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WARNING

THIS EQUIPMENT IS NOT
INTENDED FOR USE ON
HUMAN SUBJECTS IN ANY
WAY.

Document

The information contained in this
manual was as accurate as possible
at the time of publishing, but is
subject to change without notice
and should not be construed as a
commitment by A-M Systems,
Changes may have been made to
the hardware or firmware it
describes since publication. A-M
Systems, reserves the right to
change specifications as required.
For the latest information please
check our website (http:/www.a-
msystems.com) or contact A-M
Systems, directly.

Manual Document Number
5027915 Rev 06

All rights reserved. No part of this
document may be reproduced by
any means without the prior
written permission of A-M
Systems.

A-M Systems

Safety

This instrument is provided with
terminal for protective grounding.
Before applying power, verify that
the correct safety precautions are
taken (see the following warnings).
In addition, note the external
markings on the instrument that
are described under Safety
Symbols. Do not operate the
instrument with its cover removed.
Replace fuse only with specified

type.

Supply Voltage

This equipment can be operated at
120V/60Hz, or 220V/50Hz, as
determined by the position of the
fuse box on the rear panel. Other
voltage/frequency combinations
are not recommended unless the
manufacturer is contacted before
first usage.

WARNING

Do not attach a line voltage that
does not match the line voltage
specified on the rear panel.

Before turning on the instrument,
you must connect the protective
earth terminal of the instrument to
the protective earth conductor of
the (mains) power cord. The
mains plug must only be inserted
in a socket outlet with a protective
earth contact.

Service should be performed by
trained personnel only. To avoid
dangerous electric shock, do not
perform any service unless
qualified to do so.

Do not operate the instrument in
the presence of flammable gases or
fumes. Operation of any electrical
instrument in such an environment
constitutes a safety hazard.
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Safety Symbols

The product is marked with this
symbol when it is necessary for
you to refer to the instruction
manual in order to protect against
damage to the product.

WARNING

The Warning symbol calls
attention to a procedure or
practice, which, if not correctly
performed could result in injury.
Do not proceed beyond a Warning
symbol until the indicated
conditions are fully understood
and met.

CAUTION

The Caution symbol calls attention
to a procedure or practice, which,
if not correctly performed could
result in damage to the product.
Do not proceed beyond a caution
until the indicated conditions are
fully understood and met.

Disclaimer

Microsoft and Windows are either
registered trademarks or
trademarks of Microsoft
Corporation in the United States
and/or other countries.

Apple, i0S, and OSx are either
registered trademarks or
trademarks of Apple Corporation
in the United States and/or other
countries.

Matlab is a registered trademark or
trademarks of Mathworks
Corporation in the United States
and/or other countries.

LabView is a registered trademark
or trademarks of National
Instruments Corporation in the
United States and/or other
countries.
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1. General Description

The Model 4100 Programmable 1solated High-Powered Stimulator is a single channel programmable stimulator
designed for a wide variety of applications, including field stimulation. It is highly flexible, being capable of
delivering trains comprised of monophasic, biphasic, ramped, triangular, or trapezoidal waveforms.

Instrument control is accomplished by the front panel interface or via software applications utilizing
Ethernet connections. Timing can be triggered and gated using either internal or external commands. Sync
pulses are available for use by other instruments and can track a variety of critical timing features.

The Model 4100 Programmable Isolated High-Powered S timulator can produce pulses ranging in duration from two
microseconds to 25 days. Amplitudes can be set to range from —200V to +200V at 100mA. These outputs
are already isolated; no external SIU is needed.

The Model 4100 Programmable 1solated High-Powered Stimulator can also serve as a linear isolator using its
SIGNAL IN circuitry. The 4100 will scale and isolate any waveform you can provide.

The Model 4100 Programmable Isolated High-Powered Stimulator also provides multiple independent sync pulses
that can serve as timing instructions for other instruments.

The Model 4100 Programmable Isolated High-Powered Stimulator is not approved for clinical or
operating room experiments in human subjects.

When you receive your Model 4100, confirm that everything in the packing list is included. Make sure there
are no obvious signs of internal damage, such as rattling. Pick up the instrument and tilt in gently from side
to side, and listen for anything that might be loose. If you hear any suspicious noises, contact A-M Systems
immediately.

PO BOX 850, Carlsborg, WA 98324 USA 6

A_ M SyStemS Telephone: 800-426-1306 * 360-683-8300 * FAX: 360-683-3525

E-mail: sales@a-msystems.com * Website: http://www.a-msystems.com



2. SAFETY INSTRUCTIONS

#x% SAFETY WARNING ***

SAFE AND PROPER USE OF THIS INSTRUMENT IS THE RESPONSIBILITY
OF THE USER OF THIS INSTRUMENT.

A-M Systems provides information on its products and associated hazards, but it assumes no
responsibility for the after-sale operation and safety practices.

ALL PERSONNEL WHO WORK WITH OR ARE IN THE PRESENCE OF
THIS INSTRUMENT MUST TAKE PRECAUTIONS TO PROTECT THEMSELVES
AGAINST POSSIBLE SERIOUS INJURY, INCLUDING THE RISK OF FATALITY.

NOT FOR HUMAN USE.

The high voltage/high current nature of this device dictates the use of caution when operating

this equipment. THERE ARE NO USER SERVICEABLE COMPONENTS INSIDE THE
INSTRUMENT. Any repairs should be made by the trained personnel of A-M Systems. OBSERVE
ALL SAFETY PRECAUTIONS LISTED BELOW.

Normal use of test equipment exposes you to a certain amount of danger from electrical shock
because testing must sometimes be performed where exposed voltage is present. An electrical shock
causing 10 milliamps of current to pass through the heart will stop most human heartbeats. Voltage
as low as 35 volts DC or AC rms should be considered dangerous and hazardous since it can
produce a lethal current under certain conditions. Higher voltages pose an even greater threat
because such voltage can more easily produce a lethal current. Your normal work habits should
include all accepted practices to prevent contact with high voltages, and to steer current away from
your heart in case of accidental contact with a high voltage. You will significantly reduce the risk
factor if you know and observe the following safety precautions

1) The Model 4100 Isolated High Power Stimulator should be serviced only by personnel experienced
in high voltage pulsed power systems.

2) NEVER connect or disconnect the High Voltage output cables while the stimulator is in operation.
ALWAYS switch power off and wait at least 30 seconds before connecting or disconnecting cables.
Failure to observe these precautions can result in potential electric shock to personnel.

3) Pulsed power systems are capable of random triggering via transients and therefore when the
stimulator is turned on, or high voltage is present in the unit, assume it is possible to get a pulse on
the output cable.
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3. Front & Rear Panels

This chapter describes the front and rear panel controls and connectors on the Model 4100.

Front Panel

Figure 1. Display
Display e th I votsae,
The liquid crystal display (LCD) on the Model 4100 indicates the status of i
all of the settings required to control the Model 4100 functions.

Figure 2. Power
Power POWER

Depressing this button turns on the instrument; the front panel display

should illuminate.

Trigger Figure 3. Trigger

Timing can be initiated either by software or by this switch and BNC TRIGGER
connector on the Front Panel. FREERUN
When set to FREE RUN, timing begins immediately, and after )

completion of the defined timing cycle, a new timing cycle begins. This AL

continues until the switch is moved to the center position. When the

switch is in the middle position (indicated by the horizontal line), timing

cycles start when valid triggering events occur: presentation of a 5V pulse to the BNC or initiate
commands from the software. When momentarily depressed into the MANUAL position, a single timing
cycle starts immediately. Note: If set to free run, the instrument will repeat timing independent of the
software settings.

Signal In Figure 4. Signal In

User generated waveforms can be scaled, isolated, and converted to SIGNAL IN

constant Voltage or Current by the Model 4100. Application of any signal “
between +/- 10V to this BNC will result in a propetly converted output at v

the Isolated High Power banana plug output connectors.

Actual gain on your signal is set by the MODE on the GENeral screen or the software: Settings include
10mA/V, 1mA/V, 100uA/V, 20V/V. For example, if you set Signal In to 10mA/V, that means that for
every volt in your input signal, you would see a 10mA output signal amplitude.

If your signal generating device is limited to outputs under +/-1V in amplitude, the adjacent switch can add
an additional 10x gain your input signal for maximal signal output.
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Gate Figure 5. Gate
GATE

Timing will continue, but the Isolated Signal Output and Monitor will be
disabled when a ground level signal (0 volts) is presented to the GATE
BNC: If there is a HOLD value, the Isolated Signal Output amplitude will
be held at HOLD. If there is no HOLD value, Isolated Signal Output will
be held at 0V. MONITOR Output will move to 0 Volts.

Keypad Figure 6. Keypad

The keypad provides numeric data entry to the device. +/- will toggle the

sign of the entered numeric value. No values are active until the OK - --
button of the navigation wheel is pressed.

Figure 7. Navigation Wheel
Navigation Wheel
Pressing any of the directional triangles will move the cursor in the display
to the next available variable. Pressing OK enters the value to the unit’s
microcontroller.

Units & Screen Navigation

When the cursor is placed over an active Fjoure 8. Units and Screen Navigation
variable, these buttons take the upper labels as

clear kHz Hz sec/AN seclAN

their function. Otherwise, they take on the
lower functionality.

