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How To Use This Manual

This manual explains the setup and operation of the WaveBook data acquisition system including
WBK option cards and modules. This manual is divided into atable of contents, 12 chapters, and an
appendix. The chapters are briefly described as follows:

Chapter 1 - Getting Started gives an overview of the basic features of a WaveBook system. A “quick

start” section outlines how to start up asimple system. Application programmers are advised on
the use of various software drivers that come with the WaveBook.

Chapter 2 - Installation, Configuration, and Calibration explainsin detail how to set up a
WaveBook system including hardware, software, configuration, system testing and calibration.

Chapter 3 - WaveBook Expansion Options describes the various WBK devices that work with the
WaveBook for expansion, signal conditioning, interfacing, and power supply. This chapter
begins by explaining WBK power management and then proceeds to discuss the WBK cards and
modules including block diagrams, setup procedures, operation, and software concerns.

Chapter 4 - Operation Guide explains the system’ s theory of operation. Basic concepts of data
acquisition with a WaveBook are explained, including: managing the acquisition process,
initialization and configuration, specifying the scan, processing analog signals and digital 1/0,
trigger types and capabilities, and data transfer. Note: many of the operations are explained
using software commands from the standard Application Programming Interface (API).

Chapter 5 - Using WaveView explains the ready-to-use software that is included with your system.
This chapter shows you how to install and configure the software to meet your system
requirements. Numerous figures show screen shots related to all aspects of system operation.

Programmer s Note: Chapters 6 to 12 are for use by programmers; if you are using WaveView or
another ready-to-use program, you can skip these chapters. The comparative features of the standard
and enhanced APIs are described in the last section of chapter 1. If using the standard API, read the
appropriate language chapter (6 to 9) and chapter 10. If using the enhanced API, read chapters 11 and
12. Chapter 4 explains system operation in terms of standard APl commands.

Chapter 6 - Using WaveBook/512 with C explains how to program basic data acquisition tasks with
sample programsin C using the standard API.

Chapter 7 - Using WaveBook/512 with QuickBASIC explains how to program basic data acquisition
tasks with sample programsin QuickBASIC using the standard API.

Chapter 8 - Using WaveBook/512 with Turbo Pascal explains how to program basic data acquisition
tasks with sample programs in Turbo Pascal using the standard API.

Chapter 9 - Using WaveBook/512 with VB Subroutines Support explains how to program basic data
acquisition tasks with sample programsin Visual Basic using the standard API.

Chapter 10 - Command Reference (Standard API) explains all wbk...commands and their related
parameters.

Chapter 11 - Enhanced API Programming Models (WaveBook) describes the fundamental building
blocks for data acquisition software using the enhanced API. These programming blocks can
then be arranged and filled with your parameters to make your system do as you please. Program
excerptsillustrate the basic concepts and can often (with modification) be used in your code.

Chapter 12 - WaveBook Command Reference (Enhanced API) explains al the daq...commands
and parameters that pertain to WaveBook.

Appendix: Accessories and Specifications includes alist of available accessories and the physical
and performance specifications for the WaveBook/512 and related WBKSs.

personal injury or equipment damage. Before setting up and using your equipment,
you should read all documentation that covers your system. Pay special attention to
cautions and warnings formatted like this one.

f Using this equipment in ways other than described in this manual can cause
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Getting Started 1

This short introductory chapter:
Describes the WaveBook/512 controls and connectors
Describes the system’ s basic features
Offers guidelines for a“quick start” including setup and operation
Explains software driver options for programmers

General Description

Front Panel of the WaveBook/512

— === @ ACTIVE
| ORniiiny/O | o READY

N\ N <« DIGITAL IO TRIGGER @ POWER
COMMON CH1 CH2 CH3 CH4 CH5 CHE CH7 CH8

MADE IN USA

WaveBook/512 Front Panel Layout
The front panel of the WaveBook/512 has the following components (lft to right):
1 Binding post for ANALOG COMMON reference
8 BNC connectors for analog inputs (analog channel 1 is also the low-latency analog trigger)
1 D-25F for digital 1/0, including trigger input
3 Status LEDs (ACTIVE, READY, POWER)

Rear Panel of the WaveBook/512

0 1 PONERIN POWEROUT. EXPANSION EXPAFféIéN

+1ovpc To +30vDc)  TO PARALLEL PRINTER TO COMPUTER CONTROL SIGNAL IN

MADE IN USA

WaveBook/512 Rear Panel Layout

The rear panel of the WaveBook/512 has the following components (left to right):
- POWER switch (0-off; 1-on)
2 circular 5-pin DIN connectors for POWER IN and POWER OUT (pass-through)
1 DB25F for TO PARALLEL PRINTER (pass-through)
1 DB25M for LPT/EPP host (TO COMPUTER) connection
1 HD-15F EXPANSION CONTROL output
1 BNC connector for analog input EXPANSION SIGNAL IN

System Features

The WaveBook/512 is a DSP-based, 12-bit, 1 million sample-per-second portable data acquisition
system for notebook and desktop PCs. The 8-channel instrument is designed for applications that
require high resolution and/or high-speed signal capture, such as engine strain testing, multi-channel
acoustical testing, mechanical integrity testing, and vibration/shock/strain testing.

Specm c featuresinclude the following:
Expansion Options. Using 8-channel expansion chassis (the WBK10) allows system expansion
up to 72 analog channels. Each 8-channel chassis may be equipped with the field-installable
WBK11 simultaneous-sample-and-hold card which minimizes inter-channel skew and adds
additional, higher-sensitivity gain ranges. Various WBK option cards for a variety of applications
are described in chapter 3.
Power Options. The WaveBook can be powered from the included AC adapter or a 10 to 30
VDC source such as a car battery or the DBK30A rechargeabl e-battery module. This flexibility
for input power makes the WaveBook ideal for portable, field, and/or bench-top applications.

WaveBook User’s Manual 1-1



Getting Started

Chapter 1

Quick Start

Easy PC Connection. The WaveBook connects to a notebook PC viathe enhanced parallel port
(EPP) or an optional PCMCIA interface (WBK20). The WaveBook may also be connected to a
desktop PC viathe EPP port or an optional ISA plug-in card interface (WBK21). Standard non-
EPP ports may also be used but at reduced throughput (also, a printer can be connected in pass-
through mode).

Digital Signal Processing (DSP). The DSP-based design allows you to define an arbitrary scan
sequence of channels and associated gains across all of its channels. The DSP also provides real-
time digital calibration on a per-sample basis, eliminating the need for manual adjustments and
allowing expansion of signal-capacity and installation of options without recalibration. The
WaveBook permits a programmable trigger based on the signal levels of any combination of
analog channels.

Programmable Scan Sequencing. A 128-location scan sequencer alows you to program the
analog channel scan sequence, the associated unipolar/bipolar A/D range, and the input amplifier
gain. The unit performs 1 Msample/s scanning and gain switching over both its built-in and
expansion channels (up to itslimit of 72). The WaveBook/512 can aso be switched from
unipolar to bipolar operation on a per-channel basis at the full sampling rate (every 1 us). The
WaveBook/512 takes readings in scans of up to 128 individual readings. Within a scan, readings
aretaken at afixed 1 usrate. The time between scansis adjustable to provide varying sample
rates. The start of each scan is delayed from the start of the previous scan by a programmable
interval (settable in 0.05 ps (50 ns) increments, subject to the 1-ps minimum interval between
samples and a 100-s maximum interval).

Multi-channel triggering. Multi-channel triggering allows you to program any combination of
analog input channels including expansion channels as the analog trigger. Y ou can also program
trigger-level slope and hysteresis for each trigger channel and then combine multiple trigger
channelsin alogical "and" or "or" function to determine whether an actual trigger condition has
occurred. The DSP initiates sampling of the trigger channels, calibrates incoming data, compares
readings to pre-programmed trigger states, and then determines whether the trigger conditions are
satisfied. All these operations occur in 2 ps plus the time required to sample each trigger channel
(1 ps/channel).

Single-channel triggering. The WaveBook/512 is also capable of low-latency single-channel
triggering using either analog input channel 1 or a TTL-trigger input. The analog trigger level is
programmable with 12-bit resolution, and both trigger inputs may be set for either rising- or
falling-edge detection.

Pre- and post-trigger readings. The WaveBook/512 can acquire readings while waiting for a
trigger and after the trigger has been detected. The pre-trigger readings may be sampled at a
different rate than the post-trigger readings. At the end of a scan of readings or the end of a series
of scans, the system will return to its original scan rate and may be re-armed for the next trigger
event.

Digital Inputs. The unit has the ability to sample 8 TTL-level digital inputs as part of the user-
defined scan sequence and can acquire the state of all 8 digital input linesin 1 ps. Thisalows
digital datato be time-correlated with the acquired analog data. The WaveBook can also write to
the digital 1/0 port under program control. Digital inputs are readable at up to 1 Mbyte/s.
Analog Inputs. BNC connectors provide convenient signal termination and ensure signal
integrity. To prevent inadvertent ground loops, these connectors isolate the chassis from analog
signals, commons, and shields.

These Quick Start guidelines can be used for very simple systems or as a preview for more complex
systems as described in the next chapter (Installation and Configuration). Note: Most users will need
to refer to other chapters for specific details on setup and operation.

PC Connection

The WaveBook/512 communicates with alaptop or desktop computer through the parallel printer port
or aport adapter (for the WBK20 or the WBK 21, refer to their separately-supplied instructions).

1-2
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Connect the supplied cable to the computer's parallel port or adapter and then to the WaveBook port
marked "TO COMPUTER". Optionally (for printer pass-through capability), connect your printer's
cable to the port marked "TO PARALLEL PRINTER".

Personal Computer with
parallel port, WBK20, or WBK21 adapter To parallel port on printer

V4/0/0/0/0/0/0/0/0/0/0/0/4

Wa"eB°°k/512/\\ Parallel Printer ]
: — (Optional)

PC-to-WaveBook/512 Connection

Signal Connections

The front panel has 8 BNC connectors for analog inputs, a binding post for analog common, and one
D-25F connector for Digital 1/0. Channel 1isalso used for low-latency analog triggering.

The center pin of each BNC connector is the high or positive input, and the outer shell isthe low or
negative input. The inputs are differential: the measured voltage is the difference between the high and
low signal levels. For proper operation each analog input signal (high or low) must be within +11 volts
of the WaveBook's analog common level. An analog common connection is provided by the front
panel binding post. If the analog signal sourceis floating (does not connect to a common ground) with
respect to the WaveBook, then it may be necessary to connect the analog signal source to the analog
ground binding post to keep the analog signals within the £11 volt common-mode range. Analog
common is at the same potential as the PC's digital ground. The analog channels are not isolated from
the PC. In contrast, the WaveBook's power supply input isisolated from the rest of the WaveBook,
including the analog ground and the PC’ s digital ground. Note: grounding is explained more fully in
chapter 2.

Power Connections

The WaveBook can be powered from the supplied wall-mount AC-to-DC converter or from the
optional DBK30A battery module. The wall-mount converter (TR-27 or TR-27E for European
applications) plugs into a standard wall outlet; its other end plugs into the circular DINS receptacle on
the WaveBook's rear panel (the DIN5 pinout can be found under Power Requirements in chapter 3). If
using the battery module, refer to the DBK30A section of chapter 3.

Standard
Wall Outlet

EX

ovoo To-woroe TOPARALLEL PRINTER TO COMPUTER

WaveBook/512

Wall-mount
AC/DC Converter

Power Connection

Software Installation

The WaveBook system includes a Windows program called WaveView that provides an easy way to
collect data from the WaveBook/512. To install WaveView, insert software disk 1 into your floppy
disk drive, and choose RUN from the Windows Program Manager FILE menu and type A( or

B) : \ SETUP. EXE. Follow the on-screen prompts; setup is fairly intuitive whether using the 16-bit
WaveView with Windows 3.1 or the 32-bit WaveView with Windows 95/NT (refer to chapter 5 if
necessary).

The user should add the following line to the aut oexec. bat file on the host PC:
c: \wavebook\ wbkr eset . Thiscommand performs areset of the WaveBook whenever the PC is
restarted and is especially important if a printer is attached through the WaveBook/512.

WaveBook User’s Manual 1-3



Getting Started Chapter 1

Testing the System

After software installation, the hardware must be tested to verify communication between the PC and
the WaveBook. The 16-hit software includes \BKTest . exe to test hardware performance (the 32-bit
software has similar performance tests). Thistesting verifies the PC's parallel port (or WBK20/21
adapter) capabilities and then estimates the port's maximum performance, using both standard and
enhanced protocols. Testing also verifies that the WaveBook is properly attached and ready to operate.

To run the program, move to the WaveBook directory and type WBKTest . The program will perform
severa tests on the PC and WaveBook and then print out the results. Once WBK Test successfully
communicates with the WaveBook/512, WaveView may be used to collect readings.

WaveView Overview
Note: Chapter 5 explains WaveView in detail; the following isintended only asa“quick start”.

WaveView is aWindows application for operating the WaveBook system. No programming is
required to use WaveView. It allows usersto acquire data for immediate viewing or for storage to the
PC's hard disk.

Start WaveView by (double)clicking on its program icon to display the main window (see figure).
WaveView interrogates the hardware after it starts up to see what options and expansion modules are
actually connected to the WaveBook. The total number of channels displayed on the configuration
menu corresponds to the number of channels connected.

%W aveYiew Configuration [_ o] =]
Menu Bar ————— "R gt window  System

CIENE I REENEE R

Tool Bar — |
(placing cursor on

icon displays label)

" Channel Configuration
2 => [CER—— -
Input Channel Channel On? = []
Configuration \
Spreadsheet
[
A0 50 | CHO W Bypaszz | BBBEE.70 Elliptic
B0 50 CHOZ W Bypaszz | BBBEE.70 Elliptic
B0 50 CHO3 W Bypaszz | BBBEE.70 Elliptic
B0 50 CHO4 W Bypaszz | BBBEE.70 Elliptic
B0 5.0/ | CHOS W Bypazs | EEEEE.70 Elliptic
B0t 5.0/ | CHOE W Bypazs | EEEEE.70 Elliptic
B0t 5.0V | CHO? W Bypazs | EEEEE.70 Elliptic
A0 50/ CHOS W Bypazs | BEBEE.70 Elliptic
A0 &M CHO9 W Bypass | 100000.00 Butterworth |01 Hz 2,
A0 &M CHIO0 W Bypass | 100000.00 Butterworth |01 Hz A,
A0mEM  CHN W Bypass | 100000.00 Butterworth |01 Hz A,
A0 bM CH12 W Bypazz  100000.00 Butterworth 0.1 Hz 2
A0 bM CH13 W Bypaszz | 100000.00 Butterworth (0.1 Hz Off
H0bM CH14 W Bypaszz | 100000.00 Butterworth (0.1 Hz Off
S0t 50 CHIS ") Bupass 10000000 Buttersoth 01 H uli; i

Configure Channels

To begin acquiring data with WaveView, turn on only those channels to which you have signals
connected. This can be done by clicking once in the On column next to the desired channel number
and selecting "YES" or "NO" from the listbox above the spreadsheet. Turning a channel on will cause
the channel to be sampled during an acquisition.

Select the appropriate parameters for each channel. Note that the spreadsheet entries can be changed
for al channels by clicking once on the column label at the top of the spreadsheet to highlight the
column and then making the appropriate entry within the selection box that appears as needed above
the spreadsheet.

Gain and offset are selected by choosing an entry from the Range entry box.

A name may be assigned to each channel by editing the Label box for that channel.

Volts or milliVolts for each channel may be selected within the Units column.
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Configure Scan and Trigger

Next, move to the Scan Count selection box and enter values for Pre-trigger and/or Post-trigger, as
desired. Thetimebase for the acquisition can be set to Frequency or Period within the Timebase
selection box. The desired trigger source and parameters are selected in the Trigger selection box.

Collect Data

Now you are ready to read data from the WaveBook/512. Select the Scope option from the Window
menu. To start performing acquisitions, click on the One Shot button, or the Continuous button, then
click the Arm button. Additional channels may be viewed (up to 8) simultaneously by changing the
entry in the Number of Charts menu. The next figure shows the WaveView Scope screen. Two
channels are displayed in this example (up to 8 channels can be displayed at atime).

& W aveYiew Scope =] E3
Menu Bar — = File &cquire  Charts  Options  Window
Tool Bar——» g L] = @ \@l F o e m mr ﬁ "|
S e A 0 A L e
Scope Mode — R EIRINIE HYIBIBIEIED T
Display 4 A O I [ e A
\li—“’ i- T T k| R Rl g vl R (R -
=007, LN s s
" 1h) A B AL TIEEERR A pLEH j
o WA R
i Ui i
i ! A
e S S S S S S T O S S T T T N R T A T S R S
0.000has 433 000ms
< i
|N|:|. Scanslw Scare |n'isw | 500 Pre | Fost| 20.000ms/div | Amed
Store Data

Collected data may be stored to disk by clicking on the Disk button (first icon on l€eft).

Driver Options (for programmers only)
Theingtal disksinclude several “drivers’ to accommodate various programming environments. This
section isintended to help you decide which APl and programming language to use in developing your
application.

WaveBook applications can be written to either the Standard WaveBook API or to the Enhanced Dag*
API. The Standard API has the same format (only written to 32-bit mode) as the Windows 3.1 version
of thedriver. Standard API functions have thewbk... prefix. The Enhanced API isanew format
which can be generically used with the WaveBook, DagBook, DagBoard, Daq PC-Card and
TempBook product lines. Enhanced API functions sharethe dag... prefix. Generally,
If starting with an existing WaveBook Application written to Windows 3.1, the quickest port isto
use or re-write code to the Standard API.
If writing anew application, it is best to write code to the Enhanced API due to itsimproved
performance and enhanced feature set (see following).
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Standard API (wbk )

The standard API was originally written for the WaveBook’s Windows 3.1 driver. However, it can be
used under Windows 95 in 16- or 32-bit mode or under Windows NT in 32-bit mode. The standard
API isthe only API option available for Windows 3.1 or DOS applications. Use the Standard API:
When developing a new or existing DOS application
When developing a new or existing Windows 3.1 application
When a quick port of an existing 16-bit mode (Windows 3.1) application to 32-bit mode
(Windows95/NT) isrequired

Enhanced API (daq )

The Enhanced API for 32-bit systems has several features that are not present in the standard API:
Multi-device - can concurrently handle up to 4 devices (including WaveBooks, Dag* products,
and/or TempBooks)

Larger buffer - can handle up to 2 billion samples at atime
Enhanced acquisition and trigger modes

Direct-to-disk capabilities

Wait-on-event features

Uses multi-tasking advantages of Windows 95/NT

Because of these new features and other improvements, we recommend you use the Enhanced API
whenever feasible. Use the Enhanced API:

When devel oping new or existing Windows 95 applications

When developing new or existing Windows NT applications

When porting an existing Standard API application to 32-bit mode to take advantage of the
Enhanced API features

Language Support
The following table shows language support for the standard and enhanced API drivers.

Standard API (16-bit) Supported Languages Enhanced API (or 32-bit Standard) Supported Languages
C/C++ C/C++
Microsoft Visual C++ Microsoft Visual C++
Borland C++ (v4.0 and greater) Borland C++ (v4.0 and greater)
BASIC BASIC
Microsoft Visual Basic (v4.0 and greater) Microsoft Visual Basic (v4.0 and greater)
QuickBASIC
Pascal Delphi
Turbo Pascal Borland Delphi (v2.0)
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This chapter walks you through several important steps in properly setting up your WaveBook system.
Although particular systems and environments may vary widely, following these guidelines will ensure
asuccessful startup. The generic installation/setup procedure includes:
- Hardware installation—connecting all system devices and power
Software installation—I oading system software for your requirements and PC’ s operating system
Configuration—setting up various software parameters to achieve the best performance for your
requirements
Testing and calibration—verifying performance of communication among connected devices and
ensuring accuracy of the data.

Inspection

The WaveBook/512 system was carefully inspected prior to shipment. When you receive your system,
carefully unpack all items from the shipping carton and check for any obvious signs of physical damage
which may have occurred during shipment. Immediately report any damage to the shipping agent.
Retain all shipping materialsin case you must return the unit to the factory.

Hardware Installation

PC connection. The WaveBook/512 connects to a laptop/notebook or desktop PC through the parallel
printer port or through a WBK20 or WBK 21 high-speed adapter. A parallel printer may be used with
the WaveBook by connecting it to the WaveBook's printer pass-through connector.

Signal connection. Analog signals are connected with standard BNC connectors. Digital signals are
connected to the DB25F connector.

Power connection. The WaveBook is powered by the supplied wall-mounted adapter. The unit can
also be powered from a user-supplied 10 to 30 VDC source (such as a car battery) by using a standard
5-pin DIN connector (for connector pinout, see Power Requirements in chapter 3).

Connecting to Desktop PCs

The WaveBook may be connected to standard desktop PCs either through the PC's standard parall€el
port or through the optional WBK 21 high-speed parallel port.

Standard Parallel-Port Connection

Follow these steps to connect to a desktop PC through the standard parallel port:
1. Power down the PC.
2. If aparalé printer connects to the PC, disconnect the printer cable from the parallel port.
3. Plug the WaveBook's cable (CA-140) into the computer's parallel port. The parallel port
connector is a 25-pin socket connector.
4. Connect the other end of the cable to the WaveBook port marked "TO COMPUTER".

High-Speed Parallel-Port (WBK21) Connection

For maximum performance the high-speed WBK 21 may be used.

1. Power down the PC.

2. Configure the WBK 21 according to the instructions provided in its manual. Remember to record
the WBK 21 address and interrupt settings for future reference.

3. Open the PC and insert the WBK 21 into an available 16-bit slot. The WBK21 will not operate
correctly in an 8-bit dot.

4. Replace cover on the PC.

5. Plug the WaveBook's cable (CA-140) into the WBK 21 parallel port. The parallel port connector
is a 25-pin socket connector.

6. Connect the other end of the cable to the WaveBook port marked "TO COMPUTER".
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Connecting to Laptop PCs
The WaveBook may be connected to laptop PCs either through the PC's standard parallel port or
through the optional WBK20 PCMCIA high-speed parallel port.

Standard Parallel-Port Connection

Following these steps to connect to alaptop PC through the standard parallel port:
1. Power down the PC.
2. If aparald printer is connected to the PC, disconnect the printer cable from the parallel
port.
3. Plug the WaveBook's cable (CA-140) into the computer's parallel port. The parallel port
connector is a 25-pin socket connector.
4. Connect the other end of the cable to the WaveBook port marked "TO COMPUTER".

PCMCIA Card (WBK20) Connection
For maximum performance the high-speed WBK 20 PCMCIA card may be used.
1. Insertthe WBK20 into afree Type Il PCMCIA socket.
2. Insert the provided cable into the end of the PCMCIA card.
3. Connect the other end of the cable to the WaveBook port marked "TO COMPUTER".
4. Follow the instructions provided with the WBK 20 to load the required software drivers.
Remember to record the WBK 20 address and interrupt settings for future reference.

Analog-Signal Connections and Proper Grounding

Both the WaveBook/512 and the WBK 10 each have 9 analog input connections: 8 BNC connectors for
analog input signals, and 1 binding post for analog common.

Each BNC analog-signal connection carries adifferential signal, the measured analog voltage is the
difference between the center (positive) voltage and the shield (negative) voltage. The center and
shield are each connected to analog ground through a5 Mw resistor, giving a 10 Mw differential input
impedance. (Signals from many transducer types will need to be conditioned for voltage and
impedance levels to achieve WaveBook's speed and accuracy; e.g., via WBK signal-conditioning cards
and modules.)

