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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. 

HIGH PRESSURE PRECAUTIONS: While working with PEXT systems and components, 
always adhere to the appropriate safety measures for handling high pressure pneumatic 
systems. Before using the PEXT or any external pneumatic device please read the manual and 
instructions carefully. 
 Always turn off pressure source before connecting or disconnecting the PEXT system. 
 Any component used (tubes, fittings etc.) must be specified for the maximum possible 

pressure. 
 Do not use any aggressive, combustible or explosive gases. Only gases such as air, 

nitrogen, carbon dioxide, helium, etc. are allowed. 
 Use only dry, oil free, filtered gases (max. 5 µm filter is allowed). 
 Maximum input pressure must be below 5 bar (1 bar = 100,000 Pa). npi recommends an 

input pressure of 1 bar more than the maximum output pressure. 
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2. PEXT-01 System 

2.1. System Description 

Pressure ejection is a convenient method for applying both ionic and non-ionic solutions from 
micropipettes. This method is popular for two reasons. First, it can apply to almost all 
solutions. Second, the amount of solution ejected can be monitored by viewing the tip of the 
micropipette under a microscope. 
In several experimental situations not only drug application but also extracellular recording is 
required. Therefore, npi combines the one channel drug ejection system (PDES) with an 
extracellular amplifier (EXT) resulting in the PEXT-01 system. 
The PEXT-01 is designed for pressure ejection of drugs in physiological and pharmacological 
studies while recording extracellular signals. The PDES part equipped with a high pressure 
output (Pmax = 2 bar / 29 psi or 4 bar / 58 psi) for drug application with fine-tipped 
micropipettes, but can also be operated in low-range pressure for controlled droplet 
application from large-tipped pipettes. A digital timer and a remote control unit (optional) 
facilitate the use of these instruments. 
In order to speed up drug ejection, PEXT systems are also available with the microJect 
option. These systems are equipped with a micro valve located in an injection holder. The 
micro valve has a switch time of less than 1 ms and a very small volume that has to be 
controlled, resulting in application times in the ms range. 
The PEXT-01 is housed in a 19" cabinet that can be mounted in a rack. It comprises of one 
pressure ejection channel and one extracellular recording channel. The pressure ejection 
channel consists of a precision pressure regulator, a digital pressure display, electronically 
controlled valves, control electronics and a regulated power supply. Ejection of drugs can be 
activated manually or via a TTL input. The operational status is indicated by a red/green 
LED. The pressure output is monitored at a BNC output (1V / bar or 0.1V / psi) and 
additionally the signal for pressure control is available via TTL OUT BNC connector. 
Mode of operation and timing is selected by controls at the front panel. If the internal timer is 
used, the eject time is preset by a digital control. The operational status is indicated by a 
red/green LED. Red means that the channel has been turned on and the valve is closed, green 
indicates that the valve is open and injection takes place. 
The pressure connectors (quick connect type) are located at the rear panel of the instrument. 
The pressure ejection channel is equipped with an INPUT coupling where the pressure source 
is connected, an OUTPUT coupling where the injection pipette or the external valve is 
connected. 
The injection pressure is preset by a precision pressure regulator. The pressure is displayed on 
a digital manometer. Additional pneumatic devices (tubes, fittings connectors, filters etc.) are 
available. Please contact npi electronic for details. A calibration procedure allowing 
quantitative drug application is described by Hofmeier and Lux (1981). 

The EXT part of the PEXT-01 is designed for extracellular recordings of small voltage 
signals. It has a differential input with high input impedance to avoid noise. The output 
voltage signal can be HIGH or LOW PASS filtered, and is available either AC (HIGH PASS 
filtered) or DC coupled with variable gain. 
Two LEDs indicate whether the amplifier is running out of its linear range, and an analog 
balance monitor makes the control of OFFSETS easy. A built-in audio speaker monitors the 
output signal of one channel (A or B). A THRESHOLD function (in NOISE mode) can be 
used for masking the noise of the baseline. A phone jack allows connection of an external 
speaker (HEAD PHONES) or further audio amplification, e.g. computer sound card, active 
speakers, power amplifier etc. 
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2.2. Description of the Front Panel 

 

 
 
Figure 1: PEXT-01 front panel view (the numbers are related to those in the text below) 
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In the following description of the front panel elements, each element has a number that is 
related to that in Figure 1. The number is followed by the name (in uppercase letters) written 
on the front panel and the type of the element (in lowercase letters). Then, a short description 
of the element is given. 
 

