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Introduction

The Acquitek XH Series of High Speed Data Acquisition Boards was designed to
provide superior high-speed functionality and performance at a low price. All XH
Series Boards utilize 16 MB of onboard memory, a local processor, and bus
mastering to provide glitchfree capture and/or playback of analog signals of length
limited only by host RAM size, even with a non-realtime PC operating system.

With dual inputs and dual outputs and excellent dynamic specifications, the XH
Series boards are ideal for communications applications, such as 1Q modulation
and demodulation. With 12 bit resolution, high-speed precision and flexible
triggering options, they are ideal for high-speed control applications. The onboard
DSP coprocessor can offload intensive processing steps, such as FFTs, to free the
host program for higher-level algorithms and applications. The outputs are full-
featured arbitrary waveform generators with both waveform playback capability
and function generation mode, and analog reconstruction filters on board. The
board is Plug-and-Play, and digitally calibrated, so there are no jumpers or
potentiometers to manually adjust.
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Features:

2 input channels

Separate 20 MS/s A/D Converter per Channel

12 Bit A/D Resolution

Upto 16 MB Loca Acquisition Memory

Analog, Digital, Software Triggering Modes

1 Hz A/D Sanple Clock Resolution from onboard DDS

2 Output Channels with Arb/Function Generation Modes
20 MS/s D/A Converter per Channel

12 Bit D/A Resolution

Analog Reconstruction Filtering

Upto 16 MB Local Waveform Memory

1 Hz D/A Sample Clock Resolution from onboard DDS

16 Digital 1/0s (Synchronous with Analog 1/0) XH-3300 series only
2 Counter/Timers

PCI Bus-Mastering Transfers at >80 MB/s sustained
Onboard 143 MHz, 32 Bit DSP for Numerical Coprocessing
Windows 98/ME/2000/XP
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XH Series Product Line:

XH SeriesHigh Speed Data Acquisition Boards

XH-3250
XH-3240
XH-3230

XH-3251
XH-3241
XH-3231

2 analog inputs, 2 analog outputs, 50 Ohms
2 analog inputs, 0 analog outputs, 50 Ohms
0 analog inputs, 2 analog outputs, 50 Ohms

2 analog inputs, 2 analog outputs, 75 Ohms
2 analog inputs, 0 analog outputs, 75 Ohms
0 analog inputs, 2 analog outputs, 75 Ohms

XH Series High Speed Data Acquisition Boardswith Digital 1/0 Module

XH-3350
XH-3340
XH-3330

XH-3351

XH-3341
XH-3331

XH-Series User Manual

2 analog inputs, 2 analog outputs, 50 Ohms
2 analog inputs, 0 analog outputs, 50 Ohms
0 analog inputs, 2 analog outputs, 50 Ohms

2 analog inputs, 2 analog outputs, 75 Ohms

2 analog inputs, 0 analog outputs, 75 Ohms
0 analog inputs, 2 analog outputs, 75 Ohms
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Installation

XH Series Installation

To install the XH Series hardware and software, complete the following steps.

Install the Acquitek Data Acquisition Hardware
Turn off your computer and disconnect the power cord.
Locate afree PXI expansion dot.
Carefully remove the card from its packaging.
Insert the card into the PXI expansion slot and activate the latch
Reconnect the power cord.

Connect the Cables
Connect the 10 cables to your external devices or breakout board.

Install the Windows Device Drivers
Turn on the computer.
When Microsoft Windows boots, it should discover the new device and launch the
New Hardware Wizard.
Insert the Acquitek Data Acquisition Setup CD into your CD-ROM drive.
Direct the New Hardware Wizard to search the CD-ROM drive for the device
drivers.
Windows may warn that the drivers are not authenticated. Proceed with
installation.
After the drivers are installed, remove the CD and reboot your computer.
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Install the Application Software and Third Party Drivers
Insert the Acquitek Data Acquisition Setup CD into your CD-ROM drive.
Run Setup.exe from the root directory of the CD
Follow the onscreen ingtructions to install the application and driver software. It is
recommended that you leave installation options unchanged to perform afull
ingtallation of all software components.
After the installation completes, remove the CD and reboot your computer.

Conflgure the Data Acquisition Hardware
Run Acquitek Control Center from the Acquitek program group on the Windows
Start menul.
The new dataacquisition device should appear as a node in the Loca System |
Hardware | Acquitek | PCI/PXI branch of the System tree. Click on the node.
The serial number and logical device number will display in the Configuration
pane. Thelogical device number is the tag that all application software usesto
specify which hardware device will be used.
To change the assigned device number, click on the configuration tab and select a
new number using the device number edit control. Click the save button to make
the change permanent.

Test the Data Acquisition Hardware
- If Acquitek Control Center is not still running, re-run the application from the

Acquitek program group on the Windows Start menu and select the System tree
node for the data acquisition device.
Select the Test tab in the Configuration pane.
The displayed test panedl's can be used to test al analog input channels and analog
output channels as well asthe digital 10 lines. Connecting an analog output to an
analog input, then turning on both panels can be used as a quick check to verify
basic operation.

Run Appl ication Software
Installation and configuration of the Acquitek data acquisition hardware and
software is now complete.
Y ou can run the included Acquitek Bench application software to use the device in
a wide range of test and measurement tasks.
Remember that &l application software will refer to the data acquisition hardware
using the logical number assigned by Acquitek Control Center.
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Hardware Overview

Hardware Overview

The Acquitek XH family of PXI data acquisition cards has the functionality of an
oscilloscope, logic analyzer, function generator, and arbitrary waveform generator.
The oscilloscope features two channels with software selectable high impedance
inputs for light circuit loading or 50 Ohm inputs for minimum noise on small
signals. The logic analyzer samples up to 16 inputs synchronously with the analog
inputs. The signal generators can drive low distortion signals up to 10 Vpp into a
50 Ohm load. A memory controller with a large bank of onboard memory buffers
both input and output signals from the PCI bus. This is critical, since even though
the board can sustain bus master transfers at nearly 100 MBps across the bus, the
net throughput of the board is up to 160 MBps and PCI activity could cause
interruptions in the data streaming. Finally, an onboard digital signal processor
(DSP) is used for red-time control of inputs, outputs, triggering, and to implement
algorithm acceleration and real-time execution.

The XH board is stown in figure 3-1, with the mgor sections and connectors
identified. An XH-3250/3251 or XH-3350/3351 is fully functiona with two inputs
and two outputs. An XH-3240/3241 or XH-3340/3341 features two inputs, with
the output section unpopulated. An XH-3230/3231 or XH-3330/3331 features two
outputs, with the input section unpopulated. The control hardware, onboard
processor, memory, and software interface are identical for the entire family of XH
boards.
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Figure3-1 - XH Board Layout

There are no manua adjustments or switches on the XH board. Calibration is

performed at the factory, and the calibration settings are stored in an on-board
EEPROM. The calibration settings are used to set digital gain and offset trimming
potentiometers. Therefore, the calibration is performed in the analog domain,

preserving the full dynamic range of the A/D and D/A converters and eliminating
any processing overhead for software calibration.
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Input Architecture

Two identical analog input chains drive a two channel, 12 bit analogto-digital
converter (A/D) on XH boards equipped with analog inputs. Thereis one clock for
the A/D, ensuring that both channels are sampled simultaneously. The input
channdl is shown in figure 3-2.

|_ 0/7dB
L A -
+ 12 Bit
1 MOhm ) AD
Converter
50 Ohms ? / T

Gain/Offset
Trim
1 MOhm

Figure 3-2— XH Input Architecture

The signa is connected to the board through a BNC connector into a high speed
instrumentation amplifier. Thisisadifferential input amplifier, allowing the signal
reference to be electrically isolated from the board ground. The purpose of this
isolation is to prevent ground loops from occurring in the measurement setup. A
typical ground loop setup is depicted in figure 3-3a. As can be seen from the
figure, the measured voltage is in error by the amount of ground potentia
difference between the source and measurement device. This can be a maor
problem, preventing accurate measurements, particularly when the signal source is
a long distance away from the measurement point, or the source and measurement
devices are powered from different electrical circuits. In figure 3-3b, the XH
differential input is shown. However, the voltage difference from the input
reference to the local computer ground (V gng from figures 3-3aand 3-3b) should
not exceed +3.5V. Any voltage difference will limit the available input range of
the XH board.
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+ Vsignal + Vgnd
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Figure 3-3a- Ground Loop
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@
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Figure 3-3b - XH Differential Input Eliminates Ground L oop

NOTE: The differentia input structure of the XH is only intended to eliminate ground
loops. With a balanced transmission medium, such as twisted pair wire, a differential
input will also reject noise picked up on the transmission medium due to the symmetry of
the noise between both differential inputs. However, with the coax connection typical for
the XH input, noise will couple onto the coax shield, not the center conductor, and
therefore the differential input may increase the amount of noise picked up on the
transmission medium. If ground loops are not an issue in the XH application and
excessive noise is being picked up on the coax, please contact the factory.

A switchable termination resistor can be enabled to terminate the input. 50 Ohms
is the nominal termination impedance. 75 Ohm termination for video applications
isavailable. Please contact the factory for this option.
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An AC coupling capacitor can aso be switched in line. The AC coupling can
block up to 25 VDC. However, be extremely careful when measuring such signals
with large DC offsets. If the AC coupling capacitor is switched out when
connected to a signal with a large DC offset, the large voltage could damage the
XH input circuitry. Signads larger than the +12V from the board ground are
potentially damaging to the XH board.

