Users Manual NeuroLog= System NL100AK

NL100AK - Headstage

The NL100AK is supplied with several fittings and accessories.

1) A 6.35mm diameter (0.25") metal mounting rod which fits into the hole at the rear of the NL100AK,
next to the output cable, and is secured by a small grub screw. This rod can be used to secure the
NL100AK to a micro-manipulator or clamp etc.

2) Three input cables are supplied two with a stackable 1mm pin connector each and one with a short
U-shaped link (see below for application).

3) A 1mm stacking plug and a 2mm pin. These are used to make connections with microelectrodes, as
described below.

Electrode Connections

Where possible, it is recommended that microelectrodes are attached directly to the NL100AK input so that the
lead length between the NL100AK input and the electrode is minimised; even a few centimetres of lead may
result in substantial mains interference (pick-up).

Fluid Filled Pipette Electrodes

When using fluid filled pipette electrodes it is recommended that an electrode chamber (part no: NL101) is
used.
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Metal Electrodes

Metal microelectrodes may be connected by using an electrode holder (part no: NL0O4). Alternatively the user
can adapt the 2mm connector (supplied) to suit the particular electrode used. A common solution is to use a
short length (5-10mm) of hypodermic needle tubing soldered to the pin (keep this connection as short as
possible for low interference).

When the NL10OAK HEADSTAGE is used in conjunction with the NL104A AC PREAMPLIFIER it is important
that the "A-B" position is selected on the NL104A input selector switch. This will reduce interference from
external sources and match offset components inherent to the low noise, high input impedance stage in the
NL100AK.

Single ended recordings can be accomplished by grounding the "B" input of the NL100AK with the input cable
having the "U" shaped 1mm jumper (supplied); the "U" shaped plug is pushed into the "B" and "GND" inputs
and the flying lead is used to provide the ONLY ground connection for the preparation. (See catalogue
application note entitled 'Avoiding Ground Loops'). In this way any common-mode interference picked up at
both the "A" and "B" inputs of the NL100AK can be summed out by the NL104A.

A DC path must be provided from each input of the NL100AK to the system ground. This DC path may of
course be through a high resistance microelectrode. It is also essential, for the best noise performance, to
make the ground connection to the biological preparation through the GND terminal of the NL100AK. If the
NL100AK is used differentially, with both A and B inputs connected through electrodes to the preparation, a
connection to the NL100AK GND should still be made to the preparation.

Differential Recordings

Although the NL100OAK Headstage is most frequently used with high resistance microelectrodes, its very low
noise allows it to be used with low resistance electrodes (eg for differential recordings of action potential
through gross electrodes).

WARNING - It should be pointed out that if the input device of, or cable to, the Headstage should fail there is a
possibility of current flowing though the preparation to ground causing an inadvertent lesion'. This is limited by
the design to approximately 650lA. Should this be a problem (and it is a remote possibility) please contact
Digitimer for advice.

ALSO - make certain that the NL900 power switch is on before connecting the preparation to the active inputs
of the NL100AK (or NL104A). Do NOT switch the NL90OA power on or off while a preparation is connected to
the NeuroLog=t System.

Do NOT attempt to use oversize plugs with the headstage sockets, as pins greater then 1.00/2.00mm diameter
will damage the socket.

NOTE: if the NL100AK is required to plug into the NL103 amplifier which is fitted with an input socket without
locating keyway, the NL100A (first stage) should be ordered to ensure that the correct mating plug is fitted to
the connecting cable.

(1) - Recording of Brain Potentials with FET-Circuits: Hazard of Inadvertent Lesions, by J. A. W. M. Weijnen
and N. Chedhade in Brain Research Bulletin, Vol. 18, pp617-618.

Specification

Input resistance 10°%hms
Gain +1.0
Input noise <2 MV (peak to peak) with inputs shorted

<25 MV for a typical tungsten microelectrode in saline

<30 MV with a 1 Megohm resistor between inputs
(bandwidth in all three cases, 10Hz to 10kHz)

First Issued: - before July 1984 Last Revision: - January 12, 1999 Printed: - January 12, 1999
File Reference: - NADOCS\COMPANY\MANUALS\NEUROLOG \ NL100AK.SAM
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NL104A - AC Pre-Amplifier

Introduction

A.C. PREAMP. | The NL104A AC Preamplifier is a low noise AC coupled differential amplifier. It can be
NL104 | used alone for making recordings from low resistance electrodes (see below) or with the

GA'NZk 5K NL100AK headstage for microelectrode recordings. It can be operated in single ended
1k 10k (inverting or non-inverting), or differential modes. It has a wide dynamic balance
500 20k adjustment for asymmetrical inputs (useful for balancing out interference and short
200 artefacts), a choice of two input time constants and a choice of eight gains. The NL104A
100 has provision for limiting the high frequency response (a jumper on the printed circuit
&'\%“h board, with -3dB limits indicated) eliminating the need for subsequent filtering in some
applications.
L.F.(Hz)

01  NVERT Balancing the NL104A

1 An internal 50Hz oscillator is provided for precisely balancing the input.

BALANCE
Set the input switch to the CM position, the rotary gain switch to x1000 and adjust the

BALANCE potentiometer until the 50Hz signal at the output is minimal. A 3.5mV signal will
- be present when the common mode rejection is 80dB (or 10,000 to 1). Better rejection
A ‘ oM ratios are possible with careful adjustment of the BALANCE control, but assessment is

difficult without filtering the output signal since the typical output noise will be 5mV (5UV
ouT x1000) with 10kHz BW.

©

IN When the NL104A is used to make differential recordings (input switch in the A-B position),
the BALANCE control is adjusted to minimise common mode signals such as mains
interference or shock artefacts present in the recording. The adjustment will differ from one

situation to another, depending on the relative magnitudes of the interference signals at the
two inputs and on differences in input electrode resistance, etc. The internal common
mode oscillator makes it possible to quickly return the NL104A to a balance after such
adjustments.

The colours indicated in Fig. NL104A-1 refer to the insulated wires of the assembled cable, NL953K. The +15V
and -15V pins in the input socket supply power to the NL100AK headstage; 4mA @ 15V is available at these pins
for input preamplifiers of the user's own design if the NL100AK is unsuitable.

If the NL104A is connected directly to the biological preparation through a long miniature screened cable, it must
be borne in mind that the frequency response of the NL104A may be substantially reduced. 1.5m (5ft) of miniature
4 conductor screened cable will have approximately 150pF capacitance between each conductor and the screen.
If connection is made through 1Mohm electrodes, frequency response will begin to fall off above 10kHz. For lower
resistance electrodes, the frequency response is of course affected to a lesser extent.

CAUTION: When using the NL104A AC Pre-Amplifier, either with or without the NL100OAK headstage, do not
switch the NL900OA POWER switch on or off while the biological preparation is connected to the inputs. Switch the
power on before these connections are made and disconnect the preparation before the power is switched off
during an experiment. This routine will reduce the risk of damage to the FET input transistors and avoid the
possibility of injecting micro-amp currents into the preparation during the supply settling period.
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AIN —

(Yellow)

BIN —

(Green)

NeuroLog™ System

NL104A

+12V
(Red)

-12V
(Blue)

Fic. NL104A-1 shows the pin arrangement for the NL104A input connector. The NL104A can be used without
the NL100AK for low source resistance measurements. (Assembled input cables and un-assembled input plugs
are available separately for this purpose).

Specifications

Gain

Input resistance

High frequency cut off

Low frequency cut off
Common mode rejection ratio

Input noise
Dynamic balance adjustment

Output voltage range

: 100, 200, 500, 1K, 2K, 5K, 10K, or 20K
: 10Mohms
: 100, 700, 6K or WB (>40K) Hz selectable
:0.1Hz or 10Hz

: 10,000:1 at 50Hz (80dB)

: <10V (peak to peak) with input grounded and bandwidth

0.1Hz to 10kHz

other

1 212V (max)

: gain for one input can be varied +25% with respect to the

First Issued: before July 1984
Last Revision: August 22, 1996

N:ADOCS\IRD\MANUALS\NEUROLOG\NL104A.SAM
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NL106 - AC-DC Amplifier

AC-DC AMP

NL106
(max)

x10 x100 —I
GAIN

>+1V .

OFFSET

<-50m

Introduction

The NL106 AC-DC differential Amplifier features continually adjustable amplification and
DC offset with output level indication.

The amplification (or attenuation) is adjusted using a calibrated, locking, ten-turn control
where the range is set by a switch which gives the two gain ranges of 0 and x10 or 0 and
x100.

The input controls are similar to those of conventional oscilloscope vertical amplifiers
allowing operation in AC or DC coupled, single-ended (inverting or non-inverting) or
differential modes. Up to +2V DC at either input can be zeroed using the ten-turn
DC OFFSET adjustment.

The output voltage is shown by 4 light-emitting diodes: two red LED's show outputs in
excess of +50mV and +1V and two green LED's show corresponding negative outputs.
Thus, adjustment of gain and DC offset can be accomplished without an oscilloscope
monitor.

Low drift, low noise and moderate input impedance make the NL106 suitable either as an
amplifier for low impedance sources, or as a variable gain stage following a preamplifier.