The analog ground of the WaveBook/512 connects directly to the digital ground which connects to the
computer's ground through the parallel-port cable. 1f the computer is a desktop computer, then this
ground will be at the ground of the AC power line. If the computer is alaptop computer, its ground
will be at the same potential as the WaveBook's analog ground but may have no relation to other
grounds.

The analog ground of the WBK 10 is not directly connected to digital ground. A pair of Shottkey
diodes keeps the analog ground within afew tenths of avolt of the digital ground.

Analog Input Analog Input
(10f8) /"@NC (10f8) /"@NC
o + Center 5 - + Center N
To Input To Input

Buffers Buffers
- Shield o - Shield . »
+11 V max 5MQ 5MQ +11 V max 5MQ 5MQ
operating | operating , |
o v+ =l
V4 = \v4 =
Grounding Node Analog Digital Grounding Node Analog Digital
Binding Post Ground  Ground Binding Post Ground Ground
WaveBook/512 WBK10

The WaveBook and WBK 10 both have isolated power supplies. Thereis no connection between their
power inputs and the analog ground.
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In order for the WaveBook or WBK10 to correctly measure the input signals, each signal must be
within £11 volts of the analog signal level. Depending on your application, this may be achieved in
one of several ways:

Common Grounds: |f your computer and signal source are grounded by the AC line, then your
analog signals will already be referenced to analog ground and should be within the +11 volt
common-mode range. Note: laptop computers are usually not grounded by the AC line, even
when plugged into their AC power adapters.
Floating Grounds: |f both the computer and the signal source are battery operated or otherwise
isolated, then the internal 5 Mw resistors may provide enough of a ground connection to keep the
analog inputs within the common-mode range. If the computer or the analog signal sourceis AC
line powered, then the parasitic capacitance will probably drive the signals out of the common-
mode range and require a direct ground connection.
Direct Ground Connection: Unless both the computer and the signal source are already
connected to a common ground such as the AC power line, a direct ground connection is
recommended between an appropriate reference point on the signal source and the analog ground
binding post.
If the signal source is differential, then it may already have areference ground that should
be connected to the binding post. If it does not, then one of the differential signals should
be connected to the binding post with a 100 Kw or larger resistor.
If the signal source is single-ended, then connect its ground to the binding post.

When connecting several signal sources to the binding post, it isimportant to make sure that the
grounds are all compatible. There should be no circuit paths or ground loops that would tend to force
the ground connections to different potentials.

Digital I/0 Connection

The following signals are present on the DB25F high- (© )
speed digital 1/0 connector (see pinout figure and table): Do 1;\

. 8Digital 1/O Lines A0—— 2-fio I 14 0
5 Address Lines N 1N T D3
Active-low Digital 1/0 Enable output A3—— e IR
Active-low Digital 1/0 Read and Write Strobes R ]I o +5V
TTL Trigger Input WR—— 81 ;:ﬁ?j
+15V, -15V power, 50 mA max. (each supply) D5 —10t j:%%:ij%\(/%%
2 +5V power, 250 mA max. (total) D2 T UL it 24—

3 Digital Grounds TTLTRG —137——:;/@””254
To samplejust 8 digital input signals, connect them © ) onp

directly to the digital 1/0 datalines. D7 isthe most Digital I/0O Connector Signals

significant bit, and DO isthe least. The addresslines, the D7-0 Digital I/O data lines

read and write strobes, and enable signal may all be left A4-0 Digital /O address lines

disconnected EN- Active-low digital 1/0O enable
) RD- Active-low read strobe

To use the digital 1/0 address lines to select from up to 32 ¥VTF|*_T — ﬁt"t‘:_‘é"‘gr"f’;ﬁe ts”Obe

. .. igger inpu

input bytes or to use the digital 1/0 port for output, see TEVDC 250 A MmO

chapter 4. 15,15 VDC_| 50 mA maximum

Optional Printer Connection

WaveBook/512 allows for LPT pass-through for printer operation while the WaveBook is connected.
When using a printer in the system configuration, attach the original printer cable (plug DB25) into the
connector marked "TO PRINTER" on the WaveBook/512.
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WaveBook Software Installation

The WaveBook/512 software installation consists of two steps: making a backup copy and installing
the user-selected WaveBook/512 files. The software can be installed under Windows 3.1 or Windows
95/NT. A description of each method follows. Note: any previous installation of the WaveBook/512

drivers should be removed before installing a new version.

Making a Backup Copy

Make a backup copy of the release disks as follows:

Noug,rwhpk

Adding WaveBook Reset to AUTOEXEC.BAT

If the host PC is reset during an acquisition, the WaveBook may not be automatically reset along with
it. The WaveBook (and any attached printer) may then not operate correctly. To assure that the
WaveBook isreset correctly, the WaveBook reset program (wbkReset), supplied with the
WaveBook, should be executed as part of the AUTOEXEC.BAT file. Using some type of text editor,
such as Windows "Notepad”, add the following line to the AUTOEXEC.BAT file:

c: \ wavebook\ wbkr eset

Boot up the system according to the manufacturer’ s instructions.

Enter the DOS operating system (if in another operating system, follow diskcopy procedures).
Type the command CD\ to go back to your system’s root directory.

Place driver disk #1 into drive A (or whatever floppy disk drive you are installing from).
Type DISKCOPY A: A: and follow the instructions given by the DISKCOPY command.
This process may require swapping the release and backup disks several times.

When the disk copy is complete, repeat the process for al disksin the installation set.

Note: The path may be different if the software was installed into a directory other than \wavebook.

Installation Under Windows 3.1
The WaveBook Windows Install program copies the user-selected files and creates a Windows

program group and icons.

1. After exiting other programs, begin Setup Options

installation by putting disk #1 of the
Windows 3.1 set into your floppy disk
drive. From the program manager
choose File/Run to run the
SETUP.EXE file.

2. The Windows Setup dialog box asks
you for a destination directory.

3. From the next dialog box, select the
Typical, Compact, or Custom/Full
installation (see figure). After the
options have been selected, the bottom

Select a setup type.

Typical
g Recommended for most computers.
Compact
WwaveView wil be installed without any additional
options.

Custom/Full
=
| For advanced users and system adminishiators only.
‘Y'ou can customize all available Setup options.

< Back I Hest > I | Cancel I

Of the screen WI ” d|$|ay the arnount Of ‘WaveBook - Custom Installation

hard disk space required for the
installation and the amount of disk space
remaining after installation. Make sure
thereis room available for installation
before continuing.

4. Afterinstalling the files from disk #1,
the program will prompt you to place
therest of theinstallation disk set into
the floppy drive. A final message will
display when installation is compl ete.

Ir the Components list. select the items you wish to install and clear the
items you don't wart ta install,

= Wavetien 4199 K
3 Visual Basic for Windows 107K
2 VBX Taols 268K
B2 C for Windows 12K
EE WaveCal 1454 K
FE DOS Support Files 318

Destination Director
" CAwAYEBOOKA |

Space Required: E738 K
Space Available BIEK,

Browse...

| < Back I Mext » I | Cancel I

Note: To verify proper performance, WBKTest (described in the next section) should be run after
installation under Windows 3.1 (installation under Windows 95/NT has its own hardware test).
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Using WBKTest

In systems with Windows 3.1,
WBKTest isa utility program that
tests the communication channel
from the computer to the
WaveBook/512. WBKTest is
easy to use. RUN the program,
select your test options, and then
view the results. Besidesthe

i WBKTEST

B B S5 Al

Select EPP Interface

. Descriptioen
1 Standard printer port, no EPP capability.

Compag LTE Lite (LPT port set-up as LPT2:)
Zenith Z-Hote 42%
Other 386S5L74B65L-based computers

Far Point Communications F/PORT configured for EPP

QUATECH ULTRA-100 configured for EPP
Other SHC 37C666-based boards configured for EPP

iﬁtech WEKZD (PCHMCIA) or WBR2Z1 (ISA-bus) Fast EPP Adapter
EPP Bios (Draft Revision 3)

opening screen, 2 other screens
include the test selection screen
and the test summary screen (see
following figures). You should
select the interface test that best
matches your system
configuration. Option 1 should
work with printer ports from all
computers.

Enter your selection:

ished - WBKTEST

Enter your selection: 8

A YaveBook has been detected on LPT1 at 0378.
This poert is capable of standard 8-bit L[/0.
Testing for reliable 8-bit L/0...

Testing for reliable &4-bit IS0

Estimating 4/8-bit output sp

Estimating 8-bit input speed

Estimating 4-bit input speed

Testing for reliable EPP I/0 3
Estimating EPP input speed...done.

WaveBook Test Summary

170 Address 378 1]
EPP Type UbkProtocolFastEPP
WaveBook Detected Yes
Reliable Operation 4-, 8-bit or EPP

111 KBfsec

2271 RBfsec
8-bit Input Speed 176 EB/sec
h-bit Input Speed 122 KB/sec

Installation Under Windows 95 and Windows NT

This section describes the installation of WaveBook software under the Windows 95 and Windows NT
operating systems. Installation for both Windows 95 and Windows NT are operationally equivalent.

In fact, they use the same installation disk set. Theinstallation program automatically detects which
operating system is running and then proceeds accordingly. Note: The following figures show screens
for aWindows 95 installation; however, identical procedures apply for aWindows NT installation.

Two preliminary steps are to:
Locate the disk set labeled WaveBook Software for Windows95/NT and make a backup copy of
the disk set before proceeding.
(If the WaveBook isto be used immediately) Attach the WaveBook to the desired LPT port and
power-on the system before starting the software installation.

Now insert the diskette labeled Disk 1 of the Windows 95/NT set into the floppy drive. Locate the
drive and double-click on the file Set up. Exe. Theinstallation process begins and displays a
Welcome screen with copyright and other information regarding the product. Click Next> to continue
with theinstallation. Click Cancel to exit without installing the software. Note: If other Windows
programs are running, select Cancel, exit all other programs, and return to the WaveBook installation
when ready.

The next screen (see next figure) allows you to specify the program folder in which to install the
software. A list of current program folders can be used or you can specify anew one. Click Next> to
continue with the installation. Click Cancel to exit without installing the software.
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Select Program Folder

Setup will add program icons ta the Program Folder listed belaw.
rou may type a new folder name, or zelect one from the existing
Folders ligt. Click Mext to continue,

Program Folders:

i aveB ook for Wink T

Esizting Folders:

Administrative Toals [Commaon)
Dage far WwWintT

Microsoft Publizher

Microzoft Reference

Spread 2.5

< Back I Mewxt > I

Cancel |

The next screen displays component installation options. All selected items (indicated by the check-
mark) areinstalled. By default, all options are selected. To de-select an item, click the corresponding
check box for that item. To select ade-selected item, click the corresponding check box for the item.
The bottom of screen displays the amount of hard disk space required for installation and the amount of
disk space remaining after installation. Make sure adequate memory is available before continuing.
Click Next> to continue with the installation. Click Cancel to exit without installing the software.

WaveB ook Software for Windows NT Installation Ed

I the Components list, place a check nest to the items and
options you wizh ko inztall and clear the check for items you don't
want to inztall

LComponents

v [ T [Heq .
¥ ifavehfiew 7.0 8934 k.
¥ Postiiew 1.5 947 K
v Wavelal 7.0 T46 K
¥ [ Language Support 195 K
¥ Visual Basic Support 214K
¥ Delphi Language Support 78K

— Destination Directory
C:\Program Filez\Dag=

Browse... |

114584 k.
2OB128 K

Space Required:

Dizk Space... |

Space Available:

< Back I Mest » I

Cahcel |

The next screen shows the progress of the installation of the software components. Astheinstallation

progresses, you may be asked to periodically insert the next disk into the floppy drive. When

prompted, replace the current disk with the next disk. When the software component installation is

complete, you are given 3 options:

Exit and perform device configuration (If the WaveBook is to be used immediately, you should
select this configuration option and proceed to the next section).

Exit and review the readme file for up-to-date information on the current release version.

Exit completely and return to your operating system.
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WaveBook Configuration Under Windows 95/NT

This section describes the configuration of WaveBook devices under the Windows 95 and Windows
NT operating systems. A configuration utility is supplied via a control panel applet. The Daq
Configuration applet allows you to add a device, remove a device, or change existing configuration
settings. Dag Configuration also has a built-in test utility to test the device. Thetest utility provides
feedback on the vaidity of the current configuration settings as well as providing relevant performance

summaries.

%3 Daq Configuration
Dag Configuration can be found in the Windows 95/NT B e
control panel and can be executed any time that it is desirable
to add, remove or change device configuration settings. Dag Y Dokt

Configuration may also be entered during driver installation.
The following description applies to either method.

The Daq Configuration/Device Inventory screen at right will
display al currently configured devices. Displayed devices
are indicated by their name and an identifying icon which
indicates the device type. If no devices are currently
configured, no devices will appear in this field.

The 4 buttons across the bottom of the Dag Configuration
screen are used as follows:
Properties. Current configuration settings for a device
can be changed by bringing up the corresponding properties screen. To do so, double-click the
deviceicon or single-click the device and then double-click the Properties button.
Remove. The Remove button is used to remove a device from the configuration. A device may
be removed if it isno longer installed or if the device's configuration no longer applies. Note: if a
deviceis removed, applications may no longer access the device. However, the device can be re-
configured at any time using the Add Device function described below.
Close. The Close button may be used at any time to exit the Dag Configuration applet.
Add. The Add Device button is used to add a device
configuration whenever anew deviceis added to the
system. Failure to perform this step will prevent

Buopeities | AddDevics |  Remove | oo |

applications from properly accessing the device. F [:,:V":EBTJ" pkim . r
Double-clicking the Add Device button will display the DaZ;Enoij2 T =
following window (Note: screen shows WaveBook/512 DagBoard:1 008,
currently selected): B:ggg:ggaﬁ
Use the scroll bar to find the WaveBook device type to be o 015"‘
configured. Once found, click the device type (the type o L
should then appear in the main edit box). Now double-click —

the OK button.
ok | Cancel |

The next screen displays the properties for the WaveBook
device with the default configuration settings. Fields include:
- TheDevice Name field is displayed with the default device name. However, thisfield can be
changed to any descriptive name as desired. This device name is the name to be used with the
daqOpen function (see enhanced API chapter) to open the device. Thisname will also be
displayed in the device lists for opening the device in the WaveView, WaveCal, and GageCal
applications.
The Device Type field should indicate the device type which was initially selected. However, it
can be changed here if necessary.
The Protocol field is used to set the parallel port protocol for communicating with the
WaveBook. Depending on your system, not al protocols may be available.
Note: IRQ Setting and DMA Setting for the WaveBook are currently not configurable. These fields
are reserved for future use.
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%4 Dag™ Configuration

' aveB ook Properties | Test Hardwarel

— Device Settings

Device Hame I'W'a\.-eB ookl

Device Type IWaveBnok.-’5'|2 ﬂ

— Device Resources

Parallel Part ILF'T2 j

IR Setting N

Protocol Fast EPP [wbk/20/2 7 |
Standard 4-bit

Db Setting :Standard 8-bit

SMCEEE EFP
Fast EPP [whk/20/21]

QK I Cancel | Sl

When all fields have been changed to the desired settings, you can click:
the Apply button to store the configuration.
the OK button to store the configuration and exit the current property screen.
the Cancel button to exit the current device configuration property screen without storing any
changes.
the Test Hardware tab to test the current stored configuration for the device. This selection will
bring up the Test property screen. Note: the next figure displays results from a previously run
test. Initially, the screen will show no test results.

Before testing the WaveBook, make sure the device has been properly installed and powered-on. Make
sure the parallel port cableis firmly in place on both the WaveBook and the proper LPT port in the
computer. Note: Testing the WaveBook device may, in some cases, cause the system to hang. If test
results are not displayed in 30 seconds or the system does not seem to be responding, reboot the
system. Upon power-up, re-enter the Dag Configuration and change the WaveBook configuration
settings to those that work properly.

To test the current stored configuration for the WaveBook device, click the Test button. Test results
should be displayed within afew seconds. The test results have 2 components: Resource Tests and
Performance Tests.

Resource Tests

The resource tests are intended to test system capability for the current device configuration. These
tests are pass/fail. Resource test failure may indicate alack of availability of the resource or a possible
resource conflict.

Base Address Test - Thistest will test the base address for the selected parallel port. Failure of
this test may indicate that the parallel port is not properly configured within the system. See
relevant operating system and computer manufacturer’s documentation to correct the problem.
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Performance Tests
The performance tests are intended to test various WaveBook functions with the current device

confi

guration. These tests give quantitative results for each supported functional group. The results

represent maximum rates at which the various operations can be performed. These rates depend on the
selected paralel port protocol and will vary according to port hardware capabilities.

ADC FIFO Input Speed - Thistest will test the maximum rate at which data can be transferred
from the WaveBook’ s internal ADC FIFO to computer memory through the parallel port. Results
are given in samples/second (sampleis 2 bytesin length representing a single A/D count).

%4 Dag™ Configuration

WwiaveRook Properies  Test Hardware I

Prior to testing please make sure your device iz connected to
the PL.

|F pour computer does not respond for 30 seconds pleaze
reboot and change the zettings in the configuration utility.

— Test Results

Resource Tests
Baze Address Test -» Pazzed

Performance Tests
ade Fifo Input Speed > 1704400 zamples/zec

0k | Cancel | i

Connection Troubleshooting (Windows 95/NT)

If communications cannot be established with the WaveBook or if trying to connect causes the system
to hang or crash, then you should:

Check that WaveBook’s power LED is ON. If not ON, verify power connection between the
WaveBook and the power source.

Make sure the LPT cable is firmly attached to the computer’s proper LPT port and to the
WaveBook port labeled “TO COMPUTER”.

Check that the desired LPT port has the proper resource configurations. The base address and
IRQ level must be properly configured and recognized by the operating system. The parallel port
must be capable of generating interrupts for proper operation. (Thisinformation may be obtained
in the Device Manager in the Control Panel of the operating system). More information on this
subject can befound inther eadnew. t xt filein the current software release.

Check the BIOS settings for the LPT port. Make sure the BIOS LPT protocol settings are
compatible with the settings selected for the LPT port with the Control Panel applet.

Make sure the Dag Configuration Applet has been run and the proper LPT port and protocol have
been selected for the device. The Dag Configuration applet can be found in the Control Panel of
the operating system. The Test Hardware function in the control panel applet can be used to
confirm proper communication with the device.

WINDOWS NT: Make sure the driver has been loaded. The installation will configure the
operating system to automatically load the driver at bootup. However, if there is a problem
communicating with the device, the driver can be loaded manually by using the following start
sequence from aDOS shell: NET START WAVEBK. To unload the driver manually, use the
following sequence: NET STOP WAVEBK.

WaveBook User’s Manual
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Calibration

Calibration of the WaveBook/512 may be performed 2 different ways depending on the application.
The first method uses factory-generated calibration constants—no manual calibration by the user
isrequired. The stored constants are used by the WaveView program when the user selects the
Factory Calibration Table option from the System Menu. The calibration constants are stored
onboard the WaveBook/512, WBK 10 Expansion Chassis, and WBK 11 Simultaneous Sample and
Hold card. When the components are interconnected, the software reads these constants and uses
them to perform a calibration of the components working together as a system. This calibration
method isideal for applications that require the hardware to be continually reconfigured.

The second method produces a dlightly better calibration of the system as awhole but requires
manual calibration. The procedure produces a calibration of the complete signal path from the
input to the A/D converters. The results of the calibration procedure are stored in the User
Calibration Table option of the WaveView System Menu. The user selects this option to use the
manually derived calibration parameters. Recalibration is hecessary whenever anything in the
signal path is changed, such as adding a WBK11 to a WaveBook/512. For this reason, this
calibration method may not be best suited to applications where the hardware configuration
changes frequently.

Manual Calibration

WaveCal

The WaveBook/512 suppliesinternal 0.000 V and 5.000 V (and 0.5000 V with WBK11) for
calibration. Y ou can calibrate all of the offsets and some of the gains using either the internal voltage
references or user-supplied external voltage references. A user-calibration program (WaveCal) is
provided to allow calibration using just the internal references, a DMM, and the factory-measured gain
ratios, or a calibrator capable of supplying all of the required voltages.

Calibration is carried out by the host computer which sets up the calibration, analyzes the
measurements, determines the correction factors, downloads them to the WaveBook/512 for use during
acquisition, and optionally saves them in the WaveBook/512 EEPROMs. Calibration occurs only
when commanded by host computer software. For best calibration, the software is able to adjust the
calibration constants so that a user-supplied reference within alimited calibration range is measured
accurately.

WaveCal is a Windows-based application for performing manual calibration of the WaveBook/512
system. The program is transferred to the user's PC when the WaveBook/512 installation software is
loaded. A WaveCal icon is generated in the WaveBook/512 program group. Click on theicon to start
the application (see figure of WaveCal main screen). WaveCal uses a 2-point linear approximation
method to calculate calibration Gain and Offset Errors for a given gain and polarity of each channel.

S W avelal - WaveBook/512 Calibration
Edit
" System Inventory
Calibrate this Chassis? =
Addr Chazsis | Option | Last Cal Calibrate? Concurrent?

0 |'wWaveBookh512 Mone 06/04/1996 [|Calibrate Mo
1 |Mone Mone 0E/04/1336 |Don't Calibrate |Mo
2 |Mone Mohe 0E/04/1936 |Don't Calibrate Mo
3 |Mone Mone 0E/04/1336 |Don't Calibrate |Mo
4 |Mone Mohe 0E/04/1936 |Don't Calibrate Mo
5 |Mone Mohe 06/04/1996 |Don't Calibrate |Mo
E |Mone Mone 0E/04/1336 |Don't Calibrate |Mo
7 |Mone Mohe 0E/04/1936 |Don't Calibrate Mo
8 |Mone Mohe 06/04/1996 |Don't Calibrate | |Mo

Start Calibration

2-10

WaveBook User's Manual



Chapter 2

Installation, Configuration, and Calibration

Using WaveCal

Upon loading, WaveCal performs a system inventory of all egquipment connected to the WaveBook/512
main chassis. For each chassis, the system inventory includes any option cardsinstalled and the date
that the chassiswas last calibrated. The chassis, option cards and last known calibration date are
displayed in spreadsheet form along with two other columns: "Calibrate?' and "Concurrent?'. Each
spreadsheet column is described below.

Chassis

This column displays the type of chassisfound at the specified address. Currently, the valid entries for
this column are WaveBook/512, WBK 10 or None. This column is part of the general system inventory
and cannot be changed by the user.

Option

This column displays the type of card (if any) installed on the corresponding chassis. Currently, valid
values for this column include: WBK 11, WBK 12, WBK 13, WBK 14, WBK 15, WBK 61, WBK 62, and
None. Thiscolumnis part of the general system inventory and cannot be changed by the user.

Last Cal

This column displays the date when the system was last calibrated. This date corresponds to the last
date that calibration constants were written to the chassis internal EEPROM. Therefore executing the
WaveCal program without writing the changes will not change the value of this column for a particular
chassis. Thiscolumn is part of the general system inventory and cannot be changed by the user.

Calibrate?

This column indicates whether the corresponding chassis should be calibrated. This column is user-
setable by either double-clicking the entry of the desired chassis or by clicking the column header to
select the entire column and then selecting "Calibrate" or "Don't Calibrate” under the "Calibrate This
Chassis?' list box. Initialy, all chassis are set to "Don't Calibrate". Only chassis which are present in
the chassis (whose value is other than None) column may be changed to "Calibrate". When "Calibrate"
is selected for aparticular chassis, thisindicates to WaveCal that the user wishesto calibrate at least
one channel on that particular chassis.

