
recording method using a patch amplifier was the elimination of series resistance due to the time 
sharing protocol. No current flow during voltage recording means no interference from the series 
resistance regardless of its value. Voltage clamp recordings became possible with sharp 
microelectrodes in deep cell layers. The historical weak point of this method was the low switching 
frequency due to the fact that stray capacities around the microelectrode could not be compensated 
sufficiently. 
 
The SEC systems provided a solution for this problem. With their improvements on capacity 
compensation electronics, they could be used with switching frequencies of tens of kHz even with 
high resistance microelectrodes. What are the technical principles that make possible such high 
switching frequencies? 
In SEC systems a special protocol is used to rapidly compensate the microelectrode. Figure 1 shows 
the compensation scheme of a sharp microelectrode immersed 3 mm in cerebrospinal fluid. Here the 
increase in speed can be seen clearly. Recordings under such conditions and possible applications 
have been presented in several papers (e.g. (3)). 
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Criteria for the selection of the switching frequency 
 
Which are the most important criteria for the selection of the switching frequency? This question was 
analyzed in detail by M. Weckstrom and colleagues (4)(5). They presented a formula that describes 
the conditions for obtaining reliable results during a switching single electrode clamp: 
 
fe > 3fsw, fsw > 2fs, fs > 2ff >fm 
 
fe: upper cutoff frequency of the microelectrode 
fsw: switching frequency of the dSEVC 
fs: sampling frequency of the data acquisition system 
ff: upper cutoff frequency of the lowpass filter for current recording, 
fm: upper cutoff frequency of the membrane. 
 
Example (6): With the time constant of 1-3 µs recorded for the electrodes used in this study, fe is 
80-160 kHz, the selected switching frequency of the dSEVC was 30 - 50kHz (calculated range is 
25-53 kHz), data were sampled at 10 kHz and the current signals have been filtered at 5 kHz. These 
settings are currently used for recordings in many labs. 
 
The principle of operation in switched mode is shown below. 
 

 
 

Figure 1: Microelectrode artifact settling. 

 
Compensation of stray capacities with a SEC 05 amplifier. The upper trace shows the comparison 
between the standard capacity compensation and the fast compensation of the SEC systems. After 
full compensation the settling time of the microelectrode is reduced to a few microseconds allowing 
very high switching frequencies (here: 40 kHz, middle and lower trace). The microelectrode was 
immersed 3 mm deep in cerebrospinal fluid. Microelectrode resistance: 45 MΩ, current: 1 nA, duty 
cycle 25%. SwF: switching frequency. 
Original data kindly provided by Prof. Diethelm W. Richter, Goettingen. For details see (3). 
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Figure 2: Errors resulting from wrong compensation of the electrode capacity. 
Original data kindly provided by Ajay Kapur. For details see (7). 
 
Tuning Procedure (see also chapter “Getting Started”, pages 14, 15): 
 
First part: basic setting 

In SEC systems the capacity compensation of the electrode is split into two controls, the coarse 
control in the headstage and a the fine control at the front panel of the amplifier. The aim of the first 
part of the tuning procedure is to set the coarse capacity compensation at the headstage, so that an 
optimal, wide range of CAP.COMP. at the amplifier is achieved. 
 
o Insert the electrode into the electrode holder and connect it to the amplifier. 
o Immerse the electrode, as deep as it will be during the experiment, into the bath solution. 
o Set the CAP.COMP. control at the amplifier (potentiometer #24 at the front panel) to a value 

around 2 and turn COARSE CAPACITY COMPENSATION at the headstage to the leftmost 
position. Select a DUTY CYCLE as desired (#24 at the front panel). 

o Connect the BNC connector ELECTRODE POTENTIAL OUTPUT at the rear panel to an 
oscilloscope and trigger with the signal at BNC connector SWITCHING FREQUENCY (also 
at the rear panel). The oscilloscope should be in external trigger mode. The time base of the 
oscilloscope should be in the range of 250 µs. 

o Set the amplifier in CC mode and select the lowest switching frequency (1 to 2 kHz) 
o Apply positive or negative current to the electrode using the HOLDING CURRENT control 

(potentiometer #21 at the front panel). 
o You should see a signal at the oscilloscope similar to those in Figure 3. Turn the COARSE 

CAPACITY COMPENSATION carefully clockwise until the signal becomes as square as 
possible (lower diagram in Figure 3). 