CLEAR deletes the last number entered.

KHZ sets the units in a frequency field to kHz.

HZ sets the units in a frequency field to Hz.
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SEC/A/V sets the units to Seconds or Amps or Volts as appropriate for the active variable.
MILLI SEC/A/V sets the units to milliseconds or milliamps or millivolts as appropriate for the active variable.

MICRO SEC/A/V sets the units to microseconds or microamps or microvolts as appropriate for the active
variable.

GEN returns the display to the initial GENERAL screen
TRAIN returns the display to the initial T7RAZIN screen
EVENT returns the display to the initial EVENT screen
LiST returns the display to the EVENT LIST screen

INCR will either increase the numeric value by the predesignated step size, or cycle through the available
entries in a list.

DECR will either decrease the numeric value by the predesignated step size, or cycle through the available
entries in a list in reverse order

Syncs
These SYNC BNCs can be configured to provide 5V level outputs Figure 9. Syncs
synchronized in times with particular timing events depending on user SYNC 1

selected options in the general configuration screen. Options include:
Train Delay, Train Duration, Event Delay, Total Event Duration, Event
Duration 1, Event Duration 2, Event Duration 3, and assorted clock
intervals.

Monitor

The signal at this output is a non-isolated low power version of the Figure 10. Monitor
output signal, and can be used for monitoring the actual output without ONI
loading the device. Itis provided for use as an oscilloscope or A/D
system input signal. Users have the options of several scaling factors:
0.1V/V,1V/V,10V/V, 20V/V, 10 uA/V, 100uA/V, 1mA/V, and
10mA/V. The maximum output level at the monitor BNC is +/-10V. It
is critical to select the appropriate setting for the monitor such that the largest event in the train to be
delivered does not exceed 10V on the monitor (Monitor Output = Actual Output Amplitude * Monitor
Scaling). For example, if the monitor is set to 0.1V /V setting, all events must be 1V or less for an accurate
and proportional monitor signal. If any events exceed 1V, the monitor output will be in error. Note:
When Instrument Enable is disabled (unlit / out), the monitor will not produce outputs.

Setting | 0.1V/V | 1V/V | 10V/V | 20V/V | 10uA/V | 100uA/V | 1mA/V | 10mA/V

Sli\g;;l 1V +10V +100V | 200V | £100uA | +1mA | £10mA | £100mA
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LED Indicators Figure 11. LEDs

The green EVENT light illuminates according to the settings of SYNCI. EVENT ERROR
The red ERROR light illuminates if an error in a timing setting or an . .
amplitude value occurs. il

Figure 12. Enable
Enable " ENABLE
This switch needs to be depressed and illuminated for signals generated ' .
to be presented to the output banana connectors. Pressing this switch
while the green light is on will disconnect the isolated high power output
connectors from the unit’s output circuit and turn off the switch’s light.

Pulse timing will continue uninterrupted. So, if the switch is then
depressed while the display indicates “Generating Pulses”, it is possible that incomplete pulses will be
immediately delivered to the electrodes.

This lamp will flash when the output is enabled, pulses are being generated, and they are of high voltage or
current values.

Figure 13. Isolated High Power

Isolated High Power Output WARNING Output

These touch-proof banana plug compatible connectors provide the high-
power isolated device output. This connector is designed for traditional
or sheathed banana plugs.

Use of a common dual banana plug to BNC adapter is STRONGLY
DISCOURAGED as it can lead to significant, including fatal, injury.

Figure 14. Offset Adjust
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Bias Adjust

This trimpot adjusts the output offset. This should be zeroed by
monitoring the isolated high power output while the unit is on, the output
is enabled, but the unit is not generating pulses. This should be done after
the insttument has been on for at least 30 minutes, and with a resistive
load across the output leads that is of approximately the same value as
your experimental load.

Rear Panel

Power Cord Connector

This connector contains a drawer with a 250V fuse. Replace only with
fuses of identical value.

Ethernet

This connector enables a personal computer running any of the supplied
Windows/Matlab/Labview/OSx/iOS/Android programs to control the
Model 4100 by attaching it the internet. IP Address is set by the
CONFIGURE screen variable. If no Ethernet connector is available on
the host computer, then the use of a USB to Ethernet adapter is
recommended.

USB

This connector is provided to enable control of the program via user
written software, or by A-M Systems supplied firmware update software.
Note that the supplied Windows\ OSx\iOS\Android software cannot use the USB
connector, and must use the Ethernet connector.  However, users of
Matlab/ILabview, or their own programs can use the USB connector.
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Figure 15. Power Cord Input

Figure 16. Ethernet
)
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Digital Out Figure 18. Digital I/O
At this time, this connector is not used and is reserved for future B
expansion

] Figure 19. MAC Add;
Serial Number & MAC Address igure 2 28 o5

A label affixed to the rear panel indicates the instruments unique MAC
(media access control) address that your network administrator might
require during installation of the Model 4100 on your network.

Serial I
Model
MAC
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4. Overview & Definitions

This section will present an overview of instrument function, including timing diagrams and definitions.
Detailed information about instrument functions, settings, and programming follow later in the manual.

The Model 4100 allows users to define events, and then link those events into trains for the instrument to
produce. Events can vary in waveform shape, amplitude, timing, and count. Events can be grouped together
in sequence, and the timing of the delivery sequence can be controlled.

The next section covers the assorted timing definitions the Model 4100 follows.

Timing Trains and Events

Figure 20. Timing Diagram

Trigger Trigger
™ Train:Delay |
TP Train:Period | | L | L
T™W Train:DurationJ—I_I—I—l—I_l—I—
ED Event:Delay " “ " “

EP EventPeriodI I II I I II I I II I I II
EW Event:DurIIIIII IIIIII IIIIII IIIIII

PwW Event:Durl II II II II II II II II II II II II
i eventouz_ | [l ] 11 N1 11

PW Event:Dur3 II II II II II II II II II II II II

"If BIPHASIC - SYMMETRIC; Durl = Dur 3"

Trains

A train consists of a repeating sequence of events.
Following a trigger input (TR), there are 3 defined time periods:

1) Train delay (TD): duration from trigger input to onset of first pulse. There is only a single TD per
Trigger, regardless of the number of trains requested per trigger.

2) Train Duration (or Train width, TW): epoch beginning at end of train delay; events are generated during
Train Duration

3) Train period (TP): interval between onset of successive train durations (widths)
The number of trains delivered per TRIGGER is determined by Train Number (TN)

Simultaneous with the onset of the Train Width (TW) period is the onset of Event Timing.
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The entire sequence of events, as determined but the event list, is completed within one TW period.
Similar to a train, there are 3 defined time periods in event timing, where the end of one begins the next:

1) Event delay (ED): duration from end of Train Delay to the onset of first event. There is only a single
ED per Train, regardless of the number of events requested per train.

2) Event Duration (or width, EW): duration of the event

3) Event period (EP): interval between the onsets of successive events

Triggering, Gating & Counting

The onset of train timing requires a TRIGGER input. Triggers can be internally or externally generated. An
internal trigger occurs when the unit is set to Free Run.

External triggers are TTL inputs to front BNC's, that can initiate train timing either on their leading or their
trailing edge, or the use of the assorted software control programs.

NOTE: Triggers that arrive during active train sequence timing are ignored (trigger #5 below)

GATING. The operation of the output can be gated, such that if the GATE signal is low, the channel will
not respond to any trigger inputs, and the output will go to the HOLD voltage (if defined) or OV.

Some examples are diagramed below:
Gate occurrence A prevented train generation in response to trigger #2

Gate occurrence B terminated output generation during train triggered by trigger #3.

Figure 21. Triggering and Gating

#1 #2 #3 #4 #5
Trigger | I I I I

Gate | A | | B |
Train | I | I I I_
cents JLILILILILIL LU nannnn

COUNTING

The user determines the number of train timing sequences to be delivered by setting the Train Number.
Once the defined number of train sequences has been completed, train timing generation ceases and the
channel can accept new trigger input.
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Output — Hold and Offset

The output can be shifted by a constant amount. This amplitude can either be a HOLD, or an OFFSET,
and is determined by a setting on the TRAIN screen. HOLD voltages/curtents are applied as long as the
Model 4100 is on. They are not applied during EVENT durations. OFFSETS are applied only during
TRAIN timing, and sum with any specified EVENT amplitudes. Holds or Offsets can be either voltages or

currents, and can be positive or negative.

Figure 22. Output Offsets

Train Duration _] \_

Event Delay _‘—I

Biphasic Event with no offset

‘A A = (+) Pulse Amplitude

- B B = (-) Pulse Amplitude

Biphasic Event with (+) Offset
A = (+) Pulse Amplituee

O O = Offset Amplitude

Biphasic Event with (+) Hold

A = (+) Pulse Amplitude

A

H H = Hold Amplitude
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5. Operation Guide

A Train of Identical Events

This chapter describes how to program the Model 4100 to produce a basic train of pulses in order to explore

its functionality. Arrow indicators () higmight actions to be performed during the tour.

mmp 7. Depress and hold GEN on the front panel while turning the power on. Do not release the GEN button
for 5 seconds. The Model 4100 will load a preloaded train definition that will produce two pulse trains

consisting of two monophasic pulses from its onboard memory.

mm) 2. Connect SYNCI to Channel 1 on your oscilloscope. Set the oscilloscope amplitude to 5V/div.

mm) 3. Connect MONITOR to Channel 2 on your oscilloscope. Set the oscilloscope amplitude to 5V/div.