A variable gain stage follows the input instrumentation amplifier. This stage
provides sufficient low noise gain to allow a full-scale A/D input from ananalog
input signa of 100 mVpp, and attenuation to alow full-scale A/D input from an
analog input signal of 10 Vpp.

Following the variable gain stage is a buffer amplifier which drives the A/D. Note
that there is no anti-aliasing filter preceding the A/D. This gives the user maximum
flexibility with the signal input. There is a single pole noise limiting filter with a
cutoff frequency of approximately 70 MHz just preceding the A/D. With that
exception, there is no restriction on exceeding the Nyquist bandwidth at the
selected sampling rate. The rest of the signal chain will operate up to 90 MHz,
athough harmonic distortion will be increased a higher input frequencies. The
A/D converter is 12 bits. The A/D data format is two's complement, as the XH
family always operates in bipolar signal mode.

In addition to the analog inputs, on boards with the digital I/0O expansion module,
there are sixteen digital input/output (DIO) pins which can be sampled. The DIO’s
must be set asinput or output. The pins are divided into two 8 bit ports. All pinsin
each port must be set for the same direction. If aport is set as an output, the output
state will be returned when the port is read. The DIO port can be sampled in two
ways. A smple single reading mode which is asynchronous with the A/D clock is
useful for signals which are not expected to change quickly. A clocked mode in
which the DIO’s are sampled synchronously with the analog inputs and the data is
streamed to host memory is also available. Due to data rate limitations, this mode
is not available when the sample clock is over 10 MHz. In input mode, the DIO’s
are pulled to +5V through a 10 K Ohm resistor. There is aso a 100 Ohm software
switchable termination resistor which can be used to improve signal integrity on
high speed digital switching signals.
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Output Architecture

There are two identical output channels on XH boards equipped with analog
outputs. The output chain is depicted in figure 3-4. The analog output starts with a
12 bit digital to analog converter (D/A). The D/A on the XH board always operates
bipolar mode; therefore, the data input format is two's complement.

0/20 dB 0/6/14/20 dB
50 Ohms . <
7" Order
Filter 12 Bit
D/A

T Converter

Offset Trim . .
Gain Trim

Figure 3-4 — XH Output Architecture

Following the D/A output buffer amplifier is an analog reconstruction (anti-
aliasing) filter. This filter is a 7" order Butterworth low pass filter, with cutoff
frequency of 8 MHz. A Butterworth response was chosen as the best compromise
between frequency domain cutoff properties and time domain transient response.
In the Acquitek software library, square and triangle waveforms are implemented.
Their frequency is limited to 1 MHz so that the ringing which results from Gibbs
Phenomenais kept to aminimum. In arbitrary waveform mode, it is recommended
that the user keep the sample clock close to the maximum rate of 20 MHz in order
to maximize the benefit of the onboard reconstruction filter. If a low frequency
waveform is desired, digital interpolation can be used prior to loading the
waveform.

At the output of the reconstruction filter are two banks of switched attenuators.
The first bank provides attenuation of 0 dB, 6 dB, 14 dB, and 20 dB. The second
bank provides attenuation of 0 dB or 20 dB. Following the attenuation is the output
high power amplifier. This amplifier is source terminated in 50 Ohms. 75 Ohm
source termination for video applications is available. Please contact the factory
for this option. The high power amplifier is capable of driving 10 Vpp into a 50
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Ohm load, or 20 Vpp into a high impedance load. NOTE: The XH output
amplifier depends upon the PC power supply for its +12V supply. While the PC
+12V power is filtered before it is used to power the output amplifier, it is not
stepped up with a switching supply. If the PC power supply does not provide 12V,
the XH output may be clipped dightly below the 10V maximum output. Pay
careful attention to the PC power supply if it is intended to operate the X H output
at its maximum level, as some supplies may only provide 11.5V or less. With this
maximum output drive capability and the analog attenuation ranges, the following
full-scale output ranges are possible (all assuming a 50 Ohm load): 100 mV pp, 200
mVpp, 500 mVpp, 1 Vpp, 2 Vpp, 5 Vpp, 10 Vpp. CAUTION: With an
unterminated load, the voltage delivered to the load will be twice that delivered to a
terminated load (i.e. up to 20Vpp, or +10V). Be sure that this voltage will not
damage the load. The output amplifier has a very low noise voltage level of 1.7
nV/sgrt(H2). It operates at a gain of 10. At low signa levels when the 2nd stage
20 dB attenuator is active, the XH analog output delivers only -140 dBm/Hz into a
50 Ohm load, excluding D/A quantization noise. At higher levels, when the 20 dB
attenuator is not active, the noise level increases to approximately —130 dBm/Hz.

In addition to the two analog outputs, on boards with the digital I/0O expansion
module, there are sixteen DIO’s which can be driven as outputs. The DIO’s must
be set as input or output. The DIO pins are divided into two 8 bit ports. All pinsin
each port must be set for the same direction. Pins can be written in two ways. A
simple single write mode which is asynchronous to the D/A clock is useful for
outputs which do not change quickly. A clocked mode in which the DIO’s are
driven synchronously with the D/A clock is also available. In this mode, the DIO’s
share the output data with the Analog Output 1 channel D/A converter. The DIO
output is driven through a 47 Ohm source termination resistor to improve signal
integrity of high speed switched signals.
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Triggers

The CH and XH series of boards support a variety of triggering options. Trigger
sources are: Analog Input O, Analog Input 1, External, Digital. The XH board also
supports additional PXI triggers. Seethe “XH Series PXI Implementation” section
of the manual. The Ain and External triggers support rising or faling edge
triggering. There is aso a hardware noise reject filter which requires the trigger to
exceed the threshold for approximately one half microsecond before signaling the
trigger event. This mechanism will introduce a delay in the trigger point of
approximately one half microsecond, which may be an appreciable number of
samples at high sample rates. Digital triggering supports either a pattern match
mode, where all of the enabled digital trigger bits (up to 16) must match a
predefined pattern, or edge mode, where a selectable rising or faling edge on any
of the enabled digital trigger bits generates atrigger.

Trigger sources are selected by software. See the Acquitek Data Acquisition SDK
manual documentation for the set trigger functions. It should be noted that in
addition to triggering an input capture, outputs can also be triggered from the above
sources (i.e. analog output triggered by an analog input signal crossing a threshold).
Not al possible combinations of functionality are possible. For example, the
external clock and external trigger share a connector and circuitry, so it is not
possible to use both ssimultaneoudly.
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Auxiliary Connections

Auxiliary BNC Connector

An auxiliary BNC connector is available for several functions. Only one of these
functionsis operable at any time. Software can select one of these modes: externa
analog trigger input, D/A waveform sync output, external clock input for the analog
I/0O channels, or external clock output synchronous with the A/D clock or D/A
clock. The circuitry driving the auxiliary BNC connector is shown in figure 3-5.

Output
Enable
50 Ohms O« D/A Sync Pulse
— 0~ 0 Int Mx D/A Clk
O<l Int Nx A/D Clk
Q_‘ g, =N » A/D Clk
4
© 00— +MF+—» D/ACK
t . T » Ext Trig
% 100k Ohms
+4V

-4V

Figure 3-5 — Aux BNC Architecture

In input modes, the input is a high impedance input. As can be seen from figure 3-
5, the input signal first passes through a high speed comparator. When set for
external clock input, the comparator threshold is set for 1V. The input signal can
be a sguare wave or sne wave, bipolar or unipolar. It should be limited to the
range of £5V. When set for external trigger input, the comparator voltage is set to
the external trigger level. The externa trigger level islimited to +4V.
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In output modes, the signal is terminated in 50 Ohms, and will drive a D/A sync
pulse or square wave clock at approximately 0 — 2V into a50 Ohm load, or 0 — 4 V
into a high impedance load.

The onboard circuitry for both analog input and analog output is clocked at an
integer multiple of the actual sample rate. The external clock port on the board,
whether taking in or driving an external clock, operates at the multiplied clock rate.
The actual integer multiple varies. When using the internal clock, the multiple is
completely handled by the Acquitek driver software transparently to the user. In
external mode, it can not be completely transparent. Typically, the analog output
clock runs at 4 times the sample rate in single channel mode or 2 times the sample
rate in dual channel mode. The analog input clock typically runs at a high
frequency, and the divide ratio is increased as the desired sample rate is decreased.
In all cases, 80 MHz is the maximum frequency of the externa clock. Refer to the
Acquitek Data Acquisition SDK manual for details on setting the frequency when
using external clock modes.

Note that the signals on the CH board auxiliary BNC are high speed, and should be
treated as such. Typicaly, 50 Ohm coaxia cable should be used to connect the
output of the auxiliary BNC to itsload. If it isbeing connected to another board or
boards auxiliary BNC input, which is high impedance, BNC “T” connectors
should be used, and the cable should be terminated in 50 Ohms after connection to
the last auxiliary BNC in the chain.

