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Chapter 1 - INTRODUCTION

1.1 WinLTP Capabilities

WinLTP is a stimulation, data acquisition and on-line analysis program for studying Long-Term
Potentiation (LTP), Long-Term Depression (LTD) and other synaptic events such as epileptiform bursts.
WinLTP records synaptic activity in extracellular, current-clamp or voltage-clamp modes (at up to 40
KHz/channel). WinLTP is a multitasking program that can run up to three tasks simultaneously, 1)
repetitive Stimulation/Acquisition Sweeps (similar to the DOS LTP Program Anderson and Collingridge,
2001), and 2) Continuous Acquisition ‘tape recording’ (Fig 1.1.1). In addition, the
Stimulation/Acquisition Sweeps task now has Dynamic Protocol Scripting to produce complex protocols,
changeable at run time.

WinLTP runs on Windows PCI bus computers and uses National Instruments PCI M-Series boards and
Axon Instruments' Digidata 1320A and 1322A data acquisition boards. Other software that can use the M-
Series boards includes WaveMetrics' IGOR, National Instruments' LabView, John Dempster's Strathclyde
Electrophysiology Suite (WinWCP and WinEDR), and Silver lab's Nclamp.

The basic design philosophy behind WinLTP is to provide ever more complex stimulation protocols using
Protocol Scripting, do sufficient online analysis to let you modify the experiment as it runs (such as
changing baselines or protocol flow), do simultaneous continuous acquisition, (eventually) do
simultaneous capture and analysis of spontaneous events, and use inexpensive but excellent data
acquisition boards (National Instruments M-Series boards). WinLTP on/off-line analyses include basic
analyses of synaptic potentials ( Peak Amplitude, Latency, Slope, Area, Duration, Rise/Decay Time,
Coastline, PopSpike Amplitude and Latency, Average Amplitude), and also Cell Input Resistance (Rm),
and Patch Electrode Series Resistance (Rs). However, WinLTP is not designed to do every possible
synaptic analysis, and instead is designed to work with other very good, and often inexpensive analysis
programs. For example, additional synaptic event analyses such as synaptic exponential decay time can be
done by separate analysis programs including Synaptosoft's MiniAnalysis and Christoph Schmidt-Hieber's
StimFit32, and spontaneous synaptic events in continuous acquisition gap-free abf files can be analyzed
by Bill Heitler's DataView, Synaptosoft's MiniAnalysis, Axograph Scientific's AxoGraphX and Molecular
Device's ClampFit.

WinLTP was written with Borland C++ Builder using Win32 VCL components. The program is available
at low or no cost from www.winltp.com.

More complex WinLTP functionality includes:
1. Multitasking

a. Repeat sweep stimulation, acquisition and analysis
b. Tape recorder (Continuous Acquisition of 2 AD channels down to 25 µsec sampling interval,

saved to a gap-free Axon Binary File)
2. Dynamic Protocol Scripting for writing complex protocols. No programming required for basic

LTP Protocols.
3. Fast Repeat (LTD) Sweep Stimulation with no time between sweeps
4. On and off-line calculation and plotting of several waveform parameters including:

a. DC Baseline
b. Peak Amplitude
c. Latency
d. Slope and Maximum Slope
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e. Area
f. Duration
g. Rise Time
h. Decay Time
i. Coastline
j. PopSpike Amplitude
k. PopSpike Latency
l. Average Amplitude
m. Cell Input Resistance (Rm)
n. Patch Electrode Series Resistance (Rs)

5. Analyze all S0- and S1-evoked postsynaptic responses in both AD channels in a sweep
6. Special analyses of trains including:

a. Analyze every pulse in train, but use the baseline of the first pulse as the baseline for each
pulse

b. Analyze whole train by analyzing only first pulse in train but detecting whole train
c. Analyze train using baseline of the first pulse and response of the last pulse

7. Automatic blanking of stimulus artifacts to allow accurate determination of peaks and areas in a
train

8. Measurement of Patch Electrode Series Resistance (Rs) using Rs peak, or Rs single or double
exponential curve fitting

Simpler WinLTP functionality includes:
1. WinLTP records synaptic activity in extracellular, intracellular or patch clamp modes
2. 2 AD channel acquisition (down to 25 usec sample interval)
3. Two extracellular stimulation outputs (S0 and S1)
4. Two simultaneous patch-clamp recordings using two analog outputs
5. Analog stimulation including analog trains and ramps (loop within loop stimulation)
6. Repetitive sweeps with simultaneous data acquisition (up to 1,000,000 samples and 100 sec) and

stimulation (using two extracellular pathway stimulation, S0 and/or S1, and epoch-like digital and
intracellular analog stimulation).

5. Basic LTP Protocols are either slow single pathway S0 stimulation, or slow alternating dual
pathway (S0 then S1) stimulation. No programming required for LTP protocols.