Concurrent?

This column indicates whether all channels on the corresponding chassis should be calibrated
concurrently. Normally, the two-point calibration process will calibrate each channel on a particular
chassisindividually. However, WaveCal has the ability to apply the same two-point calibration to all
channels on the specified chassis concurrently. Concurrent calibration can be used to greatly reduce
the calibration time for a particular system; however, concurrent calibration should not be used when
the accuracy for a particular channel within the chassis is questionable subsequent to calibration.
Concurrent calibration may be toggled for a particular chassis by double-clicking the entry
corresponding to that chassis.

After WaveCal has taken the system inventory, check to make sure that al chassis and option cards
connected to the system are properly displayed. Y ou may then select which chassis to calibrate and
whether their channels are to be individually or concurrently calibrated.
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configuration, the calibration process can be initiated by
clicking the Start Calibration button. A new screen, "System
Calibration", will then be loaded (see figure). This screen
controls the calibration process for each Chassis, Channel,
Gain and Bipolar setting in the system. The fields under
Calibration Parameters indicate the current setting for each of
these parameters. Each of these is defined in detail below.

Chassis

Indicates which chassisis currently scheduled to be calibrated.
Initially, the chassiswill be set to "Main" to indicate that the
first chassisto be calibrated is the WaveBook/512 main

Installation, Configuration, and Calibration Chapter 2
Performing System Calibration
When satisfied with the system inventory and calibration

" System Calibration

" Operator Instructions

The calibration procedure uses a
two point calibration process for

each channel and gain value. To
begin calibration for the settings

ghown below, click the Calibrate

Button.

 Calibration Parameters

Chassis Channel El
ljl Bipolar [

Gain

chassis.

Channel

Indicates which channdl is currently scheduled to be
calibrated. The value of thisfield will correspond to the
current channel number regardless of the current chassis unless
Concurrent calibration was selected for the current chassis. In
this case, the value of field will be "All" indicating that all channels on the current chassis will be
calibrated concurrently.

Test Calibrate

Skip

Gain
Indicates the current gain value scheduled to be calibrated. The value of thisfield initially startsat 1

for each channel being calibrated and will go up the maximum gain value for the current chassis. (10
for the WaveBook/512, 100 for the WBK 10).

Bipolar

Indicates the current polarity scheduled to be calibrated. Both bipolar and unipolar polarity are
calibrated for each gain value. Thisvalueinitialy is set to unipolar for each gain and will subsequently
toggle to bipolar for the current gain value.

WaveCa automatically updates the current calibration parameters depending on their current settings
and user events. The calibration procedureis controlled by the following command buttons:

Calibrate

This button initiates the 2-point calibration procedure for the
current calibration settings displayed under calibration
parameters. This may be performed as many times as the user

w. WaveCal

[ Syztem Calibration

" Operator Instructions
The calibration procedure uses a

desires for the current calibration parameters indicated.
When the Calibrate button is clicked, the Two-Point
Calibration screen will be displayed (see figure).

The calibration will be performed on the calibration
parameters (Chassis, Channel, Gain and Bipolar) shown on
the previous screen.  The user will be prompted to apply a
voltage source to the appropriate channel at the level
indicated. The user may optionally change the voltage level
dightly if it better suitsthe calibrator. After the appropriate
voltage level has been applied, the Calibrate button may then
be clicked to initiate the calibration of the first point. The user
will then be prompted to apply a new voltage level to the
appropriate channel for calibration of the second point.
Again, the voltage level may be changed dightly if the
indicated voltageis not ideal for the calibrator. The
calibration of the second point is then again initiated by
clicking the Calibrate button. The 2-point calibration for the
current Calibration Parameters is now complete.

two point calibration process for

each channel and gain value. To
begin calibration for the szettings

shown below. click the Calibrate
Button.

" Calibration Parameters

Chassis Channel El

B Ijl Bipolar [
Test Calibrate Save
Skip ' Exit
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Save

This button saves the calibration constants for the current calibration parametersindicated. Before
executing this command, the 2-point calibration for these settings must have first been performed. The
save action will also automatically update the calibration parameters to reflect the next chassis, channel,
gain and bipolar parameters scheduled to be calibrated. Once this command has been executed,
however, you may not return to the previous calibration parameter settings. So, be sure that you are
satisfied with the calibration before executing the Save command.

Test

This button may be used to test channel voltage levels both before and after calibration. This command
will display the current voltage level for the current channel(s). If concurrent calibration has been
selected for the chassis, then the voltage levels for all 8 channels for the current chassis will be
displayed. Otherwise, only the voltage level for the current channel will be displayed. A sampletestis
shown below:

wm WavelCal [_[O] =]

Yoltage Test Results:

Channel(s):

[ 9.80209| | 0.00000| | 0.00000 | 0.00000) | 0.00000] ] 0.00000] 000000} 0.00000]
0K |
Skip

This button may be used to skip the current calibration parameters indicated and move the next
scheduled chassis, channel, gain and bipolar setting. This button may be used if it is not desirable to
change the current calibration for the settings indicated.

Exit

This button is used to exit the Chassis Calibration screen. This may be used following the successful
calibration of the entire system or to exit the current calibration process.
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WaveBook Expansion Options 3

This chapter describes the option cards and modules that can be used with the WaveBook/512. WaveBook
expansion options are listed in the following table. Additional items, not reflected by the table, may be
available by the time this document goesto print. Note that some expansion options, such as WBK 20 and
WBK?21, are shipped with additional documentation.

Option Cards and Modules Used with the WaveBook
Product | Name/Description [ Capacity [ Page
DBK30A  Rechargeable Battery/Excitation Module 12-14, 24-28 VDC 3-2
, 34A-hr@ 14V
DBK34 | Vehicle UPS Module 12/24 VDC 3-6
I (Uninterruptable Power Supply) ~5.0A-hr@ 12V
WBK10 . Expansion Module 8 channels 3-8
WBK11  Simultaneous Sample & Hold Card 8 channels 3-11
WBK12 . Programmable Low-Pass Filter Card 8 channels 3-13
WBK13 . Programmable Low-Pass Filter Card With SSH 8 channels 3-13
WBK14  Dynamic Signal Conditioning Module 8 channels 3-16
WBK15 . 8-Slot 5B Signal Conditioning Module 8 channels 3-23
WBK16 . Strain-Gage Module 8 channels coming soon
WBK20 . PCMCIA/EPP Interface Card >2 Mbytes/s 3-28
WBK21 . ISA/EPP Interface Card >2.5 Mbytes/s 3-29
WBK61  High-Voltage Adapter with 200:1 Voltage Divider 1 channel 3-31
WBK62 High-Voltage Adapter with 20:1 Voltage Divider .1 channel . 3-31

The WaveBook/512 is designed for easy expansion with the WBK family of option cards and modules.
Internally, the WaveBook/512 has room for 1 signal conditioning card. For expansion, you can use 1 or
more expansion modules (WBK10, WBK 14, and/or WBK 15).

In expanding systems, be sure to provide adequate power. Various configurations are possible including the
use of a DBK30A Battery Module (also used in the Dag* family of products). Power supply options and
setups are discussed in the next section and the DBK30A and WBK 10 sections.

Power Management

Some WaveBook products use more power than others; it isimportant to compute your system’'s
requirement so you can provide adequate and reliable power. Computing the power useisimportant when
using batteries so you can determine a safe runtime before recharging. Note: using the AC adapter supplied
with each module supplies sufficient power—you need not make these cal culations unless you are daisy-
chaining units or where battery runtimeis critical .

A An incorrect use of power can damage equipment or affect performance.

To estimate your system’s total power Current Requirements (in Amps) of WaveBook Products
requirement, add up the amperage for al unitsin Products and | DBK30A | DBK30A | TR-40U
your system (see Worksheet table on next page). Product Combinations | 14 VDC 29VDC | 15VDC
The table at right gives the amperage WaveBook/512 (alone) 0.43 0.20 0.40
. gntg perage WBK10 (alone) __ 0.32 0.20 0.30
requirements for the WaveBook family of WBK11 027 0.10 022
products using the DBK30A at both voltage WBK12 0.47 0.23 0.45
settings and using the TR-40U. Note: higher WBK13 0.57 0.28 0.20
voltages draw fewer Amps for the same power WBK14 (alone) 0.90 0.50 0.85
(current drawn with other sources such as a car w‘|I3v|51K51(5t (a!°"32 8-22 g-cl’g 8- ;g
battery can be estimated from this table). ypica ' ' '
y ) WBK15 (max)** 0.75 0.36 0.70
*Typical with 8 voltage modules.
** Maximum load with 8 strain-gage modules.
You may need to consult power specifications for individual
5B modules and for any excitation currents required.
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Y ou can compute your power requirements by filling in the following table and performing the indicated
operations. Do not overload your power supply; with heavily-loaded systems (over 2.5 A when using the
TR-40U), you may need to use more than one power source.

Worksheet for Power Requirements

Unit Qty Amps Totals

WaveBook/512
WBK10

WBK11

WBK12

WBK13

WBK14

WBK15

X|IX|X[X]|X]|X]|X
tpufmpmnpnpufn

Maximum Amps |

Input voltage to the system modules (WaveBook/512, WBK 10, WBK 14, WBK 15) must be 10 to 30 VDC
and can come from an AC adapter or from a battery. System cards (WBK11,12,13) get power from their
expansion module.

Available AC adapters include the TR-40U (supplied) and the TR-27 (optional).
TR-40U has an input of 90-264 VAC and an output of 250 A @ 15 VDC.
TR-27 hasin input of 120 VAC (19.5 W) and an output of 800 mA @ 18 VDC.

Battery options include the DBK30A (see chapter 3) or other 10 to 30 VDC source such as a car battery.
The DBK30A provides 14 VDC and when fully-charged has a storage capacity of 3.4 Ashr. (Car batteries
have much higher capacities.) The basic formulafor battery lifeis:

Runtime (hr) = Battery capacity (Ashr) / Current load (A)

Note: Battery life and performance depend on various factors including battery type/condition, charge
level, and ambient temperature—you may want to allow a corresponding tolerance factor where runtimeisa
critical factor.

Connection: multiple units running on a common power supply can be daisy-chained together with CA-115
power cables (the DC current source must be sufficient for all daisy-chained units). The optional CA-116
cable permits the system to be plugged into a car lighter socket.

Power Connector Pinout

Some users may wish to make their own cable for powering the WaveBook/512 and WBK option modules
from a custom supply. The following diagram shows the pinout for the DIN5S power connector:

Note: CA-115 and 5-pin DIN arerated at 5 Amps maximum load.

Power input (or daisy-chain)
connector (female) on
WaveBook/512, WBK10, +10to+30V 4. 0O
WBK14, WBK15, and DBK30A Q" O
+10to +30V 1O ©O)3 Return

Return
2

5 No connection

View looking at rear of WaveBook
(from outside of the unit)

DIN5 Power Pinout
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DBK30A Rechargeable Battery Module

Description

The DBK30A contains a rechargeabl e nickel-cadmium battery that can power portable applications of a
WaveBook/512, expansion WBK modules, and transducers that require excitation. The unit’s rugged metal
package is the same modular size as WaveBook products for convenient stacking with the included fastener
panels and Velcro tabs. Note: In some cases, it may be necessary to compute the power use by all
connected equipment. Refer to power specifications for each component, and then verify that your power
sourceis sufficient for your runtime requirements.

g
|
7\ CHARGING 30/31 Mode
"Q—‘ LED Baltery A sw2 switch
1 /7 oWeowlc
i 31]
Fuse 2 o—
p
28 VDC—<=
Dual
Charge ——14 VDC
Circuit

;o 1\1
o, 2 50) Power
Fuse 3 POWER = 4 Output

ouT_ |

LED\O/ DINS
7 | N

[+
iif

-TBattery B Current
’ Sensing
Circuit

DBK30A Block Diagram

Power input comes from the included AC adapter that converts AC mains power into 24 VVDC to charge the
unit’s 2 battery packs. Automatic charging circuits recharge the internal batteries quickly and safely when
connected to the supplied AC adapters. For trouble-free operation, you must fully charge the batteries
before use. The charged battery runtime will depend, of course, on the current load and mode of operation.

The 2 modes of operation are the DBK30 and DBK 31 modes (the DBK30A replaces these models). An
internal slide switch SW2 determines whether the DBK30A will act as a DBK 30 (default) or DBK31.

The DBK30 mode provides 14 VDC for 3.4 A-hr. Thetypical battery runtimeisfrom 3 to 6 hours
depending on theload. Note: Thisis the default mode and should normally be used for the
WaveBook/512 and WBK modules unless 28 VDC is also required.
The DBK31 mode provides both 14 VDC and 28 VDC. 14 VDC is used for unregulated bridge
excitation for bridge-configured sensors (such asload cells) and power to WBK expansion products.
28 VDC is used for loop currents for 2-wire 4-20 mA transmitters (1.7 A-hr). The battery run-time
ranges from 1 to 6 hours, depending on system configuration.

Note: Unless you need 28 V, leave the DBK30A in the default DBK30 mode. In the DBK31 mode, only
1 of the 2 battery packs provides 14 VDC (instead of both packsin parallel in the DBK30 mode); thus,
runtime is reduced in the DBK 31 mode.
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Hardware Setup

Configuration

The only configuration option is the choice of modes as discussed above. If you do not need to use 28 V,
leave SW2 in the default position (for previously used units, you may need to verify the proper position).
The SW2 dlide switch is located inside the module on the printed circuit board near the front center of the
unit. To configure the DBK30A’s mode:

1. Remove thetop cover by unscrewing one screw and sliding the cover forward until it separates from
the module.

2. Locate SW2 and position it for the desired mode. Slide SW2 to the right for DBK 30 operation
providing 14 VDC only. Slide SW2 to the left for DBK 31 operation providing both 14 and 28 VDC.

3. Replace top cover and secure with screw.

Connection

The figure shows the pinout for the POWER OUT DINS5 connector. The28V pinis 4V GND
only activein the DBK31 mode. The 14V pin isaways active.

DIN5 Power Out

The DBK30A package includes a short connecting cable (CA-115) to connect to the WaveBook/512 (and
possibly daisy-chained to a WBK expansion module). This cable connects the POWER OUT connector on
the DBK30A to the POWER IN connector on the WaveBook.

Connections for the DBK31 Mode

The primary purpose of the DBK31 mode isto power external user-supplied loop transmitters. The hookup
issimple, as shown below.

DBK30A T
GND 28 VDC m WaveBook
+| 2-Wire 72, Py A A
T/C XMTR| 4-20 mA N
250
+| 2-Wire NCY
Flow XMTRl 4-20 mA
250 3

L—@com

Connecting Loop Transmitters

Another use for the DBK31 mode is providing an excitation source for bridge-type sensors such as load
cells (strain gages) and other devices that may be attached to 5B modulesinside a WBK15. The excitation

voltageis not regulated by the DBK30A; so, this voltage must be externally regulated to 10.00 V for most
load cells.
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Charging the Battery Module

The DBK30A package includes a charger for the intended line voltage (120 VAC or 230 VAC). To charge
the battery module, plug the output cable from the charger into the POWER IN connector on the DBK30A,
and plug the charger into AC power. The charge cycle begins automatically whenever AC power is applied
after an interruption. The charge cycle ends when the batteries are fully charged.

AC
Power Start Charge Power In
Source TR-23 or TR-23E / DBK30A

Connecting the Charger
To manually initiate a charge cycle, pressthe START CHARGE momentary rocker-arm switch.
Subsequent charge cycles applied to a fully-charged DBK30A will have no ill effect. The module will
sense the fully-charged status and revert to the trickle-charge state within a few minutes.

Three LEDs on the DBK30A provide status information on the charging process or the external load.

LED Meaning

POWER IN llluminates when the charger is connected to a source of AC power
and to the battery module.

BATTERY llluminates steadily while battery is in the high current (2 A) charge

CHARGING mode. Flashes briefly, one or two flashes at a time, when the

internal batteries are fully charged.

POWER OUT llluminates steadily when an external WaveBook product is
connected and drawing current from the battery modules.

Periodically, fully discharge the DBK30A to inhibit lazy chemistry

(memory) in the cells. To manually discharge a battery pack, connect a
WaveBook to the pack and leave it powered-on until the indicator lights go

dark.

Using the Battery Module While Charging

Both operating modes are capable of powering the WaveBook products while being charged; however, the
charging current is reduced, and charging timeisincreased. If AC power isinterrupted, a new charge cycle
will begin automatically when AC power returns.

Even with the AC adapter, the batteries will eventually discharge under a

WaveBook operating load. Charging DOES NOT BEGIN
AUTOMATICALLY (except on power-up). You must manually initiate the

next charge cycle. Do not expect a WaveBook powered by a DBK30A to
operate as an uninterruptable power supply.

DBK30A - Specifications

Name/Function: Rechargeable Battery Module Battery Amp-Hours: 3.4 A-hr (1.7 A-hr/pack)
Battery Type: Nickel-cadmium Charge Termination: Peak detection
Number of Battery Packs: 2 Charge Time: 2 hours

Battery Pack Configuration: 12 series-connected Charging Voltage from Supplied AC Adapter: 22 to

sub-C cells

26VDC @ 2 A

Output Voltage: 14.4 V or 28.8 V (depending on the AC Adapter Input: 95 to 265 VAC @ 47 to 63 Hz

selected mode)
Output Fuses: 2 A

Size: 221 mm x 285 mm x 35 mm
(11" x 8-1/2" x 1-3/8")
Weight: 2.4 kg (6 Ib)
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DBK34 Vehicle UPS Module

Overview

Auxiliary battery positive+[1] o\_pP * {;:}

Auxiliary battery return-
Vehicle main battery positive+

Vehicle main battery return-

The DBK 34 can power a data acquisition system in portable and in-vehicle applications (both 12 and 24 V
systems). Power storage capacity is5 A-hr @ 12 VDC or 2.5 A-hr @ 24 VDC. For reliable data
acquisition in avehicle, the DBK 34 provides clean and consistent operating power:

Prior to engine/generator start

During engine start-up (battery sag due to the high-current demand of starter motor and solenoid)

After engine turn off.

The DBK 34 contains 2 sealed-lead rechargeabl e batteries and associated charging circuits and current
indicators. Typically, these batteries can last more than 300 full cycles and up to 10 years standby lifetime
at room temperature. Recharging isfast, and extreme temperature performance is good. The DBK34 can
be used with the LogBook, DagBook, WaveBook, and related DBKs and WBKSs. The unit’s rugged metal
package has a compatible 8x11” footprint for convenient stacking with Velcro tabs and optional fastener
panels and handles for carrying.

Main and auxiliary power input comes from 12 or 24 VDC viaaterminal block on the unit’s front panel
(12/24 V modes are set by front-panel jumpers). Automatic charging circuits recharge the internal batteries
quickly and safely. For trouble-free operation, you must fully charge the batteries before use. The charged
battery runtime will depend on the load and mode of operation. Note: See Power Management &t the
beginning of this chapter for details how to compute power requirements.

Power Input Connections 2 dual diodes to
and 12/24_|_V Jumper- 3 diodes for charging ~ MaxXimize current sharing

Fuse 2, 8 A resistors for current limit

~a#_ LED circuit _E }‘

q
Fuse 1,15 A
N
TN l "\ MAIN POWER
L
L

12 VDC|:
jumper

positionl: | |
|

B

2

3

4
Chassis common|5

N

7

8

9

— —e

Current
Sensing
24vDC |, Circuit
jumper [ Fuse 3
position 8 8A R Fuse 4
TB2[ 23 4] 8A L1
x(9 [ | _ _ CHARGING
Internal Internal -’ LED
Battery A Battery B ,OCDISCHARGING
e ] D

4
VOLTAGE & NAN

SELECT EKJ%VL\J’TER AUX
@ MAINPOWER  12VJUMPER § 27vMAX) BATT
1 06 -+ - +

—l DBK34

@ CHARGING ? DDDD DD LOGBOOK UPS

LOGBOOK AUXILIARY @ DISCHARGING
POWER POWER OUT VOLTAGE SELECT

24V JUMPER

DBK34 Block Diagram and Front Panel

Note: TB1 pin numbers read from right to left as viewed from the front panel.
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Hardware Setup

Configuration
The 12 or 24 V configurations are selected as follows:
for 12 V operation, set 2 jumpers on terminals 6-7 and 8-9 of TB1
for 24 V operation, set 1 jumper on terminals 6-7 of TB1

Connection
Power In - (vehicle main/auxiliary batteries, 12 or 24 VDC only) Connect main
battery positive to terminal 3 of TB1 and main negative to termina 4. If an -RTN 3(0 ot +24V/+12V
auxiliary battery is used, connect its positive to termina 1 and negative to No C0n_5° o P4 +24V/+12V
terminal 2. nection -R%I'N
Power Out - The figure shows the pinout for the POWER OUT DIN5 DBK34's DINS power output

connectors (2 sockets)

connectors. The DBK 34 package includes a short connecting cable (CA-115)
to connect to the powered device. This cable connects the POWER OUT connector on the DBK 34 to the
POWER IN connector on the LogBook, DagBook, or DBK module.

DBK34 Operation
Indicators: 3 LEDs on the DBK 34 provide status information on the power and charging process.
LED | Meaning
MAIN POWER Lights when the DBK34 is connected to a live vehicle (main) battery.
CHARGING Lights when internal batteries are being charged at a rate of 0.025 to 0.050 A or greater.
DISCHARGING Lights when internal batteries are discharging at a rate of 0.025 to 0.050 A or greater.

Runtime: Approximate runtime under various loads can be computed from the storage capacity (5 A-hr in
12V mode; 2.5 A-hr in 24 V mode) and the load (main unit and other DBKS). See section Power
Management at the beginning of this chapter. Factory testing determined the following run-times:

Run-time | Load Conditions

240 minutes DBK34 with 0 watt external load @ 23°C
190 minutes DBK34 with 2.34 watt external load @ 23°C
120 minutes DBK34 with 6.79 watt external load @ 23°C

Charging: In general, lead-acid batteries require charging at 120% of drain energy (e.g., the 5 A-hr DBK34
requires a charge equal to or greater than 6 A-hr). Charging timesvary; but 4 to 5 hoursat 14V istypical
for atotally empty battery.

VDC in 24 V mode. If not charging from the vehicle, a generic automobile battery

f Voltage applied to charge a DBK34 must not exceed 15 VDC in 12 V mode or 30
charger (3 A) in 12 V mode is recommended.

Environmental Concerns

life cycle is over (up to 300 full cycles or 5-10 years of use), sealed-lead batteries
must be recycled or properly disposed of.

f The DBK34 s batteries contain toxic materials (Pb and H,SO,). After the battery s

DBK34 - Specifications

Name/Function: Vehicle UPS Module Battery Capacity (Amp-Hours):

Battery Type: Sealed-lead rechargeable 5 A-hrin 12 V mode (parallel)

Number of Battery Packs: 2 2.5 A-hrin 24 V mode (series)

Battery Pack Configuration: 6 series-connected D cells Operating Temperature: -20°F to 122°F (-29°C to 50°C)
Output Voltage: 12 V or 24 V (depending on jumpers) Size: 8% x 11 x 1%4in. (216 x 279 x 44 mm)

Output Fuses: 8 A on each internal battery (2) Weight: 7.2 Ib (3.27 kg)
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WBK10 - Expansion Module

Description

The WBK10 expansion module provides the WaveBook/512 with 8 additional differential analog inputs,
each equipped with a programmable gain instrumentation amplifier (PGA). The WaveBook/512 and
WBK10 have a built-in expansion bus. Up to eight WBK10s can be cascaded together, for atotal system
capacity of 72 differential channels. Each WBK 10 is also capable of supporting a WBK11, WBK12, or
WBK13 option card.