== 4. Configure your scope time-base to be triggered by Channel 2 and the sweep speed set to 1ms/div.
mmp 5, Depress the Model 4100 ENABLE button so it illuminates.
=) 6. Momentarily depress TRIGGER switch from its middle position and release.

Your scope display should look like Figure 23; Figure 23. Scope: Monophasic Pulse Train

if not, confirm that your scope trigger is set to i s B CLUREL

Channel 1 rising trigger and that the horizontal

trace is adjusted to the farthest left side of the

screen).

Channel 1 on your oscilloscope (upper trace in

Figure 23) should show one sync equivalent to Ly
Train Duration indicating the time period that

the 4100 can generate stimulus events (see Chap

4 for timing definitions). In this case, the train
duration is 2.5ms long.

Channel 2 (lower trace) on your oscilloscope display should show two pulse trains, each consisting of two
monophasic pulses. Each pulse should be 200us in duration and have an amplitude of +5V. The two pulses

should have an onset-to-onset pulse period of 500us.
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mm) 7. Press TRAIN to display the TRAIN screen, where the basic timing parameters of stimulus trains are
programmed.

Figure 24. Train Definition

TRAIN [JUNITFORM

DDeIa\,I 2 000 u s |:|Durat 2 .5 00 m s
UPeriod 3 .000 m s BNumber

Ou/o 04§ sei fLevel =660 ou¥

mm) 8. Using the arrow navigation keys, navigate the cursor to the space just to the left of NUMBER and enter a
value of 2 followed by hitting OK on the circular navigation switch. Momentarily depress the TRIGGER
switch. The oscilloscope display should now indicate two trains, each 2.5ms in duration, with the second
train starting 3ms after onset of the first train (Figure 25; next page). Note: Trains must have a 2.0uS delay
at a minimum from Trigger onset to Stimulus Onset.

The circular navigation switch moves the cursor around the LCD according to the directional arrows. Pressing ‘OK is typically
required to enter the value. For the Figures that follow of the LCD screens, the cursor locations are indicated by the small box
outlines. "These outlines are not actually displayed on the screen; rather, the black filled cursor jumps from location to location.
The shaded area in these figures is reserved for the system to display status information or error messages.

Figure 25. Train Number

TRAIN [JUNIT FORM
DDela\,.r 2 00O u s [Durat 2 .500 m s
DPeriod 3 00O m s INumber
Ou/o Offset qLevel +0.000 uV
500y/ 2 500M/ 3 4 4.0002 1.0002/ Trigd? |
2
L
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mm) 9. Change NUMBER to 3, hit OK, and trigger timing by momentarily depressing the TRIGGER switch. The
oscilloscope display should now indicate three identical trains (Figure 20).

Figure 26. Train Number

TRAIN [JUNI FORM

|:|Dela‘5,I 2 00O u s DDurat 2 .500 m s

UPperiod 3. 000 m s BNumber

Ou/o Offset JLevel +0.000 uV
oove 2 500MF 3 4 4.0002 1.0002/ Trig'd?

el
IS

=) 70. Change NUMBER back to 2, hit OK, and trigger timing by momentarily depressing the TRIGGER switch.

The oscilloscope display should now indicate two identical 2.5ms duration trains with a train period of
3.0ms (Figure 27).

Figure 27. Train Number

TRAIN [JUNIT FORM
DDela\,-r 2 00O u s [Durat 2 .500 m s
DPeriod 3 .000 m s INumber
Ou/o Offset qLevel +0.000 uV
500 2 500MF 3 4 4.0002 1.0002f Trig'd? |
o,
PO BOX 850, Carlsborg, WA 98324 USA 1 9
A_M S Stems Telephone: 800-426-1306 * 360-683-8300 * FAX: 360-683-3525
y E-mail: sales@a-msystems.com * Website: http://www.a-msystems.com



mm) /1. Change PERIOD to 4.0ms, hit OK, and trigger timing by momentarily depressing the TRIGGER switch.
The train period should increase to 4.0ms (Figure 28).

Figure 28. Train Period

TRAIN [JUNIT FORM

DDeIayr 2 00O u s DDurat 2 .500 m s

IPeriod 4 . 000 m s |:|Number

Ou/o O fF se JQLevel +0.000 wuV
BO0V/ 2 500V 3 4 4000z 10002 Trighd?

el
IS

mm) /2. Change PERIOD to 5.0s, hit OK, and trigger timing by momentarily depressing the TRIGGER switch.
The train period should increase to 5.0ms (Figure 29).

Figure 29. Train Period

TRAIN [JUNI FORM
DDeIa\-r 2 D 0O u s DDurat 2 .500 m s
Breriod 5.000 ms [[Number
On/o 0ffset Ek@eewd 2®. 900 N

500yt 2 500V 3 4 40002 1.0002/ Trig'd? |

i
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mmp /3. Press EVENT to display the EVENT screen, where the basic parameters of the event are programmed.
In this case, the event is a 200us duration monophasic 5V pulse, given twice at a period of 500us.

Figure 30. Monophasic Pulse Definition

uniI ForRMBLiB 10 Mono

[ply 0.000 wus/|[laty 2 JPrd 500.0 wus
fpr1 200.0 us[[Am1+5.000 V

mm) /4. Using the arrow navigation keys, navigate the cursor to the space just to the left of QTY and enter a value
of 3 followed by hitting OK on the circular navigation switch. Momentarily depress the TRIGGER. The

output should now have three monophasic pulses in each train epoch (Figure 31).

Figure 31. Quantity
UNIFORM LiB 1[ Mono

0oty o.000 usfaty 3 JPrd 500.0 wus
Bl Qo8 :8 ws[|fAwm)es:000 ¥

aomy 2 s0my 3 4 4.0002 1.000%/ Trig'd?

mm) 75, Press GEN twice. Change SYNC1 to EvTotDur by pressing INCR and moving through the settings.
Momentarily depress the TRIGGER. You should now see on Channel 1 a TTL level sync pulse of the
same duration as the monophasic pulse being displayed on Channel 2. Return SYNC1 to TrainDur.

Figure 32. Event Sync
50OV 2 500V 3 4 4000 1000Y  Trigd?

el
I
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mmp /6. Press EVENT. Navigate the cursor to PRD and enter 750. Then press the micto S/A/V button.
Momentarily depress the TRIGGER. This will change the pulse period to 750 microseconds instead of
500 microseconds, and the output should change accordingly (Figure 33).

Figure 33. Period

UNITFORM L
oly ©0.00
Opera1 200

i B 1D Mo n o
0 usDQty 3
0 us [JAm1+5.000 V

Brrd 750.0 wus

ooy 2 B0V 3 4 4.0002

1.000%/

el
I

mm) /7. Change DR1 and enter 700xs before pressing OK. This will change the event duration to 100 milliseconds
instead of 200 milliseconds. Depress TRIGGER. The output should change accordingly:

Figure 34. Duration

UNITFORMI[]L

B 1DMono

a00ve 2 oa0ows 2 4

i
dply ©0.000 wus [JQty 3 Qdprd 750.0 us
Bor1 100.0 us[am1+5.000 V
4.000% 1.000%/ Trig'd?

A-M Systems
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m) /8. Change AM1 to 70.001” by entering 10.00, and pressing the S/A/V button before pressing OK.

Momentarily depress the TRIGGER. Confirm that the scope display changes to two trains, each
consisting of three 100us duration positive 10V pulses.

Figure 35. Amplitude

UNI FORM[LiB 1[Mono
Iply ©.000 us [Joty 3

Dxcs 4oa.0 us Jamitsdi0. 00 ¥

Prd 750.0 us

5.00¥/ 2 bO0V/ 3 4 4.000% 1.0002/ Trigd? |

s

=) 79, Return the settings to the following state:

Figure 36. Monophasic Pulse Definition

UNI FORM[LiIiB 1[Mono

Dly ©0.000 us/[]Qty 2
Odbpr1 100.0 usfami+5.000 v

[T Psd F50 .0 us
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Event Types:

The Model 4100 High Powered Isolated Stimulator
can create monophasic, biphasic, or ramp
waveforms (Figure 37).

Monophasic waveforms can be (A) positive or (B)
negative in polarity.

Biphasic waveforms can be (C, D) symmetric
(where the two phases of the waveform have the
same duration, and same amplitude (but of
opposite polarity), or (E) asymmetric, where the
two phases of the waveform can have different
durations and/or amplitudes.

Biphasic waveforms can also have an interphase
petiod of no/Hold/Offset amplitude between the
two phases (F).

Ramps are defined by their peak voltages and the
durations of each phase. Ramp waveforms
include triangular (G), trapezoidal (H), and
sawtooth (I).

A-M Systems

Figure 37. Event Types

- Baseline

Baseline

Baseline

-- Baseline

- Baseline

Baseline

-~ Baseline

Baseline

-- Baseline
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Biphasic Events

mm) 2. Navigate the cursor to the left of the word Moo and press INCR once; Biph will appear. Match the
settings displayed to those in Figure 38.