Counter/Timers

The CH board has two hardware-based counter/timers. These counter/timers are
based upon the 8254 functionality, and take in a clock and gate signal and generate
an output signal. On the CH board, the clock sources are fixed: CTO takes its
clock from the analog input sample clock (i.e. not the integer multiple of sample
clock as described in the auxiliary BNC section), while CT1 takes its clock from
the analog output clock which is 2x or 4x the D/A clock depending upon whether
one or two output channels are enabled. The gate source is either from a software
register or from an input pin shared with the digital 1/0. The output goes to a
software register and can be directed to an output pin shared with digital 1/0. See
the digital 1/0 pinout drawings (figures 3-7, 3-8) for the specific pin information.
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The Acquitek Data Acquisition SDK has documentation on the functions used for
programming the counter/timers. Use the SDK functions for setting the Ain and
Aout clock to set the CTO and CT1 frequencies, respectively. Note that the DIO
port which contains the counter/timer output pins must be set to output mode for
the counter/timer output to be driven on the pins. The DIO port which contains the
counter/timer gate pins must be set to input mode for the gate signal to be read
from the pins. Count is up to 24 bits, and is programmed with the number of clocks
to be counted. The operating modes are:
= Mode 1: Retriggerable One Shot
Out is high. Rising edge on gate triggers out to go low and down counting
to start. Out stays low until count expires, at which point out goes high.
= Mode 2: Rate Generator
Out is high. Gate high enables down counting. When count expires, out
goes low for one clock cycle, then high again. Count is reloaded and down
counting continues. This results in a sequence of negative pulses of width
1/clockFreq and period countReg/clockFreq being generated while gate is
active.
» Mode 3: Square Wave Generator
Out is high. Gate high enables down counting. When count reaches
count/2, out goes low. When count expires, out goes high. Count is
reloaded and down counting continues. This results in asgquare wave of
approximately 50% duty cycle and period countReg/clockFreq being
generated while gate is active.
* Mode5: Retriggerable Strobe
Out is high. Rising edge on gate triggers down counting to start. Out stays
high until count expires, a which point out goes low for one clock, then
high again.

XH-Series User Manual Page 20 R'ﬂl'l'”‘fﬂ
P



Digital I/0O Header

When equipped with the digital 1/0 expansion module, the Digital I/O’s are
brought out to to a DB-37 female connector on the PX1 bracket. The connector has

the following pinout:

B-1250 SD -
+5V Fused 0.75A -
Gnd -

Gnd -

Gnd -

Gnd -

Gnd -

Gnd -

Gnd -

Gnd -

Gnd -

Gnd -

Gnd -

Gnd -

Gnd -

Gnd -

Gnd -

Gnd -

)

OO0 00000 0000000 00 000
=
S)

P NWAMOOTO N O

[

-B-1250 CS
-B-1250 SC

- Digl/O 15

- Digl/O 14

- Digl/O 13

- Digl/O 12

- Digl/O 11

- Dig/O 10

- Digl/O 9 / Cntrl Out
- Digl/O 8 / Cntr0 Out

- +5V Fused 0.75A

- Digl/0 7

- Digl/O 6

- DigllO 5

- DigllO 4

- Digl/o 3

- DigllO 2

- Digl/O 1/ Cntrl Gate
- Digl/O 0/ Cntr0 Gate

Figure 3-7 - DI/O DB-37

This connector includes an external peripheral bus. Thisbusis only available to
control Acquitek multiplexers via the Acquitek software toolkit. Up to eight
external muxes, which can be used to mux the analog inputs or outputs, can be
connected at onetime. See Section 8 of this manual, "XH Series - B-1250/1255 RF
Multiplexer", for more information.
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Data Flow

The input data flow of the XH board is depicted in figure 3-8. The output data flow
is depicted in figure 3-9. There are two performance features to note from these
figures. First, when the input is set for triggered capture, the A/D converters are
continually capturing data into the local SDRAM. When an enabled trigger event
occurs, the local processor records the current sample number at the time when the
trigger occurred. Until this happens, data is not transferred across the PCI bus. A
large pre-trigger buffer is supported by the large bank of onboard SDRAM

memory. Triggering is available from the following sources. anadog level from
either analog input channel or the external trigger with positive and negative slope,
or on logical combinations of up to all sixteen DIO’s. Software can also trigger
data capture or place the analog inputs into free run mode.

Local | ¢ Host
A/D FPGA > SDRAM —» PCI Bus " SDRAM

Analog Trigger

Ext Trigger

DIO Trigger

S/W Trig (free run)

Figure 3-8 — Input Data Flow

Host Local
SDRAM [ PCI Bus SDRAM » FPGA » DI/A
\ D/A Sync
Ext Trig

Figure 3-9 — Output Data Flow
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Also, note that input and output data is transferred as 16 bit words. This minimizes
processor overhead which would be required to separate 12 bit A/D and D/A words
if they were packed into 3 bytes. However, with 20 MHz * 2 bytes/sample * 2

channels = 80 Mbytes/sec on both the input and the output, net data throughput

required of the XH board is 160 Mbytes/sec. The theoretical maximum for the PCI

busis only 132 Mbytes/sec, and even with a bus mastering controller on the XH,

100 Mbytes/sec is difficult to sustain due to other activity on the bus. In this case,
the large onboard SDRAM memory bank is used to ease the PCI throughput

bottleneck. In most cases, the output waveform will be loaded into onboard

memory, and streamed to the D/A converters from there. As the waveform repeats,
the D/A waveform sync can be driven out the auxiliary BNC connector. This frees
the entire PCI bandwidth to support the 80 MByte/sec stream from the analog input
channels. This mechanism is ypical because a deterministic, repetitive output
waveform is often sufficient to stimulate a test or measurement setup, while it is
often desired to capture large amounts of input data for analysis. With the
described implementation, a waveform stimulus of up to 8 million samples can be
stored in the onboard memory, and input samples captured up to the amount of free
RAM in the host computer system.
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PXI Implementation Details

As the name PCI Extensions for Instrumentation, or PXI, implies, PXI boards are
built on PCI technology. The PXI extensions are described briefly below. For
more information, please see the PXI1 specifications, which are available at the PXI
System Alliance web site (www.pxisa.org). Correspondingly, Acquitek XH-series
PXI1 boards are very similar to the CH-series PCI boards; however, the XH-series
boards implement a subset of the PX| extensions, which are also detailed below.

PXI Extensions

In addition to the enhanced mechanical ruggedness inherent in the PXI form factor,
PXI extends the PCI electrical interface in four primary ways to benefit system
designers using the PXI bus.

Star Triggers —Slot number two, which isimmediately to the right of the
controller dot in the PXI chassis, is defined as the Star Trigger Controller slot.
From this dot, a dedicated individual connection is available to each of up to
thirteen peripheral slotsin the PXI chassis. Each peripheral slot has a dedicated
Star Trigger pin from which the periphera can receive or generate unique triggers
from/to the Star Trigger Controller. The signal level on the Star Trigger line must
be 5V or less. Since the driver of the Star Trigger line is not specified, both the
controller and peripherals must not drive the line at power up. A pull up resistor is
allowed on peripherals to prevent an indeterminate electrical state.

Bussed Triggers — Eight genera-purpose lines are available which are shared
among all dots on the PX1 bus segment. Signaling on these linesmust be at TTL
levels. Since there is no specified driver on these lines, all peripherals must set
these lines at high impedance upon power up.

L ocal Bus — Adjacent peripheral sots are connected via thirteen wires to the left
and thirteen wires to the right. These Local Busses are general purpose, and can be
used for digital signals or analog signals up to +~42V. Since there is no specified
driver on these lines, al peripherals must have these lines at high impedance or
ground upon power up. From the Star Trigger Controller dot, which is leftmost in
the chassis (excluding the system controller dot) the Left Loca Bus lines are used
to implement the Star Triggers.
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Synchronizing Clock — A 10 MHz reference clock is provided by the PXI
backplane to all peripheral dots, including the Star Trigger Controller lot. From
the Star Trigger Controller slot, an external clock reference may be driven as a
substitute for the backplane 10 MHz reference.

XH-Series PXI Implementation

Star Triggers —XH-seriesboardsin the Star Trigger Controller slot can function
as the system Star Trigger Controller. XH-series boards equipped with digital 1/0
capability will not fit into the Star Trigger Controller dot because of the
mechanical layout of the two-dot-wide front panel necessitated by the digital 1/0
connector. Thislimitation is by design, asthe digital 1/0 and Star Trigger
functions share common circuitry. Asthe Star Trigger Controller, the XH-series
board can issue triggers to, or receive triggers from, all thirteen periphera dots as
defined by the PX1 Hardware Specification.

XH-series boards in peripheral slots can receive triggers from the Star Trigger

Controller to synchronize operations between boards. Thisinput trigger is
controlled through the SDK in a similar manner as other trigger sources.

Bussed Triggers — XH-series boards feature an auxiliary front panel BNC
connector which provides several functions: external clock input or output, external
analog input trigger, and external synchronization driver. These functions can be
duplicated on PXI bussed trigger line 7. Note, however, that signals on the bussed
triggers must be TTL compatible. Therefore, while the auxiliary BNC connector
can perform analog triggering and recover a digita clock from a sine wave input,
trigger bus 7 signalsare only TTL. AcquitekDA SDK functions can select whether
the Aux BNC connector or Trigger Bus 7 is operable.

The XH-series boards make no connection to PXI bussed trigger lines 6-0.
L ocal Bus — XH-series boards equipped with digital 1/0 capability occupy two PXI

dots. Thereis no connection to the Local Bus Left from the leftmost PX1 dot
occupied by the XH board. On XH boards without digital I/O, only asingle PXI
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dot isused. Inthis case, the Star Trigger circuitry is connected to the Local Bus
Left pins, however, that circuitry is placed into high impedance state, and unless
the XH board isin Slot 2 (the Star Trigger Controller slot), the commands to drive
signals onto the Local Bus Left will not function.