Each input of the amplifier is accessible through a single pole socket and separate control
of AC or DC operation, with the option of amplifier grounding to remove the signal, is
provided by a toggle switch adjacent to each input socket.

A single time constant of 0.1 seconds applies to the AC operation condition and the input
impedance is 1Mohms for each input.

Output limiting will occur with input signal exceeding +2.5V differentially or single-ended regardless of gain setting
and common mode levels of up to +3V can be handled. Within these limitations the NL106 can be used to provide
an output proportional to the difference between two DC signal levels.

Specification Summary

Input voltage range
Input impedance
Gain

Small signal frequency response
Low frequency cut-off in AC mode

Output voltage range
Output Impedance
DC offset range
CMRR

+3V (working):+15V (overload)

1Mohm

0 to x10 or 0 to x100 continuously variable by ten-turn potentiometer
(£1V out) : >30kHz

2Hz

+12v

6000hms

+2V at either input, ten-turn potentiometer adjustment

>2500:1 at 50Hz

Rear connections to the motherboard allow Input and Output interconnections between this module and other
analogue modules without the need of front panel cables.

Digitimer Ltd
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/

O ? "-IN" - Fit jumper to use rear connection for "-IN" input

V® x‘ﬂN" - Fit jumper to use rear connection for "+IN" input

N/C - Fit jumper between these two sockets to NOT use rear connection

NL106
Component View of PCB

N\

Rear Connections

The rear edge connector in the NL900 rack allows adjacent modules to connected together without the need of
front panel leads.

Output Signal - This module has the output signal permanently connected to the rear connector for automatic
routing to the module on the immediate right.

Input Signals - The output signal from the module to the immediate left can be routed to either the "+IN" or "-IN"

inputs, or left open. This is done by removing jumper, in the upper rear corner of the PCB, and placing it in the
appropriate pair of holes.

We reserve the right to alter specifications and price without prior notification.

First Issued: before 1984 Last Revision: March 14, 2001 Printed: March 14, 2001
File Reference: NADOCS\COMPANY\MANUALS\NEUROLOG\ NL106.SAM
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NeuroLog™ System

NL125/NL126

NL125/NL126 - Filters

Introduction
The NL125 and NL126 Filter modules employ two active sections to control the high and
FILTERS low pass characteristics. The low frequency cutoff point can be set continuously from
NL125 | 0.5Hz to 5kHz with a single turn potentiometer, in four switched ranges. Similarly the high
frequency cutoff can be set continuously from 5Hz to 50kHz in four switched ranges. DC
MAX and WB (wide band) switch positions by-pass the lower and upper filter sections,
(Hz) respectively. Al ti tch filter i ided for th jecti f i f
| resp y. An active notch filter is provided for the rejection of line frequency
LOW interference; this is set at the factory to 50Hz (NL125) or 60Hz (NL126), with a 20Hz notch
FREQ. ’ width (-3dB points).
N Specification Summary
@ El%'_'I!éH Input voltage range D +10V
T Input impedance : 56Kohms
ou Low frequency cutoff range : DC, 0.5Hz->5kHz continuously adjustable
— High frequency cutoff range : wide band (>50kHz), and 5Hz to 50kHz
HIGH continuously adjustable
FREQ Gain within passband :+1.0
M AX(HZ) Attenuation beyond cutoff : 40dB/decade
Notch attenuation : >50dB
wb Notch width at -3dB points : 20Hz
Output voltage range s 10V
Output impedance : 6000hms
N out((®) peLimp
First Issued: before July 1984
Last Revision: July 11, 1995
Digitimer Ltd Page 1 of 1 Copyright © 1995
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NeuroLog= System NL134/135/136

NL134/135/136 - Filters (4-channel)

FILTER

Low Pass Hz

300 500
50 .
10 ‘wB

2007027 1K
30.
NOTCH ——

loo.b..
20" .

50Hz

NL135

Introduction

The NL134/5/6 FILTERS are 4-channel, second order (two-pole) low-pass with mains
frequency Notch reject (NL135/6 only) filter modules. They are ideal partners for the
NL820 Isolated Amplifier system with its 2/4-channel AC (NL822/824) or DC
(NL832/834) pre-amplifiers and the NL530 4-channel Conditioner module.

The filter settings have been selected for most Electrophysiological and Clinical
protocols but other frequencies can be factory set to order. The design is implemented
using low noise active linear circuitry and does not suffer any of the aliasing problems
that are encountered when cheaper methods are used. A rotary switch selects the 14
frequency settings giving repeatability over a wide range with 12dB/octave
[40dB/decade] attenuation above the selected frequency value. The 'WB' (wide-band)
switch position by-passes the filter sections completely (both LP and Notch).

The active Notch filter provides rejection of line frequency [50Hz (NL135) or 60Hz
(NL136)] interference when switched in. (No switch is fitted on the NL134).

Specification Summary

Input voltage range:

Input impedance

Filter settings (-6dB)

Cut-off accuracy

Gain before cut-off

Attn. beyond cut-off

Notch Attenuation
Notch Width (-3dB)
Crosstalk

Noise

Output DC offset

Output voltage range

Output impedance

+15V max.

>+10V operating

YR

10, 20, 30, 50, 100, 200, 300, 500,1k, 2k, 3k, 5k, 10k, 20k - Hz and WB
+2% + +1.25Hz <630Hz
+2% + +62.5Hz >630Hz
+1.0

40dB/decade, 12dB/octave
>50dB

20Hz

better than -60dB

<100pV rms.

<+10mV

+10V

<6001

Rear connections to the motherboard allow Input and Output interconnections of all four channels between this
and (newer) NL820 and NL530 modules without the need of front panel cables.

NB: This module must NOT be placed adjacent to a Counter module in the NeuroLog=* rack.

Digitimer Ltd

E-mail: sales@digitimer.com
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Users Manual NeuroLog= System NL134/135/136

Rear Connections and jumpers

The rear edge connector in the NL90O0 rack allows adjacent modules to connected together without the need of
front panel leads. This module has the output signals permanently connected to the rear connector for
automatic routing to the module on the immediate right. The input signals can be disconnected from the outputs
of the module on the immediate left if they are inappropriate. This is done by removing one of the jumpers, in
the lower rear corner of the PCB, for each channel to be disconnected. The jumpers can be 'parked’, so that
they are not lost, by placing them on just one of the pins (as shown for channel 1).

/

u(n(m{m 4
um|nlm

We reserve the right to alter specifications and price without prior notification.
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ISOLATOR FILTER CONDITIONER
NL820 NL135 NL530
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System Drawing: Complete 4 channel system for isolating, filtering and conditioning amplified input signals.
No other leads are necessary as connections are made by the rear connectors.

Last Revision: March 4, 1998

File Reference: N:\DOCS\COMPANY\MANUALS\NEUROLOG \ NL134-6.SAM
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NeuroLog=t System NL144

NL144 - Filter (4-channel)

FILTER

High Pass Hz
2 3 5 10

1] .20
05- i}
03 -100
0.2° - 200

01 ‘DC
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® 0O
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Introduction

The NL144 FILTER is a 4-channel, second order (two-pole) high-pass filter module. It
is an ideal partner for the NL820A Isolated Amplifier system with its 2/4-channel AC
(NL822/824) or DC (NL832/834) pre-amplifiers and the NL530 4-channel Conditioner
module. In combination with either the NL135/136 or NL134 Filters, a full 4 channel low
frequency and high frequency cut-off system is provided.

The filter settings have been selected for most Electrophysiological and Clinical

protocols but other frequencies can be factory set to order. The design is implemented

using low noise active linear circuitry and does not suffer any of the aliasing problems

that are encountered when cheaper methods are used. A rotary switch selects the 14
frequency settings giving repeatability over a wide range with 12dB/octave

[40dB/decade] attenuation below the selected frequency value. The 'DC' switch
position by-passes the filter sections completely.

Specification Summary

Input voltage range:

Input impedance

Filter settings (-6dB)

Cut-off accuracy

Gain after cut-off
Attn. below cut-off
Crosstalk

Noise

Output DC offset

Output voltage range

Output impedance

+15V max.

>+10V operating

120k
0.1,0.2,0.3,05,1, 2, 3,5,10, 20, 30, 50, 100, 200 - Hz and DC
+3% + +0.01Hz <6.3Hz
+3% + +0.63Hz >6.3Hz
+1.0

40dB/decade, 12dB/octave
better than -60dB

<100pV rms.

<+10mV

+10V

<60092

Rear connections to the motherboard allow Input and Output interconnections between this and (newer)
NL820A, NL134/135/136 and NL530 modules without the need of front panel cables.

NB: This module must NOT be placed adjacent to a Counter module in the NeuroLog™ rack.

Digitimer Ltd

Page 1l of 2 Copyright © 1996-8
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Rear Connections and jumpers

The rear edge connector in the NL90O0 rack allows adjacent modules to connected together without the need of
front panel leads. This module has the output signals permanently connected to the rear connector for
automatic routing to the module on the immediate right. The input signals can be disconnected from the

outputs of the module on the immediate left if they are inappropriate. This is done by removing one of the

jumpers, in the lower rear corner of the PCB, for each channel to be disconnected. The jumpers can be
'‘parked’, so that they are not lost, by placing them on just one of the pins (as shown for channel 1).

