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1. INTRODUCTION

The DAQP series PC card (including DAQP-12, DAQP-16, DAQPi-12, DAQPI-
16, DAQP-120M and DAQP-16 OM) isa PCMCIA type |l data acquisition
system with 8 differential or 16 single-ended analog input channels. The number
of input channels can be expanded to 256 with input expansion cards. Each
channel has a bipolar input range from1.25V (gain = 8),+2.5V (gain = 4),£5V
(gain = 2) to+ 10V (gain = 1) with programmable gainsof 1, 2, 4 and 8. The
DAQP series PC card supports sampling rates up to 100 kHz at either 12-bit or
16-bit resolution.

Equipped with adata FIFO of 512 (standard) or 2048 (those with the 2K option)
samples, the DAQP series PC card can achieve full speed data acquisition under
various operating platforms, including Microsoft DOS, Windows 3.xx and
Windows 95. It also has a scan FIFO of the same size that supports full speed,
random order channel scanning and gain selection for all the input channels (up to
256 channels when using the input expansion cards).

The DAQP series PC card has a 24-bit pacer clock and a programmable divided-
by-2, by-10, or by-100 pre-scaler. The pacer clock can also be used with an
external clock source. With the 10 MHz internal clock source, the pacer clock can
generate accurate sampling rate from 0.006 Hz to 100 kHz.

The DAQP series PC card also has 4 digital input and 4 digital output channels, all
of them TTL compatible, which may be used for control or monitoring in addition
to analog data acquisition.

The software drivers provides supports for various programming languages like
Microsoft C/C++, Borland C/C++, Delphi, QuickBasic, Visual Basic for DOS and
Turbo Pascal. A Dynamic Link Library (DLL) is provided for all kinds of
programming languages under Microsoft Windows, as well as the Visual Basic
Controls (VBX). The DAQP series PC card also has turn-key software supports
for LabTech NoteBook, Snap Master, LabView, TestPoint, and etc.

%/—ﬂl [//}él

The DAQP series Optional Cable Optional Screw Termainal
PC card Assembly CP-DAQP Adapter UIO-37

Figurel. DAQP series PC card cable connection illustration
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Figure lillustrates the DAQP series PC card cable connection. For users who do
not want to interface to the PC card’s 0.8 mm 33-pin I/O connector, an optional
adapter cable is available to convert this connector into an industry standard D-37
male connector (female connector is also available). For applications requiring
discrete wire hook-ups, an optional screw terminal adapter is also available to
convert the D-37 connector into 37 discrete screw terminal blocks. These optional
accessories are described in detail in chaptéd.

The DAQP series PC card offers the following features:
12 or 16 bit resolution

8 differential or 16 single-ended analog input channels, expandable to 256
channels

Bipolar input range up tat10 volts

Truly programmable gain of 1, 2, 4, or 8

Full speed channel scanning and gain selection for all analog input channels
Data FIFO of 512 (standard) or 2048 (with the 2K option) samples
Sampling rate up to 100 kHz

24-bit pacer clock with variable pre-scalers and external clock source
Digital input/output channels

Flexible trigger mode (internal/external, one-shot/continuous, rising/falling
edge)

Software drivers for DOS, Windows 3.xx, Windows 95, as well as canned
software packages like LabTech NoteBook, Snap Master, LabView, and
TestPoint.




2. INSTALLATION

2.1 HARDWARE SETUP

Toinstall aDAQP series PC card, simply insert the adapter into any type Il
PCMCIA socket. All other configuration options are determined by the operating
system, the Client Driver or the Enabler software as discussed in the following
sections.

2.2 SOFTWARE SETUP WITH WINDOWS 95

An“INF” file has been provided in the customer software diskette for easy
installation of the DAQP series PC card under Microsoft Windows 95. The
operating system uses the “INF” file to determine what system resources are
required by the board, searches for available resources to fill the boards
requirements, configures the PC Card hardware, and then updates the hardware
registry with an entry that allocates these resources.

2.2.1 Installingthe DAQP SeriesPC Card
1. Insert the PC card in any available PCM CIA socket.

2. Thefirst timeanew PCMCIA card typeisinstalled the “New Hardware
Found” window opens. After thisfirst installation Windows 95
automatically detects and configures the card. If the “New Hardware
Found” window does not open, then skip to the next section, “Viewing the
PCMCIA Card Settings’.

3. The“New Hardware Found” window provides several options to configure
the new PCMCIA card. Click the Driver from disk provided by hardware
manufacturer option button. Click OK to continue.

4. An*“Install From Disk” dialog box should pop up. Insert the customer
diskette with the Windows 95 INF files on it, select the correct drive letter,
and click the OK button. Windows 95 automatically browses the root
directory for an INF file that defines configurations for the new hardware
type found. If no INF files are found, click the Browse button and search
the Win95 sub-directory on the installation diskette. Y ou are not required
to select the file name. After finding the directory containing the INF files,
Windows 95 will choose the correct file.

5. Your new PCMCIA card should now be configured. In the future
Windows 95 will automatically recognize and configure this PCMCIA card

type.
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2.2.2 Viewingthe DAQP Series PC Card Status

1.

Double click the “My Computer” icon located on the Windows 95 desktop.
This opens afolder showing the various drives, printers, etc.

Double click the “Control Panel” icon. This opens another folder with
many different system configuration utilities.

Double click the “PC Card (PCMCIA)” icon. Thisopens the “PC Card
(PCMCIA) Properties” window.

The “PC Card (PCMCIA) Properties” window shows the status of your
computers PCMCIA sockets. The DAQP series PC card should be listed
in one of these sockets.

For changing the PC card configuration, see next section “Changing the
Configuration of the PC Card”.

Y our hardware should now be properly installed and configured.

IMPORTANT:

If you are using Windows 95, sectioR.3, chapter 3 and chapter4 should all be
ignored. The Windows 95 operating system takes care of the DAQP series PC
card configuration completely. 1t isNOT allowed to use the DAQP series Client
Driver or Enabler to configure any PC card under Windows 95.

2.2.3 Changing the Configuration of the PC Card

1.

Double click the “My Computer” icon located on the Windows 95 desktop.
Inside the “My Computer” folder, double click the “Control Panel” icon.
This can also be done by clicking “ Start”, “ Settings” and then “ Control
Panel”.

Inside the “ Control Panel” folder, double click the “ System” icon so that
the “ System Properties” window pops up. Select the “Device Manager”
stub. Find the “Data Acquisition” entry (preceded by the manufacturer’s
name or the vendor’s name) from the device list. Expand the entry by
clicking the leading “+” sign or by double clicking the name.

From the expanded sub-list, choose the PC card whose configuration needs
changing (there may be only one entry) by double clicking it.

Select the “Resources’ stub from the pop-up window. Highlight the
resource type (either “Input/Output range” or “Interrupt Request”) from
the “Resource Setting” table (by clicking on it), and then click the “Change
Settings ...” button. This pops up the *Edit Input/Output Range” or “ Edit
Interrupt Request” window.




5. Change the value by clicking on the slider controls by the “value” list and
then click OK to confirm the change, or CANCEL to discard it. Watch for
possible conflicts shown in the “ Conflict Information” box.

The only configuration parameters that can be changed for the DAQP series PC
card under Windows 95 are the “Input/Output Ranges’ and the “Interrupt
Request”. They are, if required, the only ones that need to be changed, too.

2.2.4 Dealing with Differencein CIS

The DAQP series PC cards come with 12-bit and 16-bit versions, as well as
standard (512 bytes) and 2K FIFO size options. Each version may also have
different product names and product descriptions depending on the vendor or
manufacturer names associated with the PC card. All this, except for the FIFO
size options, resultsin differences in the CIS (Card Information Structure) of the
PC card.

Even for the same DA QP series PC card there might have been changesin its CIS
for various reasons (e.g., new fields added in for more accurate description of the
card). Therefore, you might have the same product (so far as the hardware is
concerned) in the series that has a different CIS.

The way the DAQP series PC cards are configured under Windows 95 is actually
the same regardless of the differencesin CIS, resolution (12-bit or 16-bit), FIFO
size (with or without 2K FIFO size option), product name, product description,
and vendor or manufacturer names.