XH-series boards equipped with digital 1/0O capability connect two wire serial
control signalsto Local Bus Right (LBR) pins LBRO and LBR1. These signals are
placed into a high impedance state upon power up, and can not be set to a driven
state by the SDK unless enabled by Acquitek Control Center (ECC). The serial
control signals are for the purpose of controlling Acquitek signal conditioning or
switching cards that may be located in adjacent dots. Prior to enabling the LBR
seria control signalsin ECC, the system designer must ensure that there is no
conflict with signals LBL1-0 from a card in the dot to the right of the XH-series
board. Note: In order for the XH-series board to control an Acquitek B-1250
external multiplexer, it must have digital 1/0O capability and the serial control
signals on LBR1-0 must be enabled.

Synchronizing Clock — XH-series boards do not use the 10 MHz PXI backplane
reference clock. They make no connection to the pin on which this clock is
supplied from the backplane.

System Management — As noted in the PX| Extensions section, there is no
specified driver on any of the Star Triggers, Bussed Triggers, or Local Bussed
signals. As such, many peripherals may be capable of driving the same line
simultaneously. To prevent this potentially hazardous conflict, the PXI
specification generally states that all drivers should be disabled upon power up, and
only enabled by a higher-level PXI resource manager. For Acquitek boards, the
high-level system configuration management is performed by Acquitek Control
Center (ECC). ECC is able to determine the ot location of all Acquitek boards
and thereby provide some intelligence to prevent configuration conflicts;, however,
caution is required since ECC does not know the capabilities or configuration of
boards from other manufacturers. In ECC, the system designer can enable the Star
Trigger functions and direction, enable the use of PXI bussed trigger line 7, and
enable the use of the serial control lines on the right local bus. From the
AcquitekDA SDK, the state of these lines may be set or read, but errors will be
returned from the SDK if the feature has not been enabled in ECC. See Section 4
of this manual, “XH Series Software — Acquitek Control Center”, as well asthe
ECC hep fileand SDK documentation for details.
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Acquitek Control Center
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Acquitek Control Center (ECC) provides a central location for the configuration
and test of data acquisition products from Acquitek . ECC is used to assign logical
device numbers to Acquitek hardware devices so that those devices can be accessed
from other software applications. ECC can aso be used to specify default
configuration parameters for Acquitek hardware devices and to verify correct

installation and operation of those devices.
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Menu and Toolbar

Acquitek Control Center,

File Edit Wiew Help

==

File/ Load Profile
Loads a previously saved set of configuration data, making those settings active.

File/ Save Profile
Save the current configuration settings for all Acquitek devices to a named file.

File/ Exit
Exit Acquitek Control Center

Edit / Preferences
Set general application preferences including whether to scan hardware and
software each time Acquitek Control Center is started.

View / Refresh
Scan the system for installed hardware and software

Help / Contents
View help for Acquitek Control Center

Help / Acquitek Web Site
Open the Acquitek home page in a default browser window

Help / About
Display version and copyright information for Acquitek Control Center
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System Tree Pane

BB #oquitek
BEEEPLl AP
&5 A cquitek DAQ Board Demo
B System
BEEPC P
SERID 244 3B D 44085 24 CPU ta F

SR B 244 3BT 4408 2K PO to Al
EEIE2I71ER/ME PIEAE /M 1S4 Bride
EEE2371AB/ER /ME PII<4/ESM EID
EEIE2371AB/ER /ME Fll<4/E /M USE
EERZITIME PlH4AM Power Manage
EER Crystal C5 4281 SoundFusion PCLL
S U nknown
S5 3C305C- T Fast Etherlink for PC R
&5 Inzpiron 2100 Laptop Integrated b
EHIR age P/M Maobility AGP 2x
&5 A cquitek DAQ Board Demo
BB S oftware
B'E)acauitek
.-’-'u:quitek E nunneratar
E.-’-‘u:quitek Cantrol Center
.-’-'«-:quitek Bench
E%System
[&]windows NT/2000/+P
L|§|Third parky

A | +

Ready

The System Tree Pane displays a graphical representation of the hardware and
software discovered during the last system scan. This information can be updated
by selecting View / Refresh from the main menu.

There are separate branches on the tree representing Acquitek hardware devices,
system and third party hardware devices, Acquitek software components, OS
software components, and third party software components. The leaves on the
branches can be selected to display additional information in the Configuration
Pane.
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Configuration Pane

Configuration

Info

Froduct Mame: Acquitek Enumerator

Cormpany: Acquitek

“Yersion: 1.4.0.4

Diate: 020372004 15:49:40

Size: 00517632

File: Ch\Frogram Files\Acquitek\CCenterExacgEnu. exe

The Configuration Pane displays one or more tabbed pages with additional
information about the hardware device or software module currently selected in the
System Tree.
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The information displayed on the Info Tab varies according to the device or module
selected in the System Tree. Selected Acquitek hardware devices display their

serial number and the

configured device number. Other hardware devices display

PCI configuration data. Software modules display version resource information if
available along with file date and size.
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The Configuration Tab is only available when an Acquitek hardware device is
selected in the System Tree Pane. This page is used to set the logical device
number for Acquitek devices to be used by other software applications.

The PXI Configuration panel will only be displayed when an Acquitek PXI device
is selected. The checkboxes are used to enable various PX| specific outputs on
these boards. It is very important that you know and understand the PXI system
configuration before enabling any outputs. Driving one of the PXI output linesin a
mis-configured system could damage the Acquitek hardware device or one of the
other system devices. See "PXI Implementation Details" in Section 3 of this
manual for an explanation of the PXI-specific signals and information on how
those signal's are connected on the XH Series boards.
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The Test Tab is only available when an Acquitek hardware device is selected in the
System Tree Pane. This page is used to test functionality of the selected device.
Select a device channel for analog 10, or configure direction for digital 10, then
activate the panel by clicking its 'On’' button. Correct installation and operation can
be verified for all analog and digital channels.
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Acquitek Bench
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Acquitek Bench is a collection of tools that enables a PC equipped with an
Acquitek data acquisition device to function as a DC voltage source, a logic
analyzer, a digital multimeter, an oscilloscope, a spectrum analyzer, a strip chart
recorder, and an arbitrary wave form generator
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Menu and Toolbar

hcquitek Bench

File Edit Instrument Sindow Help

o |58 et Y G ]| @

The menu and toolbar are used to open and close the various instruments windows
and arrange the display of those windows.

File
Exit
Close Acquitek Bench

Edit

Preferences

Set application specific preferences
View

DC DC Source
Open or close the DC Source window

Logic Analyzer
Open or close the Logic Anayzer window

Meter
Open or close the Meter window

! Oscilloscope
Open or close the Oscilloscope window

M] Spectrum Analyzer

Open or close the Spectrum Analyzer window
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Strip Chart

Open or close the Strip Chart window

E Waveform Generator
Open or close the Waveform Generator window

Window
Cascade
Cascade all open child windows

Tile
Tile all open child windows

Minimize All
Minimize al open child windows

Close
Close the currently selected child window

Help
Contents
Display help contents

Acquitek Web Site
Launch the default browser and direct to www.Acquitek.com

About
Display version and copyright information
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DC Source

Analog Out Channel m
Device Mumber

The DC Source is used to output a constant voltage on an analog output channel.

Analog Out Channel
Zero based analog output channel number.

Device Number

Data acquisition device number as configured in Acquitek Control Center. You
must assign a device number to the acquisition board before it can be used in
Acquitek Bench or other application software.
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Logic Analyzer

Logic Analyzer 'E
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The Logic Anayzer is used to capture and inspect logic level (OV - +5V) signals
using the digital 10 lines.

SEC/DIV
Specify the number of seconds per division on the Horizontal Axis Display

Position (Time Base)
Specify the vertical offset of the entire channel in percent of the Display.

Pre-Capture

Specify how much data to capture before the beginning of the display. The value is
specified in divisions of the horizontal axis.
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Post-Capture
Specify how much data to capture after the end of the display. The value is
specified in divisions of the horizontal axis.

Level
Specify the level where the trigger mechanism will trigger a new frame to be

displayed.

Source
Specify the channel index used as the data source by the Trigger.

Sope
Specify whether a positive or regative dope is used when triggering.

Auto

Specify whether the Trigger is Automatic or Manual. If this value is FALSE, then
you must manually evaluate the Trigger by pressing the trigger button in the
Trigger section of the Scope Panel.

VoltgDIV
Specify the number of volts per division on the vertical axis display.

Position (Channel)
Specify the vertical offset of the entire channel in Percent of the Display.

Coupling

Specify the signal coupling of this channel.
Visible

Specify whether the channel trace line is visible.
Digital In Lines

Digital inputs which will be sampled and displayed. Only the first 8 DIOs can
currently be used.

Samples/ Second
Input sampling rate.
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Device Number

Data acquisition device number as configured in Acquitek Control Center. Y ou
must assign a device number to the acquisition board before it can be used in
Acquitek Bench or other application software.

Note: Additional configuration options can be accessed by right clicking on the
instrument.
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Volt Meter

Yolt Meter - O =

E
[

Range e, ||-10.00 to 10.00

Mode [EU{EEE =
Analog In Channel m

Device Number

The Volt Meter is used to measure voltages on analog input channels.

AC
Enable RMS AC signa measurement

Range
Voltage range of signal under test. Selecting 'Auto’ will cause the volt meter to
automatically determine the smallest range which encompasses the measured

voltage, thereby yielding the highest precision.