Pressure Ejection Elements 

(1) POWER push button 

Push button to turn POWER on or off 

(2) Pressure regulator 

Rotary knob for regulating the pressure 

(3) BAR / PSI switch 

Switch to select the unit of the reading of the display (#4) and the output at PRESSURE 
MONITOR (#11) 

(4) Manometer 

Digital display for the pressure (X.XX bar or XXX.X psi) 

(5) Operation LED 

Indicates the operational status 
red light: channel has been turned on, valve is closed 
green light: valve is open or valve not connected 

(6) TIME (ms) tumble-wheel switch 

Five digit tumble-wheel switch to set the ejection time (XXXX.X ms) in TIMER mode 

(7) START button 

Push button to start operation. The START button can be used to start ejection in TIMER or 
EXT. mode. 
In TIMER mode pressing the START button opens the valve for the time set by #6. 
In EXT. mode pressing the START button opens the valve as long as the button is pressed 

(8) TTL INPUT connector 

BNC connector for external operation 
In TIMER mode a TTL HI ( +5V) signal opens the valve for the time set by #6. 
In EXT. mode a TTL HI ( +5V) signal opens the valve as long as the signal level is HI 

(9) TIMING MONITOR connector 

BNC connector providing a TTL signal that indicates the status of the regulated injection 
valve (HI = valve open, LO = valve closed) 

(10) TIMER, EXT., CONT. switch 

Switch to set the operation mode (see also chapter 3.1) 

(11) PRESSURE MONITOR connector 

BNC connector monitoring the pressure output, sensitivity: 1 V / bar or 0.1 V / psi, 
respectively 

(12) REMOTE CONTROL connector 

Connector for the REMOTE CONTROL push button (optional) 
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Extracellular Recording Elements 

(13) BALANCE x10mV meter 

The analog BALANCE monitor displays the OFFSET in the range of 30 mV and is used for 
optimal cancellation of the OFFSET. 
 

(14) HIGHPASS (Hz) switch 

12-position switch for selecting the corner frequency of the single pole HIGHPASS filter with 
-6 dB / octave. In OFF position the HIGHPASS filter is disabled (DC recording). 
Corner frequencies (Hz): 3, 30, 100, 300, 400, 500, 600, 800, 1k, 3k, 10k. 
 
Note: A combination of both LOWPASS and HIGHPASS FILTER leads to a filter with 
bandpass characteristics. 
 

(15) + / - OVERLOAD LEDs 

LEDs that indicate if the amplifier works at 10% below it’s positive or negative limit. The 
linear range of the amplifier is 12 V. 
 

(16) LOWPASS (Hz) switch 

12-position switch for selecting the corner frequency of the single pole LOWPASS filter with 
-6 dB / octave. Corner frequencies: 30, 100, 300, 500, 700, 900, 1.3k, 1.5k, 1.7k, 3k, 10k, 20k 
Hz. 
 
Note: A combination of both LOWPASS and HIGHPASS FILTER leads to a filter with 
bandpass characteristics. 
 

(17) OFFSET range switch 

Switch to set the range for the OFFSET potentiometer (#18). 
 
1V corresponds to a range from 0 mV to 1000 mV at the electrode 
0.1V corresponds to a range from 0 mV to 100 mV at the electrode 
 

(18) OFFSET potentiometer 

Potentiometer for OFFSET compensation for the measured potential in DC mode. The 
RANGE is set by switch #17. The analog BALANCE monitor (#13) displays the OFFSET in 
the range of 30 mV, and can be used for optimal cancellation of the OFFSET. 
 
Note: The middle position corresponds to 0 V OFFSET since negative as well as positive 
OFFSETS can be cancelled.  
 

(19) NOTCH ON / OFF switch (optional) 

Switch that enables (upper position) or disables (lower position) the NOTCH filter (optional). 
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Audio Monitor 

(20) INPUT MODE switch  

Switch for selecting the INPUT MODE. 
 