We reserve the right to alter specifications and price without prior notification.

Last Revision: October 21, 1998
File Reference N:ADOCS\COMPANY\MANUALS\NEUROLOG\ NL144.SAM
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NL201 - Spike Trigger

SPIKETRIG. | |ntroduction
winoon 21| The NL201 SPIKE TRIGGER is a gated amplitude discriminator for nerve spikes and

(— HEIGHT ~— ) other events which produces separate output pulse trains for spikes which:-
20 3

: 4 (a) cross the Upper voltage threshold

(b) cross the Lower voltage threshold

(c) cross the Lower threshold but not the Upper threshold

0 5V
APERTURE

The WINDOW HEIGHT potentiometer sets the DC level of the "window" and the
APERTURE potentiometer sets the separation between the two voltage thresholds of
this window. Thus, slight changes in signal amplitude require adjustments of only one
setting, and it is impossible to set the Upper voltage threshold lower than the Lower
C@-VE voltage threshold.

K_OUTﬁ A' fron.t panel switch selects gither posjtive (+VE) or neggtive (-VE) slope and level
GATE  UPPER triggering and there is an choice of two internally selected input voltage ranges.

MON  LOWER

I | This module is essential for converting spike trains (which are analogue signals) into

>ﬁ—J trains of digital pulses; these can be analysed using other modules (such as the
N NL700 LOG DISPLAY) or used to synchronise displays, trigger averaging, etc. An
) internal jumper allows the input to be DC coupled or have a time-constant which is
appropriate for nerve spikes with rise times less than 200us - modifications for longer
rise times are available by special order.

The MONITOR output socket provides a display of the input signal with the Lower and
Upper levels super-imposed on it to enable easy setting of the discrimination levels.

To line up with the front panel markings the input signal should be externally amplified
so that the required Lower threshold is in the range %1 to 5 Volts with the "window"
200mV to 5V wide. If this can not be accomplished the internal gain of x10 may be selected so that signals
requiring a Lower threshold of 0 to +500mV and a "window" of 20 to 500mV can be accommodated.

Although the NL201 SPIKE TRIGGER is specifically designed for spike amplitude discrimination, it can be
used for events with much longer rise times if amplitude gating is not essential. For example, pulses can be
triggered by QRS complexes in electrocardiograms, either at the upper or lower thresholds.

It is anticipated that the NL201 would be used with an standard, low specification Analogue oscilloscope not a
Digital Storage Oscilloscope (DSO). Should a DSO be used, the user may wish to modify the speed of the
multiplexer (see page 4) so that the discrimination levels are displayed more distinctly to the detriment of the
display of the signal. Alternatively, the discrimination levels could be disabled completely (see page 6).

Digitimer Ltd Page 1l of 6 Copyright © 1996-8
E-mail: sales@digitimer.com Tel:+44 (0)1707 328347; Fax:...373153 Website: www.digitimer.com




Users Manual NeuroLog=t System NL201

Level detection:

Fig. NL201-1

Slow Edge

LOWER

U S IR S

UPPER

|

-
—--f---- —J

GATE (Timed)

o T B T B

GATE (No-Upper)

Fig. NL201-1 : L evel detection

The thresholds are adjusted with the two potentiometers mounted on the front panel. The dial markings for the

WINDOW HEIGHT potentiometer show the Lower threshold (see Fig. NL201-1) in volts; the Upper threshold,

however, is equal to the WINDOW HEIGHT + APERTURE settings. The values of this arrangement are

twofold:-

Firstly, the separation between the two thresholds (i.e. the APERTURE) can be kept constant and the position
of this amplitude window can be shifted with respect to the baseline with a single potentiometer
(WINDOW HEIGHT).

Secondly, it is impossible to incorrectly adjust the two thresholds, as would easily be possible if each was
adjusted independently (e.g. the Upper threshold cannot be lower than the Lower threshold).

Input signals used to drive the NL201 may have appreciable DC components (e.g. the vertical output signal of
an oscilloscope will have a DC level which depends on the setting of the oscilloscope's vertical position knob),
but the spike amplitudes are measured with respect to the baseline. The input of the NL201 is normally AC
coupled for that reason (low frequency response approximately 0.8Hz) to simplify threshold adjustments. (An
internal jumper allows the coupling capacitor to be shorted if DC discriminations are required). The
WINDOW HEIGHT, APERTURE and INPUT RANGE labelling are therefore AC amplitudes.

The spike at the left in Fig. NL201-1 does not cross either threshold and therefore, no output pulses are
produced. The middle spike crosses only the Lower threshold (i.e. its peak is within the "window" bounded by
the two thresholds) and it triggers both LOWER and GATE pulses. The peak of the third spike is above the
window and it triggers LOWER and UPPER pulses, but not a GATE pulse in 'No-Upper mode'. It does,
however, produce a GATE in 'Timed' mode as the transition between the Lower and Upper level took longer
than the 200ps (nom.) of the Lower-Output-Pulse, this is not typical of nerve spike activity. In this example,
pulses are triggered by positive going slopes; if the POLARITY switch was towards the right (-ve) position, the
threshold would have been arranged in a mirror-image position about the baseline.
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Threshold setting

Fig. NL201-2

GATE n

Fig. NL201-2 : Threshold setting

The NL201 thresholds can be set several ways; Fig. NL201-2 shows one method. The monitoring oscilloscope

is triggered externally with the positive-going edges of the NL201 LOWER output pulses, with a moderately
fast sweep speed (50 or 100 micro-second per division). All spikes which cross the lower threshold will appear
on the 'scope face; the vertical origin at the left indicates precisely the actual threshold. Two super-imposed

spikes are shown in Fig. NL201-2; one which crossed only the lower threshold and one larger spike which
exceeded both thresholds.

The first method is to use the second channel of an oscilloscope to display GATE pulses (in 'No-Upper' mode)
where there is no doubt about which spikes have peaks in the window. This method forces an awareness of
each spike waveform and makes it less likely that different spikes with similar peak amplitude will be confused

(spikes with the same amplitude produced by neighbouring cells, are simultaneously recorded more often than

one might suppose).

The second method of setting the NL201's thresholds is simply to measure spike amplitudes at the NL201
input with a monitoring oscilloscope, and to set the thresholds from the dials. This may be the only method
possible if the spike firing rate is low and somewhat unpredictable. The display shown in Fig. NL201-2 is
useful when the spikes of interest occur more frequently than a few per second.

The third method is purely displaying the MONITOR signal on an oscilloscope and setting the levels
appropriately

Perhaps the best method, however, for visualising the spike discrimination process is to use the
NL201 SPIKE TRIGGER with the NL741 ANALOG DELAY or NL202 AC DELAY module. By delaying the
spike signal, and triggering the oscilloscope time base with the GATE pulse, only those spikes which initiate
GATE pulses will be displayed; these will be seen in their entirety, including portions of their waveform which
precede the trigger thresholds.

The GATE output can be internally selected to occur under one of two conditions. In both cases it would occur
after the input signal had passed through the Lower level and:-

a) 'Timed' mode - If it had not passed through the Upper level by the end of the LOWER output pulse (200
micro-second).

b) 'No-Upper' mode - Passes back through Lower without crossing the Upper level - this is without time
constraint. [Normal position]
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Rear Connections and Jumpers

The rear edge connector in the NL900 rack allows adjacent modules to be connected together without the need
of front panel leads. Full details are giving the Jumpers section.

INPUT: The input signal can be disconnected from the output of the module on the immediate left if it is
inappropriate.

OUTPUT: The user has the choice of one of three output signals that can be connected to the rear connector
for automatic routing to the module on the immediate right.

Multiplexer Frequency

The internal multiplexer oscillator runs at a frequency of approximately 150kHz (a 6.67us cycle) and can be
measured at pin 2 of IC9. This oscillator is used to switch between the display of the Upper level, Signal, Lower
level and Signal again in a 1:7:1:7 (6.67us : 46.7ps : 6.67us : 46.7us) time-frame. If it is required to slow down
this oscillator the value of C19 should be increased proportionally (see Fig, 201-3).

The standard value of C19 is 0.015uF (15nF) and a value of 0.1uF (100nF) would give an oscillation frequency
of around one sixth the standard value, that is 25kHz (a 40ps cycle).

Output Pulse Widths

The duration (width) of the LOWER, GATE and UPPER pulses is set by the timing components fitted to three
monostables. If the factory set values are not consistent with your needs, these may be changed. The position
of these on the circuit board is shown in Fig. NL201-3.

Function Capacitor / Value Resistor / Value Standard Width
LOWER C26/0.01uF R39 / 27k 200us

GATE C25/1000pF R38 / 20k 15us

UPPER C20/0.01pF R33/ 33k 230us

The one point that must be considered is the fact that the GATE output, when set to the 'Timed' mode, uses
the LOWER pulse width to determine the existence of a signal that lies within the GATE voltage window.

