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About this Manual

Available Modules

MVCS-01 one channel without headstage;. Rest and CAPACITY COMPEN-
SATION

MVCS-02 two channels without headstage;. Rest and CAPACITY COMPEN-
SATION

MVCS-C-01 one channel with headstage, st and CAPACITY COMPENSATION
MVCS-C-02 two channels with headstage, st and CAPACITY COMPENSATION
MVCC-02 balance module for up to four channels.

This manual describes the MVCS-02 / MVCC-02 systeiiee only difference between
MVCS-01 and MVCS-02 systems are the number of ablanmherefore the MVCS-01 systems
are not mentioned separately.

The manual should help you setup and use the MVEZSMVCC-02 system correctly and to
perform accurate experiments. With MVCS-02 theaphbresis is performed and MVCC-02
is the balance module for the iontophoresis sysised to compensate for the iontophoretic
current (see also chapter 4.2). Unless otherwisedndunctions and settings that apply to
MVCS-02 also apply to MVCC-02.

Generally, two different versions of the MVCS-01YCC-02 system are available:

» Systemwithout headstage, R test and CAPACITY COMPENSATION (MVCS-02 /
MVCC-02 versions)

» Systemwith headstage, R test and CAPACITY COMPENSATION (MVCE-02 /
MVCC- C-02 versions)

Note: In this manual, the slow MVCS-02 / MVCC-02 versis referred as MVCS / MVCC,
whereas the fast MVCE-02 / MVCC-C-02 version is referred as MVCS-C / MVCC-C.

If you are not familiar with the use of instrumefus iontophoretic application of substances,
please read the manual completely. The experiemeedshould read at least chapters 1, 5, and
6.

Important: Please read chapter 1 carefully! It contains ggnmformation about safety
regulations and how to handle highly sensitive tetexic instruments.
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Signs and conventions

In this manual names of all elements of the froamigd are written in capital letters as they
appear on the front panel.

System components that are shipped in the stamdafajuration are marked with , optional
components withm>. In some chapters the user is guided step by tfieugh a certain
procedure. These steps are marked With

Important information, hints and special precawiare highlighted in gray.

Abbreviations

lEL current at electrode
Re.  electrode resistance
VeL voltage at electrode
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1. Safety Regulations

VERY IMPORTANT : Instruments and components supplied by npi electrac are NOT

intended for clinical use or medical purposes (e.dor diagnosis or treatment of humans)

or for any other life-supporting system. npi electonic disclaims any warranties for such
purpose. Equipment supplied by npi electronic mushbe operated only by selected, trained
and adequately instructed personnel. For details pase consult the GENERAL TERMS
OF DELIVERY AND CONDITIONS OF BUSINESS of npi electronic, D-71732 Tamm,

Germany.

1)

2)

3)

4)

5)

6)

GENERAL: This system is designed for use in scfentboratories and must be operated
by trained staff only. General safety regulatiomsdperating electrical devices should be
followed.

AC MAINS CONNECTION: While working with the npi stams, always adhere to the
appropriate safety measures for handling electrdexices. Before using any device,
please read manuals and instructions carefully.

The device is to be operated only at 115/230 VOIt56 Hz AC. Please check for
appropriate line voltage before connecting anyesysb mains.

Always use a three-wire line cord and a mains peplag with a protection contact

connected to ground (protective earth).

Before opening the cabinet, unplug the instrument.

Unplug the instrument when replacing the fuse angmng line voltage. Replace fuse only
with an appropriate specified type.

STATIC ELECTRICITY: Electronic equipment is sengdito static discharges. Some
devices such as sensor inputs are equipped withsessitive FET amplifiers, which can
be damaged by electrostatic charge and must tmerbéohandled with care. Electrostatic
discharge can be avoided by touching a groundealnseirface when changing or
adjusting sensorsAlways turn power off when adding or removing modueés,
connecting or disconnecting sensors, headstages other components from the
instrument or 19” cabinet.