 
Important: If you use a model cell (e.g. to train yourself in adjusting the capacity compensation) the 
capacity of the model cell is always present. Thus, you will get an approximately square shaped 
signal with a slight slope as shown in Figure 4 (lower panel). 
 
o Increase the switching frequency to at least 15 kHz. The amplitude and shape of the signal 

should not change considerably. 
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Figure 3: Tuning of the coarse capacity compensation with an electrode (resistanc e100 MΩ ) in the 
bath. Time course of the signal at ELECTRODE POTENTIAL OUTPUT is shown (holding current: 
-1 nA, duty cycle: ¼, switching frequency: 2 kHz).  
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Figure 4: Tuning of the coarse capacity compensation. Time course of the signal at ELECTRODE 
POTENTIAL OUTPUT is shown (holding current: -1 nA, duty cycle: ¼, switching frequency: 2 
kHz). A model cell was connected (electrode resistance 100 MΩ ). 
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Figure 5: Capacity compensation of the electrode in the bath (electrode resistance: 100 MΩ , 
Current stimulus: 1 nA, duty cycle: ¼, switching frequency: 2 kHz). Current stimulus and electrode 
potential are shown. 
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Figure 6: Capacity compensation of the electrode using a model cell (electrode resistance: 100 MΩ , 
current: 1 nA, cell membrane: 100 MΩ, 100 pF, duty cycle: ¼, switching frequency: 2  kHz). Current 
stimulus and membrane potential are shown. 
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Second part: fine tuning 

 
Now the basic setting of the CAPACITY COMPENSATION is achieved. Since the electrode 
parameters change during the experiment (especially after impaling a cell), it is necessary to fine tune 
the CAPACITY COMPENSATION during the experiment using the CAP.COMP. control on the 
amplifier. To get familiar with this, connect a cell model and go through the following steps (the 
procedure is the identical with a “real” cell). 
 
o Connect POTENTIAL OUTPUT and CURRENT OUTPUT (front panel) to another 

oscilloscope. 
o Set SWITCHING FREQUENCY to the desired value (>15 kHz) and DUTY CYCLE to the 

desired value. 
o Set the HOLDING CURRENT to zero. With the amplifier in CC mode, apply square pulses of 

a few nA (or a few tens of pA for patch recordings) to the cell. Negative current pulses are 
recommended. If you apply positive current pulses, be sure only to elicit ohmic responses of the 
cell membrane, i.e. pulses should not elicit openings of voltage gated channels. 

o The POTENTIAL OUTPUT should show the ohmic response of the cell membrane, without an 
artifact, as illustrated in Figure 6 and Figure 7. 

 
 
 

 
 
 

Figure 7: Capacity compensation of the electrode inside a cell. Current stimulus and membrane 
potential are shown. 

 
 
 
Hint: The results of this procedure look very similar to tuning of the bridge balance. If the BRIDGE 
is balanced accurately no differences in the potential outputs should occur when switching between 
CC- and BRIDGE mode. 
 
 
Important: Always monitor the OUTPUT from ELECTRODE POTENTIAL OUTPUT at the rear 
panel, using a second oscilloscope. The signals must be always square. If not, CAPACITY 
COMPENSATION has to be readjusted or the switching frequency must be lowered. 
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SYNCHRONIZATION OF TWO OR MORE  
SEC AMPLIFIER SYSTEMS 

 
For recordings with two or more switched mode amplifiers in the same preparation it is 
necessary to synchronize the current injection and voltage recording timing protocols to avoid 
artifacts and excessive noise. This is done by the synchronization inputs and outputs at the rear 
panel of the instruments based on a "master-slave" arrangement. 
 