The calculation of the Resistor and Capacitor to be used come from the following, approximate, equation:-
Width = 0.7 x Capacitorx Resistor

Note that the values used in the equation are in Farads and ohms and the circuit has the limitation on values
given below:-

Component Minimum value |Maximum value
Capacitor 1000pF 10uF

Resistor for Lower |2k ohms 100k ohms

and Upper

Resistor for Gate |1500 ohms 40k ohms

Example:-
Using the factory UPPER pulse width. UPPER = 0.7 x 0.01E-6 x 33E3 = 231E-6 or 231ps.
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Specification Summary

Input:
Voltage range
Impedance
Protection
Time constant
Gain

Thresholds:
Lower range (HEIGHT)
Aperture range (WINDOW)
Triggering (and levels)
Calibration

Outputs:
UPPER
LOWER
GATE
MONITOR

Internal Jumpers:
AC/DC Coupling
GAIN
MONITOR OUT
GATE Pulse occurs:-

10V

1M1

1+100 Volts maximum

0.2 second or DC (internal jumper)

x1 or x10 (internal jumper) -NB: after AC coupling

0 to 5 Volts (positive or negative)
0.2 to 5 Volts (positive or negative)
positive or negative slope

+10%

TTL, 230 micro-second (£10%) pulse
TTL, 200 micro-second (£10%) pulse
TTL, 15 micro-second (£10%) pulse
Input signal (x Gain) plus Upper and Lower levels

Input is DC coupled or a 0.2 second time-constant

x1 or x10 on input signal
Purely input signal or signal plus levels

a) LOWER pulse-width after signal goes through
Lower if it has not crossed the Upper.

b) As signal re-passes Lower (towards zero)
without having crossed the Upper.

We reserve the right to alter specifications and price without prior notification.

Digitimer Ltd
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Jumpers
/ LK1 LK2
o| JMP1
o O
q q
°
IMP2
o o
o
q C ¢
q C q
— 3] LK3 ke [f] B2 R
cro[__ ¥ 1 c2o
IC9 d C d
I — —
C25 R38 C26 R39
N\ NL201 COMPONENT VIEW

Fig. NL201-3 : On-board jumpers

LK1 - Input Coupling Jumper the pins together for DC coupling

LK2 - Signal Input Gain Jumper the pins together for an input gain of x10

LK3 - Multiplexer display Jumper the pins together for a display of the threshold levels with the signal at the
'"MONITOR' socket.

LK4 - Gate pulse occurrence

The GATE pulse will occur after the input signal has passed through the Lower level (from 0V) and:-

'Timed' mode - (Jumper lower two pins of link LK4):- If it had not passed through the Upper level by the end of
the LOWER output pulse (200 micro-second).

'No-Upper' mode - (Jumper upper two pins of link LK4):- Passes back through Lower without crossing the
Upper level - this is without time constraint. [Normal position]

JMP1 - Rear Input Jumper the two gold sockets to source the INPUT signal from the output of the module on
the immediate left.

JMP2 - Rear Output This selects the OUTPUT of this module for rear connection to the input of the module
to the immediate right.

Jumper one of the following to the central socket as follows:-
Upper socket for LOWER signal

Middle socket for UPPER signal
Lower socket for GATE signal

Last Revision: September 30, 1998
File Reference NADOCS\COMPANY\MANUALS\NEUROLOG\ NL201.SAM
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NL301 - Pulse Generator

PULSE GEN.
NL301

( X10 Hz \
XlC@ X100

5 7
3 10
1/

12

CONTINUOUS

SINGLE

500 s
50 @3150

Introduction

The NL301 PULSE GENERATOR is a low cost module for producing trains of uniform
TTL pulses. It can be operated continuously, switched off, or a single pulse can be
triggered manually. It is the successor to the NL300.

A GATE input socket is provided to allow synchronous trains of pulses to be gated-on
by an externally applied TTL high logic level. An internal jumper either excludes (as
with the NL300) or produces an output pulse coincident with the start of the GATE
signal.

Pulse frequency is continuously variable over more than three decades using a single
12:1 control and a three position decade switch. Three fixed output pulse widths are
available.

The frequency range and pulse widths were chosen to make this module suitable as a
timing source for electrical stimulation of the nervous system, without the necessity of
additional modules for determining the pulse width.

The NL301 is also useful for a variety of other timing purposes where a widely variable
rate is desirable, and precision is important but not critical.

Frequency Range

The front panel control is marked in integer marks between 1 and 12 and is calibrated to
be within 1% accuracy at the '1' and '10' marks. At the other marks it will be within 5%
accurate.

Even though the scale is not marked below '1' the NL301 will produce an output
frequency down to '0.5'. This gives a 0.5-12 (or 24:1) range on a single control. With
the three decade toggle switch the total range of 0.5 Hz to 1200 Hz can be covered in
three over-lapping ranges.

An internal jumper is fitted to change the 0.5-1200 range to 0.05-120 Hz by changing the board jumper. When
this jumper (LK2) is fitted the range will be 0.05-120 and when removed it will be the marked 0.5-1200 Hz. -see

diagram that follows.

Single/Off/Continuous

This three way toggle switch allows a single output pulse at the set pulse width when it is pressed into the
'SINGLE' position. The switch is biased so that it will not stay in this position. In the 'OFF' position there is no
output. In 'CONTINUOUS' the output can be gated - see diagram that follows.

Gate Function

The Front Panel socket allows the NL301 output train to be gated on and off.

In CONTINUOUS mode the output pulse train will start in synchronism with the positive going edge of the
GATE signal and continue until the GATE signal is taken low or the toggle switch is switched out of

'CONTINUOUS'.

When there is no connection to the 'GATE' socket, the NL301 will give a continuous train of pulses when
switched to 'CONTINUOUS..

Digitimer Ltd
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First Pulse Option

An internal jumper exists that can enable an output pulse coincident with the positive edge of the GATE signal.
The alternative is for the first output pulse to be one period of the selected frequency after the start of the
GATE signal (as was the case with the NL300). -see Fig. 301-1.

The on-board jumper (LK3) is fitted to join the two pins or not.

Pins joined No pulse coincident with the start of GATE
Pins not joined First pulse will be coincident with the start of GATE

Specifications

Frequency
Total range <1t0 1200 Hz
Control Single turn (270° control marked 1 - 12 Hz with
intermediary integer panel marks. Maximum range > 0.5 - 12
Accuracy +1% at '1' and '12' marks
+5% at other scale marks
Multiplier x1 ; x10 ; x100

Internal Jumper (LK2) x0.1 multiplier giving:-
<0.1 to 120Hz on the front panel controls

Gate
Control TTL 'high' (or socket open circuit) enable oscillator
TTL 'low" inhibits oscillator
Internal Jumper (LK3) Pins Joined - No pulse coincident with GATE start
Pins Open - First pulse coincident with GATE start
Input TTL compatible, 1 TTL load
maximum +15V
Output pulse widths 50, 150 or 500 ps (+5%)
Output fan-out 10 TTL inputs
Fig. NL301-1 : GATE / OUTPUT relationships
GATE in
A/ NOTE: Pulse coincident with GATE
OUTPUT -
with LK3 omitted | || || || || || || |
OUTPUT |||||||||||||
with LK3 fitted —
NOTE: Output pulse not shortened by end of GATE /
Fig. NL301-1 : GATE / OUTPUT relationships
Digitimer Ltd Page 2 of 3 Copyright © 1996-8
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Jumpers
o JmP1
\w
o O A
\v
\w \w \w \w
LK2
\w \w ~
LK3
\ NL301 COMPONENT VIEW

Fig. NL301-2 : On-board jumpers

LK2 - Range Select Jumper these pins together to reduce the front panel range by a factor of 10.

LK3 - First Gate Pulse Jumper these pins together to enable a pulse coincident with the start of the Gate.
JMP1 - Rear Input Jumper the two gold sockets to source the GATE signal from the output of the module on
the immediate left.

Last Revision: March 4, 1998
File Reference: N:ADOCS\COMPANY\MANUALS\NEUROLOG \ NL301.SAM
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NL530 - Conditioner (4-channel)

CONDITIONER

NL530 Introduction

® 10

o0

2

w

ON©)
ON©)

©)
©)

Specifications of each independent channel

Input: Front panel Lemo socket

Abs. Max. Input: +100V

Input Impedance: 20k ohms

* Gain: Off; x0.1; x0.2; x0.5; x1; x2; x5; x10
¢ Variable Gain: x1 (cal.) to x2.5 (nom.)

¢, Offset control: +1V or £5V

* Offset range: +1V or £5V

* Filters: 100Hz, 1kHz, 10kHz, none
Bandwidth: DC - 100kHz

Crosstalk: less than -56dB between channels
Output: Front Panel Lemo socket

Output range: +11V minimum

Output impedance: <5 ohms (for up to 10mA load)

Output = (Input * Gain) + (ADC + Variable) Offsets

Specifications common to all channels

* Clip limits: Positive: +4V to +11V min.
Negative: -11V min to OV
* ADC Offset: Zero (0 volts) or +2.5V

¢, = screwdriver adjustable single turn front panel preset
* = on-board controls

A single width module designed to give Gain and Offset set-up controls when interfacing
7 CAIN OFF\ signals to the Analog-to-Digital Converters (ADCs) of PCs.