TEMPERATURE DRIFT / WARM-UP TIME: All analog eleanic systems are sensitive
to temperature changes. Therefore, all electramtruments containing analog circuits
should be used only in a warmed-up condition éfeer internal temperature has reached
steady-state values). In most cases a warm-updgoefid0-30 minutes is sufficient.

HANDLING: Please protect the device from moistuheat, radiation and corrosive
chemicals.

CURRENT INJECTION HIGH VOLTAGE HEADSTAGE: The cume injection
headstages have an output compliance of £45 V #p36 V. In addition, some headstages
are equipped with a driven shield electrode coraregharked "Driven Shield" on the
headstage enclosure). After turning on the instnirde not touch the interior contact or
the shield of the electrode plug or of the cab& th connected to this plubp addition,

it is extremely important that the instrument is turned off when changing or adjusting
the electrode.
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2. EPMS-07 Modular Plug-In System

2.1.General System Description / Operation

The npi EPMS-07 is a modular system for processoig bioelectrical signals in
electrophysiology. The system is housed in a 18K+rmaount cabinet (3U) has room for up to
7 plug-in units. The plug-in units are connectegdwer by a bus at the rear panel.

The plug-in units must be kept in position by fearews (M 2,5 x 10). The screws are important
not only for mechanical stability but also for peo@lectrical connection to the system housing.
Free area must be protected with covers.

2.2.EPMS-07 Housing
The following items are shipped with the EPMS-01ding:

EPMS-07 cabinet with built-in power supply
Mains cord

Fuse 2 A/ 1A, slow (inserted)

Front covers

OoOogod
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Figure 1: Left: front view of empty EPMS-07 housing
In order to avoid induction of electromagnetic ®oike power supply unit, the power switch
and the fuse are located at the rear of the hosegFigure 2, right).

2.3.EPMS-H-07 Housing

In addition to the standard power supply of the E520F, the EPMS-H-07 has a built-in high
voltage power supply. This is necessary for all M8/OMVCC modules, the HVA-100, HV-
TR150 and HVC-03M modules. The output voltage ddpemm the modules in use.

2.4.EPMS-E-07 Housing
The following items are shipped with the EPMS-EHOUSINg:

EPMS-E-07 cabinet

External Power supply PWR-03D
Power cord (PWR-03D to EPMS-E-07)
Mains chord

Fuse 1.6 A/ 0.8 A, slow (inserted)
Front covers

OoOoogoogod

The EPMS-E-07 housing is designed for low-noiserafoan, especially for extracellular and
multi-channel amplifiers with plugged in filters.dperates with an external power supply to
minimize distortions of the signals caused by toegr supply.
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2.5.EPMS-03
The following items are shipped with the EPMS-084ing:

EPMS-03 cabinet with built-in power supply
Mains cord

Fuse 034 A/ 0,2 A, slow (inserted)

Front covers

OoOogod

=l

SIGNAL  PROTECTIVE

Figure 2: Left: front view of EPMS-03 housing. Righear panel detail of EPMS-03 and
EPMS-07 housing.

In order to avoid induction of electromagnetic ®oike power supply unit, the power switch
and the fuse are located at the rear of the holsegyFigure 2, right).
2.6.PWR-03D

The external power supply PWR-03D is capable ofiigi up to 3 EPMS-E housings. Each
housing is connected by a 6-pole cable from ortaree connectors on the front panel of the
PWR-03D to the rear panel of the respective EPM#1Sing. (see Figure 3,

Figure 4). A POWER LED indicates that the PWR-03Dpowered on (see Figure 3, left).
Power switch, voltage selector and fuse are locati¢lde rear panel (see Figure 3, right).

Note: The chassis of the PWR-03D is connected to ptiwteearth, and it provides protective
earth to the EPMS-E housing if connected.