Mode

Anaog input type — differentia (2 wire), single ended (1 wire), or nonreferenced
single ended (1 wire)

Coupling
Analog input coupling and impedance
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Analog In Channel
Zero based analog input channel number

Device Number

Data acquisition device number as configured in Acquitek Control Center. You
must assign a device number to the acquisition board before it can be used in
Acquitek Bench or other application software.
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Oscilloscope
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The Oscilloscope is used to provide a two-dimensional visual display of an analog
signal. Most commonly it is used to show signal amplitude versus time, displaying
the waveform of the signal being monitored.

SEC/DIV
Specify the number of seconds per division on the Horizontal Axis Display

Position (Time Base)
Specify the vertical offset of the entire channel in percent of the Display.
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Pre-Capture
Specify how much data to capture before the beginning of the display. The value is
specified in divisions of the horizontal axis.

Post-Capture
Specify how much data to capture after the end of the display. The valueis
specified in divisions of the horizontal axis.

L evel
Specify the level where the trigger mechanism will trigger a new frame to be

displayed.

Source
Specify the channel index used as the data source by the Trigger.

Sope
Specify whether a positive or negative sope is used when triggering.

Auto

Specify whether the Trigger is Automatic or Manual. If this valueis FALSE, then
you must manually evaluate the Trigger by pressing the trigger button in the
Trigger section of the Scope Pandl.

VoltgDIV
Specify the number of volts per division on the vertical axis display.

Position (Channel)
Specify the vertical offset of the entire channel in Percent of the Display.

Coupling
Specify the signal coupling of this channel.

Visble
Specify whether the channel trace lineis visible.
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Mode

Anaog input type — differential (2 wire), single ended (1 wire), or nonreferenced
single ended (1 wire)

Coupling
Analog input coupling and impedance

Probe
Specifies a 1x, 10x, or 100x probe for scaling of display values.

Analog In Channel
Zero based analog input channel number

Device Number

Data acquisition device number as configured in Acquitek Control Center. You
must assign a device number to the acquisition board before it can be used in
Acquitek Bench or other application software.

Note: Additional configuration options can be accessed by right clicking on the
instrument.
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Spectrum Analyzer
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The Spectrum Analyzer is used to measure the frequency spectrum of asignal on
an analog input channel.

Range

Voltage range of signal under test

Mode

Anaog input type — differentia (2 wire), single ended (1 wire), or nonreferenced

single ended (1 wire)

Coupling
Analog input coupling and impedance
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Analog In Channel
Zero based anaog input channel number

Samples/ Second
Input sampling rate.

Device Number

Data acquisition device number as configured in Acquitek Control Center. You
must assign a device number to the acquisition board before it can be used in
Acquitek Bench or other application software.
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Strip Chart Recorder
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The Strip Chart Recorder is used to capture and save voltage levels from the analog

input channels.

Range
Voltage range of signal

Mode

urder test

Anaog input type — differentia (2 wire), single ended (1 wire), or nonreferenced

single ended (1 wire)

Coupling

Analog input coupling and impedance
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Probe
Specifies a 1x, 10x or 100x probe for scaling of display values.

Record
Activate logging of datato disk

File
Name of data log text file. Each line of the file contains a time offset value
followed by atab, then the sample value and a carriage return

Analog In Channel
Zero based analog input channel number

Samples/ Second
Input sampling rate.

Device Number
Data acquisition device number as configured in Acquitek Control Center. You

must assign a device number to the acquisition board before it can be used in
Acquitek Bench or other application software.

Note: Additional configuration options can be accessed by right clicking on the
instrument.
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Wave Form Generator
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The Waveform Generator is used to output analog waveforms including sine,
square, triangle, DC, and arbitrary.

WaveType
Selects sine, square, triangle, DC, or arbitrary (File) waveform

Amplitude
Sets the amplitude of the generated waveform

Offset
Sets a DC offset for the generated waveform
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WF File

When File wavetype is chosen, selects the file containing waveform data. Each
line of the file should contain atime offset value followed by atab, then the sample
value and a carriage return.

Analog Out Channel
Zero based analog output channel number.

Frequency
Output cycles per second. Waveform files are assumed to be 1024 points per cycle.

Range
Waveform amplitude min and max values.

Device Number
Data acquisition device number as configured in Acquitek Control Center. You

must assign a device number to the acquisition board before it can be used in
Acquitek Bench or other application software.
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Third Party Drivers

LabVIEW

-:'r
o
=

wH
5E]

=l

e

R aE]

E I s

The Acquitek Data Acquisition LabVIEW Vs provide a LabVIEW interface for all
cals available through the Acquitek Data Acquisition APl. The names and
parameters are identical to those exported by XDADAQ.DLL.
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If the installation application was able to locate a LabVIEW installation on your
computer, the Acquitek VIs have been ingtalled into the LabVIEW directory and
can be accessed from the LabVIEW function palette by choosing the Acquitek Data
Acquisition palette view. If a LabVIEW installation was not detected, manual
installation can be completed by copying the XDADagLV and Menus directories
from the [instaldir\ThirdParty\LabVIEW directory into the main LabVIEW
installation directory (the directo ry containing LabVIEW.exe).

A number of sample VIs ae included and can be found in the
[installdir\ThirdParty\LabVIEW\Samples directory. These samples demonstrate
wiring of the API level VIs and can aso be used as higher level building blocks
within rew LabVIEW applications. The first time you attempt to open one of the
samples from the [instaldir]\ThirdParty\LabVIEW\Samples subdirectory,
LabVIEW will not be able to find the XDADagLV Vs used by the sample. You
can either browse to the correct [LabV IEW_Install]\XDADagL V\* directory using
the 'find vi' didlog displayed by LabVIEW while loading the sample, or you can
permanently fix the problem for all samples by opening the LabVIEW 'Tools /
Options menu, selecting 'Paths and 'VI  Search Path' then entering
[LabVIEW _Install]\XDADagLV\*' and clicking ‘'Insert Before. Note
'[LabVIEW _Install]' should be replaced by the actual name of the directory where
LabVIEW isinstalled on your system. Also note that the \*' after XDADagLV is
needed so that LabVIEW will search the subdirectories under XDADagLV.
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MATLAB
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Acquitek currently provides access to its data acquisition APl in MATLAB via
MEX-files. These functions are contained in .dll files in the
\Acquitek\ThirdPar\MATLABMEX directory. Their help £xt documentation is
contained in .m files with filenames that correspond to the .dll files. To see this
documentation, type “help XXX" a the MATLAB prompt, where "XXX" is the
part of the filename before the .dil extension, such as "XDA_Ain _Volts" The
functions can be called just as any M-function is called. For example, to read a
sequence of 5000 input voltages between -5V and 5V from analog input channels O
and 1 of device 1 at 10000 Hz, type the following at the MATLAB prompt:

[chO chl] = XDA_Ain Volts(1, [0 1], [5.0 5.0], 10000, 5000)
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The \Acquitek\ThirdPary MATLABMEX directory currently contains MEX-files
for analog input and output, digital input and output, and counter/timer functions.
The analog input functions can be found in the following files:

XDA_Ain_Coupling.dil

XDA_Ain_Raw.dll
XDA_Ain Voltsdll

Analog output functions can be found in the following files:

XDA_Aout_Func.dll
XDA_Aout_Raw.dll
XDA_Aout_Voltsdll

Digital input and output functions can be found in the following files:

XDA_Din_Read.dll
XDA_Dout_Writedll

Counter/timer functions can be found in the following files:

XDA_CT_Config.dil

XDA_CT_Gatedl|
XDA_CT_Read.dll

Example M-functions that use these MEX-files can be found in the
\Acquitek\ThirdPary\MATLABMEX\Samples directory.

XH-Series User Manual Page 56 R'ﬂl'l'lfﬂ
W



TestPoint

Capital Equipment Corporation’s TestPoint is software for designing test,
measurement, and data acquisition applications. The Acquitek TestPoint driver
enables the use of all Acquitek hardware with TestPoint to simplify data
acquisition.
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Installation

Copy the file TPAcquitek.dll from

[Acquitekinstall Directory|\ThirdParty\ TestPoint to the directory where
TestPoint is installed.

Edit the TestPoint.ini file found in the TestPoint directory. Replace the entire
[ADQ] section with this text:

[ADQ]

manufacturer=AUTO

MODE=Bipolar

TYPE=Pseudo

COUPLING=DC

DACOUPLING=DC

Edit the TPAD.ini file found in the TestPoint directory. Find the
[ADDRIVERS32] section and add this line:

ACQUITEK WDM=TPACQUITEK.DLL

The Acquitek data acquisition board assigned logical device number one using
Acquitek Control Center can now be accessed in TestPoint as AD device zero. To use
multiple boards, or change the logical device that will be used, copy the board
configuration information added for [ADOQ] into arother section (JADn]). The
Acquitek device number will always be one greater than the TestPoint AD number.

Notes
You must run Acquitek Control Center to assign logical device numbers to all
Acquitek devices and verify basic functionality before using the deviceswith
TestPoint.

The TestPoint driver will be copied to the

[Acquitekinstall Directory|\ThirdParty\ TestPoint directory by Acquitek Setup. You
must complete the installation as documented above.