The module contains four channels each with independently adjustable Filter settings
® 20 and front panel Gain and Offsets presets. There is also a Master ADC offset control to
allow Unipolar ADCs to be used with Bipolar signals.

CAL As ADC boards have a precise input range (outside of which damage may occur) the
® 2 0 module features on-board preset controls to set all channels to 'CLIP' (or limit) at
Y, independently set positive and negative (or zero) levels.
IN OUTw
)
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Board Presets, Switches and Jumpers
The figure below, shows the Presets, Switches and Jumpers that alter the parameters of independent channels

or all channels.

Common Controls

ADC Control

SC to add 2.5V

positive Clip [l}

AN

Gain Control
[ | 8-OFF
7-x0.1
6-x0.2
Front Panel High i:§2-5
Offset Range Frequency 3-x2( o
OC - +1V (Shown) Cut off 2:x5 Shown|
— SC - +5V B ohz Shown Lo
10kHz  [O07O] R
u @ kHz |00 2
= 100Hz 2 Cchnl. 1 —
o)
Negative Clip .—-\\ BE E:
®® - :
= S 4 chnl.2
= f
[m] o
& ool 4 chnl.3
o)
G0 S
E 0 4 chnl. 4
— O [ENE] 3 . -

NOTE: The NL530 conditioner will automatically receive input from the module placed directly to the left of it
through the rear connectors. There are no jumpers present on the NL530 to prevent this.
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System Drawing: Complete 4 channel system for isolating, filtering and conditioning amplified input signals.
No other leads are necessary as connections are made by the rear connectors.

Last Revision:
File Reference:

March 4, 1998
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NL820A - Isolator ( 4-channel)

Introduction

ISOLATOR

SO O The NL820A ISOLATOR is the module at the heart of the NeuroLog= System
NL820 | |solated Amplifier range of components that meet, or exceed, the BS5724 and IEC601-1

patient leakage specifications.

The NL822 and NL824 miniature, low-noise pre-amplifiers and NL134/135/136/144
FILTERS and NL530 CONDITIONER complete the system (see system drawing on

page 5).

®
=
z

O © 9

General Description

The NL820A is a four channel analogue signal isolation module designed to plug into the
NeuroLog= rack system. Opto-isolator and transformer techniques are employed to
provide signal and power supply isolation from the power supply ground. The leakage
current between amplifier inputs and ground is less than the limit specified in IEC 601-1
for class CF equipment.

Refer to Fig. NL820A-2 for a module overview.

N

Ol ©- O

Four single-ended inputs with a common isolated terminal are provided together with
positive and negative isolated supplies for powering external pre-amplifiers or control
devices. Each channel has adjustment of sensitivity by a three step switch to provide x1,
x2 and x5 amplification. Input signals in the range DC to higher than 10kHz and
amplitudes up to +1 volt can be handled by the module. Multiple NL820A isolators can be
operated in the same NL900 rack to provide higher numbers of channels.

©)
®

©
2

<
C
pur
m

The NL820A is fitted with an insulated multi-way input socket providing connections to
the four signal channels and the isolated power source. The optional NL822 and NL824
Pre-amplifiers are supplied complete with connecting cable and matching plug.

Fig. NL820A-1 identifies the pin numbers of the matching plug that is available as Part Number NL969P should
you wish to use your own front-end Pre-Amplifier.

Pin No Function

Channel 1
Channel 2
Common

+13V to Pre-Amp
-13V to Pre-Amp
Common
Channel 3
Channel 4

Mute to Pre-Amp

O©COoONOUPAWN -

Fig. NL820A-1 Outside view of socket &
wiring view of plug
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Plug
Pin
Nos.

3&6

NeuroLog=t System NL820A
ISOLATION
BARRIER
IN1
° OUT1
— pas
IN2
° OUT2
‘ s
IN3
°© OuUT3
I s
IN4
o OuUT4
L =
PERIOD
A
MUTE MUTE
o <o
ouT TRIGGER
+13V 15V
[o} i
13V -15V
[o} L]
COMMON oV
LEAKAGE
Fig. NL820A-2
NL820A SYSTEM DIAGRAM

Digitimer Ltd

E-mail: sales@digitimer.com

Page 2 of 5
Tel:+44 (0)1707 328347; Fax:...373153

Copyright © 1996-8
Website: www.digitimer.com




Users Manual NeuroLog=t System NL820A

Mute Facility

When used with NL822 and NL824 AC signal pre-amplifiers large artefact signals present at the inputs which
would lead to "blocking" of the system can be reduced or removed by the use of a mute control. In order to
provide operation of this mute control without bridging the isolation barrier, a logic trigger signal applied to the
front panel socket on the NL820A generates a pulse of adjustable width which is coupled via an opto-isolator
and the connection cable to the pre-amplifier.

The mute period may be adjusted via the trimmer control mounted behind the front panel over the range of

approximately 1 to 10 milliseconds timed from the positive going edge of the applied trigger signal.

Longer mute periods can be achieved by using a logic signal of the required period to override the internal
pulse width generator.

ke

10ps<t<1ms
v 2<V<15
INPUT Input Impedance 10kohms
ISOLATED
COMMON
| ISOLATED
LATOR OUTPUT
TS PREAMPLIFIER 13y COMMON A~LIGHT

|
1to 10ms —
9 MUTE

ouT

MUTE PERIOD ADJUSTABLE
FROM TRIGGER PULSE START

\%
INPUT | (as above)
|
|‘ >10ms

-13V

ISOLATED
COMMON

ISOLATOR QUTPUT
TO PRE-AMPLIFIER

-13V

MUTE PERIOD SET BY TRIGGER
PULSE WIDTH >10ms

Fig. NL820A-3
MUTE CONTROL CONDITIONS

Fig. NL820A-3 illustrates the mute control requirements.

Safety

It should be self evident that by ensuring that a high impedance path is presented to any earth return current
that could be present under fault conditions, the NL820A will provide a higher order of electrical safety than
conventional amplifier components.

Care should therefore be taken to preserve the isolation barrier created within the NL820A module by avoiding
any unintentional ground connection to the amplifier inputs or isolated power supply. At 50/60Hz power line
frequency the impedance present between the input circuit common terminal and supply ground is of the order
of 100M ohms due to the leakage capacity specified at less than 35 pF.
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NL820A Edge Connector

No. Function
1 not used on NL820A
2 channel 1 out
3 channel 2 out
4 not used on NL820A
5 channel 3 out
6 not used on NL820A
7 +15V
8 keyway
9 ov
10 not used on NL820A
11 channel 4 out
12 +5V
13 -15v
Specification
Isolation: Voltage - 2,500 volts DC or DC plus peak AC
Capacitance - 35pf
Resistance - 10k Mohms (10" ohms)
Ground signal attenuation - 2 x signal frequency Hz/10° (approx.)

See Fig NL820A-2 for definition of isolation measurements.

Gain: x1, x2, x5 - accuracy +3%

Input: Amplitude - 1 volt linear range; +10 volts absolute
Impedance - 10k ohms
Bias current - less than 50 nA
Noise - less than 4 mV at 150 kHz
Offset - less than 10 mV

Output: Amplitude - £5 volts maximum, dependant on gain setting
Frequency response - DC to 15kHz (-3dB point)

Isolated Power: 113 volts nominal un-regulated, current maximum 40 mA,

output impedance 35 ohms nominal
Input Power: +15 volts regulated at 45 mA, -15 volts at 40 mA, +5V at 100pA (from NL90O0).
Add 1.2mA for each 1mA of Isolated power used.
+15V @ 93 mA, -15V @ 88 mA, +5V @ 100uA for max. isolated power specified

Refer to NL822 and NL824 data sheets for suitable pre-amplifier modules.

Optional Accessories

NL969P 9-way plug to mate with NL820A. (As used on NL822 and NL824 leads)

NL969S 9-way socket to mate with NL822 and NL824. (As used on NL820A front panel)

NL969T "T" adaptor connects 2 x NL822 into a NL820A for 4-channel use.
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System Drawing: Complete 4 channel system for isolating, filtering and conditioning amplified input signals.

No other leads are necessarv as connections are made bv the rear connectors.
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Users Manual NeuroLog= System NL822/824

NL822 - 2-Channel AC Pre-Amplifier
NL824 - 4-Channel AC Pre-Amplifier
Multi-Channel, AC coupled, Miniature Low Noise Amplifiers

Introduction

The NL820A ISOLATOR is the module at the heart of the NeuroLog=* System Isolated Amplifier range of
components that meet, or exceed, the BS5724 and IEC601-1 patient leakage specifications.

The NL822 and NL824 miniature, low-noise, AC coupled (or NL832/834 DC) pre-amplifiers complete the
system.