Figure 3: Left: PWR-03D front panel view Right: PWRD rear panel view.
Note: This power supply is intended to be used withEIPMS-E systems only.
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2.7.System Grounding
EPMS-07/EPMS-03

The 19" cabinet is grounded by the power cableutinghe ground pin of the mains connector
(= protective earth). In order to avoid ground Isdpe internal ground is isolated from the
protective earth. The internal ground is used @BNC connectors or GROUND plugs of the
modules that are inserted into the EPMS-07 houdihg.internal ground and mains ground (=
protective earth) can be connected by a wire uiegground plugs on the rear panel of the
instrument. It is not possible to predict whetherasurements will be less or more noisy with
the internal ground and mains ground connected. rd®mmend that you try both
arrangements to determine the best configuration.

EPMS-E-07

POWER

o &, The 19" cabinetis connected to the CHASSIS comnexttthe rear panel. It

p can be connected to the SYSTEM GROUND (SIGNAL GR@YMNN the
g', rear panel of the instrument (see

- Figure 4).

The chassis can be linked to PROTECTIVE EARTH bynsxting it to the
PWR-03D with the supplied 6-pole cabbnd by interconnecting the
GROUND and PROTECTIVE EARTH connectors on the mgamel of the
PWR-03D (see Figure 3). Best performance is gelyeaghieved without

< <" connection of the chassis to protective earth.

SIGNAL
crouND  CHASSIS

=~

I mportant: Always adhere to the appropriate safety measures.

Figure 4: Rear panel connectors of the EPMS-E-07
2.8.Technical Data

EPMS-07, EPMS-E-07 and EPMS-H-07

19” rackmount cabinet, for up to 7 plug-in units
Dimensions:  3U high (1U=1 3/4” = 44.45 mm), 254 rdeep

EPMS-07 and EPMS-H-07
Power supply: 115/230 V AC, 60/50 Hz, fuse 2 AX &low, 45-60 W

EPMS-E-07

External power supply (PWR-03D) 115/230 V AC, 60FKsf) fuse 1.6/0.8 A, slow
Dimensions of external power supply: (W x D x Bp2nm x 210 mm x 85 mm

EPMS-03

Power supply: 115/230 Volts AC, 60/50 Hz, fuse A.A0.2 A slow
Maximum current supply: 500 mA
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3. MVCS / MVCC Components

The following items are shipped with a MVCS / MVG@gstem:

MVCS / MVCC amplifier module

Headstage (fast MVCS-C / MVCC-C systems only)

GND connector for headstage (2.6 mm, fast MVCSM3/CC-C systems only)
Electrode cables (“slow” MVCS / MVCC systems only)

User manual

OOogoogod

Optional accessories:

= Electrode holder
= Electrode adapter with BNC- and SMB connector

4. System Description

4.1.MVCS lontophoresis Module

MVCS-02M systems are high-voltage current souroesantophoresis or other applications,
where constant currents in the nano- or microamgerge are needed. Standard MVCS-02M
systems have an output compliance of 45 V andgearerate currents up to 450 nA into
100 MQ while high-voltage MVCS-02M systems work with up#150 V generating currents
up to 1.5 pA into 100 Q.

Generally, two different versions of the MVCS-02kbtem are available:

e Systemwithout headstage, R test and CAPACITY COMPENSATION (MVCS-02M
versions)

» Systemswith headstage, R test and CAPACITY COMPENSATION (MVCE-02M
versions)

Note: In this manual the slow MVCS-02M version is reget as MVCS whereas the fast
MVCS-C-02M version is referred as MVCS-C.

The operating and display elements of these ingnisnfacilitate the application of drugs in
physiological, pharmacological and biochemical &sdAll systems allow very fast drug
applications in the millisecond range, and everstiiemillisecond range, if equipped with the
fast capacitance compensation option. Therefoesgtbystems can be used to simulate synaptic
events (Behrends et al., 2002; Renger et al., 2061trell et al., 2000; Liu et al., 1999).