PITCH: The voltage of the INPUT signal is converted into a tone with 

a frequency equivalent to the amplitude of the INPUT voltage.  
OFF: The audio monitor is switched OFF 
NOISE: The voltage of the INPUT signal is high pass filtered, 

amplified and transduced to a sound.  
2 V, 1 V, 0.5 V: The audio monitor works in NOISE MODE with 

THRESHOLD function. 100% THRESHOLD is set to the 
selected value (2 V, 1 V or 0.5 V) (see also #21). 

(21) THRESHOLD % potentiometer 

Potentiometer for setting the THRESHOLD in % of the value set by INPUT MODE 
switch #20 (0.5 V, 1 V, 2 V). For example, if the INPUT MODE switch #20 is set to 2 
V and the THRESHOLD potentiometer is set to 50%, the resulting THRESHOLD for 
monitoring the OUTPUT signal will be at 1 V, i.e. only signals greater than 1 V will 
be converted into a sound (NOISE). With an amplification of 10000 this corresponds 
to a signal of 100 µV at the electrode. 

(22) PHONES connector 

Stereo jack connector for PHONES or an external amplifier (e.g. active speakers). 

(23) VOLUME potentiometer 

Potentiometer for setting the VOLUME of the internal speaker or PHONES linked to 
connector #22. Turning clockwise will turn up the sound. 

 
(24) DC OUT x10mV connector 

BNC connector providing the measured DC signal with a fixed amplification of 10 (optional). 
This signal is not filtered. Use of this connector allows, for instance, measuring the signal AC 
(signal is provided at #26) while watching the offset simultaneously. 
 
(25) ZERO ADJ. trimpot 

Trimpot to compensate for amplifier offsets. If the baseline is not zero even if the input is 
grounded (INPUT switches #28 set to OFF), this offset can be compensated. Compensation 
procedure: 
 
 Set the input switches (#28) to OFF to ground the inputs, and set the HIGH PASS 

FILTER to 400 Hz. 
 Set the GAIN range switch to 1k and adjust the baseline to zero using the trimpot. 
 Set the GAIN range switch to 10k and adjust the baseline again if necessary. 
 

(26) OUTPUT connector 

BNC connector providing the recorded and conditioned signal. 
 
(27) GAIN switch 

10-position switch for selecting the GAIN of the output signal at the OUTPUT connector 
(#26). Amplification factors: x10, x20, x50, x100, x200, x500, x1k, x2k, x5k, x10k. 
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(28) INPUT switches 

Switches for grounding the INPUT connectors (#30) or the headstage connector (#29). One 
switch for the + IN and one for the –IN  
 
Important: In differential measurements both switches for + IN and – IN have to be in the 
same position. In single-ended measurements the switch for the INPUT that is not used must 
be set to OFF!! (see also chapter 3.2). 
 
(29) HEADSTAGE connector 

Connector for the optional headstage (see also chapter 2.5). 
 
(30) -IN, +IN connectors 

BNC connectors for connecting the INPUT signal if no headstage is used. The inputs can be 
used in single ended or differential configuration. In differential configuration the signal 
which is connected to–IN is subtracted from the signal that is connected to +IN. Usually the 
reference electrode is connected to the –IN connector. If only one INPUT is used (single 
ended configuration) the other INPUT must be grounded using switch #28 (see also #28 and 
chapter 3.2). 
 
Very Important: You must not use inputs at the front panel and a headstage simultaneously!! 
If the BNC connectors are used the headstage must be disconnected. 
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2.3. Description of the Rear Panel 

 

 

Figure 2: PEXT-01 rear panel view (the numbers are related to those in the text below) 

 
The following connectors are located at the rear panel. 

(1) OUT connector 

Connector for connecting the ejection pipette. The EJECT pressure is supplied to this 
connector. 

(2) EXHAUST connector 

Not installed. 

(3) SOURCE IN connector 

Connector for connecting the filtered, dry and oil-free gas source (5 bar max.). 
 
Note: npi recommends an input pressure of 1 bar more than the maximum output pressure. 
 

(4) FUSE 

Unplug the instrument when replacing the fuse or changing line voltage. Turn knob to open. 
Replace fuse only with an appropriate specified type (see chapter 5) 

(5) Voltage SELECTOR 

Rotary switch for selecting the operating voltage (115 V / 230 V). 
 