Figure 38. Biphasic Pulse Definition

uNit ForRM[LiB 10Bioph

[Ty @;: 086 us [0y 2 JErd FT50 0 us

DDrl 100 . 0D usDAm1+5 000 v |:|Int 0 0 u s
goovd 2 Boovs 3 4 4 nnoe 1.0002¢ Trig'd?

Momentarily depress the TRIGGER. The two monophasic pulses should immediately become biphasic
pulses where the first phase is +5V in amplitude, and the second phase is -5V in amplitude. When Mode is
set to Biph, both amplitudes are determined by AM1, with the second phase being opposite in polarity of the
first phase. The duration of each phase is set by DR1. In addition, a biphasic waveform has an interphase

setting, which is an adjustable time period between the two phases where the amplitude is determined by
the Hold\ Offset setting.

mm) 27. Change INT to 700us. Press OK. Momentarily depress the TRIGGER. A short interphase segment

should appear.
Figure 39. Biphasic Pulse Definition
UNITFORM[LiIiB 1[]Biph
[loly o.000 wus [laty 2 [(lprd 0
Opre 100.8 os[Amilses.0080 W | 100
5004/ .2 hOoWs 3 4 40002 1.000%/ Trig'd? |
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mmp 22, Change INT to 200us. Press OK. Momentarily depress the TRIGGER.  The interphase segment
should increase in duration.

Figure 40. Biphasic Pulse Definition

UNIT FORM[LiB 1[]Biph

oly o0.000 us [Jaty 2 qprd 750 u s

DDrl 100 0 usDAm1+5.D[][] v Ilnt 200 .0 u s
hO0ws 2 500W 3 4 i 4 000z 1.000%/ Trig'd?

i
i

mm) 23. Change INT to 700.0us.

Asymmetric Events

mm) 24, Change the Event Type from Biph to Asym.  'The Asym screen adds two new parameters (DUR2 and
AM2) to determine the duration and amplitude of the asymmetric waveform respectively. Each phase
can have different amplitudes and/or durations. Match the settings to those in Figure 41. Momentarily
depress the TRIGGER.

Figure 41. Asymmetric Pulse Definition

UNI FORM[OLiB 1 JfAasym

Obply ©0.000 us [Jaty 2 Newd #5006 ws
DDrl 100 .0 usDAm1+5.D[][] \Y Dlnt 100 .0 u s
Odor2 250.0 us[JamZ-120_00 ¥

LS00y 2 500 3 4 4.000% 1.000%/ Trigd? |

e

g
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Ramp Events
mm) 25, Change the Event Type from Agym to Ramp. Momentarily depress the TRIGGER.

Figure 42. Ramp Event Definition

Aml  Am2

/

----Baseline
| Drt | e | D2 |
UNITFORM[OLiB 1 BrRamp
Opily ©0.000 us [Qty 2 Oepd #5800 s
DDrl 100 0 usDAm1+5.[][][] Vv Dlnt 100 .0 u s
Obpr2 250.0 s JAm2-10.00 V
a00y: 2 500w 3 4 4. 000z 10002/ [ Trigd? |
| L
B A
| I l/

In the example above, AM2 is of opposite polarity than AM]1, resulting in the triangular shaped waveform.
It is possible for both amplitudes to have the same polarity, resulting in a trapezoidal waveform.
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mm) 26. Change AM1TO -7101/. Momentarily depress the TRIGGER.

Figure 43. Ramp Event

UNITFORM[LiB 1[Ramp
[IDly ©0.000 us [Jaty 2 [prd 0 il; 5
o1 a200.0 msamz-190.09 1 n 0 i %
Odbpr2 250.0 JAm2-10.00 V

Roov: 2 BOODW 3 q -1.0202 1.000%/ Trig'd

o=y
I
1

mm) 27. Return the instrument to the settings seen in Figure 44:

Figure 44. Monophasic Pulse Definition

UNI FORM[LiB 1[Mono

ply ©0.000 wus/ [ty 2 Qprd 750.0 us
Obpr1 100.0 usfJami+5.000 vV

This background provides the basics of model 4100 operation, but the real power in the Model 4100 lies in
its ability to enable the combination of multiple waveform types into a single train, and the ease in which the
linked waveform types can be quickly changed.
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The Library & Linking Events

The Model 4100 enables users to store up to 20 different waveform definitions and link those definitions in
any order to form complicated trains of waveforms. One way to think about this feature is that each stored
waveform is one letter in a 20 letter alphabet, and with that 20 letter alphabet, users are able to spell countless
words.

Stored waveform definitions comprise the library, and the event list is used to specify the order in which the
waveform definitions, or events, are generated.

Up until now, the examples given in the demo consisted of trains comprised of a single event type. Because
all of the event waveform types in the train were the same, the UNIFORM train definition was used where
the stimulator delivers the parameters defined in a single library position. However, at any time, there was
only a single event defined, or in the analogy of the alphabet, only one letter was defined. The next step is
to define multiple letters in the alphabet to be used in forming complicated stimulus trains. To do this, it is
necessary to define multiple events in the library and then define the train by linking the events in the order
you want them delivered.

Previously, we have only been looking at the monophasic event defined in Library position 1 that was pre-
filled when the instrument was turned on with the GEN button depressed. At that time, three additional
event definitions were pre-stored in the library: a biphasic pulse, a ramp, and a different monophasic pulse,
in positions 2 through 4 respectively.

Figure 45. The Library

LI A

Library 1 Library 2 Library 3 Library 4

mmp 28. Update the TRAIN settings to the following values:

Figure 46. Uniform Train Definition

TRAIN [JUNIT FORM
DDelayr 2 00O u s DDurat 2 .500 m s
Hreriod 4 . 500 ms [[Number
Ou/o Offset JLevel +0.000 u¥
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m) 29. Press EVENT, and set the values to match Figure 47.

Figure 47. Library #1

UNITFORM[LIiB 1[Mo

n
[[pDly o0.000 us/l[laQty 3 [JpPrd 750.0 us
[Ipbr1 600.0 usl[lAamai1 oo0oo0 V

o]

+
%]

mmp 30. Navigate to the left of LIB and enter 2. This will read the values stored in Library Position 2: a +/-5V
biphasic waveform.

Figure 48. Library #2

UNITFORMEBLiB 2[Biph
ply 0.000 wus [JQty 3 [Pwsd F50 . 0 ws
obur 100.0 us[Amp+5.000 V Uint 100.0 wus

=) 37. Change LIB to 3. This will read the values stored in library Position 3: a ramp waveform.

Figure 49. Library #3

UNITFORMPLiB 3 [Ramp

ety O0.000 us aty [JpPrd 0 0 u s
[Pr 1 100 . 0O us [Ami1+5.000 v [J! nt 1 0 0 u s
[Dr2 100.0 wus [JAm2-5.000 V 1

mmp 32. Navigate to the left of LIB and enter 4. This will read the values stored in library Position 4: a positive
monophasic waveform with a larger amplitude than the event stored in Position 1.

Figure 50. Library #4

UNI FORMPLiB 4[[Mono

qDly ©.000 usT [Qty 3 [P rd F50w0 us
Dur 300.0 us[[Amp+10.00 V

mmp 33. Decrease LIB to 7.
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mmp 34. Set to TRIGGER to free run. The stimulator will now deliver the event referred to by the LIBRARY
positon selected by the index number; in this case, LIB = 7. Changing the index number instructs the
stimulator to deliver the event defined in that library position. You can change the index number either by
entering the value desired and pressing OK or using the INCR or DECR buttons. As you advance through
the different library positions, you should observe the following waveforms.

Figure 51. Uniform Train Examples

LiB=1 LiB=2
5.00v¢ 2 500V 3 q 4.0002 1.0002/ Trig'd? 500y, 2 LOov 3 4 4.000% 1.0002/ Trig'd?
:
2£ [
LiB=3 LB =4
5ooys 2 BOOYS 3 4 4.0002 1.000z¢ Trigd? | 500V: 2 BODVW 3 4 4.0002 1.000z¢ Trig'd?

oI

mm) 35. Return TRIGGER to the middle position. Update the quantity on the four events to 7 (instead of 3).
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Linking different event types into a single train

In order to deliver trains consisting of multiple event types, it is necessary to specify which event types to
use, and in which order to use them. For that, we use a new screen, the EVVENT LIST.

mmp 36. Press TRAIN. Navigate to the mode setting and change Uniform to Mixed by pressing the INCR button.
This will enable you to link different library definitions into a single train. Set DURAT to 4.000 s.

Figure 52. Mixed Trains

o ———

TRAIN[] @ONIFORM

(Delay S=2--8-00 u s [JDurat 4 . 0 ms
[[Period 4 .500 ms 0w er

[JH /O 0 3 se it JLevel +0 0 uV
TrRAIND "M 1 XED.~

[Del ay T een u s Uour t 4 0 ms
[JPeriod 4 . 500 m s On mber

OH /o0 Offset Herevel =0 o N

mm) 37. Press LIST. This opens the Event List screen:
Figure 53. The Event List

-

0<20 20 30 40> O i I [
1

— m — m

i O O i [ O 0 O [

1 "1=2--t3-"-T4 15 16 17 18 19

&Ik XiE
[Jc1Rr

The upper row is the event order; the lower row indicates the library definition associated with that event.
Thus, in Figure 53 above, the event defined in library position 1 will be delivered first. The event defined
in library position 2 will be delivered next. With the preloaded event list, the scope display should look like

Figure 54 below after you momentarily depress the TRIGGER button.