The MVCS systems are available as 19” instrumengsanodules for the EPMS-07 modular
system. The systems described here, are EPMS-0dlesod he MVCS-01M has one channel
for current injection while the MVCS-02M consist tavo independent injection channels.
Each injection channel has digital ten-turn potantter for EJECT or RETAINING currents
and CAPACITY COMPENSATION. Each injection chann&dcahas a digital display, over
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range LEDs and two switches for selection of therafing mode. The MVCC has the same
controls, but no potentiometer for adjusting cutren

In fast systems with CAPACITY COMPENSATION (MVCS-CMVCC-C), the injecting
electrodes are connected via small SMB or BNC dhaiklconnectors that are mounted to a
small headstage avoiding artifacts caused by laides.

Systems for slow, long lasting applications, in seeond or minute range (MVCS / MVCC),
need no headstages. In this case the electrodesramected by special connectors at the front
panel with shielded cables.

For EJECT or RETAIN currents modes of operationude manual activation and automatic
control by digital TTL signals (HI = EJECT, LO = REIN). An automated electrode
resistance test mode (MVCS-C / MVCC-C) is also latéde.

4.2. MVCC-02 Balance Module

To avoid artifacts caused by iontophoretic drugliappon, the MVCS-02M systems can be
operated with the balance module MVCC-02. The lm@gdonompensation) signal (inverted sum
of current output signals divided by 10), generatgdthe MVCC module, is applied to a

separate compensation electrode, if the OPERATEensosklected for the injection channel(s)
and COMPENSATE mode is selected for the compensatiannel. The MVCC module can

compensate iontophoretic current for up to foueetipn channels.

4.3.Fast Capacitance Compensation

The MVCS-C / MVCC-C iontophoresis instruments hawen designed for high-speed
application of drugs in electrophysiological expegnts. In addition to the standard features of
the slow MVCS / MVCC devices each channel has acpcompensation circuit and aaR
test unit (see chapter 4.4). The capacity comprmseircuit is operated by the control marked
CAP. COMP.

The correct tuning of the capacity compensatiorery important if high speed operation with
high resistance microelectrodes is required. Un@aorsgted stray capacitances are charged
from the iontophoretic current that is supplied tye instrument. Uncompensated stray
capacitance therefore slows application. The tupiogedure is described in chapter 8.1.

The CAPACITY COMPENSATION control is based on thesliknown conventional
compensation: stray capacitances around the eflectn@ compensated by passing amounts of
the electrode signal through a small capacitor. diteiit is set so that overshoots are avoided
as far as possible.

Caution: Just like any feedback circuit, this circuit caause overshoots or oscillations if it is
overcompensated.
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4.4 Electrode Resistance Test

MVCS-C / MVCC-C systems are equipped with an autonedectrode resistance test facility.
By switching the W, leL, ReL switch to R, the value of the electrode resistance is shown on
the digital display in M, whether current is applied or not. This meang theanges in
electrode resistance caused by high currents {fication” effects) can be monitored directly.
The electrode resistance test uses current pulsdHmA to measure the electrode resistance.
These pulses are monitored at the current OUTPUT BN the voltage response can be seen
on the \E /10 BNC. In this way, changes of electrode reststacan be recorded with a chart
recorder or computer based data acquisition systemaddition, the electrode resistance test
mode can be used to tune the fast capacity compi@mg¢see chapter 8.1).

Important: The CAPACITY COMPENSATION unit must be tuned peody. Otherwise the
electrode resistance display may be inaccurate.
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5. Description of the Front Panel

page 12

Figure 5: MVCS-C-02M / MVCC-C front panel view (thembers are related to those in the

text below)
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5.1.Front Panel Elements

In the following description of the front panel lents, each element has a number that is
related to that in Figure 5. The number is follovilsdthe name (in uppercase letters) written

on the front panel and the type of the elementofivercase letters). Then, a short description

of the element is given.

The front panel of the MVCS-C-02M can be dividetbitwo functional units:

CHANNEL A and CHANNEL B.

The MVCC-C module serves for balancing the iontapho current for up to four injection
channels.

Most of the elements are identical for each cha(wih identical functions and labels) and
therefore, are numbered and described only onge#e. HEADSTAGE connector that is also
present for CHANNEL B and the MVCC).