However, Windows 95 will take it as a different PC card if it sees any difference in
the CIS. We suggest that the INF file on the custom diskette that comes with the
PC card be used. You need to install the INF file ONLY if Windows 95 does
NOT recognize the DAQP series PC card when it isinserted into the system. If
that is the case, follow steps described in sectioB.2.1to have it installed.

It isNOT necessary to install the INF file that comes with your new DA QP series
PC card if it can be recognized by Windows 95 because an older version of the
INF file has been installed in your system.

It is possible that there are more than one version of the INF filesin the system.
Windows 95 will automatically use the right one for its associated DA QP series
PC cards. Once the association is established (e.g., through installation steps),
Windows 95 will recognize it every time the PC card is inserted.

Unless absolutely necessary, do NOT try to modify, merge, rename, or delete the
INF filesin the system. Please report the problems, if any, to the technical support
of your vendor or manufacturer. The phone numbers are usually listed on thetitle
page of this manual.
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2.3 SOFTWARE SETUP UNDER WINDOWS 3.xx AND DOS

Two software configuration programs are provided with the DAQP series PC
card: aClient Driver named DAQP_CL.SY S, and a card Enabler named
DAQP_EN.EXE. Either one of these programs may be used to configure the PC
card but only one may be used at a time The table below highlights the
differences between the Client Driver and the Enabler program. The installation
and usage of each of these programsis detailed in chapt&and 4.

Table 1. Comparison Between Client Driver and Enabler

Client Driver Enabler
DAQP CL.SYS DAQP _EN.EXE
Interfaces to PCM CIA Card and Socket| Interfaces directly to Intel 82365SL ang
Services software (PCM CIA host other PCIC compatible PCMCIA host
adapter independent) adapters
Allows automatic configuration of Does not support automatic
DAQP series PC card upon insertion | configuration of DAQP series PC card
(Hot Swapping) upon insertion (Hot Swapping)
Requires PCM CIA Card and Socket Does not require PCMCIA Card and
Services software Socket Services software

On systems with Card and Socket Services installed, the Client Driver isthe
preferred method of installation. If you are unsure whether Card and Socket
Services software isinstalled, install the DAQP series Client Driver as discussed in
chapter 3. When loaded, the Client Driver will display an error message if Card
and Socket Services software is not detected.




3. USING THE CLIENT DRIVER

For systems using DOS and configured with PCM CIA Card and Socket Services
software, a Client Driver named “DAQP_CL.SYS” is provided to configure the
DAQP series PC cards. PCMCIA Card and Socket Services software is not
provided with the DAQP series PC cards. However, it should be available from
your vendor.

IMPORTANT:

Some versions of Card and Socket Services dated before 1993 do not suppor
general purpose I/O cards. If after careful installation of the Client Driver th
DAQP series PC card still does not configure or operate properly, an updat
version of Card and Socket Services may be required.

The following procedure is used to install the DAQP series Client Driver:

1. Copy thefile DAQP_CL.SY S from the DAQP series PC card distribution
diskette onto the system's hard drive.

2. Using an ASCII text editor, open the system's CONFIG.SY Sfile located in
the root directory of the boot drive.

3. Locatethelinein the CONFIG.SY S file where the Card and Socket
Services software isinstalled.

4. AFTERthelineinstalling the Card and Socket Services software, add the
following line to the CONFIG.SY Sfile:

DEVICE =drive\pathDAQP_CL.SY S options

whereoptionsare the DAQP series Client Driver command line options
discussed on the following pages.

5. Savethe CONFIG.SY S file and exit the text editor.

6. Insert the DAQP series PC card into one of the system's PCMCIA slots.
NOTE: Sincethe DAQP series Client Driver supports "Hot Swapping", it
IS not necessary to have the PC card installed when booting the system.
By inserting the PC card before booting, however, the Client Driver will
report the card configuration during the boot process thereby verifying
the changes made to the CONFIG.SYS.
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7. Reboot the system and note the message displayed when the DAQP series
Client Driver isloaded. If the Client Driver reports an “invalid command
line option”, correct the entry in the CONFIG.SY Sfile and reboot the
system again. If the Client Driver reports “Card and Socket Services not
found”, then the Card and Socket Services must be installed on the system
or the DA QP series enabler program must be used to configure the adapter
(see chapter4). If the Client Driver reports the desired adapter
configuration, the installation process is complete and the DAQP series PC
card may be removed and / or inserted from the system as desired. On
each insertion into the PCMCIA socket, the PC card will automatically be
reconfigured to the specified settings.

3.1 CLIENT DRIVER COMMAND LINE OPTIONS

The DAQP series Client Driver accepts up to eight command line arguments from
the user to determine the configuration of the DAQP series PC card. If any
arguments are provided, the DAQP series Client Driver will attempt to configure
any DAQP series PC cards with the options specified in the order they are entered
on the command line. Each argument must be enclosed in parenthesis and must be
separated from other arguments by apacein the command line. Inside an

argument, acomma(no space) should be used to separate the parameters from

each other if there are two or more parameters. Within each argument, any or all
of the following parameters may be specified:

Baddress

lirg

Ssocket

specifies the base 1/0O address of the DAQP series PC card in
hexadecimal. addressmust be in the range 100H - 3F8H and must
reside on an even 8-byte boundarygddressmust end in O or 8). If
this option is omitted, a base address will be assigned by Card and
Socket Services.

specifies the interrupt level (IRQ) of the DAQP series PC card in
hexadecimal. irg must be one of the following values: 3, 4, 5, 7, 9,
10, 11, 12, 14, 15, or O if no IRQ is desired. If thisoptionis
omitted, an interrupt level will be assigned by Card and Socket
Services.

specifies the PCM CIA socket numdr to configure. socket must be
intherange O - 15. If thisoption is omitted, the configuration
argument will be applied any available DAQP series PC card
inserted in any sockets in the system.




3.2 CLIENT DRIVER INSTALLATION EXAMPLES

When using the DAQP series Client Driver, the user may specify alist of selections
(in the form of command line arguments) for the configuration of the DAQP series
PC cards. The Client Driver scans this list from left to right until it finds a
selection that is currently available in the system. If none of the preferred
selections is available, the Client Driver requests a configuration from Card and
Socket Services.

Example 1:
DEVICE = C:\DAQDRIVE\DAQP_CL.SYS

In example 1, no command line arguments are specified. The Client Driver will
configure the DAQP series PC card into ANY socket with a base address and an
IRQ level assigned by Card and Socket Services.

Example 2:
DEVICE = C:\DAQDRIVE\DAQP_CL.SYS (b300)

In this example, a single command line argument is provided. The Client Drive
will attempt to configure a DAQP series PC card inserted into ANY socket with a
base address of 300H, and an IRQ level assigned by Card and Socket Services. If
the base address 300H is not available, the PC card will NOT be configured.

Example 3:
DEVICE = C:\DAQDRIVE\DAQP_CL.SY'S (s0,b300,i5)

Provided in example 3 is aso a single command line argument. The client Driver
will attempt to configure the DAQP series PC card inserted in socket O at base
address 300H and IRQ level 5. If either address 300H or IRQ level 5is
unavailable, the PC card will NOT be configured. In addition, the Client Driver
will NOT configure any DAQP series PC card inserted into any socket other than
socket 0.

Example 4:
DEVICE = C:\DAQDRIVE\DAQP_CL.SY S (b300,i5) (i10) ()

Three command line arguments are provided in this example. The Client Driver
will first attempt to configure a DAQP series PC card inserted into any socket with
a base address 300H and IRQ level 5. If either address 300H or IRQ level 5is
unavailable, the Client Driver will proceed to the second command line argument
and attempt to configure the card with a base address assigned by the Card and
Socket Services and IRQ level 10. If IRQ level 10 is also unavailable, the Client
Driver will then go to the third command line argument and attempt to configure
it with a base addressand an IRQ level assigned by the Card and Socket Services.
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Example 5:
DEVICE = C:\DAQDRIVE\DAQP_CL.SYS (b300,i5) () (i10)

The difference between example 5 and example 4 is the order of the second and
the third command line argument. The Client Driver will first attempt to configure
a DAQP series PC card inserted into any socket with a base address 300H and

IRQ level 5. If either address 300H or IRQ level 5 is unavailable, the Client Driver
will proceed to the second command line argument and attempt to configure the
card with a base addressand an IRQ level assigned by the Card and Socket
Services. Since the second command line argument includes all available address
and IRQ resources, third command line argument will never be reached by the
Client Driver. It isthe user’sresponsibility to place the command line arguments
in alogical order.