Figure 54. Train of Mixed Event Types

9.00v/ 2 BO00V/ 3 4 4.0002 1.0002¢

Trig'd?
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mm) 38. Press LIST. Modify the Event List as below using the navigate buttons and the keypad. You will need
to press OK after each library position entry. The new event list order should be 7 -2 -4 -3 - 2.

Figure 55. Event List Example
E __3---"27"7"7"73""77FT---5-.__ 6 7 8 8 1 0

) 0
d~-a.0_ 20 40 30 .28~ 0 0 0O O 0

L
E 11 1 2 13 14 1 5 16 17 1 8 19 20
L

[ [ i i 0 [ 0 [ i [

You should observe a new train, with five events, but now in a different order than before. Note the library
positions below the event numbers match the revised event list order.

Figure 56. Mixed Train Example
500V 2 500V 3 3 4000: 1000 Trige?

il

T
s

mmp 39. Press EVENT. This will display the Mixed Train Event screen. It is slightly different from the Uniform
Train Event screen displayed below.

Figure 57. Mixed Train Event Screen
‘(JOevnT 1[JLiB 1[Mono

DIy - 0-"000 uslaty 1 0Prd 750.0 us
Obpr1 600.0 us[]Am1+5.000 V

Uniform Train Event Definition - Monophasic Screen

- -

qQUNIT FORM[ LB 1[]Mono

Do iFry " 6-"000 wus[aty 1 OpPprd 750.0 us
Ubpr1 600.0 uslJAm1+5.000 V

Instead of the word UNIFORM appearing and the library position being delivered, the event number is
listed, and the library position associated with the EVENT number in the EIVENT LIST is displayed.
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Incrementing the EVENT number will step you through the event list, and display the definitions in the
associated library positions. Currently, the event list is E7LL7 : E2[.2 : E31 4 : E41.3 : E51.2, meaning that
the first event is library position 1, the second event (E2) is library position 2 (L.2), the third event (E3) is
library position 4 (L4), and so on. Thus, the definition in library 1 will be displayed when Event 1 is selected
in the EVENT screen. Incrementing to Event 2 will display the values stored in library position 2. If the
stimulator is generating pulses, you will see the event as defined in library position 2. Further incrementing
Event will result in subsequent changes in the waveform being generated.

Changing the LIB value in a mixed event screen will change the Iibrary — event association in the
event list for that event only.

mm) /0. Press the EVENT button and change LIB from 7 to 3. Confirm that the settings match those in Figure
58, upper. Press LIST and observe that the EVENT LIST also updates to match the lower display.

Figure 58. Mixed Train Example_ _ _

EVNT 1([LiB 3:»DRamp

qply ©0.0C00-"ds [[Qty 1 qPrd 0 u s
Ipbr1 100.0 us[JAmi1+5.000 V 1 n 0 u s
dpr2 100.0 us[JAmZ-5.000 V

E--""1 2 3 4 T5~. 6 7 8 9 10
(L\D3|]2D4D3Dg,gl U 0 [ 1 Jgc 1R ALL
F 11 -4-9--4-3--9-2-"15 16 17 18 19 20 [Jc I R

L [ 0 0 0 i 0 (] 0 [ [

Pressing TRIGGER will result in the following waveforms:

00w 2 50DV 3 4 4.0002 1.000%/ Trigd? |

B——|
-
=

-=::'1

‘\ Event I Event 2 Event 3 Event 4 Event 5
\ Library 37 Library 2 Library 4 Library 3 Library 2
\ /
N s,

~ -

Note that Event 1 has now updated to the definition in library position 3, the ramp.

Changing any parameter of the Ilibrary definition in a mixed event screen will change the Ilibrary
1tself; and that will be reflected in all of the events linked to that library position in the event Iist.
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mmp /1. Press EVENT. Navigate to AM1 and enter -51”. This changes the definition stored in library position
3, and all events linked to library position 3 will update with the new amplitude value. Depress TRIGGER.

Figure 59. Change Library Parameter

EVNT 1 [JvriB 3JlRanp """ """"---- -

Optiy o0.000 usfaty 1 .- 0Orprd 750. u s
OUpr1 100.0 uslam1-5. 000 Vv s 206.-8 s
Odor2 100.0 usUAm2-5.000 V

Eventlist screen

"\ ,‘\
T T
E P 1) 2 3 1 4, 5 6 7 8 9 10
\

L0300 20 40 0 20 0 [ 0 [ Jc IR ALL
E 8 WP @ awm @5 16 ¥ L\ 19 @w [ULR

L [ [ [ ] [ [] [ [ [ [

500y 2 500w/ 3 4 - 4 0002 1.000%/ [WM

/ \ Lol Y-

1 \ | |
] ]

e e

|| Event 1 |' Event 2 Event 3 I| Event 4 l' Event 5 : \J,{-_' " ‘\' Ff | J

\\ Library 3 ” Library 2 LibraryJ‘\ Library 3 " Library 2 L L

\ I \ 1

\ / \ Vi

\ /7 \ /

~_7 N_7

mmp /2. Press TRAIN. Set mode to Uniforn.

AutofFill and AutoCount

The Model 4100 has two built-in algorithms to simplify programming for common protocols. Accessed on
the GEN screen, the AUTO function can be set to Nozne, Fill, and Count.

AUTO:Fi/l is the implementation of the protocol that can be summarized as Deliver events for the specified
time duration. In this case, the user defines the events to be generated, the event intervals, and the train
duration, but does not specify the total quantity of events.

mmp 43. Change your oscilloscope timebase to 5ms/ div.
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mm) /4. Press GEN. Set AUTO to Fi/l.

Figure 60. Auto:Fill

GENERAL

[[Mo de I n t Vol tage [[Monitor 1N N
|:|Trig Rising DAuto E i 1 1
DSave DDutput On

mm) /5. Press EVENT. Change LIB to 7. Change DURT to 700us.
mm /6. Press TRAIN. Change Change DURAT to 70ms.

Figures 30 to 33 illustrate the changes in the generated waveform when TRAIN:DURAT is changed from 70s
to 20ms to 30ms resulting in pulses being delivered for the entire train duration. Momentarily depress
TRIGGER after each change in DURAT.

Figure 61. AutoFill at 10ms

UNIT FORM[LiB 1[]]Mono
Ubply o.000 us{aty 1 0Prd 1.000 ms
Obpr1 1200.0 uslAmi1+5.000 V

TRAIN[]] UNI1FOR

[[Del ay 2.000 u s [JDurat 1 @00 mos

JH/O Offset OLevel +0.000 uV
g00vy 2 500V = 4 : 9.9002 5.000%/ Trig'd?

Wy
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Figure 62. AutoFill at 20ms

TRAIN[]] UNIFORM

[[Del ay 2 _000 u s [[Durat 20 .00 ms

[JH /O 0 o seit JLevel + 0 . 000 uV
5.00v/ 2 500V 3 4 9.8002 5.000%/ Trigd? |

Figure 63. AutoFill at 30ms

TRAIN[]] UNIFORM

[[Del ay 2.000 u s JDurat 30 = 00 mis

[JH /O Offset Le v el +0_.000 uV
500y 2 500V = ] 4 . 8.900z 5.0002/ Trigd?

If in the TRAIN: Uniform mode, the Model 4100 will repeat the selected event until the train duration elapses.
No partial events will be delivered. If in the TRAIN:Mzxed mode, the Model 4100 will fill the entire specified
train duration with the events as ordered in the EVENT LIST, but will only fill in increments of the entire
event list. For example, if the EVENT LIST consisted of three events, AUTO:F/ would repeat the full
sequence of the three events. If at the end of the train duration, there is insufficient time to deliver the
complete sequence of three events, the 4100 will stop delivering events.
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AUTO:Count is the implementation of the protocol that can be summarized as Deliver the specified
quantity of events. In this case, the user defines the events to be delivered, the event intervals, and the
quantity of events, but does not specify the train duration. Instead, the Model 4100 will calculate the
minimum train width required to completely deliver the requested number of events at the requested
interval when given a single trigger input.

Figures 64 to 67 illustrate the changes in the generated waveform when QTY is changed from 5 to 10 to 20
resulting in the specified number of pulses being delivered, and train duration automatically adjusting to
allow those pulses to be delivered.

mmp 47, Press GEN. Set AUTO to Count.

~F1:gure 64. Auto:Count

GENERAL

Mo d e |l n t Vol tage OMonitor 1V {Vv
|:|Trig Rising |:|Auto Count
DSave DOutpu‘r On

48. Press EVENT. Set QTY to 5. Set PRD to 7.0007s. Momentarily depress TRIGGER.
Figure 65. Auto:Count = 5

UNIT FORM[LiIiB 1[]Mono
Upiy o.000 usllaty 5 0Prd 1.000 ms
s doe .8 e[ a&ntrass.oes

.00V, 2 500V 3 4 9.9002 5.000%/ Trig'd?
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mmp /9. Change QTY to 70. Momentarily depress TRIGGER.