A sample TestPoint application called AD_DA.tst is copied to

[AcquitekInstall Directory|\ThirdParty\ TestPoint\samples by Setup. This
application can be used to verify basic functionality.
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ExcelDA — Microsoft Excel Add-In

ExcelDA is a Microsoft Excel Add-In that enables data acquisition from within
Excel using any Acquitek hardware device. It isincluded with al Acquitek
products and installed into the ThirdParty directory when Acquitek Data
Acquisition Setup is run.

Installation
To Install ExcelDL follow these steps:

Start Microsoft Excel

Choose 'Add-Ins..." from the Excel 'Tools menu

Click the 'Browse..." button on the Add-Ins dialog

Navigate to [Acquiteklnstall Directory]\ThirdParty\Excel DA
Double click ExcelDA .xla

Click the 'OK' button on the Add-Ins dialog

Choose 'ToolBars from the Excel "View' menu

Select 'Acquitek Data Acquisition' from the ToolBars list

Once you have completed these steps, the Acquitek Data Acquisition toolbar will

be available for use with any workbook within Excel. You can drag and dock the
toolbar to a convenient spot onthe Excel toolbar, or let it float within the work area
asyou prefer.
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General Configuration

Exacqil Settings -. il

General | analog In |

Device Mumber I 1

— Target

Workbook. I Biook1

Worksheet I Sheet1

Calumn I A R I 1

Display the General Configuration tab on the configuration dialog by clicking
'‘Configure’ on the Acquitek Data Acquisition toolbar, then choosing the 'General’
tab.

Device Number

Logica device number of the Acquitek hardware device that will be used for acquisition.
This number must be assigned in Acquitek Control Center.

Target Workbook
The workbook to which data will be acquired. Y ou must provide the entire name including

the .xIs extension if one is present.

Target Worksheet
The worksheet to which data will be acquired. This sheet must aready be present in the
specified workbook.

Target Column
Starting Column for data acquisition. Datafor asingle channd will be captured to the
specified column. Data for multiple channels will be captured to consecutive columns.

Target Row

Starting row for data acquisition. Samples for each channel will be captured in consecutive
rows starting with the specified row.
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Analog In Configuration

ExacqXL Settings i il
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Display the Analog In Configuration tab on the configuration dialog by clicking
‘Configure’ on the Acquitek Data Acquisition toolbar, then choosing the 'Analog In
tab.

Channel Count
The number of channels from which data will be acquired.

Sample Count
The number of samplesto acquire from each channel. Note that Excdl limits this value to
about 65000.

Sample Rate
The sampling clock frequency to be used for the acquisition.

Scan Rate

The time between channel sample sets when using hardware that does not support
simultaneous sampling. Set this value to 0 when acquiring one channel or when you wish
to use the frequency specified by 'Sample Rate'.

Range
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The maximum voltage of theinput signal. Valid valuesfor this parameter depend on the
particular hardware device being used. Please see the hardware reference manud for alist
of vaid vaues.

Polarity
Input signal polarity - Bipolar or Unipolar.

Coupling
Input signal coupling - AC, DC, or DC Terminated.

Mode
Input signal mode - Differential, Single Ended, or Pseudo Differentidl.

Trigger Channel
Analog channel used to trigger acquisition.

Trigger Leve
Voltage level at which data acquisition will trigger.

Trigger Type
Trigger mode - Falling, Rising, External, or None. To begin acquisition as soon as the
‘Acquire toolbar button is clicked, set this value to none.

Trigger Noise Reject
Enable Trigger Noise Reject to avoid triggering on noise from the trigger input signdl.
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Once al data acquisition parameters have been set using the configuration dialog,
simply click the 'Acquire’ button on the Acquitek Data Acquisition toolbar to
acquire data directly into your Excel spreadsheet. If you have specified a non
existent target for acquisition, or your configuration parameters are otherwise
incorrect, an error message will be displayed. Y ou can then click 'Configure’ again
to display the configuration dialog and correct the problem.
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Technical Specifications

Analog Inputs

Number of Inputs: 2 (synchronous)
Impedance; 1M Ohm or 50 Ohm (75 Ohm available)
Software Selectable
Coupling: ACorDC
Software Selectable
Anaog Bandwidth: 70 MHz (3 dB)
Resolution: 12 Bits
Full Scale Input Range: +50mV, £100mV, £200mV, £500mV, £1V, +2V, +5V
Software Selectable
Absolute Max: +12V
Gain Accuracy: +/- 0.1 dB relative to full scale (at 100kHz)
Zero Accuracy: 0.1% of range ++ 1mV (at DC)
DNL: <1 LSB (monotonic)
INL: <41LSB
SNR: 64 dB (500 kHz input, 1V pp range)
SFDR: 60 dB (1Vpp range)
Triggering:
Source: Chi, Ch2, Ext, SW, Dig /O
Levels. +2.5V, 256 Steps
Slope: +or—
External: +2.5V,100k Ohm Zin, 25 ns min Pulse width
Sample Rate:
Internal Clock: 10kHz — 20MHz (1Hz resolution) dual channel
Up to 25 MHz single channel
Software Selectable
Independent from output clk
External Clock: Must be >=4x sample rate

100k Ohm Zin, 80 MHz max
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Memory:

PCI Interface;

Analog Outputs

Number of Outputs:

Impedance;

Coupling:

Analog Filters:

Resolution:

Full Scale Output Range:
(into 50 Ohm load)

Gain Accuracy:

Zero Accuracy:

DNL:

INL:

SNR:

SFDR:

Triggering:
Source:
Ext Level:
Ext Slope:
Ext Input:

Sample Rate:
Internal Clock:

Externa Clock:

XH-Series User Manual

16 MB local capture memory

(shared with output memory)

32 bit, 33 MHz Bus Mastering
(Continuous full speed capture of

2 chan at 20M Sps per chan (80 MBY/s)
to PC memory is supported)

2 (synchronous)

50 Ohm (75 Ohm available)

DC

7th Order Butterworth, 8 MHz 3 dB Frequency
12 Bits

+50mV, +£100mV, £200mV,

+500mV, 1V, +2V, 5V

Software Selectable

+/- 0.1 dB relative to full scale (at 100kHz)
0.1% of range +f 1mV (at DC)

< 1LSB (monotonic)

1LSB

72 dB (500 kHz output, 1V pp range)

55 dB (1Vpp range)

Chi, Ch2, Ext, W, Dig I/O

+2.5V, 256 Steps

+or—

+2.5V,100k Ohm Zin, 25 ns min Pulse width

1Hz — 20MHz (1Hz resolution) dual channel
Up to 40 MHz single channel

Software Selectable

Independent from input clk

Must be >=4x sample rate

100k Ohm Zin, 80 MHz max
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Memory:
Operating Modes:

Sync Output:

up to 16 MB loca waveform memory
Arbitrary Waveform with Automatic looping
Function (sine, square, triangle)

Software enabled

TTL compatible, 50 Ohm Zout

1 sample duration at segment boundary

Digital I/O Module (XH-3300 Series only)

Number of 1/0:

Input High:
Input Low:
Output High:
Output Low:
Power Up State:
Counter/Timers:
Number:
Clock:
Speed:
Modes:

Physical/Environmental
Dimensions:

Power Consumption:
Operating Temperature:

Storage Temperature:
Connectors:

XH-Series User Manual

16 (two 8-hit ports). Each port selectable as input or
output

2.0V, 5V max

0.8V,0V min

24V min @ 24 mA

0.4V max @ 24 mA

Input (High Impedance)

2 (24 hits)

Internal from A/D or D/A clk
80 MHz Max

8254 modes 1, 2, 3,5

4 HP (single-dot) 3U PXI (160 x 100 mm)

8 HP (two-slot) with optional Digital 1/O Module
1.75A at +5V

500 mA at +12V

0°Cto 55°C

-20°Cto 70°C

5 BNC Femae

(2 Input, 2 Output, 1 Ext trig/clk/sync out)

DB-37 female connector (for optional Digital 1/0)
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B-1250/1255 RF Multiplexer (Optional)

The Acquitek B-1250 is a 4:1, high
frequency analog multiplexer/
demultiplexer (the B-1255 is the same unit
without a physical enclosure). It isintended
to operate under software control in
conjunction with an Acquitek CH or XH
Series high speed analog 1/0 board. The
signa path is passive, so the mux is bi-
directional (i.e. it can be used on either the inputs or outputs of the CH or XH
board). The control interface utilizes a non-volatile configuration identity so that
up to eght B-1250s can be controlled by a single CH or XH board. The low loss
and excellent gain flatness allow cascading of several B-1250s with no significant
signal degradation.

Architecture

A block diagram of the B-1250 is shown in figure 9-1 below. Four bi-directional
mux terminals can be connected to a single common terminal. Mux terminals not
connected to the common termina are resistively terminated. Nominal termination
resistance is 50 Ohms. Contact the factory for a 75 Ohm version.