Figure 5 shows the MCVS-C-02 / MVCC-C (fast systemish capacity compensation and the
automatic electrode resistance test facility. Thegefeatures are not present in the MVCS-02
/| MVCC (slow systems). In slow systems the CAP. G®Motentiometer is not installed and
the function of R is somewhat different (see below).

(1) HEADSTAGE connector

8 pole connector for the HEADSTAGE (MVCS-C systerms)or the cable directly
connected to the injecting electrode (MVCS systems)

(2) NORMAL / INVERTED switch

"%g Switch to set polarity of EJECT and RETAIN curreNORMAL = EJECT positive,
4 RETAIN = negative.

(3, 17) INPUT connectors

the output current source and are not isolated fyoound.

Calibration for channels A and B: 100 nA/V
Calibration for the MVCC17): 1 pA/V

@ BNC connectors for an auxiliary INPUT. These BN@s directly connected to

Note: The MVCC can be used as an additional injectibanoel by linking an external
waveform to this connector and setting switth) (o EXTERN.

(4, 18 OUTPUT connectors

Calibration for channels A and B: 100 nA/V
Calibration for the MVCC18): 1 pA / V.

(The OUTPUT is not isolated from system ground.)

(5) SET / OPERATE switch

@ BNC connector monitoring the EJECT or RETAIN cutren
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,:f\ Two position switch to set the mode of operationSET position the electrode outputs
b are connected to an internally grounded load (@) Mnd no compensation signal is
generated. Thus, the SET position is used to pteeeatesired values at the EJECT / RETAIN
controls on a well defined basis. In the OPERATEI{an, the current preset at the EJECT /
RETAIN controls will flow through the electrode aadcompensation signal is generated at the

MVCC.

(6) VEL/10 connector

. BNC connector monitoring the electrode potentialidid by 10. Normally used to
2l monitor the electrode resistance (scaling: 1 m\K),Mee also chapters 4.4 and 8.1).

(7) RETAIN potentiometer

Ten-turn control to set amount of compensationle€teode stray capacitance (see
also chapter 8.1).

(9) + — OVER LEDS

# LEDs indicating that the current source is ouireéar range or that the electrode voltage
/ current is 10% below the maximum output voltagarfent.

(10) CHANNEL A display

Sl 3 1/2 digit display for the electrode potential \in(XXX.X V), the electrode

[l current in nA (XXXX nA for channels A and B, XX.X¥A for MVCC) or the

electrode resistance in M (XXXX M Q, i.e. 0100 correspond to 100,

selected by toggle switctiZ). For the correct value of the electrode resisaisplay it is
necessary to adjust the capacity compensation @etyi(see chapter 8.1).

(11) V/nA / MQ LEDs

LEDs indicating the unit of the reading of the DL2¥ (10).
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(12) EJECT potentiometer

Ten-turn control to set the EJECT current, randel0A.

(13) VEeL, leL, ReL switch

Pl 3 position toggle switch to set the mode of disgI&yANNEL A (10).

(O Position \£.: the electrode potential is displayed. Positien the current flowing
“%%through the electrode is displayed. Positign: Bhe electrode resistance is displayed.

I mportant: The Re. mode is an option that is only implemented in MVYC$ MVCC-C (fast)
systems. In MVCS / MVCC (slow) systems, the. Bosition of the switch has the same
function as thegl position (middle position).

(14) EJECT / RETAIN / AUTO switch

®%a applied to the electrode. RETAIN: the RETAIN cutreet with 7) is applied to the
electrode. AUTO: Operation controlled by a TTL pué (5).

Switch to select the mode of operation. EJECT:BEBECT current set withl() is
Remember: Current is applied to the electrode only if switb) is set to OPERATE.
(15) TTL connector

BNC connector for external control in the AUTO reqdee als@4). LO = RETAIN,
Il Hl = EJECT.

MVCC-C Only

(16) MODE switch, (7) INPUT connector,X8) OUTPUT 1pA/V connector
For17 and18 see above

(16) MODE switch

Switch to select the operation mode of the MVCC-C.