Figure 66. Auto:Count = 10

UNI FORM[LiIiB 1[]Moneo
Doty o.000 uslaty 10 Oeprd
Odpr1 200.0 us[Am1+5.000 V

o002 o500V 3 4 9.900z2 5.000z/ Trig'd?

=) 50. Change QTY to 20. Momentarily depress TRIGGER.
Figure 67. Auto:Count = 20

UNITFORMI[LiIiB 1[]Mono
Opiy o.000 uslaty F0 lprprd
Opr1 200.0 us{JAm1+5.000 V

5.00v/ 2 5.00V/ 3 g 9.9002 5.0002/ Trig'd?

mmp 51. Change GEN. Set AUTO to Noze. Change your oscilloscope timebase to 7/ div.
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Offset and Hold

OFFSET and HOLD allow the user to set amplitude adjustments to the baseline. They differ in the following
way:

1) OFFSET is only active during TRAIN DURATION; HOLD is always active as long as the instrument is
enabled.

2) OFFSET sums with event amplitudes; HOLD does not.
Note: Both Offset and Hold apply to the interphase timing segment of Biphasic, Asymmetric, and Ramp waveforms.

Figures 68 to 70 illustrate the changes in the generated waveform when OFFSET is changed from 01" to 217
to 517 resulting in the vertical shift of the biphasic waveform, including the interphase period. Note that the
vertical shift occurs only during the TRAIN DURATION (sync displayed on the upper trace).

mm) 52. Set the instrument to the following values. Depress TRIGGER momentarily.

Figure 68. Offset: OV

TRAIN [JUNITFORM
DDeIay 2 000 u s DDurat 2 .500 m s
DPeriod 4. . 5@ m s |:|Number
Bu/o 0Offset JQLevel +0.000 wuV
UNITFORMPBPL iB 1[Biph
[Dly 200 .0 wus [[Qty 3 qPprd 750.0 us
DDur 200 0 usDAmp+5.DUD vV Dlnt 100. 0 u s

5000 2 5008 3 4 _ 40008 1000¢ [ Trgdl |

£
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mm) 53. Press TRAIN. Change LEVEL to 21/, Depress TRIGGER momentarily.

Figure 69. Offset: 2V

TRAIN [JUNI1FORM
[|De|aw,.r 2 00O u s DDurat 2 .500 m s
Jrperiod 4 .500 ms [[Number
Bu/o0 Of fset JLevel +2.000 V
5.00v 2 50OV 3 4 4.000% 1.000%¢ Trigd? |
A N A AL A 1A

mm) 54. Press TRAIN. Change LEVEL to 51/, Depress TRIGGER momentarily.

Figure 70. Offset: 5V

TRAIN [JUNIT FORM

DDeIa\.r 2 00O u s DDurat 2 .500 m s

Urperiod 4 500 ms [Number

Bu/o O ffset JLevel +5.000 V
g.00vd 2 500/ 3 4 i 4.0002 1.000z/ Trigd? |

Also note that the amplitude of the biphasic pulse is determined using the OFFSET value as the baseline,
so in Figure 70, itis a +/- 5V change from an offset of 5V, meaning the amplitudes end up at +10V and OV
respectively.
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HOLD operates slightly differently, as it is always active, and it does not sum with the requested amplitudes.

Figures 71 to 73 illustrate changes in the generated waveform when HOLD LEVEL is changed from 01 to
217 to 517 on the TRAIN page.

mmp 55, Press TRAIN. Set the instrument to the following values. Depress TRIGGER momentarily.

Figure 71. Hold: 0V

TRAIN [JUNIT FORM

DDelawyr 2 000 u s DDurat 2 - 500 m s

DPeriod 4 . 500 m s DNumber

Bu/o i ) qLevel +0.000 uV
5.008f 2 500V 3 4 4.000% 1.0008/ Trig'd? |

i)

mm) 56. Press TRAIN. Change LEVEL to 217, Depress TRIGGER momentarily.

Figure 72. Hold: 2V

TRAIN [JUNIT FORM

DDeIa\,.r 2 000 u s DDurat 2 .500 m s

DPeriod 4 500 m s |:|Number

Ou /o0 Ho | d JLevel +2.000 WV
5.008f 2 500V 3 4 » 4.000% 1.0008/ Trig'd?

(r
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mm) 57. Change LEVEL to 517, Depress TRIGGER momentarily.

Figure 73. Hold: 5V

TRAIN [JUNI FORM

DDeIa‘\.I 2 000 u s DDurat 2. .5

DPeriod 4 500 m s |:|Number

JHu/o0 Ho l d BLevel +5.0
5.00vf 2 5.00v 3 4 4.0002 1.000%/ Trig'd
2_?2
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Additional Menu Settings
mm) 53. Press GEN.

The general screen provides access to several useful settings.

Figure 74. General Screen

G EINERA|IL

[IMo d e I{n|t Vol tage [IMenitor 1V /v
DTrig Ri s/ ing DAu‘ro N one
DSave DOu‘rput On

MODE determines if the Model 4100 is producing voltage or current pulses using its internal circuitry (In#
Voltage, Int Current) or acting as an analog isolator and scaling the user supplied signal to the SIGNAL IN
BNC (Ext 10mA/V, Ext 1mA/ 1V, Ext 100uA4/1, Ext 2017/ 17). If using the SIGNAL IN BNC the
output signal generated by the Model 4100 is proportional to the input signal as determined by the selected
setting: e.g., if the user selects “Exz 17241/ 17, and supplies a 5 volt signal to the BNC, the output will be
5mA.

MONITOR determines the scaling of the front panel Monitor BNC. Users have the options of several
scaling factors: 0.117/1/, 117/17, 10U/ 1/, 2017/ 1/, 10 uA/ V', 10004/ V', 1mA/ V', and 10mA/ 1. The
maximum output level at the monitor BNC is +/-10V.

TRIG determines the edge direction of the Ext Trig input signal that will successfully begin Model 4100
timing (Rising, Falling).

AUTO determines if simplified train construction rules are applied. Count and Fi// are described in Chapter
5.

SAVE stores all settings in current use on the 4100 in the on-board non-volatile memory. These settings
will be preserved after the instrument is powered off.

OUTPUT determines if the High Voltage output jacks are connected to the analog signal circuitry. Turning
OUTPUT off places the unit in a Test Mode. Test mode is provided to enable monitoring of the signal to be
delivered without actually generating output pulses at the isolated banana jacks. All timing rules apply; the
monitor will be active for use in evaluating the output signals without actually stimulating your preparation
or experimental subject.

NOTE: If output is off, there will be no HOLD amplitude either.

In Test Mode, the Instrument Enable button will be unlit, indicating no actual output is being generated.
However, the Event light will still illuminate according to the timing of SYNCI.
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mm) 59. Pressing GEN results in the display of the CONFIGURE screen.

Figure 75. General Screen

CONF I G S /N

IR ates P-e r 1 od [JRev s M2, F1
DSyncl TrainDur DSyncE TrainDel
DSteps DNetwork

RATES determines if timing variables are entered in units of Period (microseconds, milliseconds, or seconds)
or Freq (Hz, kHz).

REVS indicates the current Microcontroller (M) and FPGA (F) firmware versions loaded. This is useful if
contacting A-M Systems for technical support.

SYNC1 and SYNC2 determine the timing characteristics the front panel SYNC1 BNCs will provide. Options
include: Train Delay, Train Duration, Event Delay, Total Event Duration, Event Duration 1, Event Duration 2, Event
Duration 3, and assorted clock intervals.

STEPS displays the Step screen, and allows the user to enter time and amplitude delta step sizes that will be
added to the selected value when Irnc or Dec are pressed.

Figure 76. Steps screen

S TEPS
[fJVvol tage 100 . 0mV T i me 1. 000ms
Ucurrent 100 .0uA [JF reaq 1 .000H?:z

NETWORK displays the Network screen, and allows the user to set their own appropriate Ethernet values
for the Model 4100 to be found by the computer software (covered in Section 6: Software).

Error and Warning symbols

Errors in timing settings will be indicated by the steady illumination of the red ERROR lamp and the display
of an error message on the LCD screen.

Excessive output in voltage (>£200V) or current (>100mA) will be indicated by the flashing illumination
of the red ERROR lamp.

Generation of high voltage pulses (>*50V) will be indicated by the flashing illumination of the green
ENABLE lamp.

Prior to generating high voltage\current events, the Model 4100 will ask for an acknowledgement on the
front panel display that the user recognizes the pulses to be generated can be dangerous and safety
precautions will be taken. Pressing OK to this question will allow the Model 4100 to generate these large
amplitude events.

At any time, pressing the illuminated green ENABLE switch will result in the release of the switch back to
the disable position and the darkening of the lamp. When the switch is out, and the lamp is off, no output
is being generated, and all timing has ceased. For proper operation to continue, the green ENABLE switch
must be depressed again.
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6. Software

Installation under Windows 10

This section will present an overview of the included software application. This application can be
downloaded and installed via iTunes or the Play Store, and can run on: Windows 8, 10; Apple i1OS and OSx,
and Android systems. Contact A-M Systems for Matlab and LabView programming solutions.