6. The sweep data can be signal averaged and digitally filtered on-line and off-line
7. LTP induction can be produced by:

a. Single train
b. Repetitive train (theta burst stimulation)
c. Primed burst stimulation (limited implementation)

8. LTD stimulation and analysis can be performed using fast repetitive sweeps (at up to 10 Hz) with
no delay between sweeps, or a single sweep lasting several minutes for faster repetitive

9. Patch sealtest protocol implemented
10. Save an ADsweep graph as a Windows Enhanced Metafile
11. Save your Spreadsheet/ AmpFile data to an Excel XLS file
12. Reanalyze straight ASCII files (skip header)
13. Automatic data folder creation at start-up
14. WinLTP Reanalysis works on Macs with Intel processors
15. On-line acquisition runs in Windows XP and Vista (M-Series boards) and Windows 2000 and XP

(Digidata 132x boards)
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Fig. 1.1.1. WinLTP is a multitasking program that has three tasks - Stimulation/Acquisition Sweeps,
Continuous Acquisition, and Capturing Spontaneous Events. These three tasks are produced by six
processor threads – the Stim Sweep In and Continuous Out Threads produce the Stimulation/Acquisition
Sweeps, the Continuous In Thread produces Continuous Acquisition, and the Spont Event Thread captures
and analyzes Spontaneous Events. And for all tasks, the User Interface Thread captures user input and
outputs screen graphics, and the Digidata Thread drives the Digidata 132x board.

As a user, I strongly think that if a program is any good, you shouldn't have to read the manual, just start
using the program. On the other hand, as a programmer/manual writer, I know that when a user doesn't
read the manual they are unaware of a lot of the program functionality. Because I can see both sides of the
argument, I strongly recommend that you, at minimum, read the installation section Getting Started
(Chapter 2) and Limitations To WinLTP (APPENDIX B) because without reading these sections you
could be using the program incorrectly and giving you results that aren't what you think they are. Then
scan the rest of the manual and look at the figures to see the other capabilities of the program. Then look at
the Known Bugs in WinLTP (APPENDIX A). Hopefully after this you'll carefully read the rest of the
manual (ha!).
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1.2 Appropriate Data Acquisition Boards, Computers, Memory, Monitors and Operating Systems

1.2.1 Data Acquisition Boards

WinLTP currently uses the National Instruments M-Series PCI and PCIexpress boards and Axon
Digidata 132x boards (the 1320A and 1322A).

Importantly, the M-Series PCI and PCIexpress boards have a 0.5 sec keyboard response delay
(compared to 5.0 sec for the Digidata 132x boards).

If you are planning to use an National Instruments M-Series board, see Section 2.3 for the appropriate AD
board, cable and connector box to buy.

The current version of WinLTP does not generally support the USB M-Series boards for a variety of
reasons, and I do not recommend buying one. However, if you already have a USB M-Series board, a
special version of WinLTP100 (WinLTPu100.exe) is available by directly contacting me
(w.w.anderson@bristol.ac.uk) that does currently work with USB 2.0 M-Series boards (such as the USB-
6221, USB-6229, USB-6251 or USB-6259), but USB boards are not nearly as good as the PCI bus
boards (hence the limited distribution):

1) The USB boards have a 2.0 sec keyboard response delay (compared to 0.5 sec for the PCI M-Series
boards).

2) The continuous acquisition data plotting is jerky using USB boards. The USB 2.0 bus is simply not
as fast as the PCI or PCIexpress bus.

3) The reliability of the USB boards is currently in question.
4) USB boards/boxes are quite expensive compared to the PCI boards/boxes.

1.2.2 Computers

1.2.2.1 Computer Makes

Basically, you should be able to use any Windows computer except ASUS motherboard computers. I
recommend DELL and INTEL motherboard computers.

In the fall of 2007 I found an unfixable BUG in ASUS motherboard computers: WinLTP using a
National Instruments M-Series board does NOT run on computers using an ASUS motherboard.
When the MainProtocol run button is pressed, the program immediately hangs up and a National
Instruments NIDAQmx StatusCode error of -200016 appears in a dialog box. WinLTP has so far only
been shown to fail on two ASUS motherboards, the ASUS PK5-SE and the ASUS P5LD2-SE, but the
problem is likely very widespread with ASUS motherboards. However, the Axon Digidata 1322A board
appears to work fine on these problem ASUS motherboards.

The National Instruments MAX (Measurement & Automation Explorer) program also fails to run when
outputting 1 AnalogOut channel at >= 33000 samples/sec, so IT IS NOT SPECIFICALLY A WINLTP
PROBLEM, but is a National Instruments / ASUS motherboard problem.

National Instruments says the problem is with ASUS motherboards, and I'm sure ASUS would say the
problem is with National Instruments data acquisition boards. However, National Instruments has refused
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to test ASUS motherboards even though ASUSTek is one of the world's leading, or "the world’s leading
motherboard manufacturer" (InfoWorld, 2006). Amazing.