Example 6:
DEVICE = C:\DAQDRIVE\DAQP_CLSY S (s0,b300,i5) (s1,b310,i10)

There are two command line arguments in example 6, which is desirable in systems
where two or more DAQP series PC cards are to be installed. The Client Driver
will attempt to configure such a PC card in socket O with base address 300H and
IRQ 5. If thereisa DAQP series PC card in socket 1, it will be configured with
base address 310H and IRQ 10. Thisallows the user to force the PC card’s
address and IRQ settings to be socket specific, as might be required by software or
cable connection. However, if the requested resources are not available, the PC
cards will not be configured.
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3.3 COMMON PROBLEMS

3.3.1 GenericClient Drivers

Many Card and Socket Services packages include a generic client driver (or
SuperClient) which configures standard 1/O devices. If one of these generic client
driversisinstalled, it may configure the DAQP series PC card and cause the
DAQP series Client Driver to fail installation. If thisisthe case, try the following:

1. Modify the operation of the generic client driver so that the DAQP series
PC card will not be configured by the generic client driver. Consult the
Card and Socket Services documentation for availability and details of this
feature.

2. Place the DAQP series Client Driver before the generic client driver in the
CONFIG.SY Sfile.

3.3.2 Available Resour ces

One function of the Card and Socket Services software is to track which system
resources (memory addresses, 1/O addresses, IRQ levels, etc.) are available for
assignment to inserted PC cards. Sometimes, however, the Card and Socket
Services assumes or incorrectly determines that a particular resource is unavailable
when it is actually available. Most Card and Socket Services generate a resource
tablein afile (typically in the form of an .INI file) which the user can modify to
adjust the available system resources. Consult the Card and Socket Services
documentation for the availability and details of this feature.

3.3.3 Multiple Configuration Attempts

Some Card and Socket Services have a setting which aborts the configuration
process after a single configuration failure (such as a configuration request for an
unavailable resource). The user should change this setting to allow for multiple
configuration attempts. Consult the Card and Socket Services documentation for
the availability and details of this feature.

3.3.4 Older Versionsof Card and Socket Services

Some versions of Card and Socket Services dated before 1993 do not support
general purpose I/0 cards like the DAQP series PC cards. |If after careful
installation of the DAQP series Client Driver the DAQP series PC card still can not
be configured or operated properly, an updated version of Card and Socket
Services may be required. Card and Socket Services software should be available
from your vendor.
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3.4 WHERE TO GO FROM HERE

The DAQP series PC card is now configured and ready for use. Depending on the
type of application software to be used, the user may wish to review one or more
of the following:

1. Chapter 5 of this document provides a basic theory of operation of the
adapter for users who wish to learn the technical details about the
operation of the DAQP series PC card.

2. For users who want to program the adapter with direct 1/O transfers to the
PC card’ s register set, chapter7 provides an address map and a detailed
description of each /O register.

3. Userswho would like to write custom application software without
programming the DAQP series PC card directly should consult the
DAQDRIVE software reference manual. DAQDRIVE provides alibrary
of data acquisition subroutines for various data acquisition adapters and is
included free of charge with the DAQP series PC card.

4. For turn-key data acquisition software (i.e. LabTech NoteBook,
SnapMaster, LabView and TestPoint) consult the documentation provided
by the software manufacturer.
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4. USING THE ENABLER

For systems that are not operating PCMCIA Card and Socket Services software,
the DAQP series PC card includes an Enabler program to enable and configure the
PC card. This Enabler, DAQP_EN.EXE, will operate on any DOS system using
an Intel 82365SL or PCIC compatible PCM CIA host adapter including the Cirrus
Logic CL-PD6710/ 6720, the VLSI VL82C146, and the Vadem V G-365 among
others.

IMPORTANT:

In order to use the DAQP series Enabler for DOS, the system must NOT be
configured with Card and Socket Services software. If a Card and Socket
Services software is installed, the Enabler may interfere with its operation and th
devicesit controls. Therefore, use DAQP series Client Driver or Enabler
exclusively.

The DAQP series Enabler does not support automatic configuration of adapters
upon insertion, more commonly referred to as “Hot Swapping”. This means the
adapter must be installed in one of the system's PCMCIA sockets before executing
DAQP_EN.EXE. If more than one adapter isinstalled in a system, the Enabler
must be executed separately for each adapter. Furthermore, DAQP_EN.EXE
should be executed to release the resources used by the adapter beforeitis
removed from the PCM CIA socket. Since PCMCIA adapters do not retain their
configuration after removal, any adapter that is removed from the system must be
reconfigured with the Enabler after re-inserting it into a PCM CIA socket.

IMPORTANT:

The Enabler requires aregion of high DOS memory when configuring the DAQ
series PC card. Thisregion is 1000H (4096) bytes long and by default begins at
address DOOOOH (it may be changed by the “W” option as will be described laterf.
If amemory manager such EMM 386, QEMM or 386MAX isinstalled on the
system, this region of DOS memory must be excluded from the memory managef s
control (normally by using the “x” switch). Consult the documentation provid
with the memory manager software for instructions on how to exclude this
memory region.
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4.1 ENABLER COMMAND LINE OPTIONS

To configure aDAQP series PC card in the system, the Enabler requires one
command line argument from the user to determine the configuration of the PC
card. Thisargument must be enclosed in parenthesis. Within the argument, a
comma(no space) must be used to separate the parameters from each other if
there are two or more parameters. The following parameters may be specified in
the command line argument:

Ssocket

Baddress

lirg

Waddress

specifies the PCM CIA socket number where the DAQP series PC
card isinserted for configuration.socket must be in the range O -
15. Thisoption is aways required.

specifies the base 1/0 address of the PC card in hexadecimal.
addressmust reside on an even 8-byte boundaryaddressmust end
in0or 8). Thisoptionisrequired if the “R” option is not used.

specifies the interrupt level (IRQ) of the PC card in hexadecimal.
irq must be one of the following values: 3, 4, 5, 7, 9, 10, 11, 12, 14,
15, or 0 if no IRQ isdesired. This option isrequired if the “R”
option is not used.

specifies the base address of the memory window required to
configure the PC card. Setaddress= DO for amemory window at
D0000, address= D8 for a memory windows at D8000, etc. Valid
settings foraddressare C8, CC, DO, D4, D8, and DC. |f omitted,
address= DO is assumed.

instructs the Enabler to release the resources previously allocated to
the PC card. When this optionisused, “B” and “1” options will be
ignored. Therefore, do NOT use this option when configuring the
PC card into the system.
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4.2 ENABLER EXAMPLES

Example 1:
DAQP_EN.EXE

No command line argument is specified. The Enabler will report an error and
display the proper usage of the Enabler.

Example 2:
DAQP_EN.EXE (s0,b300,i5)

In this example, the Enabler will configure the PC card in socket O with a base
address 300H and IRQ level 5 using a configuration memory window at DOOOOH.

Example 3:
DAQP_EN.EXE (i10,b310,s1)

In example 3, the Enabler will configure the PC card in socket 1 with a base
address at 310H and IRQ level 10 using a configuration memory window at
DOOOOH. Note that the parameter order is not significant.

Example 4:
DAQP_EN.EXE (s0,b300,i5,wCC)

Here the Enabler will configure the PC card in socket O with a base address at
300H and IRQ level 5 using a configuration memory window at CCOOOH.

Example 5:
DAQP_EN.EXE (s0,r)
DAQP_EN.EXE (s0,r,b300,i5)

These two command line arguments are equivalent because of the “r” option. The
Enabler will release the configuration used by the PC card in socket O using a
configuration memory window at DOOOOH.

Example 6:
DAQP_EN.EXE (s0,r,wCB8)

Here the Enabler will release the configuration used by the PC card in socket 1,
using a configuration memory window at C8000H.
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4.3 COMMON PROBLEMS

4.3.1 Memory Range Exclusion

The Enabler requires aregion of high DOS memory when configuring a DAQP
series PC card. Thisregion is 1000H (4096) bytes long and by default begins at
address DOOOOH (this default address can be changed by using the “W” option). If
amemory manager such as EMM 386, QEMM or 386MAX isinstalled on the
system, this region of DOS memory must be excluded from the memory manager’s
control (normally by using the “x” switch). Consult the documentation provided
with the memory manager software for instructions on how to exclude this
memory region.