The MASTER instrument provides the clock frequency (from which the switching frequency is 
generated internally) for the SLAVE instruments. 
 
The MASTER instrument has a BNC connector marked SYNC. OUTPUT (TTL). To this output 
the SLAVE instruments are connected by means of standard BNC cables. 
 
The SLAVE instruments have a SYNC. INPUT (TTL) BNC connector and a toggle switch 
marked "INTERN / EXTERN". In the position EXTERN the instrument is used with the clock 
frequency of the MASTER instrument i.e. in SLAVE mode. In the position INTERN the 
instrument can be used independently of the MASTER instrument. 
 
Warning: If this switch is in the EXTERN position and no signal is connected to 
the SYNC. INPUT BNC the switched modes of the amplifier (VC and CC) are not 
working (no switching frequency!). 
 
In the EXTERN position and with the MASTER instrument connected, in both switched modes 
(VC / CC) the switching frequency is controlled by the MASTER amplifier. In this case current 
injection and sampling of current and potential signals is synchronous, therefore all artifacts are 
suppressed.  
 
Important: All synchronized instruments must use the same duty cycle! 
 

Literature: 
 
• Dhein, St.,  Double Cell Voltage Clamp, in: Cardiac Gap Junctions, Karger Verlag, Basel, 

1998 

• Müller, A., M. Bachmann, H.R. Polder, S. Dhein, R. Berkels and W. Klaus (1998) 
Measurement of Gap Junction Conductance with Switched Single Electrode Voltage Clamp 
Amplifiers. No Effect of Series - and Input Resistance. Pflügers Archiv, 435: R238 

• Müller, A., M. Lauven, R. Berkels, S. Dhein, H.R. Polder and W. Klaus (1999) Switched 
single electrode amplifiers allow precise measurement of gap junction conductance, American 
Journal of Physiology (Cell) Vol. 276, No.4 C980-C988, April 1999. 

 

For more information please contact support@npielectronic.com (www.npielectronic.com). 



 
 

SEC SYSTEMS WITH VCcCC MODE 
 

General Description 
 
The “Voltage Clamp controlled Current Clamp” (VCcCC) or “slow voltage clamp“ (SLOW VC) 
mode is used for performing accurate current clamp recordings in the presence of membrane potential 
oscillations. The npi single-electrode current- and voltage-clamp amplifiers (npi SEC 05/10 series) 
have been modified in a way that slow membrane potential oscillations are exactly controlled by the 
voltage-clamp module without affecting faster responses, e.g. postsynaptic potentials (PSPs) and 
action potentials (APs). The response speed of the voltage-clamp feed-back circuit has been decreased 
by incorporation of electronic circuits with large time constants (1 - 10000 s). In addition, through the 
current clamp input fast current stimuli (e.g. for conductance measurements) can be applied. 

Operation 
 
The VCcCC mode is controlled through two front panel elements (located in the VC part of the front panel): a 
toggle switch marked “on” / “off” and a rotary switch to set the time constants (1-10-100-1000, [optional 5000 
and 10000] sec) for the low-pass filter. To start using the VCcCC mode, the amplifier must be tuned accurately 
in the fast VC mode (toggle switch “off”). The holding potential control must be set on the desired value, or a 
holding potential signal must be provided from an external device (e.g. computer). This holding potential will be 
the preset membrane potential for the VCcCC mode. Under these conditions, PSPs or other changes of the 
membrane potential will be voltage clamped.  
 
If the toggle switch is set “on” the VCcCC mode is started. Depending on the preset time constant, fast changes 
of the membrane potential will not be voltage clamped any more. This is a condition that corresponds to an 
accurate current clamp. Fast changes of the membrane potential are monitored on the potential output, slow 
changes are compensated by the VCcCC circuit. 
 
The time constant should be selected in a way that the signals under investigation are not altered by the VCcCC 
(please compare with current clamp recordings). 
 
Important: The average membrane potential can be changed only through the VOLTAGE COMMAND 
INPUT. If changes are necessary, please select a short time constant (1 or 10 s). 