THE ONLY SOLUTION I KNOW OF IS TO AVOID USING COMPUTERS WITH ASUS
MOTHERBOARDS IF YOU ARE USING M-SERIES BOARDS.

I also asked National Instruments which motherboards they do recommend, seeing as how the ASUS
motherboards do not work. They would not make any recomendations. However, in dealing with their
testing group, even though they say they test 'lots' of motherboards from 'lots' of manufactures, as far as I
can tell they primarily use and test DELL computers (they are both Texas companies). I myself develop
on INTEL motherboards, which are perhaps the gold standard of Windows/Intel computer motherboards,
and have had no problems.

So I would primarily recommend DELL and INTEL motherboards, although I have had no
reported problems with any motherboards other than ASUS motherboards.

1.2.2.2 Bus

For the National Instruments M-Series board, WinLTP requires a computer with a PCI bus or
PCIexpress (M-Series USB 2.0 boards are not as good as PCI boards and a WinLTP version supporting
the USB 2.0 bus is only only available by directly contacting the author).

For the Axon Digidata 132x board, WinLTP requires a PCI bus computer or laptop computer (using a
SCSI card inserted into the PCM-CIA slot).

1.2.2.3 Processor and Speed

For the National Instruments M-Series board, WinLTP requires at least a computer with a 2.8 GHz Intel
Pentium 4 or higher speed processor with HyperThreading, the faster the better. (Note: some 2.93 and
3.06 GHz Pentium 4 processors do not have HyperThreading, and will not work with the M-Series boards.)

For the Axon Digidata 132x board, WinLTP prefers a computer with at least a 3 GHz or higher
processor. However, in contrast to the M-Series boards, the Digidata 132x boards can work with
somewhat slower ca. 2 GHz computers (e.g. processors without HyperThreading), but this speed is really
not recommended.

Both the M-Series boards or the Digidata 132x boards have been tested on the Intel dual-core processors,
and work well, and the M-Series boards have been tested on the newer Intel quad-core processors, and
work well.

The WinLTP Reanalysis program worked fine on all Intel Pentium 4 processors and is not limited to any
minimum GHz processor speed.
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1.2.2.4 RAM memory

When using either the M-Series or Digidata board, 2048 MB of RAM memory is recommended, although
simple LTP experiments can probably be run on computers with a minimum of 512MB of RAM memory.

1.2.3 Monitors

WinLTP prefers monitors having 1280x1024 pixels or more, particularly if many AD channels are used, if
scripting is used, and/or if capturing spontaneous events is used. However, only simpler LTP experiments
can use monitors with only 1024x768 pixels.

1.2.4 Operating Systems

For the M-Series boards, WinLTP requires the Windows XP or Vista operating system (which both
support HyperThreading and multi-core processors, Windows 2000 does not).

For the Axon Digidata 132x board, WinLTP requires the Windows 2000 or XP operating system (my
understanding is that Windows Vista drivers are not available for the SCSI card used by the Digidata 132x
board – and I have not tested WinLTP with the Digidata 132x board on Vista, and therefore do not support
Vista.

1.3 Overview of WinLTP (Basic LTP/LTD Experiment)

The protocols of WinLTP for running the basic LTP experiment consists of either repetitive slow single
extracellular pathway stimulation by one electrode (S0), or slow alternating dual extracellular pathway
stimulation by two electrodes (S0 then S1). Single train, theta burst, or primed burst stimulation induces
LTP. Low frequency stimulation (e.g., 900 pulses at 1-2 Hz) induces LTD induction.

Fig. 1.3.1 shows the layout of the WinLTP program showing Protocol and Detection fields (upper left
panel), Sweep Stimulation fields and graphs (lower left and right panels), Analysis graphs (one slope
graph) (top right panel), Sweep Acquisition (middle right panel), and the Spreadsheet and Run Buttons
(bottom panels).

Fig. 1.3.1 illustrates the basic LTP experiment of slow alternating dual pathway stimulation, in this case
using signal averaging. The right middle graph shows an extracellular synaptic response from the CA1
region of the hippocampus, averaged from four sweeps, and produced by single extracellular S0 stimulus
pulses, 10 ms from the start of the sweep. Superimposed on the synaptic waveform are red lines to show
where calculations were made for the S0 slope. The slope 'calculation lines' are color-coded and are shown
in red for an S0-evoked fEPSP and magenta for an S1-evoked fEPSP. The right top graph in Fig. 1.3.1
shows calculations for slope produced by S0 stimulation (red triangles) and S1 stimulation (magenta
squares).