Physically, the WBK 10 is the same size as the WaveBook/512 for convenient mounting. A fastener panel
allows multiple units to be stacked vertically. Screw-on handles are available for portable applications.

-

N

Offset Adjust
Differential
Amplifier

w

E

PREPEEEE

8-channel

Input Unipolar/Bipolar
Level Shifter Expansion
Signal
Enable
6
7 hd T
Control and

8 Timing Circuit

BNC b b

Power Suppl
Channel i

Inputs +5 &
-5 e

+15 o e 10 to 30 VDC Expansion

-15 @ Unit Control

| EEPROM—|
DC/DC Converter | out

WBK10 Block Diagram

WBK10 Front Panel

The front panel of the WBK 10 has the following connectors and indicators (see figure next page):
1 Analog Common binding post for reference
8 BNC connectors for analog inputs (channels are labeled 1 through 8 although additional WBK10s
beyond the first will beidentified by higher channel numbers as discussed in Configuration)
3 Status LEDs (Active, Ready, Power)

( / / / ® ACTIVE
( ® READY
\ WBK10

‘ / 8-CHANNEL ANALOG ® POWER
INPUT CHASSIS

ANAL(
COMMON  cmy
MADE IN USA/ ANALOG TRIGGER

WBK10 Front Panel
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WBK10 Rear Panel
The rear panel of the WBK 10 has a power switch and the following connectors (see figure):
2 circular 5-pin DIN5 connectors for Power-in and Power Pass-through
1 HD-15M expansion control input

1 HD-15F expansion control output
2 BNC connectors for analog expansion in and out

“EXPANSION "EXPANSION

aoe i e (H1OVDC TO+30VDC) CONTROL IN CONTROL OUT Eégﬁ"ﬁ'&" gf((ams")%'.‘r

Hardware Setup

Configuration
The analog input channel numbers are determined by the order of connection | Unit Channel #
among the WaveBook/512 and attached WBK 10s. WaveBook/512 | 0 (dig I/0)
Channel 0 is the WaveBook' s 8-bit digital 1/0 port. \i\;?\\/,\e/g?(cilgslz ;ﬁs
Channels 1 through 8 are the WaveBook’s main channels. 2nd WBK10 1724
Channels 9 through 16 are located on the first expansion unit (the one 3rd WBK10 25-32
connected directly to the WaveBook). 4th WBK10 33-40
Additional channel numbers (in groups of 8) are added consecutively ZIE wgﬁg j;:gg
with added WBK10s (see table). —th WBKL0 564
8th WBK10 65-72

CAUTION

If the following three conditions exist simultaneously:

operating WBK10s in a configuration of 4 or more modules

ambient temperature >40°C

WBK12 or WBK13 card installed,
then you must mount the modules on their side (vertically) to facilitate air flow
through the side plates. Failure to due so could result in thermal-related problems.

WBK10 Cabling

WBK expansion modules can be configured flexibly for various applications. A WBK10 connectsto a
WaveBook/512 or to another WBK10. A lone WBK10 in the system connects directly to the
WaveBook/512. An add-on WBK 10 connects to the previous WBK 10 in a daisy-chain fashion. Note:
other WBK expansion modules are connected in a similar way.

Connections must be made for signals, control messages, and power as shown in the full-page figure and
described below.

Signals are carried by a CA-150-1 coax cable with BNC connectors. Each WBK 10 drives acommon
parallel analog bus which carries the signalsto the ADC in the WaveBook/512. Each WBK 10 has input
and output connectors for daisy-chaining multiple units.

Control messages are carried by a CA-129 analog expansion control cable (HD-15, plug and socket
connectors). The first expansion unit’s control input is driven from the main unit’s control output. Control
inputs of additional WBK 10s are driven from the preceding unit’s control output.

Power for the WBK 10s can be supplied in 3 ways with several cable options that connect to the unitsviaa
DINS5 connector:
Using the included power supply for one WBK10. A separate supply must be used for each WBK 10
in the system. The next figure shows 3 WBK 10s, each with a wall-mounted power supply.
Providing a high-current supply for several WBK10s. A single high-current DC supply such asa TR-
22 can power several WBK10s daisy-chained together with CA-115 power cables (6-inch length).
(The number of WBK10sis limited to the amount of power available and the amount of power used
by option cards.) See the next figure for connection details, and Appendix C for power requirements.
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The DBK30A can provide battery power for portable applications viathe CA-115 power cable. Refer
to preceding DBK30A section of this chapter.
Other 10 to 30 VDC power source such as a car battery.

Note: For custom power cabling, refer to the DIN5 connector’s pinout in Appendix E. For power requirements, refer to

Appendix C.

0 1 P N T
+10vDC To +30vDc) TO PARALLEL PRINTER
MADE IN USA/

WaveBook/512
(See below for
power connections)

EXPANSION
CONTROL IN

EXPANSION
CONTROL IN

2nd (optional) WBK10 Expansion Chassis

From Wall-mount
Power Supply

1st WBK10

From Wall-mount
Power Supply

2nd WBK10

(+10VDC TO +30VDC)

MADE I USA

From Wall-mount
Power Supply

3rd WBK10

] 1POWERIN POWER OUT
wnoe musa(1OVDC TO +30VDC)

TO COMPUTER

L oo |
EXPANSION
CONTROL OUT

"EXPANSION
CONTROL OUT

CA-129

From High-current
Power Supply

WaveBook/512

or WBK10

(o6 | \_ _/
EXPANSION EXPANSION
CONTROL SIGNAL IN

EXPANSION EXPANSION

SIGNAL IN _ SIGNAL OUT

EXPANGION EXPANSION
SIGNAL IN _SIGNAL OUT

To additional (optional) WBK10s

MADE IN USA (+10VDC TO +30VDC)

I
MADE N UsA _ (1OVDCTQ +30VDC)

] 1POWER IN
(+10VDC TO +30VDC)

MADE IN USA

WBK10s with separate power supplies or WBK10s with daisy-chain power supplies
WBK10 Cable Connections
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Software Setup in WaveView

Depending on your application, you will need to set several software parameters so that WaveView will

organize your system to your requirements. Two overview screens (shown later in this chapter and detailed

in chapter 5) include:

WaveView Configuration displays al channelsin the system with their setup status.
Module Configuration has a System Inventory box that displays al modules and attached option cards

in the system.

WBK10 - Specifications

Name/Function: WBK10 8-Channel Analog Expansion Module
Number of Channels: 8 differential
Connector: BNC
Accuracy: +0.025% FS
Offset: +1 LSB max
Maximum Overvoltage: 30 VDC
Ranges: Unipolar/Bipolar operation is software selectable via sequencer
Unipolar: 0to +10V,0to +5V,0to +2V,0to +1 V
Bipolar: -5to +5V, -25t0 +2.5V, -1to +1V, -0.5t0 +0.5 V
Input Current: 50 nA typ, 500 nA max
Input Impedance
Single-ended: 5 Mw in parallel 30 pF
Differential: 10 Mw in parallel 30 pF
Gain Temperature Coefficient: 5 ppm/°C typ
Offset Temperature Coefficient: 12 uV/°C max
Power: 0.6 A max @ 15 VDC

Dimensions: 220 mm wide x 285 mm long x 35 mm high (8.5” x 11” x 1.375")

Weight: 1.3 kg (2.8 Ib)

WaveBook User’s Manual
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WBK11 - Simultaneous Sample & Hold Card

Description

The WBK11 is afield-installable sample-and-hold (SSH) card that can simultaneously sample 8 channels.
The WBK11 installsinternally into a WaveBook/512 or a WBK 10 and is controlled by the WaveBook/512.
The WBK11 allows concurrent (<150 ns) capture of multiple input channels and virtually eliminates
channel-to-channel time skewing. The WBK11 also extends input voltage ranges to include £0.05, £0.1,
+0.25, and unipolar 0.1, 0.2, and 0.5 V. Note: With an SSH channel enabled, per-channel samplerates are
reduced by the same amount as adding an additional channel. The per-channel rate with SSH is 1 MHz /

(n+1), where n isthe number of active channels.

The WBK11 SSH card can accommodate higher gains than the main unit because its
gains are fixed for each channel prior to the acquisition. Each channel may be set, in
software for ranges shown in the table. All channels equipped with SSH circuitry are
sampled simultaneously as a system.

The next figure shows a block diagram of the WBK 11.

Buffer

Amplifi
One of 8 Channels (Typical) mper
Offset Adjust
110 Diff. Amp. Y
SCI - Serial
Configuration Interface
EEPROM
WBK11 Block Diagram

WBK11 Hardware Setup

The next figure shows the board
layout for the WaveBook/512.
The WBK10 layout is similar in
those areas which connect to the
WBK11.

There are 2 headersin the
WBK10 (3inthe
WaveBook/512):
- J10 & J11 - Used for the
connection of the WBK 11

WBK11
Voltage Ranges

0-100V [ #5.0V

0-5.0V 25V

0-2.0V +1.0V

0-1.0V +0.5V

0-0.5V +0.25V

0-0.2V +0.10 V

0-0.1V +0.05 V

Simultaneous Sample & J11

Hold option card. The m

jumpers located on J10/J11

provide signal pass- J10
through when the WBK 11 T
isnot installed in the
WaveBook.

(WaveBook only - J101 WaveBook/512
reserved for future use)

Board Layout of WaveBook/512

J101
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The following steps detail the procedure to install the WBK 11 card into the WaveBook/512 or WBK 10
module.

1

2.
3.
4

©o~No

10.

Remove power from the unit.

Remove the screw holding down the top panel (cover).

Slide the panel out towards the back and remove.

L ocate the two headers (J10 & J11) on the main board, and remove the jumpers (see previous figure).
Save the jumpersin the event the SSH board needs to be removed.

The WBK11 fitsinto the host device only one way. Turn the WBK 11 over so that the headers of
both boards face each other. Position the board so that the headers of the WBK 11 are lined up

ok 4R 35808 the host board headers (see figure).

mounting posts on
main board ﬁ

Gently connect
mating headers
J10 and J11

WBK11 Connection to WBK10 (or WaveBook\512)

Move the WBK 11 board down until the connectors mate. Push down gently to seat them.

With screws, secure the WBK 11 to the mounting posts on the main board.

Slide the top panel into the unit.

Reinstall the top panel screw.

Power up the unit and run WaveView to verify that the channels connected to the WBK 11 now have
the extraranges available.

WBK11 - Specifications

Name/Function: WBK11 8-Channel Simultaneous Sample-and-Hold Card

Number of Channels: 8

Connectors: Internal to the WaveBook/512 (36-pin sockets mate with 36-pin connectors)

Accuracy: +0.025% FS
Offset: +1 LSB max

Aperture Uncertainty: 75 ps max

Voltage Droop: 0.1 mV/ms max

Maximum Signal Voltage: +5.00 VDC (x1)

Input Voltage Ranges: Software programmable prior to a scan sequence; expands WaveBook/512 ranges to:
Unipolar: 0to +10V,0to+5V,0to +2V,0to +1V, 0to +0.5V
Bipolar: -5to +5V, -25t0 +2.5V, -1to +1 V, -0.5to +0.5 V, -0.05 to +0.05 V

Programmable Gain Amplifier Gain Ranges: x1, 2, 5, 10, 20, 50, 100

Weight: 0.14 kg (0.3 Ib)
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WBK12/13 Programmable Low-Pass Filter Cards

Description

The WBK12 and WBK 13 are 8-channel programmable low-pass filter cards for use with the 1-MHz
WaveBook/512 data acquisition system. These cardsinstall directly into the WaveBook/512 or WBK 10
expansion module and provide programmable |ow-pass filtering over all channels. Multiple WBK12 and
WBK13 cards can beinstalled in one system for up to 72 channels. All of the cards' low-pass filters and
cutoff frequencies are configured via software.

The WBK13 has the additional capability of simultaneous sampling all channels. If multiple WBK 13 cards
are installed within one system, all channels are sampled within 100 ns of each other.

Features of the WBK 12 and WBK 13 include:

Low-Pass Filters. Each card provides 8 input channels, arranged in two 4-channel banks; the filter and
cutoff frequency configurations are applied per bank. The cards’ filters can be configured as either an 8-
pole dliptic filter with cutoff frequencies of 400 Hz to 100 kHz, or an 8-pole linear-phase filter with 400 Hz
to 50 kHz cutoff frequencies.

Cutoff Frequencies. The WBK12 and WBK 13 provide 747 discrete cutoff frequencies that can be
determined exactly by the formula Fe = 300 kHz/N; where the integer N = 3 to 750. Alternatively, you can
configure any channel to bypass the programmable filter entirely, resulting in a 1-pole low-pass filter at
about 500 kHz.

Programmable-Gain Amplifiers. The cards' programmable-gain instrumentation amplifiers can be
software selected to gains of x1, 2, 5, 10, 20, 50, and 100 on a per channel basis. The WBK12 and WBK 13
provide 6 ranges with full-scale inputs from £50 mV to +5 V bipolar (+100 mV to +10 V unipolar). These
gains are set prior to the beginning of an acquisition sequence and cannot be changed during an acquisition.

(WBK13 only) Simultaneous Sample-and-Hold (SSH). In addition to the filtering capability of the
WBK12, the WBK 13 also provides per channel SSH. Simultaneous sampling of all channels occurs at the
start of a scan sequence. Note: With an SSH channel enabled, per-channel sample rates are reduced by the
same amount as adding an additional channel. The per-channel rate with SSH is 1 MHz / (n+1), wheren is
the number of active channels. The figure shows a block diagram of the WBK 12 and WBK13.

Buffer

"Ome of 8 Chranmels (Typical) Amplifier
Sample/
Offset Adjust Hold
Diff. Amp. SCIl - (wBK13)

J10

J11
Anti-Alias|, | Switched SHH
LP Filter [~ [Cap Filter
4

A

Dual 20 MHz
SCI Divide-by-N|[ | Clock
[EEPROM] | SCI - Serial Configuration Interface

WBK12 and WBK13 Block Diagram
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Hardware Setup

Configuration
The WBK12 and WBK13 require no hardware setting (all configurations by software).

Connection

The WBK12 and WBK 13 connect to a WaveBook/512 or WBK 10 in much like the WBK 11 (refer to
previous section).

Software Setup in WaveView

Depending on your application, you will need to set several software parameters so that WaveView will
organize data to your requirements. The next figure shows the WaveView Configuration screen and calls
out several parameters of importance to the WBK12/13 (specifically the low-pass filter options). Note: if
necessary, refer to chapter 5 Using WaveView for more information on using the columns to configure a
channel.

Set the WBK12/13's low-

pass filter cutoff frequency Set the WBK12/13's

Turn on or bypass the low-pass filter type

WBK12/13's low-pass filter

%W aveWiew Configuration
File Edit Window Swstem

B= B |== %

\ \ |

E]

i Channel Configuration \ \ I
chmeton? > [ZS] \ 4
CH | On| Range | Label | Units | LPF On| LPF Cutoff| LPF Type |HFFCutoll)  Eurent =
Dig |ves Dig [
0-1|ves -B0tb5M CHO W On 33333.33 Linear
0-2|ve: -BO0tb5M CHOZ W Bypasz | 33333.33 Linear
0-3|7es HO0WLO CHOZ W On 3333333 Linear
0-4|7ez H0WwSO CHO4 W Bupazz | 33333.33|Linear
0-5|ves [-BOWEO CHOS b On 400.00 Eliptic
0-E[ves [-B.OWE50 CHOB b Bupass 400.00 Eliptic
0-7[ves A0SO CHO? b Bupass 400.00 Eliptic
0-8[ves [B.0OWEO CHOZ bW On 400.00 Eliptic -

Software Function

The following code (in C language with the standard API) demonstrates the function calls to configure a WBK12* located in
the main WaveBook chassis. *Note: The WBK 13 program is the same except the parameters use ...Wbk13... instead of
..Wbk12....

// Configure channel 1 for: low-pass filter on with a cutoff of 1000Hz, using a linear
filter type and the software-chosen pre-filter.
wbkSetChanOption( 1, 1, WcotWbkl12FilterCutOff, 1000.0);
wbkSetChanOption( 1, 1, WcotWbkl2FilterMode,
(double) WcovWbkl2LowPassOn );
wbkSetChanOption( 1, 1, WcotWbkl2FilterType,
(double) WcovWbkl12FilterLinearPhase);
wbkSetChanOption( 1, 1, WcotWbkl2PreFilterMode,
(double) WcovWbkl12PreFilterDefault);
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// Configure channel 5 for: low-pass filter on with a cutoff of 20000Hz, using an
elliptic filter type and the software-chosen pre-filter.
wbkSetChanOption( 5, 1, WcotWbkl2FilterCutOff, 20000.0);
wbkSetChanOption( 5, 1, WcotWbkl2FilterMode,
(double) WcovWbkl2LowPassOn );
wbkSetChanOption( 5, 1, WcotWbkl2FilterType,
(double) WcovWbkl12FilterElliptic);
wbkSetChanOption( 5, 1, WcotWbkl2PreFilterMode,
(double) WcovWbkl12PreFilterDefault);

// Turn on all the low-pass filters on channels 6 through 8. NOTE: These channels
will use the same cutoff frequency and Filter type as channel 5.
wbkSetChanOption( 6, 1, WcotWbkl4lLowPassMode,
(double) WcovWbkl1l2LowPassOn);
wbkSetChanOption( 7, 1, WcotWbkl4lLowPassMode,
(double) WcovWbkl1l2LowPassOn);
wbkSetChanOption( 8, 1, WcotWbkl4lLowPassMode,
(double) WcovWbkl2LowPassOn);

// Turn off all the low pass filters on channels 2 through 4.
wbkSetChanOption( 2, 1, WcotWbkl4lLowPassMode,
(double) WcovWbkl2LowPassBypass);
wbkSetChanOption( 3, 1, WcotWbkl4lLowPassMode,
(double) WcovWbkl2LowPassBypass);
wbkSetChanOption( 4, 1, WcotWbkl4lLowPassMode,
(double) WcovWbkl2LowPassBypass);

WBK12/13 - Specifications

Name/Function: WBK12, Programmable Low-Pass Filter Card
WBK13, Programmable Low-Pass Filter Card With SSH
Number of Channels: 8
Connector: Internal to WaveBook/512 and WBK10 (two 36-pin sockets mate with 36-pin connectors)
Input Voltage Ranges: Software programmable prior to a scan sequence

Unipolar Bipolar
Voltage Range Gain Voltage Range Gain

0to +0.1V x100 +0.05 V x100
Oto+0.2V x50 +0.1V x50
0to+0.5V x20 +0.25 V x20
Oto+1V x10 +0.5V x10
Oto+2V x5 1V x5
Oto+5V x2 +2.5V %2
Oto+10V x1 5V x1

Programmable Gain Amplifier Ranges: x1, 2, 5, 10, 20, 50, and 100

Switched Capacitor Filter Cutoff Frequencies Range: 400 Hz to 100 kHz

Number of Cutoff Frequencies: 747

Filter Grouping: 4 channels each in 2 programmable banks
Low-Pass Filter: Software selectable, 8-pole elliptic filter
Low-Pass Filter Type: Software selectable, elliptic or linear phase

Low-Pass Filter Frequency Cutoff Range: 100 kHz, 75 kHz, 60 kHz...400 Hz,

bypass defined as Fc = 300 kHz/N where N = 3 to 750

Anti-Alias Frequencies: determined by software control

Accuracy: +0.05% FS DC

Offset: +1 LSB max

Aperture Uncertainty: 75 ps max

Voltage Droop: 1 mV/ms max (0.01 mV/ms typ)

Maximum Signal Voltage: +5.00 VDC (x1)

THD: -65 dB (-70 dB typ)

Noise: 3 counts (RMS)

DC Offset: £2.5 mV (2 LSB) max at any cutoff frequency

Number of Cutoff Frequencies Simultaneously Set: 2, one for each 4-channel bank of inputs

Weight: 0.14 kg (0.3 Ib)
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WBK14 Dynamic Signal Input Module

Introduction

The WBK14 is adynamic analog signal input module for the 1 MHz WaveBook/512 data acquisition
system. The WBK 14 provides a complete system to interface to piezoel ectric transducers that include
accelerometers, microphones, force/pressure transducers, and others. Note: A tutorial section near the end

of this section (before the specifications) explains how to use accel erometers as well as some related theory
of operation.

Each WBK 14 channel has: a current source for transducer biasing, a high-pass filter, a programmable gain
amplifier, an anti-aliasing low-pass filter, and sample-and-hold amplifiers. The gain, filter cut-off
frequencies and current biasing levels are software programmable.

The WBK14 also includes a built-in programmabl e excitation source to provide stimulus to dynamic
systems for transfer function measurements, as well as reference signals for calibration.

Hardware Description
The following text refers to the block diagram in the next figure.
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N 0.1 Hz M b Low-Pass Filter H» Anti-aliasing @

High-Pass il Phase Equalizer| |Low-Pass Filter| Expansion
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Power Supply BNC = Expansion
+5 @ ~._Unit Control
-5 @ %0

+15 o 10 to 30 VDC EEPROM| N
-15 o Ploqe | OUT
DC/DC Converter 9

WBK14 Block Diagram
Current Source

The WBK14 provides a constant current to bias | CP transducers. Two current levels (2 mA or 4 mA) with
voltage compliance of 27 V can be selected via software. The bias current is sourced through the center
conductor of acoaxial lead and returns to the WBK 14 by the outer conductor. The output impedanceis
larger than 1 Mw and presents virtually no loading effect on the transducer’ s output. For applications that
do not require bias, the current source can be removed from the BNC input by opening arelay contact. The
current sources are applied to (or removed from) the input in groups of two (i.e. channels 1-2, 3-4, 5-6, 7-8).

High-Pass Filter (HPF)

Each WBK 14 channel has two independent HPFs with a 3 dB cut-off frequency (Fc) at 0.1 Hz and 10 Hz.
The 0.1-Hz HPF is asingle-pole RC filter, and is primarily used to couple vibration signals. The 10-Hz
HPF is atwo-pole Butterworth type and can be used to couple acoustic signals or attenuate setup-induced
low-frequency signals that can reduce the dynamic range of the measurement (e.g. when using tape
recorders as signal sources).
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Programmable Gain Amplifier (PGA)
The HPF removes the DC voltage from the input signal. The AC voltage is amplified by a PGA with flat
response up to 500 kHz. Each channel has a PGA with 8 programmable gains (1, 2, 5, 10, 20, 50, 100, 200)
and a software-controlled DAC for offset nulling. The WBK 14 measures only bipolar signasupto 5V
peak.

Programmable Low-Pass Filter Phase Equalizer (PLPPE)
Thefirst filter stage is a programmabl e 2-pole continuous-time low-pass filter. The PLPPE provides more
than 65 dB alias protection to the next filter stage. In addition, it fine-tunes the phase shift of the channel to
optimize the phase-matching between channels. At calibration, the phase shift of each channel is measured
and stored in a EEPROM, that isread at configuration.