Switching elements are mechanical relays for low loss and excellent gain flatness.
They are nortlatching relays, so while powered down, on power up, and prior to
the first software switch command, al mux terminals are terminated and the
common terminal is open.
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Figure 9-1— B-1250 Block Diagram

Connection

Up to eight B-1250 multiplexers can be controlled by one XH board. In the tree
configuration shown in figure 9-2, this allows up to 26 inputs to be muxed into the
XH board. Note also that the B-1250 is bidirectional. The same type of tree
configuration allows expansion for driving up to 26 outputs as shown in figure 9-3.
The control signals for the B-1250 are located on the DIO module of the XH board.
Therefore, the B-1250 can only be used with XH boards equipped with DIO
modules. This includes the XH-3350, XH-3340, and XH-3330. Figures 9-4
illustrates the cables and connections required to use the B-1250.
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B-1250 ID=C
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Figure 9-2 — XH Expansion to 26 Inputs Using Multiple B-1250
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Figure 9-3 XH Expansion to 26 Outputs Using Multiple B-1250
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L-486x
( XH DIO
Module
L-489x (DB-37)
Control Out  Control |
OO @
12 3 4 com :l Ain0
— :I Ainl
B-1250 1D=0 o0 XH-3350 []
] Aoute
Ei:l Aoutl |:|
Control In,
L-420x
L-421
OOOOG (420
1 2 3 4 CoM Notes
B-1250 ID=1 *X denotes length in meters
L-420x *XH-3351 is 75 Ohm version

(L-421x) ®|-421x 75 Ohm coaxial cables

recommended with XH-3351

Figure 9-5 — B-1250 Connection to XH with DIO Module

Operation

The mux position can be set via software command from the Acquitek Data
Acquisition SDK. See the Acquitek Data Acquisition SDK manual br details of
the software commands. A visible LED indicates a currently active BNC
connector. Because the switching elements are mechanical relays designed for low
loss switching of RF signals, no calibration data is required to be read from or
stored in the B-1250. Also due to the mechanica nature of the switching, the
switching time and switch lifetime specifications should be considered as a part of
the system integration of the B-1250.

Configuration

Before using multiple B-1250s in a system, a configuration step must be
performed. All B-1250s are shipped with a factory default configuration ID of O.
Up to eight B-1250s can be controlled from a single Acquitek CH or XH board.
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Each of the B-1250s controlled by the same board must have a unique
configuration ID.

The configuration step entails a one time operation of connecting a single B-1250
to a CH or XH board and running a smple program to store the configuration ID in
the B-1250 nonvolatile memory. This program is called B1250Cfgexe, and is
included in the root directory of the Acquitek Data Acquisition Setup installation
(VAcquitek\Util directory).

Procedure
NOTE: Only asingle B-1250 can be connected to the CH or XH board during the
configuration step.

=  Connect a SINGLE B-1250 to the CH or XH board as shown in figure 9-4. The
cable MUST be connected to the DB-9 connector on the B-1250 labeled

“Control In”.

»  Start the B1250Cfg application. It should appear similar to the screen shot in

figure 9-5 below
Exacq B-125x Configurator M= E3
B-125w 10— [ Test [not stored];
L T |
=1 5
2 O F
[

CH Device Murnber

\Using Exacq Device Mumber 1 i
Figure 9-5—-B1250Cfg Main Screen

» Usethe CH Device Number spin edit control to select the CH or XH board to
which the B-1250 is connected.

= Assign the configuration ID by selecting the appropriate B-1250 1D radio
button. Ensure that all B-1250s to be connected to the same CH or XH board
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are assigned a unique configuration ID. This step automatically stores the
configuration ID in the B-1250 non- volatile memory.

» Test the connection by switching the mux position with the Channel radio
button.

= Exit the B1250Cfg application.
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B-1250 Specifications

DC Parameters

Maximum |/O Voltage 30 V max
Maximum 1/O current 0.5 A max

On resistance 100 mOhms
Termination resistance 50 Ohms +/- 1%

(Contact factory for 75 Ohm version)

AC Parameters

Insertion loss <0.05dB a 1 MHz

Gain Fatness <0.1dB DCto 10 MHz

Off Isolation >55dB at 10 MHz

Physical

Switching time 10 ms max

Switch cycles 300,000 operations while meeting

full electrical specs
1,000,000 operations mechanical lifetime

Power consumption 20 mA at 5V (No terminals enabled)
70 mA at 5V (One terminal enabled)
Sze 7.2 X 5528 x 1.52 inches
(inbox with connectors)
183 x 141 x 39 mm

7.2 X 5.28 x 0.58 inches
(board only with connectors)
183 x 134 x 15 mm
Connectors 4 BNC bi-directional multiplexed terminals
1 BNC bi-directional common terminal
DB-9 for power and control input
DB-9 for power and control daisy chaining
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Cables & Connectors (Optional)

Acquitek offer awide array of breakout boxes, connector panels, cables and cable
assemblies to assist in making analog and digital 1/0 connections to the XH Series
boards. Available connectivity options include:

B-1050
Breaks out digita 1/0 channels for XH 3300 Series. Requires
L-480x series cable.

B-1055
Same as above, but without enclosure.

B-1250
Four to One RF multiplexer for XH 3300 Series. Also available
without enclosure (B-1255). Requires L-486x series cable.

B-1410, B-1420
B-1410 is the Rackmount kit and termination pand for XH
Series. B-1420isthe BNC termination panel for the B-1410.

XH-Series User Manual
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L-4801, L-4802
Connects from DB37 connector of XH-33xx to B-105x DIO
breakout. Availablein 1M (L-4801) and 2M (L-4802) lengths.

L -486x
DB37 to DB9. Used to connect from XH-33xx to B-125x
multiplexer. Available in 1m and 2m lengths.

L -489x
DB9 to DB9. Used to daisy chain multiple B-125x
multiplexers. Availablein 1m and 2m lengths.

Ohm (L-421x) configurations, and in 1m and 2m lengths.

L-422x
BNC to clip cables, available in Im and 2m lengths.

L -420x, L-421x
% BNC to BNC cables, available in 50 Ohm (L-420x) and 75
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The complete line of breakout boxes and cablesis as follows:

Breakout Boxes & Connector Boards

B-1050

B-1055
B-1250

B-1255
B-1410
B-1420

Cables
L-4201
L-4202
L-4211
L-4212
L-4221
L-4222
L-4230
L-4801

L-4802
L-4861
L-4862
L-4891

L-4892

XH-Series User Manual

37-pin breakout. Breaks out digital I/0 for XH 3300 Series boards. Requires either L-
480x cables or L-482x cables

Same as above, but without enclosure

41to 1 RF multiplexer for use with XH 3300 Series boards. Requires either L-480x
cables or L-482xcables

Same as above, but without enclosure
Rackmount kit: front panel and 2 empty hole covers (use with any of the boxes above)
BNC termination panel for B-1410 Rackmount kit

BNC 50 Ohm -1m

BNC 50 Ohm - 2m

BNC 75 Ohm - 1m: Use with 75 Ohm XH boards
BNC 75 Ohm - 2m: Use with 75 Ohm XH boards
BNC to clip 1m

BNC to clip - 2m

BNC to Scope Probe

DB37 Ext 1m: Connects from DB37 connector on XH-3300 Series boards to one B-
105x 37-pin breakout unit.

DB37 Ext 2m: Connects from DB37 connector on XH-3300 Series boards to one B-
105x 37-pin breakout unit.

DB37 to DB9 1m: Connects from DB37 connector on XH-3300 Series boards to one B-
125x multiplexer

DB37 to DB9 2m: Connects from DB37 connector on XH-3300 Series boards to one B-
125x multiplexer

DB9 to DB9 1m: Connects from DB9 connector on B-105x breakout unit to one B-125x
multiplexer, or to daisy chain between two B-125x multiplexers.

DB9 to DB9 2m: Connects from DB9 connector on B-105x breakout unit to one B-125x
multiplexer, or to daisy chain between two B-125x multiplexers.



Glossary

Aliasing - The term used to describe the observed effect of sampling an analog signal at a
sampling frequency less than two times the highest frequency content of the signal. Signal
processing theory, specifically Nyquist’s Theorem, states that an analog signal can be exactly
reconstructed from a periodic sampling of that signal if the sampling rate is greater than twice the
highest frequency contained in the analog signal.

With the exception of some specialized undersampling applications it is important to prevent
aliasing before it happens through the use of high sampling rates and/or anti-aliasing filters. Once
asignal has been corrupted by aliasing, it can no longer be exactly reconstructed from its samples.

Anti-Aliasing filter - A filter with a frequency cutoff below one half the sampling rate. It is used
to prevent aliasing during the sampling of an analog signal.

A/D — Analog to digital converter. A component which produces a digital representation of the
voltage of an input analog signal at an instant in time called the sample time. Typicaly an A/D
will sample an input signal periodically at arate called the sample frequency.

Bessel filter — A type of filter which has excellent time domain distortion properties (i.e. pulse
response with very little ringing) but poor frequency domain cutoff properties. This filter
characteristic can beimplemented in either the analog or digital domain.

Butterworth filter — A type of filter which has a good compromise between frequency domain
cutoff properties and time domain distortion such as “ringing”. This filter characteristic can be
implemented in either the analog or digital domain.

Charge Injection — An undesirable property of a multiplexer in which a small amount of

electrical charge is injected into the selected multiplexer input when the multiplexer switches. A
voltage error isintroduced which is equal to the injected charge divided by the input capacitance.
The voltage error decays over time as a function of the source resistance. Lower source resistance
resultsin faster decay of the voltage error.

CMRR — Common Mode Rejection Ratio. See common mode range.

XH-Series User Manual Page 77 R'ﬂl'l'l'!‘.ﬂ
W



Common Mode Range — With a differential voltage, the relevant measurement is the difference
in voltage between the two dgnals in the pair. The absolute voltage between either signal and
ground should not affect the differential measurement. In practice, voltages between the
differential signals and ground can distort the differential measurement. Common mode rejection
ratio (CMRR) is a measure of how much the voltage between the differential pair and ground
distorts the differential measurement. The common mode range defines how large the voltage
between either signal and ground can be before the differential inputs nolonger function.