In WinLTP, alternating dual pathway stimulation (S0 then S1) of the experiment in Fig. 1.3.1 is achieved
by producing dual alternating sweeps (Pulse Sweep P0 then Pulse Sweep P1) in which Pulse Sweep P0 has
one pathway stimulation by one extracellular electrode, S0, and Pulse Sweep P1 has one pathway
stimulation by extracellular electrode S1. The S0 and S1 stimulation outputs trigger stimulus isolation units
that are connected to extracellular stimulation electrodes S0 and S1.
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WinLTP is actually capable of generating four different sweep stimulations with different stimulation
capabilities on each. Two sweep stimulations are Pulse Sweeps P0 and P1, and these are usually used for
single pulse stimulation, can be repeated at set time intervals, and the sweep data can be signal averaged.
The other two sweep stimulations are Train Sweeps T0 and T1, and these are evoked as single,
nonrepetitive sweeps that are usually used for train stimulation.

The induction of LTP by S0 stimulation (indicated by 'LTP' and up arrow below red triangles in the right
top panel of Fig 1.3.1) is produced by evoking by clicking the ‘Single T0’ Run Button which produces a
single Train Sweep of 100 S0 pulses at 100 Hz (not shown). The induction of LTD by S0 stimulation
(indicated by 'LTD' below red triangles in the top panel of Fig. 1.3.1) is initiated by clicking the ’Repeat
P0’ Run Button which produces rapidly repeating Pulse P0 Sweeps for a set number of times (900 here),
once a second here. Since the Pulse P0 Sweep produces only 1 S0 pulse per sweep, this generates 900 S0
pulses at 1 Hz. (the LTD stimulation fields are actually shown in the Protocol Panel, Single Events
tabsheet.



12

Fig. 1.3.1. WinLTP layout for a basic LTP/LTD experiment showing the Protocol fields (upper left panel),
analysis graphs (in this case only one slope graph, top right panel), Sweep Acquisition (middle right
panel), Sweep Stimulation fields and graphs (lower left and right panels), and the Spreadsheet and Run
Buttons (bottom panels). Detection fields to change synaptic potential detection values are hidden behind.

The MainProtocol panel shows the alternating P0sweep every 30 sec, then P1sweep every 30 sec, in an
AvgLoop of 4 to produce an average every 4 sweeps.

Pulse Sweep P0 stimulation producing only one S0 extracellular stimulation pulse (left lower panel and
the stimulation graph in the right lower panel). With this simple stimulation, rapid repeating of Pulse
Sweep P0 at 1/sec produces rapid 900 pulse LTD S0 stimulation at the same frequency.

The Sweep Acquisition graph shows a fEPSP evoked by S0 stimulation (10 ms after the start of the
sweep, averaged from 4 sweeps) with a red line showing the slope. The slope graph shows calculations of
slope for S0-evoked fEPSPs (red triangles) and S1-evoked fEPSPs (magenta squares) caused by alternating
S0/S1 pathway stimulation produced by alternating P0/P1 sweeps. Calculations are normally made on 4
averaged sweeps, but 20 averaged sweeps are used during LTD stimulation. Numerical values for slope
(“Slope”) are also shown on the spreadsheet panel below the graphs.

In the spreadsheet, “Time of Day” shows the time the sweep began, “Time m:s” shows the time of the
stimulus pulse from when analysis starts, “Sx” shows whether S0 or S1 stimulation was used to evoke the
synaptic response, “Pul#” shows the number of the S0 or S1 pulse that evokes the synaptic response, and
“Slope” shows the calculated slope of the evoked response.
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1.4 Technical Support

Technical support can be obtained by directly contacting the author:

Dr. William W. Anderson
MRC Centre for Synaptic Plasticity
Dept. of Anatomy
University of Bristol
Bristol BS8 1TD, England
Email: w.w.anderson@bristol.ac.uk
Tel: 0117-331-1968 (from outside the UK dial +44-117-331-1968)

Alternatively, if I do not respond in 1 or 2 days, then please contact Stephen Fitzjohn
(Stephen.Fitzjohn@bristol.ac.uk).
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1.6 Conditions of Use

CONDITIONS FOR USING WinLTP

At the sole discretion WinLTP Ltd., academic users can freely run WinLTP Acquisition in the Basic
Mode. However, academic users must purchase an Advanced Mode license to run WinLTP Acquisition in
the Advanced Mode after the initial Demotrial period. Commercial users must purchase an Advanced
Mode license to run WinLTP Acquisition in both the Basic and Advanced Modes. All users can freely run
the WinLTP Reanalysis program.

WARRANTY AND LIMITATIONS FOR USING THIS SOFTWARE

1. Ownership of Software
a. WinLTP Ltd. and the University of Bristol have shared copyright ownership of this software. The

user is granted a nonexclusive license to use this software, but does not own it.

2. Warranty and Liability
a. There is NO WARRANTY implied concerning the fitness of this software or documentation for the

user's purpose. The software and documentation is supplied 'AS FOUND'.
b. This is experimental research software. As such it has been well tested in our research group and

many groups around the world, and is largely bug-free in these particular experiments. However, it
is solely up to the user to determine if this software is suitable for his or her purpose, to determine
if its limitations are acceptable, and to test that it is operating correctly.

c. In particular, WinLTP Ltd. disclaims all liability for any direct, indirect, consequential or indirect
damages resulting from the use of the program, including the costs of rectifying incorrectly
obtained research results.

d. For users running WinLTP Acquisition in the free Basic Mode or during the Demotrial Period, and
running the free WinLTP Reanalysis, the maximum liability to WinLTP Ltd. is zero.