CURRENT CLAMP INPUT 
 
The current clamp input (CURRENT STIMULUS BNC connectors) is connected in the VCcCC mode in a way 
that fast current stimuli can be applied to the electrode. The condition for such recordings is a ratio of 
>1:1000 between current pulse duration and VCcCC time constant. Slow (long-lasting) current signals or 
DC (such as the HOLDING current) will be removed by the action of the VCcCC system. In the fast VC mode, 
the current clamp input is disconnected automatically. In this way, using the VCcCC mode, fast current stimuli 
can be used to monitor conductance changes. 

LITERATURE 
 
1. Peters, F., D. Czesnik, A. Gennerich & D. Schild, (2000) Low frequency voltage clamp: recording of voltage transients at constant average 

command voltage, J. Neurosci. Meth. Vol. 99, 129-135. 

2. Sutor , B., S. Greiner-Fischer, B. Schlosser (2000) Pharmacologically isolated NMDA-EPSPs recorded at resting membrane potential of rodent 
neocortical neurons, Soc. Neurosci. Abstr., Vol. 26,  Part 1, p 352.  

3. Sutor, B. and  H.R. Polder (2001) Slow Voltage-Clamp: A technique which allows switched current-clamp recordings of synaptic potentials at 
voltage-clamped holding potentials, Pflüg. Arch. 441:R221.  



 
 
 

 

CALIBRATION of the x0.1 RANGE  
LOW VOLTAGE HEADSTAGE 

(SEC SYSTEM) 
 
 
This headstage has an output current range of ±15nA into maximum 100 MΩ, and the noise and bias current 
are reduced by a factor of 10 compared to the standard headstage. Therefore it is recommended for whole 
cell patch clamp recordings, although it can be used also with high resistance sharp microelectrodes. 
 
All current related signals have to be divided by 10. 
 
• CURRENT DISPLAY: XXX pA /no decimal point (100 = 100 pA) 

• HOLDING CURRENT: XXX pA (100 = 100 pA) 

• Input sensitivity: BNC labeled 1 nA/V has now 0.1 nA/V i.e. 1V = 100 pA 
BNC labeled 0.1 nA/V has now 0.01 nA/V i.e. 1V = 10 pA) 

• Output sensitivity: 1V/nA-100V/nA 

• BRIDGE BALANCE: (XXX) x10 MΩ 

• REL mode display: XXXX MΩ (i.e. 10 is 100 MΩ) 
 

The potential input and output signals are not affected. 
 



 
 

 

Calibration of SEC Amplifiers with x10 Headstage 
(User’s Manual page 10) 

 
GENERAL: The current range of the x10 low voltage headstage is the following: 

BR: 1.2 µA into 10 MΩ (max. output voltage is 12 V),switched modes: 600 nA (duty 
cycle 50%), 300 nA (25%) and 150 nA (duty cycle 12.5%) 

 
All current related inputs and outputs must be multiplied by a factor of ten. 
This is valid for all four modes of operation (REL, BR, CC, VC) 
Potential related signals are not affected. 

 
CURRENT STIMULUS INPUT: 1 nA/V: corresponds 10 nA/V  

0.1 nA/V:  corresponds 1 nA/V 
GATE: XX.X nA (max. 99.9 nA) (SEC10 only) 
HOLDING: XX.X nA (max. 99.9 nA) 

 
CURRENT OUTPUT SENSITIVITY: 0.1 V/nA corresponds 0.01 V/nA 
older instruments (SEC-10L): 0.125 V/nA corresponds 0.0125 V/nA 

0.2 V/nA corresponds 0.02 V/nA 
0.5 V/nA corresponds 0.05 V/nA 
1 V/nA corresponds 0.1 V/nA 
2 V/nA  corresponds 0.2 V/nA 
5 V/nA corresponds 0.5V/nA 
10 V/nA corresponds 1 V/nA 

 
CURRENT DISPLAY: shows correct current (XX.X nA), Maximum is 199.9 nA 
 
BRIDGE BALANCE: XX.X MΩ (50 corresponds 5 MΩ), Maximum is 99.9 MΩ 
 
ELELCTR. RESISTANCE DISPLAY: XXX MΩ (005 corresponds 5 MΩ), Maximum is 999 MΩ 
 
Important: If high-resistance electrodes are used the capacity compensation must be set properly for 
exact determination of REL. 
 