Programmable Low-Pass Anti-Aliasing Filter (PLPAF)
Most of the signal dias rejection is performed by an 8-pole Butterworth filter. Thisfilter isimplemented
with a switch capacitor network driven by a programmable clock. Each channel has an independent clock
whose frequency determines the 3 dB cut-off frequency of thefilter. The switch capacitor filter provides no
attenuation at the clock frequency, (hence, the need for the continuous-time low-pass filter). Note: The
PLPAF can be bypassed to process signals with a bandwidth higher than 100 kHz.

The EXT.CLK input provides a path to externally control the cut-off frequency of the PLPAF. The input
waveform can be TTL or sinusoidal, with an amplitude peak of at least 500 mV. In this mode, the cut-off
frequency is set to the input frequency divided by 50.

Simultaneous Sample and Hold
All WBK 14 channels are sampled simultaneously, after which the WaveBook/512 measures each output at
1 ps/channel until al channels are digitized. The time-skew between sampling on al channels (up to72) is
150 ns, regardless of the number of WBK 14s attached to the WaveBook/512. Note: With an SSH channel
enabled, per-channel sample rates are reduced by the same amount as adding an additional channel. The
per-channel rate with SSH is 1 MHz / (n+1), where n is the number of active channels.

Excitation Source
The excitation source includes a sine/random waveform generator, a programmable gain amplifier, aDC
level DAC, and aphase-lock loop (PLL). The PLL is used to synthesize the frequency of afixed amplitude
sine wave and control the bandwidth of the random signals. The PGA conditions the signal amplitude to a
value between 0V to 5V peak. The DC level of the signal is varied independently of signal amplitude by a
software-controlled DAC from -5V to +5 V. The DC level of the excitation signal can be used to balance
static loads, while the AC signal provides the dynamic excitation.

Power

Like the WaveBook/512, the WBK 14 contains an internal power supply. The unit can be powered by an
included AC power adapter or directly from any 10 to 30 VDC source, such asa 12 V car battery. For
portable or field applications, the WBK 14 and the WaveBook/512 can be powered by the DBK30A
rechargeable battery module. Note:

For custom power cabling, refer to the DINS connector’s pinout in Appendix E.

For power requirements, refer to Appendix C. Y ou must compute power consumption for your entire

system and (if necessary) use auxiliary or high-current power supplies.

Calibrating the WBK14

The WBK14 is calibrated digitally, eliminating the need for al potentiometers and manual adjustments. A
Windows-based calibration application provided with the unit, simplifies the calibration process.

3-18 WBK14, WaveBook Expansion Options WaveBook User's Manual



Hardware Setup

Configuration
The WBK14 requires no hardware setting. All configurations are controlled by software.

Connection

The WBK14 is connected to a WaveBook/512 or WBK 10 in much the same way as the WBK 10, as
previously described.

CAUTION

If the following two conditions exist simultaneously:

operating WBK14s in a configuration of 4 or more modules

ambient temperature >40°C;
then you must mount the modules on their side (vertically) to facilitate air flow
through the side plates. Failure to due so could result in thermal-related
problems.

Software Setup in WaveView

Depending on your application, you will need to set several software parameters so that WaveView will
organize data to your requirements. The next figure shows the WaveView Configuration screen and calls
out several parameters of importance to the WBK 14 (specifically the low-pass and high-pass filter options).
Note: if necessary, refer to chapter 5 Using WaveView for more information on using the columns to
configure a channel.
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filter cutoff frequency current source output
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the WBK14’s low- high-pass filter
pass filter cutoff frequency
0 0 0 - |0 %X
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Main |WaveBook Wbk 12 \ \ |
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Software Function
The following code (in C language) demonstrates the function calls to configure a WBK14.

// Configure channel 9 for: low pass filter on with a cutoff of 500Hz, using the
software chosen pre-filter, high pass filter cutoff at 10Hz, and current source
set to 2mA.

wbkSetChanOption( 9, 0, WcotWbkl4LowPassCutOff, 500.0);

wbkSetChanOption( 9, 0, WcotWbkl4lLowPassMode,

(double) WcovWbkl4LowPassOn );
wbkSetChanOption( 9, 0, WcotWbkl4HighPassCutOff,
(double) WcovWbkl4HighPass10Hz );
wbkSetChanOption( 9, 0, WcotWbkl4CurrentSrc,
(double) WcovWbkl4CurrentSrc2mA );
wbkSetChanOption( 9, 0, WcotWbkl4PreFilterMode,
(double) WcovWbkl4PreFilterDefault );

// Configure channel 10 for: low pass filter on with a cutoff of 20000Hz, using the
software chosen pre-filter, high pass filter cutoff at 0.1Hz, and current
source set to 4mA.

wbkSetChanOption( 10, 0, WcotWbkl4lLowPassCutOff, 20000.0);

wbkSetChanOption( 10, 0, WcotWbkl4lLowPassMode,

(double) WcovWbkl4LowPassOn );
wbkSetChanOption( 10, 0, WcotWbkl4HighPassCutOff,
(double) WcovWbkl4HighPassO_1Hz );
wbkSetChanOption( 10, 0, WcotWbkl4CurrentSrc,
(double) WcovWbkl4CurrentSrc4mA );
wbkSetChanOption( 10, 0, WcotWbkl4PreFilterMode,
(double) WcovWbkl4PreFilterDefault );

// Turn all the low pass filters on the other channels (11-16) off
wbkSetChanOption( 11, 0, WcotWbkl4lLowPassMode,
(double) WcovWbkl4LowPassBypass);
wbkSetChanOption( 12, 0, WcotWbkl4lLowPassMode,
(double) WcovWbkl4LowPassBypass);
wbkSetChanOption( 13, 0, WcotWbkl4lLowPassMode,
(double) WcovWbkl4LowPassBypass);
wbkSetChanOption( 14, 0, WcotWbkl4lLowPassMode,
(double) WcovWbkl4LowPassBypass);
wbkSetChanOption( 15, 0, WcotWbkl4lLowPassMode,
(double) WcovWbkl4LowPassBypass);
wbkSetChanOption( 16, 0, WcotWbkl4lLowPassMode,
(double) WcovWbkl4LowPassBypass);

// Setup the excitation source to output a sine wave at 100Hz, with an amplitude of
2.5V, and an offset voltage of OV. NOTE: the channel number can be any channel
on the Wbkl4 module to be programmed.

wbkSetModuleOption( 9, 0, WmotWbkl4ExcSrcWaveform,

(double) WmovWbkl4WaveformSine);

wbkSetModuleOption( 9, 0, WmotWbkl4ExcSrcFreq, 100.0);

wbkSetModuleOption( 9, 0, WmotWbkl4ExcSrcAmplitude, 2.5);

wbkSetModuleOption( 9, 0, WmotWbkl4ExcSrcOffset, 0.0);

Accelerometer Tutorial

A low-impedance piezoel ectric accel erometer consists of a piezoelectric crystal and an electronic amplifier.
When stretched or compressed, the crystal devel ops a charge variation between its two surfacesthat is
related to the amount of stress, shock, or vibration on the crystal. The amplifier transforms the sensor’s
high impedance to the output impedance of afew hundred ohms. Low-impedance piezoel ectric transducers
are used to measure pressure and force as well as acceleration.

The accelerometer circuit requires only 2 wires (coax or twisted pair) to transmit both power and signal. At
low impedance, the system is insensitive to externally induced or “triboelectric” cable noise. Sensitivity is
not affected by cable length.

3-20 WBK14, WaveBook Expansion Options WaveBook User's Manual



The figure shows a simplified accel erometer-WBK 14 connection. The voltage developed acrossRis
applied to the gate of the MOSFET. The MOSFET is powered from a constant current source of 2 or 4 mA

and 27 volts.
Transducer to WBK14
~, coaxial cable \ ~,
; * A O
C Amplifier
~, |I <« Constant Input
Current
II Bias

. Voltage 30 VDC

Crystal R Power
GND

Transducer WBK14

Accelerometer Circuit

The MOSFET circuit will bias off at approximately 12 V in the quiescent state. Asthe systemis excited,
voltage is developed across the crystal and applied to the gate of the MOSFET. This voltage will cause
linear variation in the impedance of the MOSFET, which will cause a proportional change in bias voltage.
This voltage change will be coupled to the WBK 14 input amplifier through the capacitor C. The low
frequency corner is controlled by the value of R and the internal capacitance of the piezoelectric crystal.
Units weighing only afew grams can provide high level outputs up to 1 V/g with response to frequencies
below 1 Hz.

Accelerometer Specification Parameters

Noise in Accelerometers
The noise floor or resolution specifies lowest discernible amplitude (minimum “g”) that can be measured.
There are two main sources of noise. Noise from the crystal and microcircuit inside the accelerometer.
Some types of crystals, such as quartz, are inherently more noisy than others. A good accelerometer noise
floor is 10 to 20 pV. Noise from electrical activity on the mounting surface. Since the signal from the
accelerometer is a voltage, 60 Hz or other voltages (ground loop) will interfere with the signal. The best
protection is to electrically isolate the accelerometer.
Sensitivity
The sensitivity of a low-impedance accelerometer is defined as its output voltage per unit input of motion.
The unit of motion used is the “g”. One “g” is equal to the Earth’s gravitational acceleration which is 32.2
ft/(sec)(sec), 386.1 in/(sec)(sec), or 981 cm/(sec)(sec). The output is usually specified in millivolts per “g”
(mV/g). Sensitivity is usually specified under defined conditions (frequency, testing levels, and
temperature)—for example, 100 mV/g at a frequency of 100 Hz, level +1 g, at 72°F. While a given sensor
model may have a “typical” sensitivity of 100 mV/g, its actual sensitivities may range from 95 to 105 mV/g
when checked under stated conditions. Calibration values for individual sensors are typically provided by
the manufacturer.
Transverse Sensitivity
Accelerometers are designed to have one major axis of sensitivity, usually perpendicular to their base and
colinear with its major cylindrical axis. The output caused by the motion perpendicular to the sensing axis is
called the transverse sensitivity. This value varies with angle and frequency and typically is less than 5% of
the basic sensitivity.
Frequency Response
The frequency response of an accelerometer is defined as the ratio of the sensitivity of the accelerometer
measured at frequency (f) to the basic sensitivity measured at 100 Hz. This response is usually obtained at
a constant acceleration level, typically 1 g or 10 g. Convention defines the usable range of an
accelerometer as the frequency band in which the sensitivity remains within 5% of the basic sensitivity.
Measurements can be made outside these limits if corrections are applied. Care should be taken at higher
frequencies because mounting conditions greatly affect the frequency range (see mounting effects).
Bias Level
Under normal operation, a bias voltage appears from the output signal lead to ground. There are two basic
MOSFET configurations commonly used. One exhibits a 7-8 V bias and the second a 9-12 V bias.
Operation of the two circuits is identical except for the available signal swing. The low voltage version
typically exhibits 5-10 pVrms versus 10-20 pVrms for the high voltage.
Dynamic Range
The dynamic measurement range is the ratio of the maximum signal (for a given distortion level) to the
minimum detectable signal (for a given signal-to-noise ratio). The dynamic range is determined by several
factors such as accelerometer sensitivity, bias voltage level, power supply voltage, and noise floor.
Thermal Shock - Temperature Transients
Piezoelectric accelerometers exhibit a transient output which is a function of “rate-of-change” temperature.
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This phenomenon., called “thermal shock”, is usually expressed in g/°C, and is related to the non-uniform
mechanical stresses set up in the accelerometer structure and the so-called pyroelectric effect in
piezoelectric materials whereby an electrical charge is produced by the temperature gradient across the
crystal. In practice, the effect is quasistatic, producing a low-frequency voltage input to the MOSFET
amplifier. While usually occurring well below the low-frequency corner, the effect can momentarily reduce
the peak clipping level and cause loss of data. The phenomenon does not affect the basic sensitivity of the
accelerometer and does not affect the data unless the thermal shift in the operation bias level results in
clipping. Where drastic thermal shifts are expected, the use of 12 V bias models is recommended. The
effect’s severity is related to the mass of the accelerometer. In 100 mV/g industrial units, the effect is
usually negligible. The effect can be reduced significantly by using rubber thermal boots provided for that
purpose
Base-Strain Sensitivity
Strain sensitivity in an accelerometer is defined as the output caused by deformation of the base due to
bending in the structure on which it is mounted. In measurements made on large structures with low natural
frequencies, significant bending may occur; units with low base strain sensitivity should be selected. Base
strain effects can be substantially reduced by inserting a washer smaller than the accelerometer base
diameter, under the accelerometer base to reduce the contact surface area. This technique lowers the
usable upper frequency range.
Connector
This specifies the connector type and size (4-48, 6-40, 10-32 coaxial etc.) and the location on the sensor, i.e.,
top or side (usually on the hex base). In cases where there is no connector on the sensor, an integral cable
is specified with the length and particular connector, i.e., integral 6 ft to 10-32.
Acoustic Sensitivity
High-level acoustic noise can induce outputs unrelated to vibrational input. In general, the effect diminishes
as the accelerometer mass increases. This effect may be reduced by using a light, foam rubber boot.
Overload Recovery
Recovery from clipping due to over-ranging is typically less than one millisecond. Recovery from quasi-static
overloads which generate high DC bias shifts are controlled by the accelerometer input RC time constant
which is fixed during manufacture.
Power Supply Effects
The nominal power supply voltage recommended by most manufacturers is 15 to 24 V. Units may be used
with voltages up to 28 volts. Sensitivity variations caused by voltage change is typically 0.05%/volt. Power
supply ripple should be less than 1 mV rms.

Electrical Grounding

Case-Grounded Design

In case-grounded designs, the common lead on the internal impedance matching electronicsistied to the
accelerometer case. The accelerometer base/stud assembly forms the signal common and electrically
connects to the shell of the output connector. Case-grounded accel erometers are connected electrically to
any conductive surface on which they are mounted. When these units are used, care must be exercised to
avoid errors due to ground noise.

Isolated-Base Design

To prevent ground noise error many accelerometers have base-isolated design. In these models the outer
case/base of the accelerometer isisolated electrically off ground by means of an isolation stud insert. The
proprietary material used to form the isolation provides exceptional strength and mechanical stiffnessto
preserve high-frequency performance.

Cable Driving

Operation over long cables is a concern with all types of sensors. Concerns involve cost, frequency
response, noise, ground loops, and distortion caused by insufficient current available to drive the cable
capacitance.

The cost of long cables can be reduced by coupling a short (1 m) adapter cable from the accelerometer to a
long low-cost cable like RG-58U or RG-62U with BNC connectors. Since cable failure tends to occur at
the accelerometer connection where the vibration is the greatest, only the short adapter cable would need
replacement.

Capacitive loading in long cables acts like alow-pass, second-order filter and can attenuate or amplify high-
frequency signals depending on the output impedance of the accelerometer electronics. Generally thisis not
a problem with low-frequency vibration (10 Hz to 2000 Hz). For vibration and shock measurements above
2000 Hz and cables longer than 100 ft, the possibility of either high-frequency amplification or attenuation
should be considered.

The WBK 14 constant-current source provides 2 or 4 mA to integral electronics. Use the higher current
setting for long cables, high peak voltages, and high signal frequencies.
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The maximum frequency that can be transmitted over a given length of cable is afunction of both the cable
capacitance and the ratio of the maximum peak signal voltage to the current available from the constant

current source:

Frequency Response to 5% of
Drive Current | Cable Length Maximum Output Signal Amplitude

(mA) @30 pFI/ft (Ft) 1V 5V
K 2 10 185 kHz 37 kHz
f = 2 100 18.5 kHz 3.7 kHz
e V o 2 1000 1.85 kHz 370 Hz
2pCe— = 4 10 550 kHz 110 KHz
elcc- Ibo 4 100 55 kHz 11 kHz
Where: 4 1000 5.5 kHz 1.1 kHz

f = Maximum frequency in Hz
C = Cable capacitance in picoFarads

V = Maximum peak measured voltage from sensor in volts

Icc = Constant current from current source in mA

Ib = Current required to bias the internal electronics, typically 1 mA
K =3.45 x10°. K isthe scale factor to convert Farads to picoFarads and Amperes to milliAmperes and a
factor to alow cable capacitance to charge to 95% of the final charge.

WBK14 - Specifications

Name/Function: WBK14, 8-Channel Dynamic Signal
Conditioning Module

Connectors: BNC connector, mates with expansion signal input
on the WaveBook/512; two 15-pin connectors, mate with
expansion signal control on the WaveBook/512; signals via 1
BNC per channel

Channels: 8

Gain Ranges: x1, 2, 5, 10, 20, 50, 100, 200

Power Consumption: 15 Watts typical

Input Power Range: 10 to 30 VDC

Operating Temperature: 0°C to 50°C

Storage Temperature: 0°C to 70°C

Dimensions: 216 mm wide x 279 mm long x 35 mm high (8.5” x
11" x 1.375")

Weight: 1.32 kg (2.9 Ib)

ICP Current Source:
Output Impedance: > 1.0 Mw @ 20 kHz
Compliance: 27 V
Current Levels: 2 & 4 mA

Coupling: AC
10 Hz High-Pass Filter - Input Impedance: 590K
0.1 Hz High-Pass Filter - Input Impedance: 10 Mw

Input Ranges:

50V, 25V, ¥1.0V, £500 mV, £250 mV, +100 mV, 50 mV,
+25 mV

Anti-Aliasing Low-Pass Filter:

Accuracy: +0.5 dB at the passband center
Frequency Span: 30 Hz to 100 kHz
Frequency Settings: 300 kHz / N; N = 3,4,...10000

Dynamic Range @ 1 kHz: 69 Db
THD @ 1 kHz: 70 db
Amplitude Matching: + 0.1 dB
Phase Matching: + 2°
Excitation Source:
Max. Output Voltage: + 10 V
Max. Output Current: 10 mA
DC Output: £+ 5V
Sine:
Frequency: 20 Hz - 100 kHz
Distortion: < 0.1%
Amplitude: + 5V
Steps: 256
Random:

Spectral Distribution: White, Band-limited

Amplitude Distribution: Gaussian

Bandwidth: 20 Hz - 100 kHz

RMS level: Adjustable in binary steps

External Clock:
Digital: TTL levels
Sine: > 500 mV peak
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WBK15 5B Isolated Signal Conditioning Module

Description

The WBK15 module can accommodate eight 5B isolated-input signal conditioning modules for use with the
WaveBook/512. The WaveBook/512 can accommodate 8 WBK 15s for a maximum of 64 expansion
channels. The WaveBook/512 scans the WBK15's channels at the same 1 ps/channel rate that it scans al
WBK analog inputs, allowing it to measure al channels of afully configured 72-channel systemin 72 ps.

Other features of the WBK 15 include:
Built-in power supply that operates from 10 to 30 VDC and can power afull complement of 5B
modules (even with bridge excitation)
Removable, plug-in screw terminal blocks for convenient connection of 5B modules (each block has 4

terminals per channel for input and excitation-output features)
On-board cold junction sensing for thermocouple 5B modules

For each 5B module, 1500 V isolation from the system and from other channels

The following figure shows a block diagram of the WBK15.
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Physically, the WBK 10 is the same size as the WaveBook/512 for convenient mounting. A fastener panel
allows multiple units to be stacked vertically. Screw-on handles are available for portable applications.

CAUTION

If the following two conditions exist simultaneously:

ambient temperature >40°C
WBKI1S5 is connected to 8 strain-gages and in a configuration of 4 or more

modules;

then you must mount the modules on their side (vertically) to facilitate air flow
through the side plates. Failure to due so could result in thermal-related

problems.
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Safety Concerns

Voltages above 50 Vrms AC or 100 VDC are considered hazardous. Safety precautions are required when
5B modules are used in situations that require high-voltage isolation from the rest of the system.

The WBK15 is specified for 1500 VDC isolation in a normal environment free from conductive pollutants
and condensation. The 1500 VDC rating requires a proper earth ground connection to the chassis and
treatment of adjacent inputs as potentially hazardous. CE marked units used in the European community
arerated at 600 VDC isolation. The 600 VDC CE isolation specification is based on a double insulation
requirement, and no earth ground is required.

Input cables must be rated for the isolation potential in use. Line voltage ratings are much lower than the
DC isolation values specified due to transients which occur on power lines. Never open the lid unless all
inputs with potentially hazardous voltages are removed. The lid must be securely screwed on during use.

Itis strongly recommended that you:
Properly tighten all chassis screws before system use.
Properly tighten the screw that retains the 5B module.
Never plug in or unplug potentially hazardous connections with power applied to any connected
equipment.
Never attempt to change 5B modules or open the lid with power applied to the WBK15. Y ou could
short out internally exposed circuits and cause damage.
Never leave aforeign object (conductive or non-conductive) inside the WBK 15.

Power

Like the WaveBook/512, the WBK 15 contains an internal power supply. The unit can be powered by an
included AC power adapter or directly from any 10 to 30 VDC source, such asa 12 V car battery. For
portable or field applications, the WBK 15 and the WaveBook/512 can be powered by the DBK30A
rechargeable battery module. The supply input is fully isolated from the measurement system. If the fuse
requires replacement, itisa2 A picofuse (Littlefuse #251002). Note:

For custom power cabling, refer to the DINS connector’s pinout in Appendix E.

For power requirements, refer to Appendix C. 'Y ou must compute power consumption for your entire

system and (if necessary) use auxiliary or high-current power supplies.

Configuration

The figure shows the board layout within a WBK15. Note the channel humber layout for the 5B modules
and the location for plug-in current-sense resistors. Note: Only current-input type modules require the plug-
inresistors. Such resistors must be removed for all other modules.
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WBK15 Board Layout

5B Module Insertion/Removal
The 5B modules plug into a daughterboard (x2) on the WBK15's motherboard. Rubber bumpers on one
side and atilted daughterboard allow the module to rest at a 5° angle to facilitate insertion and removal.
The adjacent daughterboard has a cut-a-way to allow room for a screwdriver (see figure).

Turn off power to the WBK15 and all connected modules and devices before
inserting or removing modules.

CAUTION

Handle the 5B module carefully while inserting pins into the daughterboard. Do
not over-tighten mounting screw.

5B Pins
(x14)

Screwdriver

5B Module Daughterboard
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_Pin (x14)
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I

Rubber Rest Mounting Screw
5B Module Insertion/Removal
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Signal Connection
Signals are connected by screw-terminal signal plugs that plug into the 4-pin jacks on the WBK 15's front
pandl (seefigure).

EXC -+ +EXC -EXC Negative excitation output - only used on strain-gage type modules

- Negative signal input
O O 0O

+ Positive signal input

+EXC Positive excitation output - only used on strain-gage type modules

Signal Connection Jacks (per channel)

Input signals (and excitation leads) must be wired to the pluggable terminal blocks. Eight 4-terminal blocks
accept up to 8 inputs.

wiring or configuration.

f Shock Hazard. De-energize circuits connected to the WBK15 before changing the

Terminal blocks are connected internally to their corresponding signal conditioning module. The terminal
blocks accept up to 14-gage wire into quick-connect screw terminals. Each type of input signal or
transducer (such as athermocouple or strain gage) should be wired to its terminal block as shown in the
figure below. Wiring is shown for RTDs, thermocouples, 20mA circuits, mV/V connections, and for full-
and half-bridge strain gages.