Furthermore, some systems use the high memory areafor ROM shadowing to
improve overall system performance. In order for the Enabler to operate, any
ROM shadowing must be disabled in the address range specified for the
configuration window. This can usually be realized by using the system’s CMOS
setup utility.

4.3.2 Socket Numbers

The Enabler requires that the socket number be specified for the DAQP series PC
card to be configured. Besides, the PC card must be inserted into the socket
before invoking the Enabler.

For the DA QP series Enabler, the lowest socket number is always designated as
socket 0, and the highest socket number as N-1 (assuming there are N sockets
available). Some vendors number their sockets from 1 to N. If that isthe case, the
vendor’s socket number minus 1 should be used in the “S’ option for the DAQP
series PC card Enabler.

4.3.3 Card and Socket Services Softwar e

In order to use DAQP series PC card Enabler for DOS, the system must NOT be
configured with Card and Socket Services software. If a Card and Socket
Services software is installed, the Enabler may interfere with its operation and the
devicesit controls. Therefore, use DAQP series Client Driver and Enabler
exclusively.
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4.4 WHERE TO GO FROM HERE

The DAQP series PC card is now configured and ready for use. Depending on the
type of application software to be used, the user may wish to review one or more
of the following:

1. Chapter 5 of this document provides a basic theory of operation of the
adapter for users who wish to learn the technical details about the
operation of the DAQP series PC card.

2. For users who want to program the adapter with direct 1/O transfers to the
PC card's register set, chapter7 provides an address map and a detailed
description of each /O register.

3. Userswho would like to write custom application software without
programming the DAQP series PC card directly should consult the
DAQDRIVE software reference manual. DAQDRIVE provides alibrary
of data acquisition subroutines for various data acquisition adapters and is
included free of charge with the DAQP series PC card.

4. For turn-key data acquisition software (i.e. LabTech NoteBook,
SnapMaster, LabView and TestPoint) consult the documentation provided
by the software manufacturer.
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5. THEORY OF OPERATION

The DAQP series PC card consists of 8 differential or 16 single-ended anal og input
channels, each has a bipolar input range af10V, £5V, £2.5V, or £1.25V
(programmable gain of 1, 2, 4 or 8). The A/D converter, either 12 -bit or 16-bit,
can be operated at its top speed of 100,000 samples per second (1 per

sample).

The A/D converter uses left-justified 2's complement coding. For the 16-bit
version, its output ranges from -32768 to 32767 as usual. However, the 12-bit
version will have its 12-bit result occupying the most significant 12 bits, and
padding its least significant 4 bitswith all ‘0’ to make a 16-bit output word for
each converted input sample.

8 Differential or
16 Single-ended Programma_lt_)le A/D
Analog Input Gain Amplifier C t
Multiplexer X1,X2,X4, X8 onverter
Programmable 512 or 2048 512 or 2048
24-bit step word
Pacer Clock Scan List data FIFO
Clock Sampling
Selection Control PCMCIA
BUS
Trigger Interface
Control
- Card Info
Digital I1/0 Memory

Figure2 : DAQP Series Data Acquisition System Block Diagram
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The DAQP series PC card can be operated as an 1/O device, occupying eight
consecutive bytes in the I/O address space. It can also be configured to operate
viamemory mapped 1/0. It fully complies with the PCMCIA standard 2.10 asa
type Il card. The card does not have any jumpers or DIP switches, all of its
configurable features are programmable.

Functionally, the DAQP series PC card consists of the following components: the
DC/DC power supply, analog input multiplexer, programmable gain control, A/D
converter, data FIFO, scan list, trigger control, pacer clock, interrupt & status,
digital 1/0, as well as the associated control circuits.

5.1 DC/DC POWER SUPPLY

The DAQP series PC card uses standard 5 volt power supply for its digital circuit.
The+ 15 volt power supplies are used for the analog front end, and the analog +5
volt power supply for the A/D converter. All of them are generated by aDC/DC
converter off the +5 digital input power supply from the PCMCIA connector. The
DC/DC converter takes 140 mA, 78% of the 180 mA total load current, from the
input power supply.

According to the new PCMCIA specification, any card that takes more than 100
mA must not be blindly turned on when the card is inserted, until it isintentionally
accessed (by writing to the card configuration and option register, or its allocated
I/O space). The DAQP series PC card will support the new specification by
providing a unique power down mode control. When the card is first plugged in,
powered up or reset, the DC/DC converter will be shut off, such that only the
digital portion is up and running, taking only 40 mA from the input +5 power
supply. The user has the option of reading the card information memory, where
the maximum power consumption islisted for reference, and then decide whether
to wake it up or not. If required, the card can be put into full powered mode the
first time when its PCM CIA configuration and option register (COR) is written by
the software.

After the card has been put into full powered mode for the first time by writing the
PCMCIA configuration and option register, the card can be put into powered
down mode (or full powered mode) by writinga ‘1’ (or ‘0’) into bit 2 (the power
down bit, which is zero at reset or power up) of the PCMCIA auxiliary control
register.

Please refer to chapter6 for more information about the PCMCIA configuration
and option register (COR) , card configuration and status register (CCSR), and
etc.
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5.2 ANALOG INPUT MULTIPLEXER

Channel Differential
Selection Single-ended
Selection

xc<Z

M

Oo0Or>»z>»

U .
X |To Gain
Circuit

“cUoz-—
xc<Z

Figure3: Analog Input Circuit

The differential or single-ended configuration is determined by bit 6 of the high
bytein the scan list entry. A ‘1’ selects differential, whilea ‘0’ selects single-
ended. The expansion cards can only be used on single-ended channels. Itis
strongly recommended that the single-ended/differential selection be the same for
al theinternal channels (e.g., all 8 channels as differential, or all 16 channels as
single-ended). Having some channels configured as single-ended and others as
differential, possible asit is, might cause confusion and unexpected signal errors.

In differential configuration, there are at most 8 channels. However, if the user
specifies channel 8 to 15 in differential configuration, it only means to short the
inputs to ground for system offset measurement. The readings taken under such a
circumstance can be used for offset correction.

The input multiplexers have the built-in protection against over-voltage when the
board is powered on AND when it is powered down. The protection mechanism
will isolate the input from the rest of the board, as long as the input voltage is
within the protection range ott 30 volt.

5.3 PROGRAMMABLE GAIN CONTROL

The DAQP series PC card has an internal gain of 1, 2, 4, or 8. The gain can be
changed “on the fly” from channel to channel when scanning through the channels.
There is a programmable gain instrumentation amplifier with gains of 1, 2, 4, and
8. Theinternal gain selection is specified by the scan list entry (bit 4 and 5 of the
high byte). The contents of these two bits will determine the gain of the analog
front end.
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Input Programmable Gain
— | Instrumentation
Amplifier Output
Gain Table
00-1
01-2
Gain Control 1.8

Figure4 : Programmable Gain Control

The settling time of the analog front end meets the speed requirement. However,
if the amplifier is saturated, it may need longer time to recover. That may cause
distortion in the input signal to the A/D converter. It isawaysrecommended that
the amplifier saturation be avoided (use low gains, attenuate the input signal, and
etc.).

5.4 SCAN LIST

One entry to the scan list contains a 16-bit word, or two 8-bit bytes. It specifies
the internal channel selection and gain selection (in the high byte, or MSB), the
external channel and gain selection (in the low byte, or LSB), as well as other

control and configuration settings. Please refer to section?2 for the bit definition.

The external selections are used for channels on the expansion cards, while internal
ones for channels on board the DA QP series PC card.

The expansion cards are not included as part of the DAQP series data acquisition
system. However, they can be purchased separately from your vendor.

The number of entriesin the scan list ranges from 1 to 512 (standard) or 2048
(with 2K option). There are no dependencies implied among the entries of the
scan list. The user may choose any valid gain combinations for any channel,
internal or external. The channels can be scanned in any order as required,
repeated or not, with the same or a different gain for each entry.

The scan list has to be flushed before programming. The integrity of each entry
has to be guaranteed. In other words, there must be even number of bytes
programmed into the scan list, with the low byte sitting at an even offset followed
by the high byte. Otherwise the result of channel scanning will be unpredictable.