3. Support
a. Although WinLTP Ltd. will strenuously try to fix all bugs for the foreseeable future, it cannot

promise when they will be fixed (or whether they will actually be fixed, particularly if they occur
intermittently on a remote site computer).

4. Animal Research Guidelines and Human Subjects
a. This software can only be used in research that meets the Society for Neuroscience guidelines for

animal research.
b. It is forbidden to use this software on HUMAN subjects.

ADDITIONAL WARRANTY AND LIMITATIONS FOR USING THIS SOFTWARE IN THE

ADVANCED MODE

1. Warranty and Liability
a. For users running WinLTP Acquisition in the Advanced Mode using a purchased Advanced Mode

license, the maximum liability to WinLTP Ltd. is the cost of the WinLTP Advanced Mode license
purchased.

2. Sale of Advanced Mode License
a. At the sole discretion WinLTP Ltd., academic users can freely run WinLTP Acquisition in the

Basic Mode. However, academic users must purchase an Advanced Mode license to run WinLTP
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Acquisition in the Advanced Mode after the initial Demotrial period. Commercial users must
purchase an Advanced Mode license to run WinLTP Acquisition in both the Basic and Advanced
Modes. All users can freely run the WinLTP Reanalysis program.

b. Currently, there are no plans for to charge in future versions of WinLTP for running in the Basic
Mode. However future changes to this policy cannot be eliminated.

3. Support
a. WinLTP Ltd. will provide continuing support on how to experimentally use the WinLTP program

for the foreseeable future. However, the promise of this experimental support by WinLTP Ltd. is
limited to 1 year after purchase.

4. Upgrade Policy
a. Minor upgrades and bug fixes for Advanced Mode functions will be free to the user. Whether to

charge for major upgrades of WinLTP will be up to WinLTP Ltd.

5. Restrictions on Use
a. You may not attempt in any way to overcome the copy protection mechanisms for the Advanced

Mode of WinLTP Acquisition. You are not allowed to:
1) Reverse engineer, debug or decompile WinLTP or the License Key.
2) Clock back the computer date or reinstall the program in an attempt to overcome the copy

protection.
3) Distribute your License Key outside your lab group.

b. WinLTP may not be resold or included with any other product without written permission from
WinLTP Ltd.

REQUESTS

1. If you are running WinLTP Acquisition in the Basic or Advanced Mode, I would appreciate it if you
would reference using this software by name (e.g. as WinLTP).

2. If you are running WinLTP Acquisition in the free Basic Mode, I would also appreciate it if you would
reference the WinLTP paper:

Anderson WW and Collingridge GL (2007) Capabilities of the WinLTP data
acquisition program extending beyond basic LTP experimental functions. J.
Neurosci. Meth., 162:346-356.

3. BUGS: I would appreciate it if you would let me know of any bugs you have found. If you don't tell
me, they won't get fixed!
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Chapter 2 - GETTING STARTED

2.1 Upgrade notice

If you are upgrading from earlier versions of WinLTP, you will probably have to write new *.pro protocol
files. The newer WinLTP program will not load protocol files you made using a previous WinLTP if the
protocol file size has changed.

Note that the WinLTP Reanalysis program can analyze the same ADsweep files make with all earlier
versions of WinLTP and also the earlier DOS LTP Program.

2.2 Install WinLTP

Install WinLTP by running Install_WinLTP100.exe. By default, WinLTP is installed in the folder
C:\WinLTP. Two acquisition programs will be installed, one to run the Digidata 1322x boards
(WinLTPd100.exe) and one to run the M-Series boards (WinLTPm100.exe), and a reanalysis program
(WinLTPr100.exe) will be installed.

2.3 Install the National Instrument PCI M-Series board

The M-Series PCI and PCIexpress boards have a 0.5 sec keyboard response delay (compared to 5.0
sec for the Digidata 132x boards).

2.3.1 M-Series Data Acquisition Boards

Put the M-Series PCI-62xx board in a PCI bus slot according to the National Instruments’ instructions.

WinLTP100 currently supports the M-Series boards for the PCI and PCIexpress bus. The PCI M-Series
boards include the PCI-6221, PCI-6229, PCI-6251, and PCI-6259, and the PCIexpress M-Series boards
include the PCIe-6251, and PCIe-6259. Note that the PCIexpress bus is faster than the PCI bus, so if
you are buying a 6251 or a 6159, it is better to buy the PCIexpress bus version.

See Fig. 2.3.1 for commonly used Natinal Instrument M-Series AD boards, cables and connector boxes
and their prices.