D/A — Digital to analog converter. A component which produces an analog output signal whichis
proportional to adigital input value. Typically a D/A will hold the same anal og output voltage for
aperiod of time called the sample time, and be updated periodically with digital input values at a
rate called the sample frequency.

dB — A decibel, or dB, is 10 * logl0 (power ratio between to signals). Since power is
proportional to voltage squared, when dealing with voltagesadB is 20 * log10 (voltage ratio).

dBfs —dB relativeto afull scale A/D or D/A signal
dBV — dB relative to one Volt.

dBm — dB relative to one milliWaitt.

dBmV — dB relative to one milliVolt.

Differential Input - An input through which the difference of two signals at the positive and
negative inputs is measured rather than the difference between a signal and system ground. There
is alimit to how far the two signals can be from the system ground before the input is no longer
able to measure simply the difference between the two inputs but instead is distorted by the
difference between the signals and ground. Thislimit is called the common mode voltage range.

Elliptic Filter - A type of filter which has excellent frequency domain cutoff properties but poor
time domain distortion properties (i.e. pulse response with excessive ringing). This filter
characteristic can be implemented in either the analog or digital domain.

FFT — Fast Fourier Transform. A mathematical tool for analyzing the frequency content of a
signal.

FIFO — First In, First Out. A temporary storage memory with no addressing in which data is
stored and retrieved in first in, first out order.

On a data acquisition board, a FIFO is used to free the host processor from servicing the data
acquisition hardware on a periodic interval. Typically, the hardware accesses one side of the
FIFO at the periodic sample rate (or amultiple of it). The host accesses the other side of the FIFO
to either fill it with data for output or read the input data. The host can do so in burst mode, which
is much more efficient. For example, a burst transfer across the host PCI bus can reach nearly
132 Mbytes/sec whereas non-burst transfers are a small fraction of that rate.

With a non-realtime operating system such as Windows, it is important for the FIFO to hold

enough data to sustain periodic data acquisition during intervals when the processor is not
available to service the data acquisition hardware.
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Floating Source — A voltage source in which the voltage at the positive or negative terminal is
referenced only to the other terminal, not to an absolute reference or ground. Batteries and
thermocoupl es are common floating sources.

Gibbs Phenomena — Signals with sharp edges in their time domain response, such as square
waves, require high frequency content in their frequency domain response to produce the rapid
time domain changes. If such asignal is passed through a low pass filter which removes the high
frequency energy, there may be substantial “ringing” at the ime domain edges. Thisis known as
Gibbs Phenomena. Careful design of the lowpass filter transition band can greatly reduce the
amount of time domain ringing.

Harmonic distortion — Typically expressed in dB, thisis the ratio of power at the fundamental
signal frequency to the power at N times the fundamental frequency, where N is an integer. The
largest distortion typically occursat N equal two or three.

Non-linearities in components through which a signal passes change the characteristics of the
signal. Typicaly, these changes are best observed in the frequency domain through the use of
tools such as the Fast Fourier Transform (FFT). Harmonic distortion results in energy in a signal
being increased at integer multiples of the fundamental frequency of the input signal.

Instrumentation Amplifier — A electrical circuit with two inputs and one output. An ideal
instrumentation amplifier presents no load to the two inputs, and the output voltage with respect
to ground is proportional to the difference between the two input voltages.

In practice, an input bias current must flow through the instrumentation amplifier inputs. The
input bias current is a measure of the extent to which the instrumentation amplifier will disturb the
inputs to be measured, with a smaller bias current causing less disturbance. A practical
instrumentation amplifier will also have an offset voltage which is present at the output when the
difference between the inputs is zero. Calibration of this offset voltage, along with externa
nulling circuitry, can eliminate this offset prior to analog to digital conversion.

Multiplexer — A device with several inputs and one output. External controls cause the desired
input to be connected to the output. In a multifunction board, the multiplexer can operate at high
speed to allow many inputs to be measured with a single instrumentation amplifier and analog to
digital converter.

Mux— Multiplexer.

Noise — Any undesired modification of a signal is called noise. Unfortunately, everything adds
noise to a signal, but some components or systems add more than others. The noise can be
thermal noise, which is caused by the random motion of charge carriers in conductors (or
semiconductors). This random motion increases as temperature increases, hence the name
“thermal noise”. The noise can also be from interference “leaking” into a signal from other
circuitry.  In particular, high speed digital circuitry is prone to corrupt analog signals.
Quantization is another type of noise imparted by the conversion between analog and digital
signal.

In general, it is good for the noise to be small. Since noise is generally a random process, it is
best measured in terms of an RMS voltage. Statistically, the peak value of random noise is
unlimited, but the likelihood of such peaks is infinitesimally small. The likelihood of a noise
magnitude exceeding two times the RMS value is less than 5%.
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Nyquist Fregquency — Nyquist’s Sampling Theorem states that an analog signal can be exactly
reconstructed froma periodic sampling of that signal if the sampling rate is greater than twice the
highest frequency contained in the analog signal. Therefore, the Nyquist Frequency is % the
sampling rate (F§/2). Any freguencies contained in the analog signal above the Nyquist
Frequency will be aliased into the band 0 — Fs/2 by the sampling process.

PGIA — Programmable Gain instrumentation Amplifier. An instrumentation amplifier in which
the scaling coefficient which multiplies the difference between the input voltages to produce the
output voltage can be changed via control signals. In an instrumentation amplifier which is not
programmable, the scaling coefficient istypically set by aresistor.

Pseudodifferential Input - A differential input in which the negative input is intended as a
voltage reference only, not to carry signal information. The negative input is isolated from the
system ground, and the pseudodifferential input istherefore useful for preventing ground loops. In
a multichannel system, many pseudodifferential inputs may share the same reference input; while
itiscommon to theinputs, itisstill isolated from system ground.

Quantization noise— Because of the limited number of bits available in a practical A/D, the
digital output of the A/D does not exactly represent the input analog voltage. In an ideal A/D, the
quantization noise is, on average, equal to the voltage represented by Y2 of the least significant
output bit. Quantization noise can usualy be effectively modeled as flat frequency spectrum
between 0 and ¥ the sampling frequency, i.e. the Nyquist Frequency. Quantization noise
improves by 6 dB for every bitinan A/D.

Reconstruction filter — Also known as a smoothing filter. A D/A converter typically operates by
generating a voltage proportional to a digital value, and holding that voltage constant for a time
period equal to the l/sample rate. This operation, known as a “zero-order hold”, has
consequences in the frequency spectrum of the analog signal output from the D/A converter.

Specifically, the desired frequency spectrum of the D/A output is replicated at every integer
multiple of the D/A sampling frequency (Fs). A reconstruction filter “smoothes’ the D/A output
in the time domain, or attenuates the undesired replicas of the output signal at higher order
multiples of the D/A sample rate.

A second effect of the “zero-order hold” architecture of the D/A is that within the desired signal
range, (i.e. from O Hz up to Fs) there is an amplitude rolloff proportional to sin @*f/Fs) /
(P*f/Fs). This ratio is known as the sinc function, and results from the rectangular “stair step”
shape of the D/A converter time-domain output. The sinc response causes the output of a D/A
converter to be attenuated by 3.9 dB at the Nyquist Frequency, F¥2. Some reconstruction filters
will have sinc (or sin (x)/x) compensation. In this case, the filter not only attenuates signals
outside the 0 - FS/2 frequency band, but also provides an inverse sinc amplitude response within
the 0 — Fs/2 band.

Referenced Source — A voltage source in which not only the difference in voltage between the
positive and negative terminal is defined, but also the difference between either terminal’ s voltage
and areference voltage such as ground.

Settling Time— The time taken for a system to respond to atransient event, such as a voltage step
when switching from one input to the next in a multiplexed data acquisition system. Settling time
istypically measured in microseconds from the transient input event until the measurement output
iswithin some small tolerance of the final output, such as 0.1%, 0.01%, or 1L SB.
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Single Ended Input — An input whose voltage is measured with respect to system ground.

SNR — Signal to noise ratio. Typically expressed in dB, this is the ratio of the desired signal
power to the undesired noise power.

SFDR — Spur free dynamic range. Typically expressed in dB, thisis the ratio between the power
in an input signal and the largest spurious signal, either harmonically related to the input signal or
not.

Successive Approximation — An analog to digital converter architecture capable of high
resolution conversion at moderate speed. Unlike pipelined converters and sigma-delta
converters, the input sampling rate does not need to be periodic and the start and end of a
conversion are well-defined, making it the most suitable architecture for multiplexing inputs.
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Technical Support

Acquitek is committed to providing exceptional technical and engineering support.
When you need help with your Acquitek XH Series product, please have the
following information available:

A complete description of the problem, including any error messages or
instructions on re-creating the error.

Y our computer configuration, including brand, processor, speed, memory,
and other hardware installed.

Description of what is connected to the XH Series boards.
Operating System Environment (Windows, Linux, €tc).
Information on the compiler you are using, if applicable.
Sample code, if applicable.

Technical support can be contacted as follows:

Acquitek , SAS.

12 avenue des prés

Montigny le Bretonneux

78059 St Quentin en Yvelines

France

Phone: +33161 373211

Fax: +33161373213

e-mall: support@acquitek.com
Web: http://www.acquitek.com

Technical Support Hours
Monday — Friday: 9:00 an —6:00 pm (GMT +1)
Saturday, Sunday & Holidays: Closed
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