COMP.: The inverted sum of all injection channslgpplied to the electrode.
OFF: No current is applied to the electrode.
EXTERN: The output current source is connectedctlyéo INPUT BNC (7). In this

mode the MVCC can be used as an additional injeatisannel with a
scaling of 1 pA / V, i.e. if 1 V is connected af7), an injection current of
1 pAis applied to the electrode connected to thCKa.
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6. Headstage (MVCS-C / MVCC-C Systems)

The headstage is housed in a small box that camooeted directly onto a micromanipulator.
It is connected to the main amplifier by means shalded flexible cable and a multi-pole
connector.

electrode holder headstage
(opftional) secIneen
| croov TR ) 5
§ . (g e— A IONTOPHORESIS HEADSTAGE
v "“H == A B C D COMP OPERATE h
y vource: @ O O 0O 0O ° GNDE‘- ———

CHANNEL

2 3

Figure 6: MVCS-C-02C headstage

1 PeL: BNC connector for the electrode holder, grounsleield

2 CHANNEL indicator: marker show for which CHANNELé&Hteadstage is configured,
in the example shown for CHANNEL A (see also hiekdv)

3 holding bar and headstage cable to amplifier

4 GND: ground connector

5 OPERATE LED: indicates that injection takes place

GND (GROUND) connector

The bath (or reference) of the recording chambeoimected to GND. This is the "lowest”
signal level in the recording system, i.e. all signare related to this signal. This connector
must be connected to the ground signal of the daegramplifier / chamber.

PeL

In order to avoid disturbances on the recording ldi®p the microelectrode holder is
connected via a BNC connector with a grounded ghiel

Caution: The current injection headstages have an outpuplkance of +45 V up to +150 V.
In addition, all headstages are equipped with sea$tET amplifiers that can be damaged by
electrostatic charge and must therefore be hadkbdcare (see also chapter 1.

Very | mportant: Always turn power off when connecting or discoctireg headstages from the
19" cabinet. For changing electrodes it is suffiti® switch the respective channel to SET
mode.

Also very important: Each headstage is adjusted for a specific chaameblinstrument. They
are labeled A and B (or A, B, C, D for a four ejebannel system formed by two MVCS-C-
02M modules) for the EJECT channels, and C forGRMPENSATION channel. Pleas®
not exchange headstagdsr a respective instrument or between differeM@®% instruments.

Hint: If one channel is not used the headstage caeftbericonnected, but then the display for
this channel will show arbitrary values. So, weoramend to connect the headstage even if it
is not used and set channel to SET mode usinglswitd-igure 5).

version 4.2 page 16



MVCS / MVCC User Manual

Systems for slow, long lasting applications (in $keeond or minute range) need no headstages
(MVCS systems). In these systems the electrodesomm@ected from special connectors on the
front panel with shielded cables:

Pin 2: white/blue wire = ground

Pin 5: yellow/red wire = electrode

7. Setting up the lontophoresis System

The following steps should help you set up theaphbresis system correctly. Always adhere
to the appropriate safety measures (see chapter 1).

Usually the module(s) are shipped mounted in an &™MW07 housing. If a single module is
delivered the user has to mount the module in tR#M&-H-07 housing. This is done by
performing the basic installation steps.

0 Basic installation
0 Turn off the EPMS-07 system.
[0 Remove front covers from the EPMS-07 housing.

[0 Plug in the MVCS / MVCC and fasten the iontophasédsbalance module with four
screws. The screws are important not only for meiciad stability but also for proper
electrical connection to the EPMS-07 housing.

After installation, MVCS / MVCS-C / MVCC-C / MVCCra attached to the setup by
assembling the electrical connections.

O Electrical connections
O Turn POWER off.

0 MVCS/MVCC: Connect your injection electrodes e special connectors with shielded
cables at the front panel of the MVCS module. Cahgieur compensation electrode to the
special connector with shielded cables at the fpamtel of the MVCC module.

Pin 2: white/blue wire = ground
Pin 5: vyellow/red wire = electrode

MVCS-C / MVCC-C: Connect the headstages to the HEARGE connectors (¢ Figure
5) at the front panel of the respective module.