I do not recommend buying the PCI-6221 (37 pin) version because it has only 2 rather than 8 high speed
digital outputs, and is therefore only sufficient for S0 and S1, but nothing else such as the 4 digital outputs
or the additional extracellular outputs in future versions of WinLTP.

The current version of WinLTP does not generally support the USB M-Series boards for a variety of
reasons and I do not recommend buying one. It is therefore NOT included in the download
distribution. However, if you already have a USB M-Series board, a special version of WinLTP100
(WinLTPu100.exe) is available by directly contacting me (w.w.anderson@bristol.ac.uk) that does
currently work with USB 2.0 M-Series boards (such as the USB-6221, USB-6229, USB-6251 or USB-
6259), but USB boards are not nearly as good as the PCI bus boards (hence the limited distribution):
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1) The USB boards have a 2.0 sec keyboard response delay (compared to 0.5 sec for the PCI M-

Series boards).
2) The continuous acquisition data plotting is jerky using USB boards. The USB 2.0 bus is simply not

as fast as the PCI or PCIexpress bus.
3) The reliability of the USB boards is currently in question.
4) USB boards/boxes are quite expensive compared to the PCI boards/boxes.

However, I expect the situation will completely change with the upcoming USB 3.0 bus which will be 10
times faster than the USB 2.0 bus – then I suspect that WinLTP will work as well on the USB 3.0 bus as it
does with the PCI bus, and if so, will be strongly supported.

Fig 2.3.1. Commonly used configurations of AD boards, cables and connector boxes. Prices include a
10% academic discount for units of 1. There is also a 25% academic discount if buying in units of 5.
Prices are for October, 2008.

2.3.2. Cables

All PCI M-Series boards SHC68-68-EPM cable. It is available in 1, 2 or 3 meter lengths.

2.3.3 Connector Boxes

All PCI M-Series boards with 2 analog outputs such as the PCI-6221 or PCI-6251 require using either the
BNC-2120 for non-rack mounting, the BNC-2090A for rack mounting, or the CA-1000 enclosure (with 10
BNC panelettes and one CB-68LPR connector block).

All PCI M-Series boards with 4 analog outputs such as the PCI-6229 or PCI-6259 require using the CA-
1000 enclosure (with 13 BNC panelettes and two CB-68LPR connector blocks) (the for analog outputs is
not supported with WInLTP100 but will be in subsequent versions.

You could also use other connector boxes such as the SCB-68 Shielded Connector Box, but there is little
point, as its about the same cost as the others, and only has screw terminal outputs.

Note: WinLTP is set up in the NRSE (Non-Referenced Single Ended) mode.

For information on measuring signals in NRSE mode, see the bottom two panels of Fig. 2.3.3.1 and the
detailed discussion in Field Wiring and Noise Considerations for Analog Signals – both from the National
Instruments website.
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Fig. 2.3.3.1. Making measurements in NonReferenced Single Ended mode (NRSE). The lower right panel
is the one a biological amplifier connected to mains ground is concerned with when measuring in NRSE
mode. (Copyright National Instruments).

2.3.3.1 BNC-2120 Connector Box

The BNC-2120 requires minimal installation effort. Analog Inputs 0 and 1 are used as normal, except to
be sure to either:

1) The theoretically better way is to connect the grounded shield of the Analog Input 0 coaxial
cable to AI SENSE (pin 2). This is to remove any ground loops. Or,

2) Connect AI GND (pin 1) to AI SENSE (pin 2). In practice this method also works well, and is a
bit more straight forward to implement. You may have to disconnect the grounded shield of
the Analog Input 0 coaxial cable from the Analog Input 0 BNC ground to prevent a ground
loop.

Analog Outputs 0 and 1 are used as normal. To use the extracellular stimulation outputs, connect a wire
from pin P0.0 to User1 (so that the User1 BNC can be S0 output), and connect a wire from pin P0.1 to
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User2 (so that the User2 BNC can be S1 output). To use the four Digital Outputs (D2 to D5), directly
connect wires to the P0.2 to P0.5, respectively.

2.3.3.2 BNC-2090A Connector Box

The BNC-2090A also requires minimal installation effort. Analog Inputs 0 and 1 (ACH0 and ACH1) are
used as normal, except to be sure to set the SE/DIFF switch to SE (Single Ended), and set the
NSE/NRSE to NRSE (Non-Referenced Single Ended). You may have to disconnect the grounded
shield of the Analog Input 0 coaxial cable from the Analog Input 0 BNC ground to prevent a ground
loop. Analog Outputs 0 and 1 (DAC0 and DAC1) are used as normal. To use the extracellular stimulation
outputs, connect a wire from pin DIO0 to User1 (so that the User1 BNC can be S0 output), and connect a
wire from pin DIO1 to User2 (so that the User2 BNC can be S1 output). To use the four Digital Outputs
(D2 to D5), directly connect wires to DIO2 to DIO5, respectively.