Example: HOLDING CURRENT: 100 

corresponds to 10 nA, the DISPLAY will show 10.0 nA 
INPUT at 1V/nA BNC: 1 V or INPUT at 0.1V/nA BNC: 10 V 
corresponds to 10 nA, the DISPLAY will show 10.0 nA 
 
voltage at CURRENT OUTPUT is then 
CURRENT OUTPUT SENSITIVITY 0.1V/nA: 0.1 V 
CURRENT OUTPUT SENSITIVITY 1 V/nA: 1 V 
CURRENT OUTPUT SENSITIVITY 10 V/nA: 10 V 



 
 

SEC-EXT Headstage for Extracellular Recordings  
with npi SEC Systems 

 
The SEC-EXT headstage extends the range of operation of SEC amplifiers to the field of extracellular 
recordings. It has a differential high impedance input stage with capacity compensation for the non-
inverting input (+ INPUT) and a gain of ten. This input stage is followed by a high pass filter with six 
corner frequencies (1; 3; 10; 30; 100; 300 Hz). 
 
• DC output (POTENTIAL OUTPUT of the SEC): The direct output is connected to the 

"POTENTIAL" channel of the SEC system, i.e. the signal is passed through the OFFSET 
compensation stage, magnified by ten and filtered by the POTENTIAL FILTER. The overall gain 
for the DC output is 100 (x10 input stage, x10 SEC potential magnification). 

 
• AC output (high pass output, CURRENT OUTPUT of the SEC): The output of the high pass filter 

stage is fed into the "CURRENT" channel of the SEC system, i.e. it is passed through the 
CURRENT OUTPUT SENSITIVITY stage where it is amplified (overall gains 10; 12.5;  20; 50; 
100; 200; 500; 1000). The amplified signal is filtered by the CURRENT FILTER. 

 
Important: The SEC system must be in BRIDGE (B) mode. All inputs must be turned off or 
disconnected. The BRIDGE balance control must be on 000 to avoid incoming disturbances.  
 
The following systems and front panel elements are working: 
 
CAP. COMPENSATION Capacity compensation control for the non-inverting (+) input  
 
POTENTIAL OUTPUT   DC output (x100) 
OFFSET   Offset control for the DC output  
POTENTIAL FILTER  Low pass Bessel filter for the DC output 
POTENTIAL DISPLAY Shows electrode potential x10 (100 are 10 mV) 
 
CURRENT OUTPUT   AC (high pass) output (x10...x1000) 
CUR. OUTPUT  Gain stage (10-1000) for the AC output  
SENSITIVITY 
CURRENT FILTER          Low pass Bessel filter for the AC output   
 
OSCILLATION  as described in the SEC manual 
SHUTOFF 
 
PENETRATION   "BUZZ" as described in the SEC manual (+Imax/-Imax do not work) 
 
Important: This headstage  is sensitive to static discharges. It is equipped with very sensitive FET amplifiers, which can be 
damaged with electrostatic charge and must therefore be handled with care. Damage can be avoided by touching a 
grounded metal surface when changing or adjusting the electrodes. If a headstage is not used the input should always be 
connected to ground (either using an appropriate connector or with aluminum foil wrapped around the headstage). Always 
turn power off when connecting or disconnecting headstages from the 19" cabinet. 
 

For more information please contact support@npielectronic.com (www.npielectronic.com). 