General Description

NL822 NL824
K MUTE K 100
20 @ O PLQ § 9=
@
30Hz 30Hz 0Hz @ 0Hz @

@
@@

1 COM 2
Digitimer Ltd COM @ @ Digitimer Ltd

O st

@2
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The NL822 and NL824 units are low noise differential AC pre-amplifiers with simple three step control of gain
and low frequency cut-off point. High frequency response extends to 30kHz and no control of cut-off point is
provided. The designs provide high common mode rejection of signals from DC to frequencies in excess of
1kHz.

The NL822 AC Pre-Amplifier provides two differential amplifier channels with a common terminal and a
built-in 200 microvolt calibration signal.

The NL824 AC Pre-Amplifier has four differential amplifier channels referenced to a common terminal with
100 microvolt calibration facility.

Both units have a mute facility for suppression or reduction of overload artefact signals. This can either be
operated by a push button on the front panel or, when used with the NL820A ISOLATOR, triggered from an
electrical signal to provide an automatic mute feature.

Power supply to either unit will normally be provided by an isolated supply system within the NeuroLog

NL820A ISOLATOR module from supply rails of +13 volts nominal. A 9-way plug fitted to a three metre length
of cable provides for supplies, channel outputs and remote mute control.

Stand-alone use

The NL822 and NL824 will operate from DC supplies in the range +10V to +15V but it must be remembered
that the unit will not isolate the signals unless a specific isolation stage is used.
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Specification
Gain

x100, x1000, x10,000 selected by 3 position toggle switch each channel separately adjustable. When used
with the NL820A module with its 1:2:5 sequence gain control the full range covered will be x100 to x50,000 in

9 steps i.e. 10mV/V to 20V/V.

Low Frequency

These amplifiers are AC coupled to remove electrode potentials and selection by 3 position toggle switch
provides 3Hz, 10Hz and 30Hz cut-off frequencies. The amplifiers will operate with dc input differential voltages
up to 200mV from the electrodes and common mode voltages in excess of 1 volt without affecting their AC
performance.

Input Impedance

100M ohms each input to common.

Common Mode

The differential inputs provide a rejection ratio greater than -80dB (10,000:1) for frequencies up to 1kHz. Note
when used with the NL820A ISOLATOR module signals present between mains ground and the NL822/824
input system are further reduced to give common mode rejection ratios greater than -120dB.

High Frequency

No adjustment of high frequency range is provided, the -3dB point is greater than 30kHz. When used with the
NL820A module the overall system response reduces, but the -3dB is still greater than 10kHz. For adjustable

bandwidth control the NL125/126 filters can be connected to the NL820A outputs.

Noise

When operated with inputs short circuited, over the full 30kHz bandwidth the noise is less than 51V RMS. The
low frequency noise from 3-100Hz is less than 1.5V peak to peak.

Deblock/Mute

Operated by manual push button or remote logic trigger control through the NL820A. May be used to inhibit
stimulus artefact effects - mute time adjustable over the range 1-10 milliseconds.

Calibrate

A square wave pulse is available from a front panel socket of 1001V amplitude at approximately 160Hz.
Connection

The amplifier channel inputs are 2mm sockets coloured red and blue to indicate relationship between input and
output as follows. A positive input at the red socket will produce a positive output, a signal at the blue input will
be inverted. The common signal return socket is coded black. Where a single ended input signal is to be
amplified, then the un-used input (red or blue) socket should be linked to the common black socket.

Calibration

The 100 microvolt calibrate signal can be connected to any amplifier channel by linking from the calibrate
socket to the appropriate red or blue input socket. The other input should be connected to the COMMON
socket.
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Connection

Fig. NL822-1 illustrates the output and supply connections provided via the 9-way plug to a matching socket.
Normally when used with the NL820A ISOLATOR module the correct connections are made by inserting the
plug into the socket.

The NL824 provides channels through to outputs 1-4 on the NL820A.

The NL822 connects channels 1 and 2 to outputs 1-2. A "T" adaptor (Part No. NL969T) is available for
connecting two NL822 amplifiers to a single NL820A to drive outputs 1-4.

The information provided on Fig. NL822-1 will therefore only be required if an NL822 or NL824 is to be used
without the NL820A in which case one, or more, matching socket(s) must be ordered (Part No. NL969S).

Pin No. Function

Channel 1
Channel 2
Common
+13V
-13Vv
Common
Channel 3
Channel 4
Mute

O©CoO~NOUA,WDNPEF

Fig. NL822-1

Operation

The NL822 and NL824 amplifiers are suitable for amplifying low level AC signals in the presence of large
interference potentials from mains supply sources and DC potentials generated by electro-chemical action at
electrode interface connections. They are particularly suitable for electro-physiological measurements, however
it is still important that care is taken over input connections and wiring layout.

When recording differentially, electrode leads should be run close together and where possible twisted.
Connection impedances should be as low as possible since although the amplifiers present a high input
impedance, both noise and common mode rejection of power source interference will deteriorate with increased
signal source impedance.

Similarly although the amplifiers are AC coupled there is a limit to the magnitude of any DC potential which can
be applied to the input terminals without producing limiting effects on the signal. Accordingly good quality
matched electrodes should be used to minimise these potentials.

Switch setting of gain and low frequency cut-off point are clearly marked on the front panel and can be adjusted
by the user as required to suit the application. The sensitivity of any channel can easily be checked by
connecting either input socket to the 100 microvolt calibrate socket whilst linking the un-used input socket to
common.

When used with the NL820A ISOLATOR module the amplifier inputs are separated from ground by the isolation
barrier existing within the NL820A. It is therefore important if this safety feature is to be preserved that
accidental grounding of the input circuit is avoided.

The mute push button on the front panel provides for rapid resetting of the amplifier coupling components to
minimise blocking effects following large "artefact” signals. It can also be operated immediately prior to any
expected disturbance or external stimulus and will suppress the output whilst the button is held depressed.
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Electrical operation of the mute facility is available via the NL820A module to maintain isolation of the amplifier
inputs from the logic signal and ground. See the NL820A section of this manual for further details.

Some applications will require reduction of the amplifier bandwidth to enhance the signal/noise ratio. Generally
this requirement will be satisfied by reducing the high frequency response of the system. The filtering required
will vary with application and has not been included in the NL822 or NL824 amplifiers in order to maintain small
size. Where the system includes the NL820A and the NeuroLog=* rack, the NL125 or NL126 can be used to
give comprehensive continuous control of upper and lower frequency cut-off points. Low frequency cut-off is not
usually required to be finely adjustable over such a large range and therefore in most applications the three
step control switches provided for each channel will be adequate.

Multiple System

Two channel and four channel amplification requirements are covered by NL822 and NL824 units provided the
input signals are relative to a common point with less than 1 volt common mode potential. If measurements are
to be made from differing potential points then isolation will be required between these points and an NL820A
signal and supply isolator will be required to operate amplifiers from each point. For example two channels
referenced to point A and four channels referenced to point B. Potential between common points A and B 240V
50Hz.

Solution - One NL822 and one NL820A for point A system
- One NL824 and one NL820A for point B system
Where more than four channels are required, even though all are referenced to the same point, multiples of

NL822 and NL824 units will be required and if isolation is required then one NL820A will be required for each
group of four channels.

Dimensions

Size: NL822- 70 x 60 x 110 mm (W x H x D)
NL824- 90 x 60 x 155 mm (W x H x D)

Lead length:  2.5m (nominally)

Last Revision: March 4, 1998 First Issued: before July 1984
File Reference: N:\DOCS\COMPANY\MANUALS\NEUROLOG \ NL822824.SAM
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Unpacking Your NL900D
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Rack Mounting Brackets.
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Module Lock and Module Insertion

VU HSQ15HST1580T;#.§ 47,8 185/1.12 , §<1*§0+*$*#; 11212, 8" #$ —+ . ) [#5:$8 1''15
*#:11212 ,$1+9>$ 158 +3#* 1;# . § <68 ;"' #$ >2+<§ 1,8 ;""#$ ;+35 +05 ;""#5 91548 (*+2;
312#1:$ S KS —+ . ) #H§ 158 1254%;# . §12;+§71;5% , )1.#5$ ) 2;1$7;58 0*+2;8 312#/§ 15
AT;7128 1<+); § F(——$ +08 ;" #8 0%+2;8 +0§ ;""#5 915#:5§ 1"'#$ /+9>12,§ >2+<§ 75
3)5"#.$51. #A41658;+$; " #$*7,"";$D;+41* 58;"#5 Y %&RAmM$ 3+57;1+21§ 1<+);
G——:

VUHS—+ ) [#89128;  #25<#53) 5" # . §; " HE#5;§+08; " HIA 16812;+8; " #$9 154512 .
JUHSHO>T2 552+ <G ) ¥ 24§ +8; " #HI&R AM$3+5T;1+2: 5084 19" S — + . ) [#8§1552+;
3)5"H .S (T —/68 ""+—#85 ;" #HS —+@#—#2;5 +0§ ;"#$ [+9>12,8 5/1.#5 41§ <#
1—3#._#.:$5B+8 2+:8 ) SHS #29#5510#8 1+*9#§12§ 3) 512, § ;" #$/+9>12 ,§ >2+<
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47" *1LALS +05 —+ )58 10019)/;:8 $ N@#28 5/1,"";8 .15;+%;1+28 +0§ ;""#$ 915#
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Switching the Mains Power On
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17#5%8& " ((B§3+4#*$547,9"85"" +) . §<#$547,9"# _$+2SPNCR I N§O+22#9;1+255 1*#§ — 1 _ #§;+§<I+/+,191/$3*#31*1;1+25:
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Analogue Versus Logic Modules