It is strongly recommended that the differential/single-ended control bit (at bit 14,
MSB) be programmed the same for all the entries in the scan list, which is most
likely the case for normal operations. On the other hand, single-ended
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configuration should be selected if there is one or more expansion cards connected
to the DAQP series PC card.

The synchronous sample hold bit (at bit 6, LSB) is reserved for the expansion
cards.

The first channel flag (bit 7, LSB) has to be set for the first (and ONLY the first)
entry of the scan list. The DAQP series PC card hardware relies on this bit to tell
the end (or the start) of the scan. In normal operations, the PC card starts one
scan when atrigger comes (be it a software trigger or TTL trigger in one-shot
mode, or the sampling pulse triggers from the pacer clock in continuous mode).
During the scan, each entry in the scan list will be processed until the one that has
the first channel flag set to *1’. The hardware stops the scanning and waits for the
next trigger. However, the scan will be repeated forever if none of the entries has
theflagsetto ‘1. On the other hand, if more than one entries have the flag set to
‘1", the scan list will then be chopped into pieces. Each piece requires atrigger to
run through. Should the flag be set to ‘1’ on an entry other than the first, a
“starting offset” will be introduced to the scan list such that, for all but the first
scan, the channel scanning will start from the one that has the flag set to ‘1’, run
through the list, turn around and end at the one before it. Useful as it might be for
diagnosis or special applications, the abnormal way of setting the first channel flag
should be avoided unless absolutely necessary.

5.5 TRIGGER CIRCUIT

As stated in the description of the control register (base + 2) in sectiah3, the
DAQP series PC card can be triggered by the software (or an internal trigger as
compared to that coming from an external TTL signal), the external TTL signal, or
the pacer clock. For the external TTL trigger, an active trigger edge can be
selected for either the low-to-high transition or the high-to-low transition.

In one-shot trigger mode, one trigger, either internal or external, will start one and
only one scan of all the channels specified in the scan list. The pacer clock does
not have any effect in this mode (it is good practice to program the pacer clock
with adivisor greater that 2). Multiple scans can be realized by issuing (or
receiving) multiple triggers.

In continuous trigger mode, the software or TTL trigger will start a series of

scans, in which the first oneis initiated immediately on receiving the trigger, while
the rest are carried out each time the pacer clock fires. The process will continue
until an A/D stop command (please refer to section.7 for description of sending
commands to the DAQP series PC card) is received.

If the internal trigger (or the software trigger) is selected, the trig/arm command
will serve as atrigger as soon asit is received by the PC card. For the external
trigger source, the same command will be taken as an arm command, which arms
the PC card such that the first proper trigger edge since the receiving of the arm
command will serve asthe trigger. Any trigger edges before the first one will be
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ignored. Unexpected edge transitions during the configuration of the trigger source
and edge will not be taken as triggers as long as the PC card is not armed.

5.6 A/D CONVERTER AND DATA FIFO

The DAQP series PC card always assumes a bipolar input ranges10V if the
gainisone. The output data format will always be in 2's complement (and | eft
justified for 12-bit versions). The data acquisition time of the A/D converter is 2
s while its conversion time no more than 8s. The output of the A/D converter
isfed into the data FIFO providing data buffering of up to 512 (standard) or 2048
(with 2K option) samples.

The hardware design guarantees that the A/D converter, once triggered, will do
conversion for every analog input channel specified in the scan list at the specified
scan speed and feed the results into the data FIFO. In between scans, the PC card
waits until another trigger comes in (one-shot mode) or the pacer clock fires
(continuous mode).

The data FIFO has two programmable thresholds, one for ailmost full and the other
for amost empty. The DAQP series PC card only uses the ailmost full threshold
and ignores the other one. Please refer to sectioid.2 and 7.7 for the detail about
threshold programming.

The data FIFO should always be flushed prior to the arm/trig command starting
the data acquisition. When the FIFO is flushed, or emptied by the host reading all
of its content, the FIFO empty flag will besetto ‘1'. Aslong asthereisone or
more samples left in the data FIFO, the empty flag will be set to *0'.

When the number of data samples in the FIFO becomes greater than the
programmed almost full threshold, the almost full flag will be setto ‘1. When the
number becomes less than or equal to the specified aimost full threshold, the flag
will be set to ‘0. On power up or reset, the threshold is defaulted to 7 bytes to

full (3.5 samples). Correct setting of the threshold will help achieve the optimal
performance of the card

When the FIFO isfull, the FIFO full flag will be set, and no more samples can be
written into the FIFO. At the end of each scan, the DAQP series PC card will set
the data lost flag if the data FIFO is already full. This flag will not be set before or
during the scan, but at the end of it. Once theflagis set, it will not be cleared until
the status register is read.

5.7 INTERRUPT AND STATUS

The DAQP series PC card has two interrupt sources, the end-of-scan (EOS)
interrupt and the FIFO threshold interrupt. The control register (base + 2, write
only) has two bits to enable or disable either one of the interrupts independently.
However, it is strongly recommended that the two interrupt be used exclusively.
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When the EOS interrupt is enabled, an interrupt will be sent to the host at the end
of each scan of the channel list. If thereis only one channel in the scan list, the
EOS interrupt is reduced to an EOC (end-of-conversion) interrupt.

The FIFO threshold interrupt, when enabled, will be sent to the host when the
almost full flag is set. The host can then use the “string input” instruction to move
ablock of samples from the FIFO.

The EOS and FIFO threshold event bits in the status register (base + 2, read only)
will be set whenever the corresponding event happens. These bits can be used for
indicating the source of the interrupt. Once set, the event bits will not be cleared
until the host reads the status register.

5.8 DIGITAL I/O

The DAQP series PC card has one digital input port (base + 3, read only) of four
bits (bit 0-3), and one digital output port (base + 3, write only) of four output bits
(bit 0-3). The output port is latched, but the input port is not.

Four input lines are connected to the digital input port, each representing one bit in
the port. When reading the digital input port, the CURRENT status of the digital
input lines are returned to the host.

All of the four input lines are shared with other functions. Bit O will be shared as
the external trigger input, while bit 2 is shared as the external clock input. Bit 1
and 3 are taken over as the external gain selection linesif there is one or more
expansion card connected and the expansion bit in the control register issetto ‘1’.
Nevertheless, the current status of the digital input lines will always be returned
when the host reads the digital input port, no matter the lines are shared or not.

The four digital output lines will be taken over as the external channel selection
linesif the expansion bit is set in the control register. In that case, the digital
output lines will be driven by the external channel selection bits of the current scan
list entry (see the description of the scan list). Otherwise, they will be connected
to the latched bit 0-3 of the digital output port.

5.9 A/D STATE MACHINE

The DAQP series PC card has an internal state machin€igure 5 that controls
the A/D operation. Please refer to sectiorY.7 for details about sending control
commands to the PC card.

The state machine defaults to SO after power up or reset. The normal state flow
would be first SO to S3, initiated by a scan list (queue) flush command (RSTQ).
Then the queue must be programmed by writing into the queue (base + 1). With
the queue being programmed, the next step is moving the state machine from S3
back to SO. Thisis done by issuing a flush data FIFO command (RSTF), which
sets up the gain and channel selections for the first channel in the scan list, and
waiting for atrigger to start the scan. When the trigger (ADCLK) comes, the state
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machine moves from SO to S1, and the A/D conversion will be started onceit is
moved to S1. The state machine will wait at S2 until the conversion is done. At
that time it moves to S4, where the A/D conversion result is written into the data
FIFO. The scan rate is determined by the time the state machine moves from S1 to
$4, which can be programmed as either 10, 20 or 4@s. If there are more

channels to scan in the list, the state machine will skip to S1 for another conversion
loop. Otherwise it will return to SO, waiting for another trigger (or a sampling
pulse from the pacer clock if it isin the continuous trigger mode). Any time
during data acquisition, an A/D stop command will clear RUN to zero and
eventually stop the data acquisition by moving the state machine back to SO.