O If the recording chamber is not grounded, connd¢D®f the headstage (MVCS-C).

Note: System ground is isolated from mains ground. T%iecabinet (EPMS-H-07 housing) is
connected to mains ground (see also chapter 2)istegge enclosures are connected to the
internal system ground.

0 MVCS-C/MVCC-C: Connect thea//10 connectors and the current OUTPUZ, Egure
5) to an oscilloscope or to a data acquisitionesyst

O If you intend to control the MVCS / MVCS-C systemtarnally (e.g. by a computer)
connect the gating signal to TTL1®& Figure 5), the stimulus waveform to INPUT3(#
Figure 5) and the current OUTPUT4(#Figure 5) to the analog input of the data actjorsi
system.
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8. Operation

MVCS / MVCS-C / MVCC / MVCC-C systems are modules the npi EPMS-07 system.

Important: These modules require an EPMS-07 housing witlh kigitage power supply!!
Users of systems delivered before April 2002 wéitagnize a built-in high voltage power
supply by the fact that the EPMS-07 housing is 884 deep (instead of 245 mm with low
voltage power supply). Systems delivered after &aper 2006 have a yellow warning label
above the respective channels.

Additionally, each channel has a mark (A, B, C, GOMPENSATION) and the related
headstages are labeled accordingly. Please usstagadA for channel A, headstage B for
channel B and so on, because each headstage ¢a@edio a particular channel.

Each system is composed of one (MVCS-01 / MVCS-Ldltwo independent injection
channels (MVCS-02 / MVCS-C-02) marked A and B. MVC®IVCC-C systems serve as
compensation (balance) channels and can compeisatghoretic current for up to four
injection channels.

Each channel has an auxiliary analog input anduypud which monitors the current flowing
through the electrode. Each channel is equipped avttigital display and two overload LEDs.

All numbered items refer to Figure 5, page 12hmfollowing discussion.

The systems can be operated manually by meansogfe switch on the front panell#) or
by an external digital pulse (TTL) connected ib#

Turn CAP.COMP. (8) for all channels to less than 1 to avoid oscdias.

Turn POWER on.

Set the operation mode of all channels to SET usivitch # to disable current output.
Set the EJECT and/or RETAIN current amplitude ®dbsired values usind #and #.

MVCS-C: First, compensate the stray capacitancéiseoélectrodes and second, check the
electrode resistances by switchiri3#o ReL (see also chapter 8.1 below).

O 0O oo d

Important: The values of the ELECTRODE RESISTANCE are adeuranly if the
capacitances of the electrodes are compensatedrprop

0 Put the injection- and compensation electrodekealesired positions.

[0 Start iontophoresis either manually by setting switl4 to EJECT and switch%#to
OPERATE or remotely by setting switch4to AUTO and applying a TTL pulse td %
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8.1.Capacity Compensation Tuning Procedure (MVCS-C / MVCC-C Systems)

The tuning of the capacity compensation controlseisormed with the help of the electrode
potential monitor BNC marked g//10 (#) and square pulses applied to the electrode. This
pulse can originate from the built-in ELECTRODE R&EBANCE TEST circuit or from an
external signal source. The pulses generated aitgrby the ELECTRODE RESISTANCE
test unit have an amplitude 510 nA.

The following tuning procedure is described for lNéCS-C channels A or B only. The tuning
of the capacity compensation for the MVCC-C modsildone analogue.

The tuning must be performed with the electrodéhenbath immersed to the maximal depth
required during the experiment. Square pulses tfpesand negative) of a few nA and 0.1-10
ms duration are applied to one of the INPUT BNC3 @ by activating the ELECTRODE
RESISTANCE test unit @3). The signals from the &¢//10 and CURRENT OUTPUT BNCs
(#4) are monitored on an oscilloscope. The SET / OPHR$witch (%) must be in OPERATE
position.

The CAP.COMP. control @} is turned on clockwise until the signal at the AXO BNC is as
square as possible.