2.3.3.3 CA-1000 Connector Box

For the CA-1000 connector box for 2 analog output AD boards (the PCI-6221 or PC-6251), you have to
buy extra pieces (10 BNC panelettes and 1 CB-68LPR connector blocks). Installation is pretty easy and
requires only a supplied screwdriver. Install 9 panelettes in front, and the CB-68LPR connector block in
the back left or right position. Connect the wires as shown using the PCI-62xx data sheet pinout
information. You can either:

1) The theoretically better way is to connect the grounded shield of the Analog Input 0 coaxial
cable to AI SENSE (pin J62). This is to remove any ground loops. Or,

2) Connect AI GND (say pin J64) to AI SENSE (pin J62). You may have to disconnect the
grounded shield of the Analog Input 0 coaxial cable from the Analog Input 0 BNC ground to
prevent a ground loop.

We use these positions for analog inputs, and analog and digital outputs (designed for future WinLTP
upgrades), but obviously you can do what you want, and maybe only put in a minimal installation of AI0,
AO0, DO0 and DO1.

AI0 AI1 AI2 AI2 AI4 AO0 AO1 blank (AI15)
DO0 DO1 DO2 DO3 DO4 DO5 DO6 DO7 (AI14)

You can then put on the included labels (AI0=ACH0 etc., AO0=DAC0 etc., and DO0=DIO0 etc.).

The 10th panel can be installed in the rear to install AI13 and AI12. AI15, AI14, AI13 and AI12 are not
currently implemented, but they will be used for telegraphing inputs to detect patch clamp gain and
filtering frequency for 2 patch clamps.

For the CA-1000 connector box for 4 analog output AD boards (the PCI-6229 or PCIe-6259), you have to
buy extra pieces (13 BNC panelettes and 1 CB-68LPR connector blocks). Install 9 panelettes in front, and
the CB-68LPR connector block in the back left or right position. Connect the wires as shown using the
PCI-62xx data sheet pinout information. You can either:

1) The theoretically better way is to connect the grounded shield of the Analog Input 0 coaxial
cable to AI SENSE (pin J62). This is to remove any ground loops. Or,
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2) Connect AI GND (say pin J64) to AI SENSE (pin J62). You may have to disconnect the

grounded shield of the Analog Input 0 coaxial cable from the Analog Input 0 BNC ground to
prevent a ground loop.

We use these positions for analog inputs, and analog and digital outputs (designed for future WinLTP
upgrades), but obviously you can do what you want, and maybe only put in a minimal installation of AI0,
AO0, DO0 and DO1.

AI0 AI1 AI2 AI2 AI4 AO0 AO1 AO2 AO3
DO0 DO1 DO2 DO3 DO4 DO5 DO6 DO7 DO8

The 10th to 13th panels can be installed in the rear to install AI15, AI14, AI13, AI12, AI31, AI30, AI29 and
AI28. AI15, AI14, AI13, AI12, AI31, AI30, AI29 and AI28 are not currently implemented, but they will
be used for telegraphing inputs to detect patch clamp gain and filtering frequency for 4 patch clamps. DO8
will only be used on the PCIe-6259, but not the PCI-6229.

2.3.4. Install NI-DAQmx 8.x

You first have to install NI-DAQmx from the CD included with your M-Series board. Version 8.0 or
higher must be used. You may as well download and use the latest, Version 8.8, from www.ni.com.

Follow the installation instructions. Although you can use the installation defaults, only the NI-DAQmx
and NI Measurement and Automation Explorer must be installed, the Microsoft Visual C Support, the OPC
Support, and the VI Logger are not required.

Then restart the computer and the Found New Hardware wizard will run. When asked about Windows
connecting to Windows Update, respond

(*) No not at this time
Then choose

{*} Install the software automatically (recommended)
And the wizard should say that it has finished installing the software for the PCI-62xx board.

2.3.5. Run the Measurement and Automation Explorer (MAX) and test the board

Click on ‘Devices and Interfaces’, then click on ‘NI-DAQmx Devices’ and your M-Series PCI board
should appear (such as ‘NI PCI-6221 “Dev1”’).

If the name of the device is not the default “Dev1”, perform a right mouse click and Rename the
device to “Dev1”. It is essential that this device is called “Dev1”.

Then perform a right mouse click and run the Self-Test.

Then click on the Test Panels. (Make sure AO0 is connected to AI0.) Set Analog Output mode to
Sinewave Generator, Transfer Mechanism to DMA, and click Start. Set Analog Input Mode to Continuous
and Configuration to NRSE, and click Start. A sinewave should appear in the graph.
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NOTE: If there is a problem, first try moving the PCI M-Series board to another PCI slot (I know
this from experience!). Otherwise contact National Instruments support. Nothing in MAX depends on
WinLTP, and WinLTP will not work if the testing in MAX doesn’t work.

2.4 Install the Axon Digidata 1320A or 1322A board

NOTE: If you are installing just the WinLTP Reanalysis program, you do not have to first install
AxoScope or pClamp, inotherwords (e.g., you can skip steps 2.4.1, 2.4.2 and 2.4.3).