~RSTF
‘/ Wait A/D
RSTF Conversion

~ADCLK* BUSY
~RSTQ RSTQ

ADCLK*
~RSTQ

RUN*~1st

~BUSY

Figure5: The State Transition Diagram of A/D Conversion Process

~RUN + 1st

It isimportant that the first trip of SO-S3-S0 be followed as described above. The
user has to issue two commands to the PC card. The flush scan list command
(RSTQ) and then the flush data FIFO command (RSTF). In between isthe time
for programming the scan list. Once the flush data FIFO command isissued, the
PC card will prepare the first channel in the scan list, and then back to state SO
waiting for the first trigger. It also guarantees that the scan list and the data FIFO
are flushed properly for the expected data acquisition.

ATTENTION Anytime the data FIFO is flushed, the default threshold
setting will be restored (7 bytes to full) by the hardware. The data FIFO
threshold should always be programmed after the flushing if the required
threshold is different from the default one.
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6. PCMCIA INTERFACE

Information in this section is provided for those who needs low level PCMCIA
interface details to the DAQP series PC card. The client driver or the enabler that
comes with the PC card will be sufficient for most applications.

The DAQP series PC card performs data acquisition for all host computers
equipped with aversion 2.1 compliant PCMCIA interface. AsaPC card, aname
that has been given to all the PCMCIA interface cards, the PC card has aform
factor of type Il (5 mm thick).

Thanks to the PCM CIA interface, the PC card is highly flexible with respect to
addressing and interrupt level use. It can be configured either as a memory only
interface or as an I/0 interface, and be powered up or down with the help of the
PCMCIA card and socket services. The DAQP series PC card provides asingle
interrupt that is routable to any system interrupt viathe PCMCIA socket
controller.

There are two sets of registers on the DAQP series PC card, the configuration
registers and program registers.

The configuration registers are those as defined in the PCM CIA 2.1 specification.
The PCMCIA configuration registers are located in the PC card’s configuration
space at offset 8000H. Configuration space also contains the Card Information
Structure (CIS). Thismemory islocated at offset 0000H in the configuration
space. The CIS memory contains information about the PC card as defined by the
PCMCIA 2.1 specification. It isrecommended that the configuration, power
up/down control of the PC card be carried out through the standard card and
socket services, though they can be realized with an enabler.

Program registers are the registers that fall under program control and belong to
the DAQP series PC card. The I/O location of these registers are controlled by the
PCMCIA socket configuration and by the contents of the PCM CIA configuration
registers. Please see the description in chapter for detail.

Two PCMCIA configuration registers are supported by the DAQP series PC card,
the Configuration Option Register and the Card Configuration and Status Register.

Table2. PCMCIA Configuration Registers

Offset | Access Description

0x8000 | R/W Configuration Option Register

0x8002 | R/IW Card Configuration and Status Register
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6.1 Configuration and Option Register (COR)

Bits 7 and 6 of the Configuration Option Register are defined by the PCMCIA
standard as the SRESET and the LevIREQ Bits. A ‘1’ written into the SRESET
bit puts the card into a reset state, while a‘0’ movesit out of the reset state.

When the card isin reset state, it behaves asif ahardware reset is received from
the host. The LevIREQ bit controls the type of interrupt signal generated by the
PC card. Setting the Configuration Index bitsto ‘0’ makes the PC card a memory
only card (accessed only by memory read/write operations), while setting to 1’
enables the card to be a standard 1/O card.

Table 3. Bit Definition of COR

Bit Name Description

7 | SRESET 1 = Put the card into reset state
0 = Get out of reset state

6 | LeviReq 1 = Level mode interrupt
0 = Edge mode interrupt

5-0 | Index Bits | 000000 = Memory mode
000001 = 1/0O mode

6.2 Card Configuration and Status Register (CCSR)

The DAQP series PC card uses two bitsin thisregister. Whenbit 1issetto‘1’, it
indicates a pending interrupt. The bit will remain as ‘1’ until the software clears
the interrupt source. Bit 2 isused for power down control. A 1’ set to this bit
will put the card into power down mode, whilea ‘0’ brings it back to full powered
mode. Therest of the bits are not used.

Table4. Bit Definition of CCSR

Bit Name Description

7--3 | Not Used | Reserved, al ‘O’ when writing and reading

2 | PwrDwn 1 = Power down mode
0 = Full powered mode

1 |Intr 1 = Interrupt pending
0 = No interrupt pending

0 Reserved Reserved as ‘' 0’
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7. 1/O REGISTERS

The DAQP series PC card uses eight consecutive 1/0O locations within the system
I/O address space. The base address of the adapter is determined by the Client
Driver or Enabler as discussed in sectionr8 and 4. The eight I/O locations are
used by the PC card as summarized in the following table.

Table5. DAQP Series PC Card Register Map

Maznangy | V1o Address| Destiption
000 base + 0 Read/Write | Data FIFO
001 base + 1 Write Only | Scan List (Queue)
010 base + 2 Write Control Register
Read Status Register
011 base + 3 Write Digital Output Register
Read Digital Input Register
100 base + 4 Write Only | Pacer Clock, low byte
101 base + 5 Write Only | Pacer Clock, middle byte
110 base + 6 Write Only | Pacer Clock, high byte
111 base + 7 Write Only | Auxiliary Control Register

All the registers are 8-bit wide. Each register will be discussed in detail in the
following sections.
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7.1 Data FIFO Register (base + 0)

The data FIFO register can be considered as the access port to the data FIFO,
which can hold up to 512 (standard) or 2048 (with 2K option) data words of the
A/D conversion result. The port is also used for programming the data FIFO
thresholds, as explained later in this section.

NOTE: Although the data FIFO register is 8-bit wide, it is strongly
recommended that the register be accessed as a 16-bit word to guarantee the
integrity. The low byte (LSB, or the least significant byte) should always be
accessed first, followed by the high byte (MSB, or the most significant byte).

Two consecutive bytes should be read from (written into) the port each timeitis
accessed. The following table illustrates the bit allocation.

Table6. Data FIFO Register Bit Allocation

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

LSB D7 D6 D5 D4 D3 D2 D1 DO

MSB | D15 | D14 | D13 | D12 | D11 | D10 D9 D8

7.1.1 Data FIFO Operation Modes

Depending on the mode of operation, the 16-bit word read from or written into the
register has different meanings, as described in the following table.

Table7. Data FIFO Operation Mode

Mode | Selection Bit | A/D | Access Operation

0 0, threshold ldle | Read Verify data FIFO threshold
Write Program data FIFO threshold

1 1, data FIFO Idle | Read Read data FIFO
Write | Write data FIFO (diagnosis)

2 0, threshold Run | Read Verify data FIFO threshold
Write Not allowed

3 1, data FIFO Run Read Read data FIFO
Write Not allowed
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The ‘selection bit’ inTable 7is also called the * program/access' control bit, as
defined in the auxiliary control register (base + 7). Please refer to secti@ry for
details of setting the bit and issuing commands to change the status of the A/D
conversion (from scan to idle or vice versa).

Mode 0 is the FIFO program mode, under which the two consecutive words (four
bytes) written into the register address will set the ailmost full and almost empty
thresholds (in bytes). The first word specifies the almost empty threshold (not
used, can be set to anything), while the second word determines the ailmost full
threshold. The threshold should be set to a value from 1 to FIFO size minus 1
(default is 7 when reset or power up).

Table8. Data FIFO Threshold Setting

Threshold Default | Threshold Range | Suggested Value
Almost Empty | 7 Irrelevant Irrelevant
Almost Full | 7 1..1023 (standard) | 512
7 1..4095 (2K 2048
option)

Mode 1 isthe FIFO test mode, in which the data bytes will be written into the data
FIFO, and read back from it. The FIFO flags (the FIFO empty, ailmost full, and
full flags, see description of the status register at base + 2 for detail) will change
according to the data bytes available in the data FIFO and the configured
threshold.

Mode 2 should be avoided. The data bytes can not be written into the FIFO under
this mode, while the bytes read from the FIFO will be the same as in mode 0.

Mode 3 is the data transfer mode. Data byteswill be written into the FIFO by the
A/D converter, while the data byte read from the address is the first available byte
in the data FIFO if it is not empty, otherwise the most recent byte written into the
FIFO will bereturned. The data FIFO register is read-only under this mode, i.e.,
the user can NOT write data bytes into the data FIFO through 1/O instructions.