£y
SIGL SIGH
S 5\5 S % S o 8 é O]

-EXC -Vin +Vin +EXC -EXC -Vin +Vin +EXC
gl;irnnégggﬁple _ + mV and V Connection
© O © 0

-EXC -Vin +Vin +EXC
Full-Bridge Strain-Gage Connection

-Vin  +Vin
4-Wire f f
| © O O O
| -EXC +EXC
2-Wire 3-V\ﬁre‘ Oz
A Og
| ]
Q O O ®‘ o O © ®‘ v v 200mm
- - Plug-In Resistor
-EXC -Vin +Vin +EXC -EXC -Vin +Vin +EXC (SC-AC-1362)
Half-Bridge 420mA  On-Board Socket
RTD Connection Strain-Gage Connection Connection

Typical Signal Connections
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Software Setup in WaveView

Depending on your application, you will need to set several software parameters so that WaveView will
organize data to your requirements. The next figure shows the WaveView Configuration screen and calls
out several parameters of importance to the WBK15. Ater the 5B module typeisidentified, WaveView
figures out the m and b of mx+b for proper engineering units scaling. Note: if necessary, refer to chapter 5
Using WaveView for more information on using the columns to configure a channel.

Select the 5B module type for
each of the WBK15'’s channels

2w aveView Configuration

File Edit “Window System

== =E =R

" Channel Configuration /
Select Range => |5830-01fF  ~|
CH | On| Range |5B30.02 1| LPF On| LPF Cutoff| LPF Type |HFF Cuteff)  Curert .=
SE30-03 ource Level
2-1 |ves [5B30-01 5BE30-04
2-2|ves SB3001  |5B30-05 ]
2-3|ves 5B30-M  [DB30-06
2-4|ves sE3001 (2R3N .
2-5|¥esz BBE30M THZT I
2.6 |ves SBI0D CHZ2 riid
2-7 |¥es 5EI0D CHZ3 riid
2-8|ves BEI0II CH24 i
3-1[ves BOwHDO CH2G W Bypazz | 3333333 Elliptic -

Software Function

The Application Programming I nterface does not contain functions specific to the WBK15. As needed, you
can refer to related sections of chapters 6 through 12.

WBK15 - Specifications

Name/Function: WBK15 Multi-Purpose Isolated Signal Conditioning Module
Connector: 2 BNC connectors, mate with expansion signal input on the WaveBook/512; two 15-pin connectors, mate with expansion signal
control on the WaveBook/512
Module Capacity: Eight 5B modules (optional)
Input Connections: Removable 4-terminal plugs
(Weidmuller type BL4, PN 12593.6 or type BLTOP4, PN 13360.6)
Power Requirements: 10 to 30 VDC or 120 VAC with included adapter
With 8 thermocouple-type modules: 12 VDC @ 0.25 A, 15 VDC @ 0.20 A, 18 VDC @ 0.2 A
With 8 strain-gage-type modules: 12 VDC @ 0.95 A, 15 VDC @ 0.75 A, 18 VDC @ 0.65 A
Cold-Junction Sensor: Standard per channel
Shunt-Resistor Socket: One per channel for current loop inputs
Isolation
Signal Inputs to System: 1500 VDC (600 VDC for CE compliance)
Input Channel-to-Channel: 1500 VDC (600 VDC for CE compliance)
Power Supply to System: 50 VDC
Dimensions: 221 mm x 285 mm x 36 mm (8.5" x 11" x 1.375")
Weight: 1.8 kg (4 Ib) with no modules installed
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WBK20 - PCMCIA/EPP Interface Card

For full speed 1 M-sample/s portable applications, the optional WBK20 PCMCIA interface card cable can
be used to link the WaveBook/512 to a notebook PC.

The WBK20 issimply inserted into a Type Il PCMCIA socket (with the label side up) on the notebook PC.
The cable provided isinserted into the end of the PCMCIA card, and the DB-25 socket connector is
connected to the DB-25 plug connector on the WaveBook/512 (labeled “From PC Parallel Port”). No
further hardware configuration is required; all configuration must be performed with the software which is
provided with the WBK 20.

Refer to the WBK 20 installation manual for detailed information on installing this card.

WBK20 - Specifications

Name/Function: WBK20 PCMCIA/EPP Interface Card
Bus Interface: 8-bit PCMCIA Card Standard 2.1
Dimensions: 5 mm (PCMCIA Type Il) card

Connector: DB25F

Transfer Rate: > 2 Mbytes/s

Cable: 2 ft (included)

WBK21 - ISA/EPP Interface Card

For full-speed (1 M-sample/s) desktop applications, the optional WBK 21 I SA interface can be used to link
the WaveBook/512 to a desktop PC.

The WBK21 installsinto an IBM or compatible computer using any available 16-bit backplane slot. Prior
to installing the card, check to make sure that the card is jumpered correctly for proper operation.

Refer to the WBK 21 installation manual for detailed information on installing this card.

WBK21 - Specifications

Name/Function: WBK21 ISA/EPP Interface Plug-in Board
Bus Interface: 16-bit ISA-bus interface

Transfer Rate: > 2.5 Mbytes/s

LPT Address: 378 or 278

LPT Interrupts: 5 or 7

Connector: DB25F

Serial-Port: high-speed 16C550 via DB9

Serial-Port Address: 3F8, 2F8, 3ES8, or 2E8

Serial-Port Interrupt: 2, 3, 4, or 5

Connector: DBOM
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WBK61 & WBK62 High-Voltage Adapters

The WBK61 and WBK62 are single-channel high-voltage adapters that can be used with the
WaveBook/512 data acquisition system or WBK 10 expansion module. In addition, the WBK 61 and
WBK62 can be used with the WBK 11, WBK 12, and WBK 13 cards.

The WBK61 and WBK 62 channel output connection is made through a BNC-to-BNC coupler. Each
WBK61 and WBK 62 high-voltage adapter has two signal input connections, one for low signal input, and
the other for high signal input. The input channels are resistively isolated from ground, providing for safe
connection of the test device. Seriesresistors, for both high and low channels, serve as attenuators,
providing a maximum current limit of 100 pA.

The WBK61 and WBK 62 include safety-style banana-jacks for the high and low inputs, and 60-inch (152
cm) cables with probe tips and alligator clips for easy input connection. The following figure shows simple
diagrams for each high-voltage adapter.

WBK®61, with 200:1 Divider Ratio WBK62, with 20:1 Divider Ratio
10 MQ 1 MQ
s ﬁ*@ To channel s @3 To channel
ngh input ngh mPUt

(Note 1) (Note 1)

(Note 2) (Note 2)

Low 10MQ Low 1 MQ

Note 1: Channel input connections are made (BNC-to-BNC) to the WaveBook/512 data acquisition system,
or to the WBK10 analog expansion module. Refer to Hardware Setup in regard to analog ground
and earth ground connections.

Note 2: The variable resistors are not user adjustable and are factory set at 50KQ.

WBKG61/62 Block Diagram

Hardware Setup

Refer to the following steps to connect the high voltage adapter. Refer to the figures on this and the
following page as needed. Note that the term “WBKG6x” refers to both the WBK 61 and the WBK 62 since
the installation of these unitsisidentical.

WARNING

High voltages can cause death or severe injury. Do not connect or disconnect the
probes from the WBK61 or WBK62 when leads are connected to a voltage source.

WARNING

ii Failure to properly connect the WBK61 or WBK62 to the acquisition device

(WaveBook/512, or WBK10) and to ground will result in unsafe operation.

1. Connect the WBKG6x (S) to any input channel(s) of the WaveBook/512 or WBK 10 using the supplied
BNC-to-BNC coupler (part # CN-110). Refer to the following two figures.

2. |If connecting only one WBK6x, connect the green stacking banana plug to analog common (J12) on
the WaveBook/512 or WBK10.

3-30

WBK61/62, WaveBook Expansion Options WaveBook User's Manual



If connecting two or more WBK6xs, connect the green stacking plug of the first WBK6x to analog
common (J12) on the WaveBook/512 or WBK10. Connect the other WBK6x stacking banana plugs

to the adjacent WBK6x earth ground connections (see figure).

To local
el e earth ground
-_-‘;.‘-"PP .{__,.z' ]
WBK10 (or A

WaveBook/512) .- %ﬂu —=

3 A

: o |
Analog s S X
Common BNC-to-BNC = )

Coupler Connect signal

from probe here

Em = Farth ground connection

~—1 = Lead for connecting to analog common or
to adjacent high voltage adapter's
earth ground connection

= Banana plug with direction of plug in

To local earth ground

WaveBook/512

Ch1 l;i--s

e
Common

Example: Two WBK61 and two WBK62 High Voltage Adapters connected to a WaveBook/512

3. If connecting only one WBKG6x, connect the green banana plug/alligator clip lead (part # CN-111)

from the WBK6x earth ground connector to the local earth ground.
If connecting two or more WBKG6xs, connect the green banana plug/alligator clip lead (part #

CN-111) from the last WBKG6x earth ground connector to the local earth ground. Refer also to step 2

and the above figure.
4. Connect the input leads (part # CA-152) to the WBK6x Input HI and Input LO jacks.

5. Connect the test leads (part # CA-152) to the circuit under test. Y ou may use aligator clips (part #

CN-109) to connect test |eads.

If desired, set the applicable WaveBook/512 channel(s) to the appropriate scale by setting the mX+b
function in the WaveView program as discussed in the following section, Sofiware Setup.
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Software Setup in WaveView

Note: Software which makes use of programs other than WaveView may require asimilar setup.

Depending on your application, you may need to set software parameters to meet your requirements. The
WaveView Configuration screen includes several important parameters including the “units.” To configure
the units, you must use the Configure Engineering Units pull-down box.

To set the mX + b equation so waveforms and data will be correctly scaled, enter the appropriate m value

asfollows:
for WBK61: set m equal to 200.
for WBK62: set m equal to 20.

Note: If necessary, refer to the WaveBook/512 User s Manual (chapter 5, Using WaveView) for more
information on using the columns to configure a channel.

2w aveYiew Configuration M =]E3
File Edit ‘Window Supstem
e | e T P
F= =
" Channel Configuration
CH | On| Range ‘ Lahel ‘ Units | LPF On| LPF Cutoff| LPF Type |HPFEual)  Curent (=
ource Level
Dig [Yes Dig
0-1|ves -B0t50 CHO IConﬁgule Engineering Units B
[Dalver sowsov i v
0-3|ves -5.0tf
D-4ves 501050V CHO4 v m=| 200000f b=>| o0.000]
0-5|ves 50t 5.0V |CHOS W p— ——— _
0-6|ves G0ENY CHOE ¥ LTI LS
0-7|ves B0wEOV [CHO7 W Engineering Unit Label =>
0-8|ves 5050V |CHOB W =
0K | Cancel |

Software Function

The API (Application Programming Interface) does not contain functions specific to WBK61 or WBK62.
Refer as needed to related sections of chapters 6 through 12.

WBK61/62 - Specifications

Name/Function:
WBKG61, High-Voltage Adapter with Probes, 200:1 Voltage Divider
WBKG62, High-Voltage Adapter with Probes, 20:1 Voltage Divider
Number of Channels: 1
Dimensions: 83 mm x 61 mm x 28 mm (3.25” x 2.375”" x 1.1")
Cables: 60" leads with detachable probe tips and alligator clips
Output Connector: BNC socket
Voltage Divider:
WBKG61: 200:1 fixed
WBK®62: 20:1 fixed
Maximum Voltage
WBK61: 1000 Vpeak (on either input reference to earth ground)
WBK62: 100 Vpeak (on either input reference to earth ground)
Maximum Differential Voltage:
WBK61: 2000 Vpeak (if neither input exceeds 1000 Vp rating to earth
ground)
WBK®62: 200 Vpeak (if neither input exceeds 100 Vp rating to earth
ground)
Frequency Characteristics: approximates a single-pole frequency
response
-3 dB Bandwidth: 200 kHz minimum

Voltage Ranges: * Note: The asterisk indicates the range is
obtained with the use of a WBK11, WBK12, or WBK13.
WBKG61 Effective Ranges:
Unipolar: +1000V, 500V, 200V, 100V*, 40V*, 20V*
Bipolar: +1000V, 500V, 200V, 100V, 50V*, 20V*, 10V*
WBKG62 Effective Ranges: Note: For the WBK62 ranges
which are followed by an asterisk, the WaveBook/512 (or
WBK10) will exhibit superior performance with no WBK62
present.
Unipolar: +100V, 50V, 20V, 10V*, 4V*, 2V*
Bipolar: +100V, 50V, 20V, 10V, 5V*, 2V*, 1v*

Measurement Errors:

The following values include total system error, i.e., they
include errors from WaveBook/512, WBK10, WBK11,
WBK12, and WBK13. The value for gain error does not
include offset error.

Gain Error:
0.1% FS (unipolar)
0.2% FS (bipolar)
Offset Error:
0.1% FS (unipolar)
0.2% FS (bipolar)
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Operation Guide

4

This chapter describes WaveBook operation and related concepts of how data acquisition works.
Understanding this material isimportant for effective use of the WaveBook whether using WaveView,
other ready-to-run software, or custom-written software.

A block diagram of the WaveBook/512 base unit is explained. Later diagrams explain scan and
triggering capabilities. If necessary, you may need to refer other chapters as follows:
Chapter 1 outlines the system’ s basic features.
Chapter 3 describes features of the WBK expansion options including block diagrams.
Chapter 5 explains how to use WaveView.

System Overview

10 to 30 VDC
Input power from AC adapter,
DBKB30A, 12-V car battery, etc

Power Supply ON/OFE
+5 @ Switch
+-‘|g :: (.(\_/\o_. .
-15 &+ Fuse
FI—JC/DC
Converter DIN5s can be

EPP Interfacel——————:

Expansion BUffefS Differential
Signal Input > ~Amplifier
(from optional
WBK10) > 2
Expansion ~ s
Unit Control ~ |as t'D15
(to optional ~ [es:[™
WBK10)
- Buffers
st:: >—I\
—> Differential
7 > Amplifier v
) > >+ g_niplolar/
A »- 0 ipolar
6 > Level Shifter
>
Differential 9 > Channel
Analog q Selection 12:bit, 1-MHz | _E;o—
Inputs 4 MUX A/D Converter - <
) >
3 S Expansion Input Select
) > h 4 EEPROM
] Digital Signal
2(5 ) Processor (DSP) 20-MHz
—1> Scan Real-time | [P '\é?s'(ekf > c
1 > »| | Sequence Digital 0c ontrol
% Table Correction _an_d >
BNC Inputs | > ET&EE
Analog [N -
DBSS Trigge% > Trigger '—>
= Detector v ”| Select
8
1-MHz 65536-word
Digital TTL Trigger Input (87380-sample) -
Inputs ggerinp FIFO High-speed
ol 8 digital inputs/outputs data buffer
Digital address lines
110 read, write, enable

proceeds as follows:

WaveBook/512 Block Diagram
Various features can be seen in the WaveBook/512' s block diagram. The analog input signal path

daisy-chained

<2l To PC EPP

z:|| or to optional WBK20

=l PCMCIA interface card
=:/| or to WBK21 ISA-bus

J] plug-in board interface

58

i To
=l Printer

Each of the 8 pairs of differential signals (one per BNC connector) is buffered and then switched
by the channel-selection multiplexer.
The selected differential pair isthen converted to a single-ended signal by the programmable gain
amplifier (PGA), with again of x1, x2, x5, or x10, respectively corresponding to an input span of
10, 5, 2, or 1 volts.
The amplified signal is then level-shifted to locate the desired range within the A/D converter's
fixed input range. Two offset settings are available, unipolar and bipolar. The unipolar offset is
used to sample signals that are always positive; the bipolar offset is used for signals which may be
positive or negative. For example, when set for unipolar at again of x5, the input span is 2 volts
and the amplified signal is offset so that input voltages from O to +2 volts can be digitized. When
set for bipolar operation, the offset is adjusted so that input voltages from -1.0 to +1.0 volts can be

digitized.
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The signal is then switched into the A/D converter where it is digitized (to 12 bits) in 1 us. The
A/D converter's input can also be switched to the expansion signal input to read one of the 64
possible expansion channels, supplied by up to 8 WBK 10 expansion chassis.

The digitized value is then processed by the digital signal processor (DSP) which corrects the
value for gain and offset errors. If this sampleisto be delivered to the PC, then the DSP places
the corrected result into the FIFO data buffer which holds the samples until the PC reads the data.
If the sampleis being used for triggering, then the DSP examines the result to determine if avalid
trigger event has occurred.

The WaveBook aso includes low-latency analog or TTL-level triggering. The low-latency analog
trigger detector examines the WaveBook input channel 1 to determineif atrigger has occurred. The
selected low-latency trigger is presented to the control and timing circuit that starts the acquisition after
thetrigger. The TTL trigger istaken directly from the digital 1/O port.

The control and timing circuit and the DSP together coordinate WaveBook activities. Every sample
time, the DSP reads from the scan sequence table and accordingly programs the control and timing
circuit for the next sample. The control and timing circuit waits precisely until the start of the next
sample and then selects the input channel, the PGA gain, the level-shifter offset, and the A/D input
source. It also conveys thisinformation to any attached expansion units and precisely controls the A/D
conversion timing.

The EEPROM holds the calibration information needed for the DSP-based real-time sample correction.
Each WaveBook product (WaveBook/512, WBK 10, and WBK 11) includes such an EEPROM.

Thedigital 1/O port is read and written by the DSP to transfer bytes of digital data. 1t may be used asa
simple 8-bit input port or as a 32-address byte-wide /O port.

Theinterface circuit connects the WaveBook and any attached printer to the PC. When the WaveBook
is active, the interface holds the printer in a stable state; and when the WaveBook isinactive, the
interface connects the PC to the printer.

Both the WaveBook/512 and the WBK 10 can accept the WBK 11 8-channel simultaneous-sample-and-
hold card shown in the block diagram below. The SSH card includes an offset-adjusted differential
amplifier, wide-range programmable gain amplifier (PGA), and sample/hold circuit for each of the 8
input channels. It also includes a buffered multiplexer that presents the sampled signal to the A/D and
an EEPROM that holds the calibration constants. Unlike the WaveBook, the PGAsin the SSH cannot
be dynamically configured during data acquisition. Their gain isfixed before samples are taken.

Buffer
Amplifier

One of 8 Channels (Typical)

Offset Adjust

10 Diff. Amp.

J11

SCI - Serial
Configuration Interface

WBK11 Block Diagram

The PGAsin the SSH can each be set to one of seven gains: x1, x2, x5, x10, x20, x50, and x100,
respectively corresponding to input voltage spans of 10, 5, 2, 1, 0.5, 0.2, and 0.1 V. Theseinput spans
are offset for either bipolar or unipolar operation, just asin a WaveBook without an SSH.

Note that the level-shifter is still used with the SSH and the offset may still be adjusted on a sample-by-
sample basis. Also, the analog trigger detector senses analog channel 1 after it has been amplified by
the PGA. Thisimproves the triggering resolution at high gains.

4-2
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The WBK10 block diagram shown below is very similar to the analog portion of the WaveBook/512.
Instead of digitizing the signals however, it sends them to the WaveBook through the expansion signal
connectors. The expansion signal output can be disabled to allow multiple WBK10sto share asingle
expansion bus. The WBK10, like the WaveBook/512, can accommodate the installation of the
WBK11.

-

N

Offset Adjust
Differential
Amplifier

w

N

g%@@@%@@@@

8-channel

Input i i Unipolar/Bipolar
f “Dﬂlaf;rentlal Level Shifter Expansion
Signal
Enable
6
7 . ?
Control and
8 Timing Circuit

K K
Power Supply

+5 @
-5 e
+15 @— e 10to 30 VDC
-15 e~

DC/DC Converter | EEPROM—|

WBK10 Block Diagram

Expansion
Unit Control

The Acquisition Process

To take measurements with the WaveBook, several steps must be accomplished:

1. [Initializing the WaveBook establishes communication between the PC, the WaveBook, and
any attached options and automatically calibrates them according to the settings stored in their
non-volatile EEPROM memory.

2. Configuring an acquisition is a multi-step process that includes specifying the signals to scan
(and their voltage ranges), the trigger source, the number of scans to acquire, and the scan rate.
These steps are described in more detail in the following sections.

3. Starting the acquisition. Once the acquisition has been configured, it must then be started.
Samples will then be collected according to the configured trigger and acquisition modes. These
samples must then be transferred into the PC for display, analysis, or storage.

4. Stopping the acquisition. Once all desired data has been collected, the acquisition must be
stopped. It may be stopped automatically or may need to be stopped by a command.

5. Shutting down the WaveBook. Finally, when WaveBook operation is no longer needed, it may
be shut down.

Programmer s note: The example programs supplied with the software use commands for a variety of
acquisition types. These programs (explained in chapters 6 to 9), the theory of operation in this
chapter, the enhanced APl models chapter, and the command reference chapters are all useful for
writing your own programs.

Initializing the WaveBook

The WaveBook isinitialized with the wbk| ni t  command which establishes communication with the
WaveBook through a specified parallel port and interrupt. Before invoking wbkl ni t , it is often
appropriate to use thewbk Set Er r Handl er and wbkSet Def aul t Pr ot ocol commands.
wbkSet Er r Handl er will catch errors that may occur during initialization.

wbkSet Def aul t Pr ot ocol will direct the software to use the best protocol, as identified by the
wbkt est program, when establishing communication.
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One-Step Acquisitions

Instead of individually configuring and starting the acquisition, collecting the results, and stopping the
acquisition, al of these steps can be performed with any of the one-step acquisition commands:

wbkRd, wok RdScan, wok RN, wok RdScanN. These one-step commands greatly simplify the task
of acquiring readings, but they lack the full flexibility of the individual, custom-acquisition commands.

Configuring an Acquisition

Channel Numbering

The analog input channels are identified by channel numbers which are determined by the connections
among the WaveBook and the attached WBK expansion modules and are automatically assigned
without switches or jumpers. The main unit's channels are always referred to as channels 1 through 8.
Thefirst expansion unit (connected directly to the WaveBook) has channels numbered 9 through 16.
Subsequent expansion units add 8 more consecutive channels up to atotal of 72 channels. Note:
channel 0 always designates the main unit's 8-bit digital 1/0 port.

Specifying the Scan

Every acquisition is composed of one or more repetitions of ascan. A scanisalist of someor all of
the input channels and their respective input ranges. Scans can vary in length from a single sasmple up
to 128 samples. In general, the order in which channels are scanned is arbitrary—they need not be
scanned in any particular order; channels may be duplicated within a scan, or they may be omitted.
Each sample within the scan may be acquired at any range, specified by its gain and offset. Thus, the
scan is configured by using alist of channels to be sampled and their gains and offsets. The

wbkSet Scan and wbkSet Mux commands are used to configure the scan. Note: some minor
limitations on the arbitrary arrangement of a scan are discussed in alater section.

Specifying the Trigger Source

Thetrigger is arecorded event to correlate the acquisition with other processes. The trigger may be
used to start the acquisition or to serve as a marker within the acquisition. Every acquisition must be
triggered. If thereisno valid external trigger signal, the acquisition should be triggered by the PC.

The WaveBook supports several trigger sources. a software trigger from the PC, the channel 1 input
level, the TTL-trigger input, or a combination of analog input samples. ThewbkSet Tri gHar dwar e
command is used to choose among the first three trigger sources. ThewbkSet Tri gAnal og and
wbkSet Tri gConpl ex are used to select the combination of analog input samples as the trigger
source. This"multi-channel trigger" capability and others are described later in this chapter. The
wbkSof t Tri g command generates a software trigger. The software trigger takes effect regardless
of what trigger source has been selected and so can be used to force atrigger if the desired trigger has
not arrived.