Put the SCSI card into the computer and connect the Digidata 1320A or 1322A board to the SCSI card
according to the instructions from Axon Instruments included with the board. Do not power up the board,
but turn on the computer to see that the SCSI card is recognized.

2.4.1 Install AxoScope 9 (or pClamp 9)

Axon Instruments' AxoScope 9 (or pClamp 9) must be installed before WinLTP can be run because the
WinLTP acquisition program uses one library file included only in AxoScope 9 (or pClamp 9) to run the
Digidata 132x board (axdd132x.dll). AxoScope 9 is included with the Digidata 1322A board. If you have
an older version of Axoscope obtained with the Digidata 1320A, contact Molecular Devices at
www.moleculardevices.com. Molecular Devices has not given me permission to distribute this file with
the WinLTP package.

2.4.2 Check that AxoScope 9 (or pClamp 9) is running correctly

It is advisable, although not required, that you check that AxoScope 9 (or pClamp 9) are running correctly.
Turn off the computer. Turn on the Digidata 132x board. Then turn on the computer. NOTE: Always
turn on the Digidata board before turning on the computer.

Test that AxoScope (or pClamp) recognizes the Digidata 132x board, and test that it is basically working
correctly. Then exit AxoScope or pClamp.

2.4.3 Make the required Axon library file (axdd132x.dll) accessible to WinLTP

Copy the Axon axdd132x.dll library file from your AxoScope 9 (or pClamp 9) folder to the WinLTP
folder. (Axon will not let me distribute this file with my WinLTP program, but this will not be a problem
provided you have AxoScope 9 or pClamp 9.)
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2.5 Start WinLTP

Start WinLTP acquisition by clicking on either the ‘WinLTP Digidata’ icon to run the Digidata 132x
board, or the ‘WinLTP M-Series’ to run the M-Series PCI board (Fig 2.5.1). You may as well delete the
acquisition program icon you are not using.

Fig 2.5.1.

When WinLTP starts up, the initial ‘splash screen’ comes up almost immediately indicating that the
program in “Loading…”, which takes at least 15 seconds. After this period the “Loading…” message goes
away and the initial Data Root Folder is shown (Fig. 2.6.1).

NOTE: There may be a video related BUG with early versions of Windows XP. If WinLTP hangs up
during start-up (start-up can take at least 15 seconds!), try changing your video to Classic (Windows 2000)
mode.

NOTE: If you are trying to run an M-Series board, and you get an ERROR message saying that
“dynamic link library NICAIU.DLL" has not been found

this means that you either haven’t installed NI-DAQmx on your computer, or an earlier pre 8.0 version has
been installed.

2.6 Automatic Data Folder Creation at Start-up

The Data Root Folder is the folder off of which all subsequent data folders will be created. In Fig. 2.6.1,
the data drive folder is C: and the data root folder is the folder containing the WinLTP program, \WinLTP.
The WinLTP program folder C:\WinLTP is the default data root folder that is presented upon initial start-
up. Therefore if today was October 14, 2005, then the data folder into which the *.P0 sweep and *.AMP
files would be written would be C:\WinLTP\051014, and this data folder would be automatically created.
The first two characters of the data folder denote decade and year, the second two characters denote month
and the third two characters denote day of the month. With this method, folders are automatically sorted
year/month/day when viewed with the Windows Explorer.

To change the Data Root Folder either type in a new one in the edit box, or click on the change button to
bring up the Change Data Folder Dialog box (Fig. 2.6.2), and either choose a different existing Data Root
Folder, or make a new one by clicking on the ‘Make a New Folder’ button. Once you click on the Accept
button, the final Data Root Folder and the Data Read/Write Folder (which is the Data Root Folder plus a
subfolder with today’s data where data will be written) are created as shown in Fig. 2.6.3. You can also
change the Data Read/Write Folder while running an experiment (Section 4.14).

For a discussion on the new copy protection scheme, see Appendix C and the webpage.
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Fig. 2.6.1. ‘Splash screen’ showing the initial Data Root Folder. This splash screen was taken during the
Demotrial Period showing the number of days left, the ending date, and the fact that you can currently run
WinLTP in both the Advanced and Basic Modes.

Fig. 2.6.2 The Change Data Root Folder dialog box.
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Fig. 2.6.3. ‘Splash screen’ showing the final Data Root Folder, and the Data Read/Write Folder into which
data will be written during acquisition and analysis. This splash screen was taken with a purchased
License Key placed in the \WinLTP folder. It shows the number of copies, the licensee’s name and
institution, and the fact that you can permanently run WinLTP in both the Advanced and Basic Modes.

Fig. 2.6.3. Partial ‘splash screen’ information when a Temporary Key is placed in the \WinLTP folder to
temporarily use WinLTP in the Advanced Mode. It shows the number of days left, the ending date, and
the fact that you can temporarily run WinLTP in both the Advanced and Basic Modes.