7.1.2 Mode Setting

The FIFO operation mode setting is always initiated with the data FIFO flush
command (see auxiliary control register in sectioh7) with the access/program bit
setto ‘0’ (bit O at base + 7) BEFORE the data acquisition is started. Thiswill
bring it to mode O (threshold setting mode). After the threshold is programmed or
verified, set the bit to ‘1’ so that the following read/write operation to the FIFO
will be data access operation.

The DAQP series PC card isin idle mode before it is triggered into the run mode.
For one-shot operation, the PC card will be set to run mode after it receives the
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trigger signal. It will not return to the idle mode until the specified scan list is
completed, or a A/D stop command (see sectioii.7 for detail) is received. For
continuous trigger operation, the PC card will stay in run mode after being
triggered until an A/D stop command is received.

7.1.3 FIFO Flags

When reading the register under mode 1 or 3, the first available data byte from the
data FIFO will be returned if it is not empty, otherwise the returned byte is not
defined. The FIFO empty flag will be set immediately after the last byte is read
from the FIFO, while the FIFO full flag will be cleared after reading the data FIFO
register, provided that there are no more data bytes written into the FIFO by the
A/D converter under mode 1 or 3. The same will happen to the FIFO almost full
flag, if the data bytes available in the FIFO are less than the almost full threshold.

Table9. Data FIFO Flag Satus

Data bytesin FIFO Empty Almost Full Full
0 True False False
1to (Threshold - 1) False False False
Threshold to (FIFO size - 1) False True False
FIFO size (either 1024 or 4096) False True True

where “Threshold” is the aimost full threshold as explained before, and “FIFO
size” ismeasured in bytes, either 1024 (standard) or 4096 (with 2K option).

7.2 Scan List Queue Register (base + 1)

The Scan List Queue Register can be considered as the access port to the scan list
gueue, which can hold up to 512 entries (each has two bytes), each specifying an
analog input channel and its associated gain, as well as other settings.

NOTE: Although the scan list queue register is 8-bit wide, it isequired
that the register be accessed as a 16-bit word to guarantee the integrity. The
low byte (LSB, or the least significant byte) should always be accessed first,
followed by the high byte (MSB, or the most significant byte).

The bit definition of an entry to the scan list queue is explained in the following
table.

32



Table10. Bit Definition of the Scan List Queue Entry

Bit | Byte Definition Explanation
15 | MSB | Reserved asO
14 | MSB | Anaog input mode 1/0 : differential/single-ended

13-12 | MSB | Internal gain selection 00/01/10/11 : 1/2/4/8

11-8 | MSB | Internal channel selection | 0000..1111 : channel 0..15

7 LSB | Starting channel mark Set to ‘1’ for the 1st entry in the list
Setto 'O’ for all therest entries

6 LSB | Reserved for expansion cards (as SSH)

5-4 | LSB | External gain selection 00/01/10/11 : 1/2/4/8 (or
1/10/100/1000)

3-0 | LSB | External channel selection| 0000..1111 : channel 0..15

7.2.1 Scan List Queue Programming

The scan list queue has to be programmed when the DAQP series PC card isidle.
Each queue entry contains two bytes as described above. The integrity of the entry
has to be guaranteed. The scan list queue iswrite only.

The scan list queue should be flushed first before writing any entriesinto it. Please
refer to the auxiliary control register about scan list queue reset.

The first entry of the queue should have bit 7 (LSB) set to ‘1’ as the first channel
mark. All the rest entries, if any, should have the bit set to ‘0’.

The synchronous sample hold bit (LSB) is not used by PC card. It isreserved for
the expansion cards.

Example 1.

The following entries to the queue specify a scan list of 3 single-ended internal
channels, 0, 12, and 7 with gain of 2 for channel O, gain of 4 for channel 12 and 7:

Table11. Scan List Queue Programming Example 1

Entry Binary Hex Explanation

1 0001 0000 1000 0000 | 0180 | Select channel O, gain 2, 1st entry

2 0010 1100 0000 0000 | 2C00 | Select channel 12, gain 4

3 0010 0111 0000 0000 | 2700 | Select channel 7, gain 4
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Example 2.

The following entries to the queue specify a scan list of 4 differential internal
channels, 2, 1, 6 and 7 with gain of 1 for all the channels:

Table 12. Scan List Queue Programming Example 2

Entry Binary Hex Explanation

1 0100 0010 1000 0000 | 4280 | Select channel 2, gain 1, 1st entry

0100 0001 0000 0000 | 4100 | Select channel 1, gain 1

2
3 0100 0110 0000 0000 | 4600 | Select channel 6, gain 1
4 0100 0111 0000 0000 | 4700 | Select channel 7, gain 1

7.2.2 Channel Configuration

The bit 5 and 4 (L SB) in a queue entry specify the gain on the external expansion

card for the external channel selected by bit 3-0 of the same byte. Each expansion
card has up to 16 channels (0, 1, 2, ..., 15). Each channel may haveagain of 1, 2,
4,8if itisalow gain card, or 1, 10, 100, 1000 if itisahigh gain card.

If there is no expansion card for the specified internal channel, the external channel
and gain selection in the LSB will be ignored. However, the first channel mark on
bit 7 should always be set properly.

The internal channel is selected by bit 8-11 (M SB), while the internal gain for the
selected channel is specified by bit 12 and 13 (MSB). Theinternal gain can only be
1,2,4,0r8.

Bit 14 (MSB) determines whether the input is differential (1) or single-ended (0).
There are 16 singled-ended channels, but only 8 differential channels. This bit
should always be set to ‘O’ if the selected internal channel is connected to an
expansion card, because the output from the expansion cardsis always single-
ended.

Bit 15 (M SB) is not used by the DAQP series PC card. It should be setto ‘0’.

7.2.3 Analog Input Offset Correction

The input to the A/D converter will be shorted to ground if bit 14 (MSB) is set to
‘1" while the internal channel selection of bit 8-11 specifies internal channel 8 or
above. This can be used for analog input offset correction.
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7.3 Control Register (base + 2, write)

The control register specifies the pacer clock source and pre-scaler, the expansion
mode, interrupt enable control and the trigger control.

Table13. Control Register Bit Definition

Bit Function Explanation

7-6 | Pacer clock source | 00 : External clock
and pre-scaler 01 : Internal, 5 MHz
10: Internal, 1 MHz
11 : Internal, 100 kHz

5 | Expansion mode 0/1 : disable/enable

4 | EOS interrupt 0/1 : disable/enable

3 | FIFO interrupt 0/1 : disable/enable

2 | Trigger mode 0/1 : one-shot/continuous
1 | Trigger source 0/1 : internal/external

O | Trigger edge 0/1: rising/falling

7.3.1 Clock Source

The external clock source, if selected, must not exceed 5 MHz with a minimum
pulse width of 200 ns. The external clock frequency can be aslow as DC, and
there is no limit on maximum pulse width.

7.3.2 Expansion Mode

Bit 5 hasto besetto ‘1’ if thereis one (or more) expansion card connected to the

DAQP series PC card. Thisalso meansthat all of the digital output lines (bit O to

3) will be used as external channel selection and two of the four digital input lines
(bit 1 and 3) will be used as external gain selection.

7.3.3 Interrupt Enable

Bit 4 and 3 are used for interrupt enable control. The end-of-scan (EOS) interrupt
will be enabled (disabled) by setting bit 4to ‘1’ (*0’). Setting bit3to ‘1’ (‘0") will
enable (disable) the data FIFO interrupt when the A/D data FIFO becomes almost
full (data available in the FIFO passes the almost full threshold). Since the EOS
and FIFO threshold events are latched into the status register, temporarily
disabling the interrupt and then enabling it will not lose an interrupt, aslong as
there are no repeated events during the time the interrupt is disabled.
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7.3.4 Trigger Mode

Bit 2 determines the trigger mode. Itissetto ‘0’ for the one-shot mode, where
each trigger signal, internal or external, will start one scan of input analog channels
specified by the scan list. Bit 2 should be setto ‘1’ for the continuous trigger
mode, in which the trigger signal, internal or external, will start the first scan of the
input analog channels specified by the scan list, and the pacer clock will then
initiate the subsequent scans each time it fires, until the stop A/D command is
received.

7.3.5 Trigger Source

Bit 1 specifiesthe trigger source. Itissetto ‘1l for external trigger (TTL trigger),

and ‘0’ for internal trigger (software trigger). When it is set to internal trigger, the
trigger edge selection can be ignored. The external trigger signal shares the same

pin on the interface connector with the digital input bit O.