Specifying the Number of Scans

During an acquisition, several groups of scans are acquired, depending on the selected acquisition
mode. In the N-shot acquisition mode, a single, fixed-length group of scansis collected after the first
trigger. In the N-shot with re-arm mode, a single, fixed-length group of scans collected after each
trigger until the acquisition is stopped. In the infinite post-trigger acquisition mode, asingle
indefinitely long group of scansis collected after the trigger until the acquisition is stopped. In the
pre/post-trigger mode, three groups of scans are collected: a fixed-length pre-arm group, an indefinitely
long pre-trigger group, and a fixed-length post-trigger group.

ThewbkSet Acq command specifies the acquisition mode and the length of the fixed-length groups.
In the N-shot mode, the length specifies the number of scansto acquire after the trigger. Intheinfinite
mode, no length need be specified—the acquisition continues until explicitly stopped. Andinthe
pre/post-trigger mode, both the pre-arm and post-trigger lengths must be specified. The acquisition
modes are further described later in this chapter. Note that in the pre/post-trigger mode, the pre-arm
group length (also called the pre-trigger length) is the guaranteed number of scans that will be collected
before the trigger.

4-4
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Specifying the Scan Rate

During a scan, the WaveBook always takes samples every microsecond (1 us). Thus, the minimum
scan period (the fastest scan rate) is 1 ustimes the number of channels. The maximum scan period (the
slowest scan rate) is 100 seconds per scan. In the pre/post-trigger acquisition mode, two different scan
rates may be specified, one for before the trigger and one for after.

ThewbkSet Peri od andwbkSet Freq commands are used to set the scan rate(s) either in
nanoseconds (ns) per scan, or scans per second, respectively. The scan rate may be set within its limits
to 50 ns precision.

ThewbkGet M nPeri od andwbkGet MaxFr eq commands retrieve the minimum possible scan
period or maximum possible scan rate based on the scan composition and trigger source. When multi-
channel analog triggering is used, it reduces the maximum pre-trigger scan rate.

ThewbkGet Peri od andwbkGet Freq commands retrieve the current actual settings of the scan
period and rate. These may be different from those specified with wok Set Per i od and

wbkSet Fr eq because they include the effects of the trigger source, scan composition, and a 50-ns
timebase resol ution.

Starting the Acquisition

Before beginning an acquisition, the WaveBook must be configured for which channels to sample, how
often to scan, how many scans to acquire, and the trigger parameters. The wok Ar m command starts
the acquisition. If the acquisition mode is pre/post-trigger, then the WaveBook will immediately begin
acquiring the pre-trigger scans. Otherwise, the WaveBook will wait for the trigger before sampling.
After the WaveBook begins taking samples, samples are placed in an output buffer from which they
must be read by the PC.

Transferring Results

When samples are read from the WaveBook, they are placed into a user-supplied data buffer whose
sizeislimited only by the PC's memory. ThewbkBuf f er Tr ansf er command informsthe
WaveBook about the size and location of this buffer. It also specifiesif the buffer iscircular or linear,
and if the command should wait for the transfer to complete. As datais transferred into the buffer, the
wbkGet BackSt at command may be used to retrieve the amount of data that has been placed into the
buffer and the state of the acquisition: active or inactive.

Circular buffers are used when the data is processed asit is being received, or if only the last buffer-
full of datais of interest. Asdataistransferred into acircular buffer, if it becomes full, the data
transfer continues at the beginning of the buffer, overwriting old data. ThewbkBuf f er Rot at e
command may be used to arrange a circular buffer into chronological order. Circular buffers are
discussed in more detail |ater.

Linear buffers are not overwritten. If they become full during transfer, then the transfer stops until a
new buffer is provided.

ThewbkBuf f er Tr ansf er command can wait until the transfer is stopped or can immediately return
to the user's program. In the "background" non-waiting mode, the user's program continues during the
transfer but must periodically check the status of the transfer. In the simpler "foreground" waiting
mode, the user's program cannot perform other operations during the data transfer. Foreground and
background modes are discussed in greater depth near the end of this chapter.

The acquired data may also be automatically written to disk with thewbk Set Di skFi | e command
which must be invoked before the acquisition is started.

For ease of interpretation, the 12-bit samples are normally transferred as 16-bit words; but for increased
efficiency, the data may be packed to transfer four samplesin three 16-bit words. The

wbk Set Dat aPacki ng command controls this packing, and the wbk Buf f er Unpack command
may be used to unpack the received data.

WaveBook User’s Manual 4-5



Operation Guide

Chapter 4

Stopping the Acquisition

ThewbkDi sar mcommand immediately terminates data acquisition. The N-shot and pre/post-trigger
acquisition modes automatically stop when they are complete; however, both the N-shot with re-arm
and the infinite post-trigger acquisition modes will continue to collect data until they are explicitly
stopped with thewbkDi sar m command. ThewbkDi sar mcommand may also be used to stop N-
shot and pre/post-trigger acquisitions before they complete.

Shutting Down the WaveBook

After all the acquisitions are complete and the WaveBook is no longer being used, it should be shut
down with thewbkCl ose command. This helps to guarantee the proper operation of any printer
attached through the WaveBook and assures that the hardware and software are in a consistent, stable
State.

Operation Details

Analog Signal Processing

Each of up to 72 analog inputs are amplified and level-shifted to provide 8 input ranges (or 14 with the
WBK11 SSH). The amplified signals are digitized to at least 11.98 bit resolution (4050 counts) with a
12-bit A/D converter and then corrected to 11-bit accuracy (not counting the sample-to-sample noise)
by the DSP. The total system noiseislessthan 1-bit RMS at again of x10.

The analog data format is a signed 16-bit number with -32768 (8000h) representing the minimum input
voltage, O representing midscale, and 32752 (7FFOh) representing the maximum input voltage. The
four least significant bits are not zero, but instead include fractional bit information from the digital
calibration process. These bits are discarded, after rounding, if the samples are packed for transfer to
the PC. If data packing is not used, then these bits are preserved.

Digital 1/0 Processing

The WaveBook/512 digital 1/0 port writes and reads 8-bit bytesto and from 32 addresses. The
pipelined, DSP-based design of the WaveBook restricts the digital 1/0 port to the following types of
accesses:
During Acquisition: Read a byte from the digital 1/0 port at address 0, as the first element in the
scan.
With Acquisition Stopped: Read and write bytes at any of the addresses under command of the
host PC.

When read as the first element of a scan, the 8-bits that are read are left-justified within the 16-bit
sample. The remaining 8 bits are undefined and may appear as any value. Thus a sample of the digital
inputsis of the form 00XXh to FFXXh where the leftmost 8 bits are read from the port and the
remaining (shown as X X) are undefined.

When the WaveBook is not acquiring data, then thewbkDi gRead and wokDi gW it e commands
may be used to read and write bytes at any one of the 32 addresses.

The pinout figure and table describe the digital 1/0 port signals.

po—— 14l )
ol 14 D1
A—— 2
ol 15 D2
AM—— 3T
o6 D3
A2—— a4t
olf-17 D4
A3—— 54l
o1 (NC)
AM— Bl
19 +5V
RD-—— 7+t 1[0
WR—— gl
EN-—— 9o T2 ]
oo 4olls oitt22—+—-15 vbe
231 +15vDC
D6 — 11
o124 —4
D7 ——12{fe T34
TTLTRG —13He
¥//
© | oNp
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Digital I/O Port Pin Use
Signal Name Pin Number Direction Description
D7 12 input/output digital 1/0 port data lines
D6 11
D5 10
D4 17
D3 16
D2 15
D1 14
DO, 1
Ad 6 output digital 1/0 address lines
A3 5
A2 4
Al 3
A0 2
EN- 9 output active-low digital I/O enable
RD- 7 output active-low read strobe
WR- 8 output active-low write strobe
TTLTRIG 13 input TTL-trigger input
+5 volts 19,21 power output 250 mA maximum total
+15 volts 23 power output 50 mA maximum
-15 volts 22 power output 50 mA maximum
Ground 20, 24, 25

If the digital 1/0 port isonly being used to sample the digital inputs during acquisitions, just connect
the digital signalsto the digital I/O port datalines. If thedigital I/0 port isto be used for addressed
1/0, using thewbkDi gRead andwbkDi gW it e commands, then the digital signals must conform
to the timing requirements shown in the digital 1/0 port-timing diagram shown below:

< 225 ns (min) N
RD- \ /_
WR-
'é,?,'_“ valid line
—»  4—10ns (max) 0 ns (min)—p |€—
0 ns (min)
< 185 ns (max) > 50 ns 1max)
DO-7
(read)
< 210 ns (min) N
DO-7. I
(write)
0 ns (min)—p| |€¢—

Digital I/O Port Timing

During aread from the digital 1/O port, the RD- signal is asserted for at least 225 ns. Within 10 ns after
RD- is asserted, the address and enable lines are valid. They remain valid until at least O ns after RD-
isunasserted. The datato be read must be presented to the DO-7 data lines within 185 ns after RD- is
asserted and must be held until after RD- is unasserted. If the digital I/O port is used for both input and
output, then the data lines must not be driven for more than 50 ns after RD- is unasserted; but if the
digital 1/0 port is only used for input, then DO-7 may be driven indefinitely.

During awrite to the digital 1/O port, the WR- signal is asserted for at least 225 ns. Within 10 ns after
WR- is asserted, the address and enable lines are valid. They remain valid until at least 0 ns after WR-
isunasserted. The datato be written is driven on the DO-7 data lines at least 210 ns before WR- is
unasserted and remains on the data lines at least until O ns after WR- is unasserted.
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Acquisition Composition

No acquisitions
before trigger

Acquisition Mode and the Number of Scans

The acquisition mode determines the number of scans (and their relation to the trigger) that make up an
acquisition. There are 4 acquisition modes: N-shot, Infinite post-trigger, N-shot with re-arm, and
Pre/post-trigger.

N-Shot Acquisition Mode

The N-shot mode, shown below, isthe simplest. After the trigger, it collects afixed number of scans,
from 1 to 100,000,000.

. Scan 1 Scan 2 Scan 3 Scan N-1  Scan N
verwemsger | Il /il
before trigger L Il _ » Time

Trigger — - ) ) Scan Period

Samples in Scan L
1 ps/sample )
4P
Channel  ch1 ch3 chs ch2 ch7 ch1
Gain x1 x5 x10 x5 x1 x5
Offset Uni Bi Bi Uni Uni Bi
N-Shot Acquisition

Once the acquisition has been started, with the wok Ar mcommand, the N-shot mode waits until a
trigger occurs. It collects the post-trigger number of scans, as specified by the wbk Set Acq command,
and then stops. No more datawill be collected until another acquisition has been started. Asshownin
the diagram, each scan consists of one or more samples, taken 1 microsecond apart. The scans are
repeated with the post-trigger scan period that was specified with thewbk Set Per i od or

wbk Set Fr eq command. The number of scans collected shown as"N" in the diagram may be set
from aminimum of one scan after the trigger to a maximum of 100,000,000 scans.

Infinite Post-Trigger Acquisition Mode

It is also possible to collect an unlimited number of scans after the trigger by using the infinite post-
trigger acquisition mode as shown below:

0
|
Infinite Post-Trigger Acquisition

Dis-arm

Trigger ‘ »

Scan Period

Thismode isidentical to the N-shot mode except that the total number of scansis not limited. Inthe
infinite post-trigger mode, scans are continually taken at the post-trigger scan rate. When the desired
number of scans have been gathered, thewbkDi sar mcommand must be used to terminate acquisition.

N-Shot With Re-Arm Acquisition Mode
The N-shot with re-arm acquisition mode, shown below, is used to collect scans after each trigger.

Scm 1

|

No acquisitions
|_after dis-arm
I

Fekekek

Trigger

» Time

O 1 L
| /l IV\

<——— P
Scan Period
Trigger Trigger

N-Shot With Re-Arm Acquisition

Dis-arm

Thismode is also similar to the N-shot mode. It differsin that after the "N" scans have been acquired,
the trigger isre-armed so that another "N" scans will be taken for each subsequent trigger. Asinthe
infinite post-trigger mode, the wbk Di sar mcommand must be invoked to prevent further acquisitions.
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Pre/Post-Trigger Acquisition Mode

The pre/post-trigger mode is substantially different from the preceding modes. This mode acquires
samples both before and after the trigger (the other modes only take samples after the trigger).

Pre-Trigger Scan Counﬁ Post-Trigger Scan Couqt
No acquisitions .
vetorestart |l Il ] << 1
I - I ‘ I ‘4—“ » lime
Start Pre-Trigger Trigger Pre-Trigger Post-Trigger
Scan Period Armed Scan Period Scan Period

Pre/Post-Trigger Acquisition

In this mode, as soon as the acquisition is started, the WaveBook immediately begins taking scans with
the trigger disabled. The WaveBook guaranteesthat at least a certain number of scans are collected
before the trigger is recognized. This number isreferred to as the "pre-trigger scan-count”. When the
pre-trigger scan-count number of scans have been collected, the WaveBook then armsthe trigger. The
WaveBook continues scanning at the pre-trigger scan rate until the trigger occurs. When the trigger
does occur, the WaveBook completes the current pre-trigger scan and then begins scanning at the post-
trigger scan rate until the post-trigger number of scans has been collected.

The collected scans can be divided into three groups: the pre-arm scans, the post-arm scans, and the
post-trigger scans. The pre-arm and post-trigger groups are each individually set to a fixed length from
1 to 100,000,000 scans. The post-arm group (the scans after the WaveBook is armed and before the
trigger is detected) may contain any number of scans, depending on how long it takes before the
trigger. Thus, the minimum number of scans collected in this mode isjust the sum of the pre-trigger
and post-trigger scan counts; but the maximum number is unlimited. Circular data buffers are often
used to capture this type of data.

Scan Composition

As shown above, every acquisition collects one or more identical scans of the input signals. Each scan
consists of from 1 to 128 samples collected at arate of 1 microsecond per sample. Each sample of a
scan specifies the channel to be acquired and the gain and offset to be applied to the signal. The

wbk Set Mux and wbk Set Scan commands are used to specify the scan composition.

In general, the channel number, gain, and offset may be specified arbitrarily for each samplein the
scan, but there are some restrictions:
The digital input port (channel 0), if read, must be the first channel of the scan.
Thefirst channel of the scan may not be a channel equipped with aWBK 11 (simultaneous
sample/hold) option. If an SSH channel is specified as the first channel of the scan, then the
software will automatically insert adummy channel, whose result is discarded, as the actual first
channel of the scan, thus reducing the maximum scan length to 127 samples.
Every reading of agiven SSH channel must be at the same gain because the WBK 11 cannot
change gain between multiple readings of the same channel. Different SSH channels may be
sampled with different gains, and a single SSH channel may be read with both unipolar and
bipolar offsets, but all samples of asingle SSH channel must be made at the same gain.

Scan Period

The scan period is the time from the first channel of one scan until the first channel of the next scan.
The WaveBook/512 supports two different scan periods: the pre-trigger scan period, and the post-
trigger scan period. Because the WaveBook/512 samples at arate of 1 MHz, the absolute minimum
scan period isjust 1 ps times the number of samplesin the scan. However, the actual minimum period
may be more:
If the first channel in the scan isa SSH channel (with aWBK 11 installed), then a"dummy”
channel is added to the scan adding 1 s to the minimum scan period.
Multi-channel triggering increases the minimum pre-trigger scan period by 1 usplus 1 usfor
each trigger sample. However, multi-channel triggering does not affect the minimum post-trigger
scan period.
The actual scan period may be any value from the minimum scan period to a maximum of 100 seconds,
and can be set with 50 ns (0.05 us) resolution. Note: the pre-trigger and post-trigger scan periods may
each be set to any valid value from their respective minimum (which differsif multi-channel triggering
is used) to their maximum of 100 seconds.
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Triggering Capabilities

Triggering is the use of an external signal or signals to start or synchronize the data acquisition
process. The WaveBook can use four types of trigger signals:
- TTL-level input (either rising- or falling-edge). TTL-level triggering is performed by digital

logic connected to the digital expansion connector.
Channel 1 analog signal level (rising or falling). Analog triggering is performed by comparator-
based analog hardware connected directly to analog input channel 1.
Multi-channel combination of measured channel values. Multi-channel triggering is performed
by the WaveBook's Digital Signal Processor (DSP). The DSP samples the specified channels;
and, if programmable conditions are met, atrigger is generated. Multi-channel triggering
examines digitized data, and the trigger latencies are much greater.
Software command from the PC. The software trigger allows the PC to generate a trigger
without waiting for an external event. This may be used to immediately begin a data acquisition,
or to force an acquisition to occur if the expected trigger did not occur.

Low-latency (Hardware) Triggering

The TTL-trigger input and the channel 1 analog signal comparator output are each connected directly
to hardware trigger circuits to provide low-latency triggering. The WaveBook can respondtoaTTL or
analog trigger with ajitter (uncertainty in latency) of no more than 100 nanoseconds.

Unless pre-trigger datais being collected, the WaveBook responds to the trigger with alatency of

less than 200 nsfor TTL and 300 nsfor analog.

If pre-trigger datais being collected, then triggers are not acted upon until the end of the current

pre-trigger scan. Thisincreases the trigger latency and jitter but preserves the specified scan
rates.

When the analog channel 1 trigger is used, the channel 1 analog input signal is compared with a
programmable voltage level to generate an internal TTL-level signal which is true if theanalog input is
greater than the programmable voltage level (and false if itisless). When the TTL trigger is used,
then the TTL-level trigger signal from the digital 1/O connector is used directly. Theresulting TTL-
level signa isthen, under program control, examined for either a false-to-true (rising edge), or true-to-
false (falling edge) transition which, when it occurs, is the trigger event.

If the system isready for atrigger, then the trigger event will be acted upon. If the system is not ready,
because it is not completely configured, or becauseiit is still finishing the previous trigger's action, the
trigger will beignored. No indication of such an ignored trigger is given.

The low-latency analog trigger compares the analog signal with a programmabl e voltage source. The
effective range of this voltage source depends on whether or not the WBK 11 SSH option isinstalled.

- Without SSH, the trigger threshold is settable from -5.0 to +9.996 volts with 12-bit (3.7 mV)
resolution, regardless of any channel's gain settings. This gives better than 1% resolution at even
the smallest input ranges (0.5 or 0-1 volts).

With SSH, the analog channel 1 signal isfirst amplified by the SSH programmable gain amplifier
before being compared with the programmable voltage. This allows precise trigger-level
adjustment, even at high gain levels. The analog-trigger comparator threshol d-voltage range and
resolution (with SSH) are shown in the following table.

SSH Input Range Trigger Threshold Range Resolution (mV)
0-10 or 5 -5.0 to 9.996 3.66

0-50r+2.5 -2.5 to 4.998 1.83

0-2 or +1 -1.0 to 1.999 0.73

0-1or+0.5 -0.5 to 0.9996 0.366

0-0.5 or £0.25 -0.25 to 0.4998 0.183

0-0.2 or +0.1 -0.10 to 0.1999 0.073

0-0.1 or £0.05 -0.05 to 0.09996 0.0366

The analog trigger circuit has hysteresis which reduces the occurrence of retriggering due to input
noise. The hysteresiswithout SSH is 25 mV; the hysteresis with SSH is 1/600 of the comparator range.
The effect of this hysteresis (for rising-edge trigger) is shown in the next figure.
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Hysteresis Effect on a Rising-Edge Trigger

< Trigger Level

Hysteresis Range

A trigger will occur when the analog input rises above the trigger level, but only after the input level
has been below the hysteresisrange. If the level momentarily drops just below the trigger level
(perhaps due to noise) and then rises above it again, no extratriggers will be generated—the signal did
not drop below the hysteresisrange. After the level drops below hysteresis, it can then again produce a
trigger by rising above the trigger level.

DSP-Based, Multi-Channel Triggering

When the small, hardware-limited latencies of the TTL and analog channel 1 triggers are not required,
the DSP chip may be used to examine the samples from one or more channels and decide if they
congtitute a pre-defined trigger condition.

The DSP can sample up to 72 of the input channels and examine each one to determine if they meset
programmed levels for avalid trigger. This multi-channel triggering is a two-step process:
1. TheWaveBook DSP examines each of its specified input signals to determine if they are valid
triggers.
2. After dl of the channels have been examined, the DSP logically combines the individual triggers
to generate the actual trigger. The DSP may be programmed to generate atrigger if any
individual trigger isvalid ("OR") or only if all triggers are valid ("AND")—see figure.

Trigger | Invalid Trigger
| Detector

Y ¥ Trigger
Logic

Trigger | Valid Trigger

Analog Detector \ AND—» No Trigger
all
Input >—f (@l

Signals .
Trigger | _——"| or —{» Trigger

Detector | valid Trigger | (@ny)

o—*

Re-Arm Command
From Control Circuits

Multi-Channel Trigger Detection

A 4

A 4

Trigger validity in amulti-channel environment is determined by the logical relationship among 3
elements (slope, duration, and initialization) as discussed in the next section.
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Eight Trigger Types Trigger Type Slope Duration Initialization
. . . Above-level Rising Instantaneous | Level
The first step in multi-channel Below-level Faling [ Instantaneous [ Level
triggering is to examine the input Above-level-with-latch | Rising Latched Level
signals, The WaveBook can examine Below-level-with-latch Falling Latched Level
each input in 1 of 8 ways to determine Risl:”g'ef"jge Risni”g Instantaneous Egge
: T : Falling-edge Falling Instantaneous | Edge
t”gge.r Vahdlty'. Ea.Ch of the 8 tnggq Rising-edge-with-latch Rising Latched Edge
typesis acombination of 3 elements: Falling-edge-with-latch Falling Latched Edge

slope, duration, and initialization.

Slope (above/rising or below/falling) sets whether the trigger is valid when the signal is:
abovethetrigger level (rising)
below the trigger level (falling)

Duration (instantaneous or latched) specifies the action to take if the signal level becomesinvalid after
it has been valid.
Instantaneous triggers become invalid as soon as the signal does. Instantaneous triggers are used
to trigger on the coincidence of signals: when two or more signals are simultaneously valid.
Latched triggers remain valid until the acquisition is complete. Latched triggers are used to
trigger on the occurrence of signals: when two or more signals have already become valid.
The trigger duration only makes a difference in multi-channel "AND" triggering. In multi-channel
"OR" triggering, the WaveBook will be triggered as soon as any channel becomes valid; what happens
when a channel becomes invalid does not matter. In contrast, "AND" triggering waits for all of the
triggers to be valid; and so, latching can be important for rapidly changing signals.

Initialization (level or edge) specifies the sequence necessary for asignal to be avalid trigger.
Level triggers become valid as soon as they reach or exceed the trigger level, even if they are
already past the trigger level when the acquisition is started.
Edge triggers first wait until the signal level isinvalid. Then they wait for the signal to reach the
trigger level before becoming valid.
Thus, level triggerslook for asignal level, whenever it occurs; and edge triggers look for arising or
falling transition that reaches the trigger level.

Examination of the input signals compares two specified signal levels: the trigger level and the
hysteresis.
The trigger level determines when the input channel isavalid trigger.
The hysteresis is the amount by which the channel must differ from the trigger level for the
channel to becomeinvalid.