Note: Your computer video driver must be capable of supporting OpenGL. 2.1 or greater.

The section that follows covers installation procedures for Windows 10. If you require instructions for
previous versions of Windows, please contact A-M Systems.

This software controls all features of the amplifier via the ethernet port.

Download the most recent version of Model 4100 control software from www.a-msystems.com. The
software is located on the Model 4100 webpage.

Run the downloaded MSI file. A Windows 10 dialog box will open:

17 AMS 4100 = e

Welcome to the AMS 4100 Setup Wizard LA

The installer will gquide you through the steps required to install AS 4100 on your computer.

WARNING: This computer pragram iz protected by copyright law and international treaties.
Unautharized duplication or distribution of thiz program, or any portion of it, may result in severe civil
or criminal penalties, and will be prosecuted ba the masimum extent possible under the law.

Click “Next” to proceed. A second dialog box will appear asking for the location where you would like the
program to be installed.
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15 AMS 4100 = X

Select Installation Folder A

The ingtaller will install A5 4100 to the following folder.

Toinstall in thiz folder; click "Mest". To install to a different folder, enter it below or click "Browse"

Folder:
C:\Program Files [#86]WA-M SyzterghahdS 47004 Browse. .

Dizk. Cozt..

Ingtall AMS 4100 for yourself, or for anyone who uses this computer;

() Everyone
(®) Just me

Cancel < Back

Most users select “Everyone” before proceeding.

1 AMS 4100 - %

Select Installation Folder ]

The installer will install AMS 4100 ta the following folder.

Toinztall in thiz folder, click "Mest”. To install to a different folder, enter it below or click "Browse'.

Folder:
C:AProgram Files (#EE6]%A-M Spstems \AMS 41004 Browse. .

B

Install AMS 4100 for yourself, or for anyone who uses this computer:

() Just me

Cancel < Back

Confirm that you would like to install the software.
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17 AMS 4100 == X

Confirm Installation Al

The installer is ready to inztall kS 4100 on your computer.

Click "Mext" to start the installation.

Cancel | | < Back | I Mest »

At this point, Win 10 might ask you if you want to allow the program to be installed. Answer yes to proceed.

File origin: Hard dr

Show more details

|
il

Installation will continue.
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# Ams 4100 - x

Installing AMS 4100 A

AS 4100 iz being installed.

Pleaze wait...

A final dialog box will appear once the installation is complete.

2 AMS 4100 = pd

Installation Complete [

AMS 4100 has been successtully inztalled.

Click "Close" to exit.
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Network Configuration — Using an existing network

Identify the IP Address on your computer by examining the TCP/IPv4 parameters under your network card
settings menu.

Figure 77. Computer Network Properties

Settings

@ View your network properties

Properties
Name: Ethernet
Description: Realtek PCle GBE Family
Controller
Physical address (MAC): Bcecdb:86:4f:5e
Status: Operational
Maximum transmission unit: 1500
Link speed (Receive/Transmit): 1000/1000 (Mbps)
DHCP enabled: Yes
DHCP servers: 10.0.0.50
DHCP lease obtained: Tuesday, February 5, 2019 9:58:14
AM
DHCP lease expires:, __ . . Wednesday, February 13, 2019
- A5ENAAM = =~
( 1pv4 address: 10.0.0.103/24 N
~ -~
IPS asicirass: - —— = _feE»_O::c&f%ﬁ?t&oﬁe:c@c%éﬁé—éf
Default gateway: 10.0.0.1
DNS servers: 10.0.0.50, 10.0.0.51
DMNS domain name: carlsborg.a-msystems.com
DNS connection suffix; carlsborg.a-msystems.com
DNS search suffix list:
Network name: carlsborg.a-msystems.com
Network category: Domain
Connectivity (IPv4/IPvE): Connected to Internet /

Connected to unknown network

Note the TCP\IPv4 address of your host computer. In this case, it is 10.0.0.103.
Select a nearby number on the network that is available (not being used by any other device) to be
assigned to the Model 4100.
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On the 4100 front panel, open the NETWORK screen by navigating to the NETWORK field on the
CONFIGURE screen (Press GEN until the CONFIGURE screen appears), and then selecting “Ok”

Figure 78. Net screen

CONF I G S /N

[[Rates Pe o d [[Revs M2, F1
|:|S‘,rr1c1 TT nDur IS ¥y nc 2 TrainDel
st aps BNetwork

Net

IIPﬁ".dr 1 0 .0.820 Pin 1001
dsubnet 3 BB RS W

Jdcateway 1 i WA

Navigate to IPAddress and set the values to an approved number on your network. For this example, the
Model 4100 will be assigned “10.0.0.80.” Note that it is unlikely that the Subnet and the Gateway numbers
require attention. A PIN (can be user modified) is used to prevent unauthorized access to the unit via
software. This number must also be entered into the software application in order for the software to
control the instrument.

Open the software application and Click on the HOME icon twice to
access the communication settings.

Enter the address of the instrument in the right hand column. This address
should match the value you entered on the NET screen. Enter the same PIN
as entered on the instrument.

Note: The Model 4100 and the control computer must be on the same

local area network.

ﬂ Figure 79. Network Settings

o

Local Pin:

Address:

Comms:

If the network was configured properly, the circular arrows in the top row of
the PC software will change color from gray to yellow.

Figure 80. Communication Status

Direct PC to Model 4100 connection

A-M Systems
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If there is no available network, then you can connect the Model 4100 directly to your computer using the
ethernet cable.

After connecting the Model 4100 to your computer, navigate to your computer’s network settings page
and find the properties for the computer’s network card.

Figure 81. Direct Network Connection

B Network Connection (]
A U85 Control Panel » Network and Internet » Network Connections v & | SearchNe. 2
Organize + Disable this network device Diagnose this connection Rename this connection View status of this connection Change settings of this connection  [Ef = [TH 9
~ | Ethernet
E_‘ Unidentified network
W= Realtek PCle GBE Family C...

Open the settings of the network card, and view the TCP/IPv4 properties.

Figure 82. IPv4 Settings

B Network Connection
A4 UE' 5 Control Panel » Metwork and Internet » MNetw
ilrnlniu - Nieshla thic nataeek dades Ninnnneca thie fﬂ“"‘f:lil
W Ethernet Propertis .
|
Networking

Connect using:
9 Realtek PCle GBE Family Controller

Canfigure. ..
This connection uses the fallowing tems;

¥l B Client for Microsaft Networks A
¥ 58 File and Printer Sharing for Microscft Netwarks

¥ " Qo5 Packet Scheduler

W g Intemet Protocol Version 4 (TCF/IPv4)

] 4 Microseft Netwark Adapter Multiplesor Protocel

¥ . Microscft LLDP Protocal Driver

¥l . Intemet Protocol Version 6 (TCP/IPvG) M
< >

I Imstall,.. Lrilratasll Properties
Description

Transmission Control Protocel/Intemet Protocol. The default
wide area network protocol that provides communication
across diverss interconnected networks.

ok || Cancel
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Enter an IP address that is nearby the value you want to set the Model 4100 address to. In this case, the
computer network card was set to 10.0.0.81.

Figure 83. IP Address

._Er
4 | 5 Control Panel » MNetwork and Internet » Network Connectio
(leraniva = Nicahla thic nahunel davica Nismnacs thic cannsction Renarr
Networking
o
General
Th  You can get IP settings assigned automatically If your network supports
| this capability, Otherwise, you need to ask your network administrator
B for the appropriate IP settings,
[
|‘: () Obtain an IP address automatically
:‘ (@) Lse the following IP address:
N IPaddress: [10.0 .0 .81 |
: Subnet mask: [255. 0 .0 .0 |
| Default gateway: | |
[ Obtain ONS server address automatically
(@) Use the following DMNS server addresses:
Preferred DNS server: | ’ ; i |
Alternate DNS server: | ] . ] |
| [[]validate settings upon exit Advanced, .
oK Cancel
| item | itern selected

On the 4100 front panel, open the NETWORK screen by navigating to the NETWORK field on the
CONFIGURE screen (Press GEN until the CONFIGURE screen appears), and then selecting “Ok.” Enter
the network address for the Model 4100 on its front panel

Figure 84. 4100 IP Address

CONF I G S /N
[[Rates Period [[Revs M2, F1
|:|S‘,rr1c1 TrainbDur IS ¥y nc 2 TrainDel
st aps INetwork
Net
IIPﬁ".dr 1 1] 1] 8 0 Pin 1001
dsubnet 25 5 BRE SURE N
UGateway 1@ .0 .0.31
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- Figure 85. Network Settings
Open the software application and Click on the HOME icon twice to [

access the communication settings.

Enter the address of the instrument in the right hand column. This address
should match the value you entered on the NET screen. Enter the same PIN

as entered on the instrument.
M2,F1

Note: The Model 4100 and the control computer must be on the same

65347
local area network.

7 ’10(? ~
10.0.0.80

Nl -

If the network was configured properly, the circular arrows in the top row of
the PC software will change color from gray to yellow.