 
 

 

SEC SYSTEMS WITH LINEAR (x1 AND x10) MODE 

General Description 
The linear mode of the SEC amplifier is an “unswitched” operation mode of the SEC, working in 
voltage clamp (VC) and current clamp (CC). In contrast to standard patch clamp amplifiers the 
electrode voltage is nevertheless measured, also in VC. However, due to current flow during voltage 
measurement, this measurement is distorted by the series resistance. This is the reason why the linear 
mode should be used only for recordings where only little current flows. 
In the linear mode the background noise of the amplifier is substantially reduced. Therefore, the linear 
mode is predestined for low-noise recordings in VC and CC mode. 
The linear mode allows also loose-patch or macro-patch recordings, and can be used to approach the 
cell and form a gigaseal in VC mode. 
The LIN x10 mode can be used for iontophoresis or electroporation, i.e. juxtacellular, non-invasive 
filling of cells with or single cell transfection with DNA. The stimulus amplitude range in CC or 
BRIDGE mode is also enhanced to max. ±120 nA. 

Operation 
The linear mode is set through the Linear Mode switch at the front panel. When the switch is set to the 
middle position, the amplifier is in “switched” (VC or CC) or in BRIDGE mode (CC). Setting the 
switch to x1 or x10 lets the amplifier work in linear mode either without or with x10 amplification. 
 

R Linear Mode - x1/x10 switch 
 

x1: The amplifier operates in linear, unswitched mode (see below), current and/or 
voltage are not enhanced. LIN LED lights green. 

x10: The amplifier operates in linear electroporation mode. Command voltage in VC or 
current stimulus in CC or BRIDGE mode are multiplied by the factor of ten. This 
allows to apply stimuli of max. ±120 nA. In this operation mode the LIN LED lights 
red and the voltage output at POTENTIAL OUTPUT x10mV BNC connector is set 
to x1mV. 

middle: In the middle position of this switch the amplifier works in switched or BRIDGE 
mode. The LIN LED does not light. 

 
Important: In LIN x10, the voltage output (POTENTIAL OUTPUT x10 mV BNC connector) is set to 
x1 mV, i.e. 1 V is 1 V (and not 100 mV as in LIN mode x1). 
 
Important: The linear mode must be used with low resistance patch pipettes only! Ringing can be 
avoided by setting the GAIN in VC mode not higher than 1 and by setting the capacity compensation 
of the electrode to very low values (best close to zero). 
 
Note: Be always aware, that the linear mode introduces a series resistance error that is dependent on 
the magnitude of series resistance and current that flows during measurement. 
 
Important: The LIN mode x1 or x10 must not be used if two SEC amplifiers work in synchronized 
(Master/Slave) configuration. 
 
Important: BRIDGE balance and Capacity Compensation work in LIN mode and can be used to 
minimize artifacts during electroporation. 
 



 
 
 

SEC-10 SYSTEMS WITH DHC MODE 
 

General Description 
 
The “Dynamic Hybrid Clamp” (DHC) mode is used for investigations of ionic conductances in 
voltage clamp (VC) mode following action potentials in current clamp (CC) mode. In CC mode an 
action potential is detected by a spike detector and triggers a timing unit. This timing unit generates a 
TTL signal for triggering the SEC (being in CC mode). The SEC switches from CC mode to VC mode 
with the actual membrane potential as holding potential. 

Operation 
 
The DHC mode is set through the an additional switch labeled DHC at the front panel. 
 
Important: The SEC must be in CC mode in order to use the DHC feature. 
 
When the switch is set to DHC (amplifier must be in CC mode) the membrane potential is fed into a 
sample-and-hold electronic. If a TTL pulse (+5 V) is applied to the BNC connector under the DHC 
switch, the SEC is switched to VC mode. The COMMAND INPUT for voltage clamp is disabled and 
the command potential is provided by the sample-and-hold electronic, e.g. the command potential 
represents the last membrane potential before switching to VC mode. 
 
In practice, the investigator needs additionally a spike detector and a timing unit. The spike detector 
detects an action potential and triggers – with a possible delay set by the timing unit – the transition 
from CC mode to VC mode. 
 

Literature 
 
Dietrich, D., Clusmann, H. & Kral, T. (2002). Improved hybrid clamp: resolution of tail currents 
following single action potentials. J.Neurosci Meth. 116, 55-63. 
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