Caution: Always switch to the appropriate voltage before connecting the PEXT-01 to mains. 
 

(6) GROUND 

This connector is linked to the internal system ground which has no connection to the 19" 
cabinet (CHASSIS) and the mains ground to avoid ground loops. 

(7) CHASSIS 

This connector is linked to mains ground (green / yellow wire, protective earth). 
 

(8) VALVE connector 

Connector for the electrical connection of the VALVE located in a remote valve box or in the 
microJECT. 
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2.4. External Valve (Option) 

 
An external valve for the PEXT-01 system is either mounted on a remote valve plate or in the 
microJECT micro valve .pipette holder. 

Remote Valve Plate 

 
The valve that is controlled by the PEXT-01 is located on the remote valve plate (see Figure 
3). Tubing and cable of the external valve are connected at the rear panel of the PEXT-01 
system (refer to chapter 2.3). Exhaust is usually not connected. 
 
 

  
 

Figure 3: external valve on remote valve plate 

 
1: electrical connection 
2: EJECT pressure source tubing 
3: connector for ejection pipette 
4: exhaust connector (optional) 
5: GND connector for grounding the valve 
 
 

microJECT micro Valve Pipette Holder 

 
The valve which is controlled by the PEXT-01 is located in the micro valve pipette holder, 
called microJECT (see Figure 4). Tubing and cable of the microJECT are connected at the 
rear panel of the PEXT-01 system (refer to chapter 2.3). Exhaust is usually not connected. 
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Figure 4: microJECT 

 
1: pipette connector 
2: connector for EJECT pressure source 
3: connector for EXHAUST pressure (optional) 
 
 

2.5. Headstage (Option) 

 

 
 

Figure 5: headstage (optional) and electrode holder (optional) and of the PEXT-01 

Headstage Elements 

 
1 PEL: BNC connector for the electrode holder (measuring electrode) 
2 REF: connector for the reference electrode 
3 GND: ground connector 
4 holding bar 
 
On request, PEL can be implemented using 1 mm or 2 mm banana jacks or using SMC 
SUBCLIC connectors. 
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3. Operation 

3.1. Pressure Ejection 

 
 Connect the pressure tubing of the external valve to the OUT connector and the electrical 

connector to the VALVE connector at the rear panel. 

 Connect your ejection pipettes to the external valve, e.g. using an ejection pipette holder. 

 Turn on pressure and adjust the EJECTION pressure to the desired value using the 
pressure regulator. 

 Connect a digital timing unit to the TTL INPUT BNC connector at the front panel. 

 For remote operation connect the remote control push button (option) to the REMOTE 
CONTROL connector. 

 Turn channel on (TIMER control). 

 The LED is red when no ejection occurs and green when the pressure is applied to the 
pipette.  

 Select the operation mode using the respective toggle switch at the front panel (see Figure 
1). 

 In the CONT. position the application can be controlled manually, i.e. as long as 
the CONT. position is set pressure is applied to the pipette. 

 In the EXT. position the duration of the application is determined directly by the 
duration of the TTL pulse. 

 In the TIMER position the duration is preset by the timer control and time base of 
the PEXT-01. 

 Use the START button to test the system. The START button can be used to start ejection 
in TIMER or EXT. mode. In TIMER mode pushing the START button starts ejection for 
the time set by the timer control. In EXT. mode ejection lasts as long as the START 
button is pushed. 

 

Note: The minimal pressure that can be applied is 30 mbar.  
 
 
Note: Green LED indicates that the valve is not connected properly or continuous operation. 
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Figure 6: operation modes (pressure ejection) of the PEXT-01 
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3.2. Extracellular Recording 

 
The EXT amplifier of the PEXT-01 can be operated either using the BNC inputs of the front 
panel (#30, Figure 1) or using a headstage. 
 
Very Important: You must not use inputs at the front panel and a headstage simultaneously!! 
If the BNC connectors are used the headstage must be disconnected. 
 
Extracellular measurements are mostly done in slices or in vivo, where distortions of the 
signal caused by other instruments and the animal itself are very common. Additionally, 
extracellular signals are very small and have to be amplified enormously. The drawback is 
that noise is amplified as well. Therefore, the PEXT-01 is equipped with differential input 
that minimizes noise pick-up. Differential means, that the signal for the amplifier is the 
difference between the positive (+) (PEL at the headstage) and negative (-) (REF. at the 
headstage) input of the amplifier. This results in canceling of all signals which both electrodes 
record, e.g. noise. 
 