Figure 86. Communication Status

i

AMS 4100

o AMS 00

Signal output can be stopped immediately by opening the Figure 87. Output Connectivity Control
relay that passes the generated output signal to the output
banana connectors. The icons at the bottom right of the
software panel control this relay. The Icon highlighted in
yellow is the currently active setting. When the lighting bolt
is highlighted in yellow (Figure 79, #pper), the output relay is
closed and the signals are delivered to the output banana
connectors. When the lightning bolt is overlaid by a red
“NOT” symbol (Figure 79, /ower), the relay is open, and no
signal is delivered to the output connectors (though the
timing could still be continuing).

The toolbar is consistent across all pages.
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Figure 88. Software: Toolbar

Upload Download Comm Message Area Trigger Manual Free  Stop Home Train Event
BNC Trigger Run

UPLOAD transfers information from the software app to the Model 4100.
DOWNLOAD transfers information from the Model 4100 to the software app.
ComMm will spin when information is being transferred.

Status and error messages are displayed in the MESSAGE AREA.

The TRIGGER BNC indicates that the instrument will accept triggers at the front panel BNC connector
marked TRIGGER.

Clicking on MANUAL TRIGGER initiates the timing sequence. It is equivalent to manually depressing the
Trigger switch to the MANUAL position and releasing.

Clicking on FREE RUN places the instrument in free run mode. It is equivalent to manually moving the
Trigger switch upwards to the FREE RUN position.

STOP ceases all timing and output from the Model 4100.
HOME switches the app to the Home screen, and is the equivalent of pressing the HOME button.

TRAIN switches the app to the Train definition screen, and is the equivalent of pressing the TRAIN
button.

EVENT switches the app to the Event definition screen, and is the equivalent of pressing the EVENT
button.

Yellow indicates which icons are active.

Figure 89. Software: Multi Instrument

| e I oo + >

Instrument #1 Instrument #2 Add } & Remove
Instrument Instrument

Multiple instruments can be controlled by the software application. Add and remove instruments using
the “+” and “X” icons.

An instrument is selected by clicking on the instrument name in the bottom of the window. This toolbar
appears on every application page, and any information displayed belongs to the instrument selected.

The Event page can be accessed by pressing the signal icon:
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Figure 90. Software: Event Page
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Event parameters can be entered in the right hand column. Amplitude and Durations can be adjusted by
clicking and dragging (or using touch screen gestures) on the middle graph of the waveform.

The bottom plot reflects the total quantity of events requested of this definition (in this case, 3).

Clicking on either arrowhead decreases\increases the library number, and will advance the screen to the
previous\next event in the library.

Note that this screen does not determine which event is being delivered. That is determined by the
M
TRAIN page and Event List.  If present, the W icon indicates that the library position depicted is

being used in the MIXED train definition. If present, the M icon indicates that the library position
depicted is being used in the UNIFORM train definition.

Also, notice the Time Step and Amp. Step settings, which facilitate quick and accurate changes in time and amplitude by
limiting changes to multiples of the step sizes. These settings determine the increment\decrement changes in amplitude or time
for every press of the (+) or (~) icons in the software or the INC or DEC buttons on the front panel.

The checkbox toggles on\off faint grid boxes to assist in identifying where on the trace are active zones
you can click\touch to drag and change waveform shapes.
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Train and Event List information is entered on the TRAIN Page, which is accessed by selecting the train icon:

Figure 91. Software: Train Page
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Events in the library can be dragged down into the Event List to set up the order in which they are delivered.
Rearranging the event icons immediately results in reordering the events being generated by the 4100. Pulling
an event icon off the Event List removes that event from the ones being generated.

Events can be cloned by dragging them to a different event within the library, allowing quick development
of a series of basically similar event types varying only in amplitude perhaps.

In UNIFORM mode, selecting the event within the library itself results in that stimulus being delivered. It
does not have to be dragged to the Event List.
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General settings are accessed on the HOME page by pressing on the home icon: -

Pressing the HOME icon while on the home page will display a text summary of all current settings, as well
as basic firmware\software information.

Figure 92. Software: Home Page
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An additional feature that the software provides that is not present on the instrument itself is the ability to
store multiple programs of stimulus information, and quickly change between programs. Programs are
stored by dragging the current formulation up to one of the eight program slots. Programs can be uniquely
named while in the Current position by clicking within ID box in the upper right.

\n_l

Programs can be stored on:

a local directory (AppData\Roaming) , My Documents , or Dropbox

A parameter set can also be viewed \written to a text file.

To Load a previously defined program onto the Model 4100, drag the image of the program down to the
Cutrent Box, and click\touch the Upload button:
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7. Specifications

Wide pulse timing range: 1 ps to 25 hours
Minimum monophasic pulse duration: 1 ps
Minimum biphasic pulse duration: 2 us
Minimum pulse interval: 3 us

Minimum train delay: 2 ps

Timing accuracy: better than 0.02%,

Voltage output: + 200 V with 1 mV resolution
Current output: 100mA with 1 pA resolution
1MHz bandwidth

Dimensions: 177 x 10” x 4”7 ; 21 1lbs

Shipping Dimensions: 23”7 x 177 x 107 ; 24 lbs

Minimum computer requirements:

Video Driver capable of supporting OpenGL 2.1 or greater.
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8. Warranty

A-M SYSTEMS, LLC

What does this warranty cover?

A-M Systems, LLC (hereinafter, “A-M Systems”’) warrants to the Purchaser that the Instruments manufactured by A-M
Systems (hereinafter the “hardware”), and sold after June 1, 2025, is free from defects in workmanship or material under
normal use and service for 5 years from date of purchase. Headstages manufactured by A-M Systems and sold after June
1, 2025, will be repaired under warranty only once per year. This warranty commences on the date of delivery of the

hardware to the Purchaser.
For hardware sold prior to June 1, 2025, the warranty in effect at time of purchase applies.

What are the obligations of A-M Systems under this warranty?

During the warranty period, A-M Systems agrees to repair or replace, at its sole option, without charge to the Purchaser,
any defective component part of the hardware provided that the defective part can be purchased from mainstream,
common, electronic component distributors such as Digi-Key Electronics, Newark, or Mouser Electronics. To obtain
warranty service, the Purchaser must return the hardware to A-M Systems or an authorized A-M Systems distributor in an
adequate shipping container. Any postage, shipping and insurance charges incurred in shipping the hardware to A-M
Systems must be prepaid by the Purchaser, and all risk for the hardware shall remain with Purchaser until A-M Systems
takes receipt of the hardware. Upon receipt, A-M Systems will promptly repair or replace the defective unit and then
return the hardware (or its replacement) to the Purchaser with postage, shipping, and insurance prepaid by the Purchaser.
A-M Systems may use reconditioned or like-new parts or units at its sole option, when repairing any hardware. Repaired
products shall carry the same amount of outstanding warranty as from original purchase. Any claim under the warranty
must include a dated proof of purchase of the hardware covered by this warranty. In any event, A-M Systems liability for

defective hardware is limited to repairing or replacing the hardware.

What is not covered by this warranty?

This warranty is contingent upon proper use and maintenance of the hardware by the Purchaser and does not cover
batteries. Neglect, misuse whether intentional or otherwise, tampering with or altering the hardware, damage caused by
accident, damage caused by unusual physical, electrical, chemical, or electromechanical stress, damage caused by failure
of electrical power, or damage caused during transportation are not covered by this warranty. Further, no guarantee is
made regarding software compatibility with future updated operating systems. Products may not be returned to A-M
Systems for service, whether under warranty or otherwise, which are contaminated by infectious agents, radioactive

compounds or other materials constituting a health hazard to employees of A-M Systems
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What are the limits of liability for A-M Systems under this warranty?

A-M Systems shall not be liable for loss of data, lost profits or savings, or any special, incidental, consequential, indirect or
other similar damages, whether arising from breach of contract, negligence, or other legal action, even if the company or its

agent has been advised of the possibility of such damages, or for any claim brought against you by another party.

THIS EQUIPMENT IS NOT INTENDED FOR CLINICAL MEASUREMENTS USING HUMAN SUBJECTS.
A-M SYSTEMS DOES NOT ASSUME RESPONSIBILITY FOR INJURY OR DAMAGE DUE TO MISUSE OF

THIS EQUIPMENT.

Jurisdictions vary with regard to the enforceability of provisions excluding or limiting liability for incidental or
consequential damages. Check the provision of your local jurisdiction to find out whether the above exclusion applies to

you.

This warranty allocates risks of product failure between the Purchaser and A-M Systems. A-M Systems hardware pricing
reflects this allocation of risk and the limitations of liability contained in this warranty. The agents, employees,
distributors, and dealers of A-M Systems are not authorized to make modifications to this warranty, or additional
warranties binding on the company. Accordingly, additional statements such as dealer advertising or presentations,
whether oral or written, do not constitute warranties by A-M Systems and should not be relied upon. This warranty gives

you specific legal rights. You may also have other rights which vary from one jurisdiction to another.

THE WARRANTY AND REMEDY PROVIDED ABOVE IS IN LIEU OF ALL OTHER
WARRANTIES AND REMEDIES, WHETHER EXPRESS OR IMPLIED. A-M SYSTEMS
DISCLAIMS THE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR USE, WITHOUT LIMITATION
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