Yot +&+ , NS—+ ) HE9128<H#E, *+) 3# L5+, #; " H#HL99+* 112, §;+8; #8512 . 55+0§123) ;5812 . §+);3) ;58; " HOFHA) *#:$8Q+ —#
HAYPHS 121/+,)#5 @+/;1, #5085 @1*612,8 (*+—§ —19*+§ @+/;58 ;+§ @+/;5:8 § R;""#*5§ 1*#$ _#51,2#._§ (+*$ 5;12.1*.§ 11&
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%8I (LS+) 2;#*

PRS0 T (FSQ3T>HE 1+, , #4612 8, " #I%&GFGHV2; #1945 —+ . ) [#5850+*§#21 — 3/#8§3*+@7 . #5121/+ , ) #§;+8/+ ,19812;#*01 9#58
9+2@#*12,$121/+,)#5123);5812;+§ 1 1 &83) [5#5$4 119" §91 25 <#8) ;1/15# . $<68+;"" #*§ —+ . ) H5: 88 R; " #*$ — + . ) #1589+ 20#*;$12
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Logic Signals

K5$1 18§15§18<121*65565;# —85#19"'$1 18$5123) ;$+*5+);3) ;8 — ) 5;5<#HSAT;" 128+ 2#5+(5; 4+521**+ 4/6§ . #012# . $@+/; 1, #§*12 , #5
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D78 (848 E C\HISHOH#ISSR; "9 3) [5H8 5+ ) *OH#5885) 98 155 2+2=1 18451, 2115 , #2#+1; +¥5§ — 168 2+:$3++01_ #5;""T5$9) *#2;
512512, 831:78:48, ¥+) 2§12 §; " HHH+HHS — LOSHHA) S5+ —# —+ _ TIOL; T+ 28728 +% #4645 <H#$ )5 §;+5 . I0HS 1 18$723):5:
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1" = PTTCHS T ) (HS
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HP1—1212,8;"#83) SHEL —31T;) #S1;8;""#S 1 188723) ;1581 NIS— L6S*HA) ML 1) 5; —#2;8199+* .12 , 16:88Q+—#53) [5#85+) *O#5
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KI"+), "8 #87123) ;$91*9) 1,58 — 169 2+;$ 2#0#551 1165 <#§ . 1 — 1, # . $<B8#?29#4# .12, $;" " #5#8/1—T1; 588 #@#*65#00+*;85""+) [ . §<#
— 1 #5245 +89+22#0:8 121/+ , Y#5+);3):58 481+, 198723) ;5804 , 18" #$ %&F ([KS KIS k*#=1—35+):3) ;86 4"'19"$912$ 01*6
<#,AHH#28 IFLHS5"+)/ . $2+,§<#§9+22#9;# .§; 43, "#§%&I (LS A+) 2;#*$123) ;1:$§Q1—1/1*/685 1 1&$+);3) ;DS L*#§72;#2 . #.$;+
SKIOHSY 185123) ;5884T; " #*5; "+ BHSHIH ) *+&+ , N8+, 19§ —+ ) [#55+*§123) ; B+05+; " #HSHA) 13 —#2;$4"119""$199#3;85;12 . 1*.
T18$57,21/5:58 1 "#%/+ , 195 —+ . ) /#5355 +) [ . §2+;§<#$) 5 . §;+5. 145", "'$913197;68/+1 . 504#: , :§9+22#9;712 ,$1%/+,795+);3);
s HLSH — + HESTHOHSHISHA) 13 —#2;8;"*+) , ""§18/+2 , S3THIHSHS59*##2# . $91</#§15$1$"'7, "'$913197;68/+1 . I1§+*$) 5# . §;+§ . *10#
1331*1;)582+;$53#910191//68 . #57, 2# . $0+*§ 1 V&S HA#ISSDH: , :5;" #8%&L (FS ) /S#S O#2#* 1;+*§5""+) [ _§2+;§<#§9+22#9;# .
L T*#9;/6%; +§153*#31*1;1+280+*80+/; 1 , #85;1— )/1;1+285+*§<#$) 5 . §;+5 . *IQHS/1* , #$*#/16585#;9:1:

K26$964) *+8:+, 7§ 188+);3) SATIT2S , #241/65 . TOHS1265F ($96#) *+8&+ , S 1 188123) ;5412831 *1//#/:
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Module Interconnection : Internal Interconnection
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F38T8 1 ""#$3%"BS5"'+458; " #8§123) ;8I) — 3#*$ 112, # —#2;80+*$ 18,6319 1/5 —+ . ) #:§SV28KS; ""#3I) — 3#*$158<#12 , §3/19# . §5+8;""1;8;""#
123);$+08;"" 158 —+ . Y HSATIIS<#§9+22#9;# . §;+8; " HIRY VK'Y V$+05; " #5 —+ . ) #9128, #51 N1 9#2;§<1651;87;58/#0;:85V28P85; " #8I) — 3#*$15
<#12,$3/19# . §128; " #812+§9+22#9;1+ 216 +*§% A$3+57;1+285+8;"" 1,87,58123) ;$156% R 189+22#9;# _ §;+8; " #3+);3) $+08; "# —+ ) #S1:8;""#

#0;:

VRS 3424 . §9TF9) T8 <+1* . §1;8; " " HE <1958 +08 ;" #§ —+ . ) H#$<16$728 ;" #§ 915#§ 9+2; 11258 # . , #59+22#9;+*5§4"'19"'§5) 33/6
SHAHGHSHLO"S —+ ) H:88 1 " HEHIO+224#9;+*5$ 1/5+$/1258: " #3123) 15812 . $+):3):58-+05 1 I19#2;8 —+ . )#E$Q1189+2 . ) 9;+*
*19>58 +28 ;" #8 3¥12;# .3 9T*O)T;§ <+1*_:§$ 1"158 1**12  #—#2;5 *# . )OH5S ;" #§ 2) — <#*§ +0§ #?;#*21/$ 91</#$ 9+22#9;1+25
AT D, § — 1268 51— 3/#$ 565;#—$ 9+207, )*1;1+25$ +2/6$ *#A)1*#§ 91</#§ 9+22#9;1+25% ;+§ ;""#$ 3*#31*1;1+2§ 12.
—+21;+%2,§125;*) —#2;51:§ § V2;#*21/$ 12;#*9+22#9;1+28 9125 +2/6% <#$ — 1 . #§ <#;A##25 1 _119#2;§ —+ . )/#5§ =§ 12;#*21/
12;#*9+22#9;1+ 2560122+ §<HS — 1 . HI0+*$#21 — BHAS<#; A28, H3+) ;3) 1 $+08; " #I5:5—+ . 512 5" #5123) ;$+0818—+ . ) 1#
128;"#3G;""$<16:

Q+—#8123);5812.§+);3) ;58" LQ#S2+;S<##2§<*+) , ", $<19>;+§; " #E —+ ) [H8# . , #§9+22#9;+*$<#O1) 545, " #5#54+)/ . §2+;
2+*—1/I65 <#$§ O+22#9;# .5 +$ +;"#*S —+ )HES D, 1§ ;" #5 +);3) ;5 +08 ;" H#S EFT (S K) LT+ K—3$ 158 12;#2 . # .§ ;+3 _*10#S 1
[+) - 53#L>#HS; " #3%&F ([KSKASk*#=1—38123) ;§1582+* — 1//639+22#0;# . S#1;" #5;+8; " #S%&F ((Km$a#1 . 5;1 , #5+*$ . *#9;/6
HS18<T++ , 191 /3*#31*1:1+285#;9:1:

P#91)5#% — 126 —+.)/#58 " 1@#$ —)/;13/#§123);58 12 .5 +);3) ;588 12;#*21/§ 12;#*9+22#9;1+25§ —)5;§ <#§13*+,*1 — —# _h:
V23);58 419" 8 1*#§ ;+§ <#$ O+22#9;# .8 ;""*+) ,"'S ;" #S # . , #§ 9+22#9;+*§ 1*#§ G#/#9;# . D+*§ 3*+ ,*1— —# 1§ <65 —1>72,
H#I#9;191/§ 9+22#9;1+28 <#; A##25 311*5$ +0§ F— —§ 5+9>#;55 +2§ —+ . ) /#$ 3*¥12;# .§ 91*9)1;§ <+1* . 5:$§ 1" #5#$ 5+9>#;5 1*#
[+91;#.81;8; " #5<19>8; + 39+*2#*5+03; " HI<+1* _ 15§ 1 +5#004#9;99+22#9;71+285; 4 +§5+9>#; 5§ L *#5<*7 . , # . $<68; " #3</19>) — 3#*
30),$5)33/1#.:$§ 1" #$ 3128 5+9>#;58 148 [1<#ll# . D128 5+—#§ —+ ) [#55 +25 ;"' #5 9+2 ) 9;+*$ 51_#85 128 +;""#*55 +2§ ;"'#
O+—3+2#2;857 . #§+08; " #SkAPI1§;+§72 . 191;#8;" " #§155+911;# . §123) ;§+*§+);3) ;:850123) ;$5+9>#;5§12 . §I) — 3#*$1/4 16580+* —
HE;+38,*+) 384 #25<+;"5123) ;812 .§+);3) ;81 — 3B L #§3*#54#2; 1:8SN 19" "SI — 3#*$91 28 1/5+5<#§3/19# . §128 1$2#) ;* 1/
3+57;1+28 47,5 +2#§ +0§7;5$ 31255128 1§ KA PS$ " +/#§/19>712 , § 1§ 5+9>#:8§ 5+ ;" 1;$ 2+$9+22#9;1+2§ 15§ O+ — 3/#;# . §;""*+) , "'$;""#
#. ,#89+22#9;+*:

S1268%#)*+8&+ , N\§—+ ) [#58" L@#IN) — 3#*580+*8+);3) ;55158 4#//5158723) ; 58108; " "#68" L@#HS — +*#§;" 128+2#%+) ;3) ;504 , :
bKINSSYKKNE$12 _$&RON 15+);3);580+*3; " #$%&T (FSQII>#HS 17, , #*1:58 1 " #8I) — 3#*$15%) 5# . §; +$5#/#9;§4"'19""§010§ 1. 26|
+08; " HEHS+);3) 158 LA HHL6# . § 148 HE 2H], <) NI2 , § —+ ) H5SSUS ; HHITES +2/68 +2#8+):3) 1$128 1831%19) /145 — + . ) [#
1@LUL</HS0+*$9+2249;1+28 ;" *+) , 'S, " #E # _ , #§ 9+22#9;+*881;$158 ) 5) 1//6§ 9+22#9;# _§ _1*#9;/6%;+$ ;" #S# _ , #§ 9+22#9;+*
Q)9"$+);3);58 4118 1);+—1;191//6§ <#§ 9+22#9;#.§ ;+$ ;"' #$723) ;58 +0§ ;"' #§*1,'";$ 1 _I19#2;§ —+_ ) /#5085 ) 2/#558 ;"'#§123);
1) —3#*5§ +2§ ;"' #5 *1,"";$ L. I19#2;§ —+_ ) #5§ 1*#5 +3#2=010)1;# .5 <68 3/1972,§ ;""#—$ 12§ ;" #7*§ 2#) ;*1/§ 3+57;1+2:$ § Q##
cl, $%&" ((B-T:

V0S; "' #8+) ;3) ;S HIS+2#8 —+ L ) IHST5$9+ 22#9;# . §12,#*211/630<19>=9+ 22#9;# . 15;+8; #8123 ;§+05; " #S —+ . ) #3128 " #32#7?;$<16
;48,188 A8 0%+ 2,8 31 2#/§ 5+9>#; 5§ <#9+ —#S L@ L<HF0+*§ 1 _ _T;1+21/§ 31*1//#/§9+22#9;1+2:SN19"§ +0§ ;" "#548D;" " #
+):3) ;8 5+05H8 +I8; HS HH0S —+ . ) HS 12§ HET23) [$5+OSHS +08HS T, TS —+ YIS LSO+ 22404 L§ + " H12;#+211/6:
N?;#*21/891</#59+22#9;1+25§91 2§<#5— 1 . #§; +8; " #EHIHT; #*$0+*§1+71212 , §;""#5+);3) ;§; +§— +*48; " 12§+ 2#8§123) ;8812831 * 1/1#
D, :§;""#5+);3);5+03; " #%&L ([Sk# T+ .S b#t2#*1;+*§ —1, ", § <#§ O+22#9;# . §;+5;""#8123) ;58 +($ TS +*§ — +*#5 %& [ (LS B#/16
O1. ;" —+ . ) #5185+*50+*§— 1>12 , §9+22#9;1+28; +§—+27;+¥12 , $#A) 13 —#2;$5) 9"'$158+591//+59+ 3#5+*$*#9+* _#*5:
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VSKRETK%! $Q+—#$91);7+2$75% 2#9#551*65 47;"'§ ;"'15§ <19>§ 9+22#9;1+2§565;# —§ . Y#$ ;+§ ;" #S #1545 47,"'§ 4"19"'$ ; 4+
+):3);589125<#$9+22#9;# . §;+,#;""#*§1;$18512 , [#§723) ;:$5V0$ ;" #57123) ;S . ¥I@HS0+*§+ 245 —+ . ) [#§7585) 33/1# .§;""*+) , ""§1
Q1 </#$9+22#9;1+28;+8;""#3123) ;$5+9>#;5+28; " #I0*+2;$ 31 2#/512 . §; " #S —+ . ) [HE<L6S;+§; " #S/#0;5" 155 1 —+ . ) [#§7287;85;""#
3+551<1/T;68#715;58;"" 1;$;4+8+):3) ;:58D+2#8;""*+) , "'§; " HEQL</#83; " "#5+; " #*3011$1§<19>§9+22#9;1+ 215 AT/[§<#S|+12# . :$§ 1 *15
9128 <#$ 10+1.#.$ <68 3);72, 5 ;" H#S 123) ;1) — 3HS +05 ;"8 —+. Y IHS *HOHIOT2 , § ;" #S #2:#°2118123) 5 . F10#$ 128 1;56 %l$ D2+
O+22#9;1+2183+57;1+2:88k#* — 12#2;8 . 1 — 1, #515%) 2/1>#168; +§*#5) [;$0*+—$; " #$§1997 . #2; 1/$31* L//#/$9+22#9;1+2§+0§+) ; 3) ; 58
<);$;""#3565;# —0885+89+22#9;# . 88 4T/[§2+;5+3#* 1;#59+**#9;/6:3$ O " #2§ 1 55# — <12 , § 15565;# — 8 # 2#*915#591*#8;"" 1,5+2/6
+2#5+):3);81589+22#9;# . §;+5#19"'§123) :80;""+) , "'85+089+) *5#88) 3%; +5:#287123) ;5891 25<#$§9+ 22#9;# . $;+$1$512 , I#3+);3) ;I

OK 1 %1%k _$V0$5+—#§ —+. ) /#5128 12§ 155# — </6$+3#*1;#§129+**#9;/680 9" #9>$, +§ 5##8 ;" 1.8, #5 <19>§ 9+ 22#9;1+25§ 1*#
JUHST2,H2 S+ 24#508011N) *#8; +89+**#9; 168 5#,§<19>§9+22#9;1+28) — 3H#*5S15S; ' #S — +5;80*H#A) #2;$91 ) SHS+0$%# ) *+&+ ,
QB5;#—5§ 2+;801.+12,§ 41,5 ;" #68§ 1*#§ 5)33+5# .5 ;+$ . +1:$$ O"'#2§ ;"#*#$ 133#1*5§ ;+§ <#§ 1§ —1/0)29;1+28 128 ;"*#$ 2#4
1912, #—#2;5+05—+ ) #5889 #9>5#19"$< 19>4) — 3#*:

Front Panel Connections

d+22#9;1+258;"*+) , "'8; " #89+ 1 211/§5+9>#; 55+28 — + . Y [H#80*+2;$31 24585 +) [ . §<#S — 1 . #5A7;""$59*##24# . §9+1?11/$91</#5
0;#.$ 47,78 133*+341L;# —1;12,8 —1/#8 3/) ,5:8§ 1""#5#5 3/) , 58 1*#$ "'1,"'$ A) 111,688 3*#9151+2§ 9+ —3+2#2;55 12§ 1*#
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Rear Panel Connections - Non-counter modules.
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Rear Panel Connections - Counter modules.
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Users Manual NeuroLog=* System NL100AK-S

NL100AK-S

Introduction

The NL100OAK-S is a standard NL100AK with the ability to stimulate through the recording electrodes. This is
possible when an electrical signal is used to 'switch' the electrode connections from Amplifier input to Stimulator
output. The circuit has been designed so that the switching only takes around 2ms.

This function is made possible with a change-over relay fitted in a second tubular housing mounted alongside the
standard one.

Control cable

B-in

Yellow

Green
I_l From Controller
; Blue

and Stimulator

Red
Screen
i O \
) /vo > To Amplifier
Adin NL104A

NOTE: Relay shown energised

For more details of the Amplifier side of the NL100AK-S, please see the NL100AK section of this manual.

Control

The relay has a coil impedance of 98 ohms and should be controlled by a 6V signal (61mA) - the polarity is
un-important and the relay will work between 4.25V (43mA) and 8V (82mA). The NeuroLog NL510 (set for 6V) is
a suitable choice of controller. In the above drawing the circuit is shown with the relay energised. The screen of
the control/stimulus cable should be grounded at the controller, as it is not connected at the headstage to reduce
interference.

Stimulus

Due to the small size of the relay used, the Stimulus MUST NOT be active whilst the relay is switching. The range
of stimuli should be limited to currents less than 1A and voltages less than 100V. The relay has a very low
capacitance and a low contact resistance of 100 milli-ohms.
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