For differential measurements, both inputs are connected to electrodes using cables with 
grounded enclosure or electrode holders. + (PEL) is connected to the measuring electrode and 
– (REF.) to the reference electrode. If no headstage is used, the switches #28, Figure 1have to 
be in the same position, i.e. both set to ON. The experimental chamber is grounded by an Ag-
AgCl pellet (or an AGAR bridge) connected to GND of the headstage (see Figure 7). 
 
 
Important: If differential measurement is not required (single-ended measurement 
configuration), the REF input must be connected to ground (GND at the headstage, see Figure 
7) or the –IN switch (#28, Figure 1) must be set to OFF. 
If no headstage is used, the switch corresponding to the unused INPUT (+ or -) has to be set 
to OFF (see #28, Figure 1). 
The amplifier is in an undefined state, if the REF is left open, and can go into saturation 
making reliable measurements impossible. 
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Figure 7: headstage connections, A: differential measurement, B: single-ended measurement 

 
Hint: The REF connector of the headstage can also be set to GND by grounding the –IN 
connector at the front panel using #28, Figure 1. 
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5. Technical Data 
 
Dimensions: 

19” rackmount cabinet, 19” (483 mm), 10” (250 mm), 3.5” (88 mm) 

Power requirements: 

115V / 230V AC, 20-40 W, Fuse: 0.2A / 230V; 0.4 A / 115V 

 

5.1. Pressure Ejection 

 

Source gas: 

air, nitrogen, helium etc. no aggressive, combustible or explosive gases, filtered by a 5 µm 
filter element. 

Pressure range: 

input pressure: max. 5 bar (1 bar = 105 Pa = 14.5 psi) 
pressure control range: 0.03-2 bar, 0.44-29 psi or 0.03-4 bar, 0.44-58 psi 

Input and output couplings: 

quick connect type 

Tubes: 

input: 6 mm OD 
output: 4 mm OD 

Status / EJECT time indicator: 

red/green LED 
red light: channel has been turned on, valve is closed 
green light: valve is open or valve not connected 

Mode selection: 

three position toggle switch, (TIMER, CONT., EXT.) 

Minimum valve switch time: 10 ms or <1 ms (microJECT) 

Digital timer: 

100 µs – 9.9999 s set by five digit tumble-wheel switch (0000.0-9999.9) 

Pulse input: 

standard BNC connector, TTL (LO = 0-2.5 V, HI = 2.5-12 V), input impedance 10 k 

Pulse output: 

PRESSURE MONITOR: standard BNC connector, sensitivity: 1 V / bar or 0.1 V / psi, 
output impedance 249  

TIMING MONITOR: standard BNC connector, TTL (LO = +0-1 V, HI = +5 V), output 
impedance 50  
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5.2. Extracellular Recording 

 
Input: >1012 , range ±1 V 

Differential Input: CMR >90 dB at 1 kHz (tested with 0  input resistance) 

Input Capacitance: 30 pF 

OFFSET Compensation: set by potentiometer, range: 0.1, ±1 V set by toggle switch 

HIGHPASS Filter: single pole, attenuation: -6 dB / octave, corner frequencies (Hz): 
3, 30, 100, 300, 400, 500, 600, 800, 1k, 3k, 10k 

LOWPASS Filter: single pole, attenuation: -6 dB/octave, corner frequencies (Hz): 
30, 100, 300, 500, 700, 900, 1.3k, 1.5k, 1.7k, 3k, 10k, 20k 

NOTCH Filter (optional): 50 Hz or 60 Hz 

GAIN: rotary-switch 10-20-50-100-200-500-1k-2k-5k-10k 

Overload LEDs: starting to light up at approx. ±10 V 

Output: range: ±10 V into 1 k / ±1 V into 50  

Potential Monitor: analog display for the electrode offset, range ±30 mV 

 

Headstage (optional) 

Headstage Size: 70 x 26 x 26 mm 

Holding Bar: length: 150 mm; diameter: 8 mm 