The CAPACITY COMPENSATION is based on the well-knmowsonventional compensation:
stray capacitances around the electrode are comgeinsy passing amounts of the electrode
signal through a small capacitor. The circuit isigeed to minimize oscillations.

Caution: As in any feedback circuit, this circuit can cawsershoots or oscillations, if it is
overcompensated.

8.2.Electrode Resistance Test Procedure (MVCS-C / MVCC-C Systems)

MVCS-C modules and MVCC-C modules have an electmedéstance test unit built-in. It
works by application of rectangular current pulgel) nA ) to the electrode. This will cause
an voltage drop at the electrode which is propodido the electrode resistance. This voltage
drop is measured, the resulting electrode resistaalculated and shown at the digital display
(#10).

O Set switch 8 to OPERATE.

O Immerse the electrode into the bath and comperieatgray capacities (see chapter 8.1
above).

O Set L, let, ReL switch to RL. The resistance of the electrode is shown at alyslO.

Note: If #5 is switched to SET the internal resistor of 1@ N measured and displayed. If a
different value is shown (within a tolerance of 1)0%s likely the amplifier or the headstage
is damaged. Please contact npi electronic in g .c

Important: The electrode resistance is displayed correatly @ the electrode capacity is
compensated accurately!

Note: The electrode resistance test is functional dlsm iontophoresis current is generated.
This feature can be used to test the resistandiffetent current levels.

For testing rectification, the EJECT potentiometea ramp signal at the INPUT connector can
be used for setting a current level.
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Testing of rectification of the electrode is domeag. by application of different current levels
both, positive and negative to the electrode (usigEJECT potentiometer) and testing the
resistance of the electrode.

If the resistance changes at a certain level thetrelde rectifies and should not be used for
application of currents above or below this level, the resistance must not change over the
range of current which is used during the experimen

Also Important: Testing the electrode resistance at differenterurtevels will cause the
substance in the electrode to leak out of the mldet Therefore, don't test the electrode
resistance intensively within your preparation iides to avoid i.e. desensitization.
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Figure 7: Capacity compensation of the electrode
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10. Technical Data

Electrode output: floating current source, outpapedance >16 Q
Maximum current: 450 nA [1.5 pA] into 100Mload
Display: current: XXXX nA, compensation: XX.XX pApltage: XXX.X V,

Rer: XXXX M Q, displayed value is set by a three position toggle
switch, separate displays for each channel

Over LEDs: activated 10% below maximum currentlfage
Eject: adjustable by ten-turn control

Minimum pulse duration: 50 ps

Retain: adjustable by ten-turn control, maximum h80

Capacity compensation: adjustable by ten-turn cbntange 0-30 pF

Output current polarity:  selected by INVERTED/NORM#Aoggle switch

Modes of operation: set by two toggle switches
EJECT/RETAIN/AUTO switch enables manual or TTL colied
operation
SET/OPERATE switch connects automatically electrmatputs via
a 10 MQ resistor to ground (SET position)

TTL input (AUTO mode):LO = RETAIN, HI = EJECT, ikded

Analog input: sensitivity 100 nA / V,ilR> 100 K2, range £10 V

Current monitor: sensitivity 100 nA / V,oR=50Q

Voltage monitor: L/ 10, Rut=50Q

Electrode resistance test: 1 mV Q\at voltage monitor ¥/ 10

MVCC output: inverted sum of all injection currefip to four channels) sensitivity
1uA/V

Output connector pins and cable colors: Pin 2: efbite wire = ground

(for systems without headstage) Pin 5: yellow/ree w electrode

Dimensions

MVCS-01: Front panel: 18 HP (91.1 mm) x 3U (128.&)m
Housing: 77 (175 mm) deep

MVCS-02: Front panel: 36 HP (182.5 mm) x 3U (128u%)
Housing: 77 (175 mm) deep

MVCC-02: Front panel: 12 HP (60.75 mm) x 3U (128181)

Housing: 77 (175 mm) deep

Headstage size: approx. 70x25x25 mm
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