Above-Level Trigger Trigger Trigger
Rising slope — :r Trigger Level
. ysteresis
Instantaneous duration No a
Level initialization Trigg/;\/ \/ \

Thistrigger is valid whenever the signal level is above the trigger level and stays valid until the signal level goes below
the hysteresisrange. In the figure, the channel trigger is valid during the 2 shaded intervals. Whether this triggers the
WaveBook depends on the type of multi-channel triggering ("AND" or "OR") and on the state of the other trigger
channels. If multi-channel triggering is configured for "OR", then the WaveBook will be triggered when the signal first
rises above the trigger level; if the WaveBook is ready for a new trigger, then it will also be triggered the second time the
signal rises above thetrigger level. If multi-level triggering is configured for *"AND", then the WaveBook will not be
triggered until every specified trigger channel isvalid. If all other trigger channels are valid, the WaveBook will be
triggered when the signal reaches the shaded region; but if some channels are not valid, this channel will have no effect.

Below-Level Trigger No Trigger\A /\ /\ No Trigger\‘ /
Falling slope \J

Instantaneous duration _

Level initialization

Hysteresis
; <—Trigger Level
Trigger Trigger

Thistrigger is valid whenever the signal level is below the trigger level and stays valid until the signal level goes above
the hysteresis range (the reverse of above-level triggering). Aswith all multi-channel trigger types, the WaveBook's
actua trigger depends on the combination of this trigger with the other channels' trigger states.
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Above-Level-With-Latch Trigger Trigger

Rising slope \A < Trigger Level
Latched duration /
Level initialization

In this type of triggering, the channel becomes valid when the signal level rises above the trigger level and stays valid
until the acquisition is complete and the WaveBook is re-armed.

Falling slope

Latched duration

Level initialization Trigger/'\/
The channel becomes valid when the signal level rises above the trigger level and stays valid until the acquisitionis
complete and the WaveBook is re-armed (the reverse of above-level-with-latch triggering). Latched triggers are often
used in multi-channel "AND" triggering, where the WaveBook is not triggered until al trigger channels are valid. After a
latched trigger becomes valid, it stays valid (waiting for the other triggers to become valid) until the WaveBook is
triggered and the acquisition completes. If the trigger is non-latched instead latched, the channel may not stay valid and
the WaveBook will not trigger until the channel becomes valid again and all channels simultaneously reach their trigger
levels. In other words, latched triggering is used to trigger after something has occurred, but non-latched
triggering is used only during the simultaneous occurrence of desired signal levels. It ispossible to combine
different trigger typesin asingle multi-channel trigger. For example, the WaveBook could trigger when channel 3is
below 0.9 valts after channel 2 has gone above -1.3 volts, by configuring channel 3 for below-leve triggering and
channel 2 for above-level-with-latch triggering.

Below-Level-With-Latch Trigger /‘
<—Trigger Level

Rising-Edge Trigger /\ /\ Trigger _
Rising slope J N\ \ A /| ,_tsg'rgeg?sr Level
Instantaneous duration
Edge initialization \J \/ No M\
Thistrigger becomes valid after the signal level has been below the hysteresis range and then goes above the trigger
level. Thistrigger becomesinvalid when the signal level goes below the hysteresis range. Unlike above-level triggering,

the channel cannot become valid until the signal level first goes below the hysteresisrange. This prevents the false
triggering that would occur if the signal is above the trigger level at the start of the acquisition.

Falling-Edge Trigger /\ /\ NoTrlgger

Falling slope Hvsteresi
Instantaneous duration ysieresis

taneo ¢ «—Trigger Level
Edge initialization \/ \/ Triggef

Thistrigger isthe reverse of the rising-edge trigger: the trigger becomes valid after the signal level has been above the
hysteresis range and then goes below the trigger level. Thistrigger becomes invalid whenever the signal level goes above
the hysteresisrange. This prevents the false triggering that would occur with below-level triggering if the signal was
below the trigger level at the start of the acquisition.

Rising-Edge-With-Latch Tri Trigger
. g ge I ate rigger /\ /\ <— Trigger Level
Rising slope Hysteresis
Latched duration
Edge initialization \/ \/ \I
Thistrigger becomes valid like arising-edge trigger: when the signal level goes above the trigger level after first being
below the trigger range. However, the rising-edge-with-latch trigger does not become invalid, regardless of the signal

level, until the acquisition is complete. Rising-edge-with-latch is used to trigger after the channel has reached the trigger
level, rather than just while the channel is above the trigger level.

Falling-Edge-With-Latch Trigger /\ /\ A

Falling slope _ / \V \l Hysteresis
Latched duration ANVAN < Trigger Level
Edge initialization \/ \/ Trigger

Thistrigger isthe reverse of the rising-edge-with-latch trigger: the trigger becomes valid after the signal level has been
above the hysteresis range and then goes below the trigger level. Thetrigger remains valid until the acquisition is
complete.
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Trigger Latency and Jitter

Trigger latency is the time duration between the occurrence of the valid trigger and the start of
the triggered acquisition of the data.

Trigger jitter isthe variation of the latency: the amount of time the latency can vary from trigger
to trigger.

Latency and jitter depend on both the trigger source and the acquisition mode.

As discussed above, the WaveBook has different acquisition modes. Post-trigger modes (N-shot, N-
shot with re-arm, and infinite-post-trigger) collect scans only after the trigger has occurred. They are
different from the pre/post-trigger mode which collects scans both before and after the trigger. This

difference affects the trigger latency and jitter.

In a post-trigger mode, the WaveBook is not scanning while waiting for the trigger. Thus, itisfreeto
respond to the trigger as soon as it occurs. This minimizes the latency and jitter.

In the pre/post-trigger mode, pre-trigger data is being collected while the WaveBook waits for the
trigger, and the WaveBook will not respond to atrigger until the current scan is complete. Thefirst
scan after the trigger is separated from the last scan before the trigger by the pre-trigger scan period.
Thus, al the scans up through the one immediately following the trigger are collected at the pre-trigger
rate, and all the subsequent scans are collected at the post-trigger rate. This preserves the integrity of
the acquisition timebase as shown in the figure below:

Pre-Trigger Scan Count Post-Trigger Scan Couqt
+—>
No acquisitions ;
votorestart | Il [l ] << 11t 1
] 1 I » Time
Start Pre-Trigger Trigger Pre-Trigger Post-Trigger
Scan Period Armed Scan Period Scan Period

Pre/Post-Trigger Acquisition

The time needed to complete the final pre-trigger scan is part of the trigger latency; and so, in the
pre/post-trigger mode, the trigger latency may be greatly increased.

Not only do the trigger latency and jitter depend on the pre- vs post-trigger type of acquisition, they
also depend on the trigger source: software, TTL, analog, or multi-channel. The following table gives
the latency and jitter for each of the different trigger sources and acquisition modes.

Acquisition Type Trigger Source Max. Trigger Latency Trigger Jitter | Notes
Software 100 pus + T 100 pus + T a,c

Pre-trigger TTL 200ns + T 50ns + T [
Analog (channel 1) 300ns+T 50ns+ T c
Multi-channel 2*T-NSps T c,d

N-Shot, Software 100 ps 100 ps a

N-Shot w/ re-arm, TTL 200 ns 50 ns

or infinite-post- Analog (channel 1) 300 ns 50 ns

trigger Multi-channel 2*NC + 3 ps NC +2 ps b

configuration.

(c) T is the pre-trigger scan period.
(d) NS is the number of samples in a scan including, if present, the first "dummy" sample, from 1 to 128.

(a) Software trigger latency and jitter depend greatly on the host computer's speed, operating system, and
printer-port protocol. Most systems should take much less than 100 ps.
(b) NC is the number of samples used for multi-channel triggering, from 1 to 72, as specified by the trigger
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Data Packing

4 bits
(empty)

12 bits
(used)

~

Normally, the WaveBook/512 transfers each of its 12-bit readings as a 16-bit word which can be easily
interpreted by the PC. However, to increase the data transfer efficiency by 25%, 4 readings can be
packed into 3 words.

Advantages of Packed Data:

Less Datato Transfer: By packing 4 samples (12-bit) into 3 words (16-bit), the amount of data
transferred from the WaveBook/512 to the PC is reduced 25%, thus reducing the amount of time
required to transfer the data by a similar amount. This can increase the maximum data acquisition
rate. For example, if the PC's EPP port is limited to 800 KB/sec, then without packing, the
maximum average data acquisition rate will be 400 Ksamples/sec, but with packing it will
increase to 533 Ksamples/sec.

Less Datato Store: As packed data takes fewer words, it effectively increases the buffer size. For
example, the 65536-word internal data buffer in the WaveBook/512 can hold 87380 samples of
packed data instead of only 65536 samples of unpacked data. Similarly, the PC's memory is used
more efficiently when storing packed data.

Less Datato Archive: Storing packed data to disk is both faster (because there are fewer words to
transfer) and more economical (the disk files are smaller) than storing unpacked data.

Disadvantages of Packed Data:

Extra Processing Steps: The packed data must be unpacked before it can be interpreted,
increasing the complexity of programs which use packed data.

Loss of Resolution: Even though the WaveBook/512 is a 12-bit device, it uses 16-bit arithmetic
internally to compensate the digitized data. Rounding these resultsto 12 bits, so they can be
packed, slightly reduces the accuracy (by less than 2L SB).

Specia Cases: If an acquisition is not amultiple of 4 samples long, then the last, 3-word, packed
data group will only be partialy filled with the final sample(s). These end conditions must be
taken into account when directly processing packed data.

Packed-Data Format

The packed-data format packs four 12-bit samples into three 16-bit Bits
words. To do so, the first sample is broken into three 4-bit nibbles, H, Word | 1512 | 11-0

M, and L, where H is the most-significant (high) nibble, M isthe middle  |-X 1L Sample 2
nibble, and L is the least-significant (low) nibble. These 3 nibbles are . - ggmg:g 2

then combined with the three subsequent samplesto form three 16-bit

words (seetable). The wbhkSet Dat aPacki ng function is used to enable/disable data packing.

The next figure shows how 4 scans of 3 samples each are transferred to the PC. If data packing is not
used (1% diagram), each of the 12 samples occupies a separate 16-bit word of memory. |If data packing
is used (2™ diagram), the samples are packed into 9 words without regard for the scan boundaries.
Each group of 3 words includes 4 consecutive samples which may come from more than one scan.

Unpacked Buffer - 4 scans of 3 samples Packed Buffer - 4 scans of 3 samples

scan 1 scan 2 scan 3
sample 1 sample 2 sample 3
/
s s s s s s s s s s s s s s s s s s s s s
c c c c c c c c c c c c c  c c c [ c c c c
a a a a a a a a a a a a a  a a a a a a a a
n n n n n n n n n n n n n n n n n n n n n
1 1 1 2 2 2 3 3 3 4 4 4 1 1 2 2 3 3 4 4 4
s s s s s s s s s s s s ) s s s s s s s s
a a a a a a a a a a a a a  a a a a a a a a
m m m|m m m|m m m|m m m m m|m m|m m|]m m m
PR RIP B oRIR P oRfP B PoRIE RIR BIR BB
e e e e e e e e e e e e e e e e e e e e e
1 2 3 1 2 3 1 2 3 1 2 3 2 3 1 3 1 2 1 2 3
\\1 2 3 4 5 6 7 8 9 10 N 1%) \\1 2 3 4 5 6 7 8 9 ) )
12 words 9 words
Each 16-bit word holds 12 bits of data Each 16-bit word holds 16 bits of data
(same amount of data in 25% less space)
Data Packing
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Data Transfer

Once an acquisition has been started, the WaveBook/512 will begin acquiring samples either
immediately (if pre-trigger is enabled) or after the trigger. These samples areinitially placed into the
WaveBook's internal 64K-word first-in-first-out (FIFO) buffer. The PC must retrieve the samples from
the FIFO soon after acquisition starts; otherwise, the FIFO will become full, samples will be lost, and
an error will beindicated. The retrieved samples are transferred into data buffers in the PC's memory.

Time-outs

While the PC is controlling and transferring data from the WaveBook, the application program in the
PC is unable to execute and is temporarily suspended. To keep the application program from hanging
indefinitely, the WaveBook includes a timer which will stop WaveBook operation with an error if the
application program has been suspended for more than a specified number of milliseconds. The time-
out interval is set withwbk Set Ti neout .

Buffer Size

ThewbkBuf f er Tr ansf er command retrieves the samples from the WaveBook into a buffer in the
PC's memory. wbkBuf f er Tr ansf er takes many arguments which are described in full in the
command reference chapter. Among those are the ones that describe the buffer:

buf - the address of the buffer that will hold the samples

scanCount - the size of the buffer, in scans

cycl e - controls overwriting of old samples

The buffer must have room for at least buf
scanCount scans. If data packing is not used,
then each sample takes one 16-bit integer, and the
buffer must be at least (samples-per-

scan)* scanCount words long (see figure).

| &

Scan Scan
3 LA scanCount

With data-packing, every 4 samples take 3 integers and the buffer must be at least (3/4)* (samples-per-
scan)* scanCount words long. Also with data-packing enabled, the buffer must hold a whole number of
4-sampl e groups of packed data—the number of samplesin the buffer, (samples-per-scan)* scanCount,
must be amultiple of 4. Seetable for some examples of buffer sizes:

Scan Length Scans per Buffer Unpacked Buffer Length | Packed Buffer Length
(samples-per-scan) (scanCount) (16-bit words) (16-bit words)
1 1 ) 1 —
2 2 —
3 3 —
4 4 3
5 5
6 6 —
7 7 —
8 8 6
2 1 2 —
2 4 3
3 6 —
4 8 6
3 1 3 —
2 6 —
3 9 —
4 12
5 15 —
6 18 —
7 21 —
8 24 18
4 1 4 3
2 8 6
3 12 9
4 16 12
127 1 127
2 254 —
3 381 —
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4 508 381
5 635 —
6 762 —
7 889 —
8 1016 762
128 1 128 96
2 256 192
3 384 288
4 512 384

The cycle argument is a Boolean (true or false) that specifiesif, once the buffer isfull, new datais
allowed to overwrite old data that is already in the buffer.
If cycle is false, the buffer is used as alinear buffer—samples are stored into the buffer until the
buffer isfull and the transfer stops.
If cycleistrue, the buffer is used as a circular buffer—once the buffer isfull, the transfer begins
again at the beginning of the buffer, overwriting the old data.
When the WaveBook transfers data into alinear buffer, it places the first sample into the first word of
the buffer, and continues transferring data until the buffer isfull. Once the buffer isfull, the transfer is
stopped, and no more samples are written to the buffer. This preserves every sample from the
WaveBook; none are ever overwritten in alinear buffer. Of course, even with the transfer stopped, the
WaveBook, as configured by the acquisition mode and scan count, may still be acquiring more scans.
If more scans are taken, they are stored in the WaveBook's internal buffer until they can be transferred
to the PC. Another wokBuf f er Tr ansf er command must be used to transfer them into the PC. If
the transfer is not restarted, or is not restarted soon enough, the acquired scans will eventually overflow
the WaveBook's internal buffer and samples will be lost.

The following diagram shows the scans as they are transferred into the first two of severa linear

buffers;
First Buffer Next Buffer
Scan
Number — 1 2 3 60 61 62 63 120

When the WaveBook transfers data into a circular buffer, it continues transferring until the acquisition
iscomplete. If the amount of data acquired exceeds the capacity of the buffer, then the oldest samples
in the buffer are overwritten. As more samples are acquired, more and more of the buffer is
overwritten so that the most recent samples are always kept in the buffer. For example, if an
acquisition is configured for 1000 scans and the buffer holds only 60 scans, then the buffer will initially
be filled with scans 1 through 60. Then, scan 61 overwrites scan 1; scan 62 overwrites scan 2; and so
on until scan 120 overwrites scan 60. At this point the end of the buffer has been reached again—so,
scan 121 is stored at the beginning of the buffer, overwriting scan 61. As shown below, this process of
overwriting and re-using the buffer continues until all 1000 scans have been acquired.

[ 1 Data Set
Buffer Position | 1 2 3 39 40 41 42 58 59 60
Scan 1 2 3 39 40 41 42 58 59 60
2"? Data Set
Buffer Position | 1 2 3 39 40 41 42 58 59 60
Scan 61 62 63 99 100 101 102 118 119 120
3" Data Set
Buffer Position | 1 2 3 39 40 41 42 58 59 60
Scan 121 122 123 159 160 161 162 178 179 180

When the acquisition is compl ete, the buffer holds only scans 941 through 1000. All of the preceding
scans have been overwritten. At this point the buffer has the following contents:

Final Data Set

Buffer Position | 1 2 3 39 40 41 42 58 59 60

Scan 961 962 963 999 1000 | 941 942 958 595 960

In this case, because the total number of scansis not an even multiple of the buffer size, the oldest scan
is not at the beginning of the buffer and the last scan is not at the end of the buffer. For easier
processing, the wbk Buf f er Rot at e command can arrange the buffer so that the oldest scan is at the
beginning of the buffer (and the last is at the end). wbkBuf f er Rot at e only works on unpacked data
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(one sample per 16-bit word). If the buffer were transferred as packed data, then

wbkBuf f er Unpack must first be used to unpack the buffer. Once wbkBuf f er Unpack, if
necessary, and wok Buf f er Rot at e have been used, the buffer will be unpacked with the scansin
their natural order from oldest to newest (first to last).

Overlapped Execution

During data acquisition, it is often desirable to continue execution of the application program while the
acquisition continues automatically in the background. wbkBuf f er Tr ansf er controlsthis
overlapped execution. wbkBuf f er Tr ansf er configures data transfers to be either foreground
transfers, in which thewbk Buf f er Tr ansf er command waits for the transfer to complete before
returning to the application program, or background transfers, in which the command returns as soon as
possible to the application. The overlapped operation is controlled by the "foreground" argument to
wbkBuf f er Tr ansf er which, if true, specifiesthat wok Buf f er Tr ansf er isto wait for the
transfer to complete or, if false, specifiesthat wok Buf f er Tr ansf er isto return immediately.

Foreground transfers are the simplest to use. Once a foreground transfer is started with

wbkBuf f er Tr ansf er , that command waits for the transfer to complete before returning control to
the application program. This allows the application program to assume that the datais in the buffer
and is ready to be analyzed or stored.

Background transfers are more complicated. Once a background transfer is started with

wbkBuf f er Tr ansf er , that command returns immediately to the application program. The
application cannot assume anything about the contents of the buffer. Instead, it must use the

wbkGet BackSt at command to retrieve the state of the buffer and determine if it contains any datato
be processed.

In spite of this added complexity, background transfers are often used because they allow the
application program to continue execution during the transfer. Background operation allows the
application to continue with other operations such as processing previously acquired data and
responding to other events, including user input, during the acquisition. This capability can greatly
improve the efficiency and usability of the application.

The following diagram shows how the PC directsiits attention during foreground and background
transfers:

Foreground

Application Program wbkBufferTransfer >
\ /\ /Z/Tfansfer Done
WaveBook

» Time

Overlapped Execution

o Background
Application Program >
Transfer Done
WaveBook

Start Transfer wbkGetBackStat

The choice of the appropriate combination of foreground and cycle operation along with the acquisition
mode (as set by wbk Set Acq) depends on way the application needs to process the received samples.
The four combinations of foreground and cycle (foreground-linear, foreground-circular, background-
linear, and background-circular) are each appropriate for a different approach to data processing. The
following sections describe each of these approaches and then direct-to-disk transfers.
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Foreground-Linear Transfers

Foreground transfersinto a linear buffer ssimply transfer data until the buffer isfull or until the
acquisition stops. Once this occurs, wokBuf f er Tr ansf er returns, and the error code, return count,
and active flag may be examined to decide what further action (if any) is necessary. The return count
holds the number of scans that were transferred. Thiswill be the same as the size of the buffer unless
the acquisition stopped before the buffer wasfilled. The active flag is non-zero if the buffer was not
large enough to hold the entire acquisition and the acquisition is still active. In this case, another
wbkBuf f er Tr ansf er must be invoked to transfer the additional samples. If the active flag is zero,
then the acquisition is complete and the buffer holds the number of scans indicated by the return count.
Because the buffer isalinear buffer, the earliest scan is at the beginning of the buffer and the last scan
is closest to, or at, the end of the buffer.

If the samples were data-packed for transfer (as controlled by wbk Set Dat aPacki ng, then the data
in the buffer will be in the packed-data format and may be unpacked using wbk Buf f er Unpack.

Foreground linear mode may be used with any of the acquisition modes (N-shot, N-shot with re-arm,
pre/post-trigger, and infinite post-trigger) but is most useful in N-shot mode.

In N-shot mode, each acquisition collects exactly N (the post-trigger count) scans. If the buffer islarge
enough to hold all of the scans, then when wok Buf f er Tr ansf er returns, the entire acquisition will
be ready in the buffer (assuming no error occurred). The scans may then be unpacked, if necessary,
and analyzed or stored as desired.

In all other acquisition modes, wok Buf f er Tr ansf er will return when the buffer is full, but the
acquisition will, usually, not yet be completed. Thus, sampleswill continue to be acquired, and the
application program may not have much time before it must invoke another wok Buf f er Tr ansf er
to continue the sample transfer and avoid losing data.

Foreground-Cycle Transfers

Cycle modeis used in foreground transfers to collect only the last buffer-full of data. When the
wbkBuf f er Tr ansf er command returns, the application program only has access to as many of the
last scans asfit in the buffer. For example, if the buffer islarge enough to hold 100 scans, the
foreground cycle transfer will complete with the buffer holding the last 100 acquired scans (assuming
that at least 100 scans were acquired). Thistype of transfer is most often used in pre/post-trigger
acquisitions. In pre/post-trigger acquisitions, the actual number of scans acquired depends on the
timing of thetrigger, but is at least the total of the specified number of pre-trigger and post-trigger
scans. By using abuffer that isjust large enough to hold those scans then, when the acquisition
completes, the buffer will hold just the scans of interest.

Foreground cycle transfers may also be used in the N-shot acquisition mode to capture the scans that
occur sometime after the trigger. For example, if the acquisition were configured for 1000 scans after
the trigger, and the buffer held only 60 scans, then, after the acquisition, the buffer would hold just
scans 941 through 1000, and the preceding scans would have been overwritten. Foreground cycle
transfers may also be used for direct-to-disk acquisition (discussed at the end of this chapter).

When acircular buffer is used with any acquisition mode, the scans are generally out of chronological
order at the completion of an acquisition. As discussed above, wbk Buf f er Unpack and

wbkBuf f er Rot at e may be needed to arrange the buffer into its natural order from oldest to newest
(first to last).

Note: the foreground-cycle mode should never be used with the infinite acquisition modes (N-shot with
re-arm and infinite post-trigger) as the acquisition would never complete, so wokBuf f er Tr ansf er
would never return, and the application program would be stuck acquiring data until a time-out error
occurs.
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Background-Linear Transfers

Background transfer into alinear buffer is similar to foreground transfer but with the advantage that the
application program continues execution while the datais being transferred. This alows the
application program to process one buffer while another is being acquired. While the practical amount
of processing depends strongly on the PC performance and the total sample rate, the background mode
makes multiple buffer acquisitions more feasible.

In atypical application, along acquisition is transferred using background linear transfer into two
buffers, A and B, in an alternating ping-pong fashion. Thistype of acquisition is very useful when the
total amount of data to be processed exceeds the available buffer space and may be appropriate with
any of the acquisition modes. N-shot (when N islarge), N-shot with re-arm, infinite post-trigger, and
pre/post-trigger.

In thisway, an infinite amount of data can be processed with two data buffers. As each buffer isfilled
it may be unpacked, if necessary, with wbkBuf f er Unpack before further processing. A ping-pong
transfer can be implemented with the following procedure (see figure):

1. Initialize. Theacquisition isconfigured and Buffer A Buffer B

started; wok Buf f er Tr ansf er i