7.3.6 Trigger Edge

Bit O selects the external trigger edge. Falling edge of the external trigger signal
will be chosen as the trigger edge if the bit isset to ‘1’, otherwise therising edge is
selected. The edge selection will be ignored if the internal trigger sourceis
specified.

7.4 Status Register (base + 2, read)

The status register isread only. It shares the same offset as the control register. It
reports data FIFO flag status, interrupt status and A/D conversion status.

Table14. Status Register Bit Definition

Bit Status Explanation
7 | Scanning status 0/1: busy/idle

6 | Triggered status 0/1:no/yes

5 | Datalost event 0/1: no/yes

4 | End of scan event 0/1:no/yes

3 | FIFO threshold event 0/1:no/yes

2 | DataFIFO full 0/1: false/ true

1 | DataFIFO amost full | O/1: false/ true

0 | Data FIFO empty 0/1: false/ true
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Bit 7 shows the scanning status. Itis‘0’ when the PC card isin the process of
scanning the input channels specified by the scan list, and ‘1’ when it is done.

A ‘1 at bit 6 indicates that the PC card has been triggered and is doing the data
acquisition (busy). Bit6is‘0 meansit iswaiting for atrigger (idle).

Bit 3, 4 and 5 are the event latches. When an event is detected, the corresponding
bit will be set to ‘1" until the host reads the status register, which clears all the
event bitsto ‘0’. Bit 5isused for datalost event, bit 4 for end-of-scan (EOS) and
bit 3 for the FIFO threshold event. When the corresponding interrupt is enabled, a
‘1" in bit 3 (or bit 4) will also cause an interrupt.

Bit 0, 1 and 2 are the data FIFO flags.

7.5 Digital 1/0 Register

7.5.1 Digital Output

The four digital output lines share the same pins on the interface connector with
the four external channel selection bits. When using the expansion cards, bit 5 of
the control register (base + 2) should be set to *1’, such that the four lines will be
driven by the external channel selection bits from the scan FIFO. On the other
hand, the four output lines will be driven by the valuesin bit O to 3 latched during
the last write operation if bit 5 of the control register isset to ‘0’ (default after
reset). In other words, the digital output bits will only be valid when DAQP series
PC card isNOT in expansion mode. They will be ignored otherwise.

Table15. Digital Output Register Bit Definition

Bits Normal Mode Expansion Mode

0-3 | Digital output bit 0-3| Ignored, the four output lines will be
driven by the external channel selection bi{s
in the scan list FIFO

4-7 | Reserved asall ‘0’ Ignored

7.5.2 Digital Input

As mentioned before, two of the digital input lines are shared with external trigger
(bit 0) and external clock (bit 2). The other two lines will also be taken for
external gain control in the expansion mode (if bit 2 of the control register is set to
‘1", see section7.3). Thedigital input lines are not latched. The following table
shows what will be returned when reading this port.

Although the digital input lines are also used as external trigger, external clock and
the external gain selection, the current status of these lines will always be returned
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when reading the port. However, the line status has nothing to do with the digital
output register, whose contents can NOT be read back directly, even though they
share the same port offset with the digital input register.

Table16. Digital Input Register Bit Definition

Bits Normal Mode Expansion Mode

O | Digital input bit O, also serve as external trigger| The same as in normal mode

Digital input bit 1 External gain select, low bit

1
2 | Digital input bit 2, also serve as external clock | The same as in normal mode
3

Digital input bit 3 External gain select, high bit

47 | A0 AllO

7.6 Pacer Clock (base + 4, + 5, + 6)

The pacer clock is actually a 24-bit auto-reload frequency divider. It contains a
24-bit divisor register, a 24-bit counter, an internal clock pre-scaler and a clock
source multiplexer, as shown in the block diagram below:

10 MHz

— 01 ‘ Pacer Clock Output
Divide By 10 24-bit Counter
10

Divide by . R
100 00

External Clock Input

24-bit Register

Figure6. Pacer Clock Block Diagram

The clock source selection is specified by bit 6 and 7 in the control register (base +
2, see section7.3). The 24-bit register occupies 3 ports, in which the low byteis
located at base + 3, the middle byte at base + 4, and the high byte at base + 5. All
three registers are write only. The pacer clock will not generate any clock pulse
output until it istriggered (either by an internal software trigger or an external

TTL trigger signal), and the trigger mode is NOT one-shot. In continuous mode,
the trigger will serve as the first clock output pulse, and load the counter from the
register. Then the counter will down count the input clock pulse until it is down to
zero, an output clock pulse will then be generated and the counter will be
reloaded. The pacer clock generation will continue until the DAQP series PC card
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receives the stop command, represented by writing a‘1’ at bit 4 of the auxiliary
control register (base + 7, see sectiory.7).

The clock rate generated can be determined by (Source Frequency) / (Divisor
Count + 1). For example, if the clock sourceis 100 kHz (internal clock, control
register bit 7,6 = 11), the divisor count is 49, then the pacer clock output
frequency will be 2 kHz. If an external clock source (control register bit 7,6 = 00)
of 120 kHz is applied, and the divisor count is 39, the pacer clock will then be set
at 3 kHz.

7.7 Auxiliary Control Register (base + 7)

The auxiliary control register is used for the program to send control commands to
the DAQP series PC card. It also sets the data program/access mode for the data
FIFO. The command bits (bit 4 to 7) are actually ‘monostable’ or self-cleared
after the specified command function is completed. They do NOT need to be
cleared. However, the data FIFO program/access bit is latched each timeit is
written.

Table17. Auxiliary Control Register Bit Definition

Bit Function Explanation
7 | Trigger/Arm command 1 = send trigger/arm, 0 = no action
6 | Flush data FIFO command | 1 = flush, O = no action
5 | Flush scan list command | 1 = flush, O = no action
4 | Stop A/D command 1 = stop, 0 = no action
3 | Reserved as‘o
2-1 | Scan rate selection 00 =100, 01 =50, 10 = 25 (kHz)
0 | Data FIFO program/access | 1 = data access, 0 = program threshold

7.7.1 Trigger/Arm Command

If the trigger source isinternal (software trigger), writinga“‘1’ at bit 7 will send a
trigger to the PC card, and start A/D conversion process. |If the trigger sourceis
external (TTL trigger), writinga ‘1’ to bit 7 will serve asan ARM command,
which tells the PC card to look for the specified external trigger edge from the
moment the ARM command isreceived. This command should never be issued
together with the stop A/D command. The data acquisition will be initiated after
this command isreceived. Only the stop A/D command can terminate the
acquisition.
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7.7.2 Flush Data FIFO Command

The data FIFO should be flushed BEFORE the data acquisition can be initiated by
the trigger/arm command, but AFTER the scan list has been set up. The flush
command may also be followed by FIFO threshold programming. After the FIFO
is flushed, the FIFO empty flag will be set to ‘1’ and the almost full and full flag
reset to ‘0O’. The flush FIFO command ALWAY S sets the FIFO thresholds to the
default setting (7 bytesto full) at power up or reset.

ATTENTION Anytime the data FIFO is flushed, the default threshold
setting will be restored (7 bytes to full) by the hardware. The data FIFO
threshold should always be programmed after the flushing if the required
threshold is different from the default one.

7.7.3 Flush Scan List Queue Command

The scan list queue needs flushing before it can be programmed. This command
should be issued before the flush data FIFO command. The queue may have up to
512 (standard) or 2048 (with 2K option) word entries, each containing two bytes.
It isthe user’s responsibility to guarantee the integrity of the entries. Please refer
to the discussion on the scan list queue (base + 1) for more information about the
scan list queue.

7.74 Stop A/D Command

Once the data acquisition is started by the trigger/arm command, it can only be
stopped by receiving this command. As mentioned before, the two commands are
exclusive. The stop A/D command should be issued as soon as the required data
points are collected to prevent data FIFO overflow, which is the only flag to
indicate data lost during the data acquisition process. Without the stop command,
the A/D may still be running and filling data into the data FIFO whether it isfilled
up or not. When the data FIFO isfull, it will ignore the data samples coming from
the A/D converter.

7.7.5 Data FIFO Program/Access Control

The A/D data FIFO has two programmable thresholds, almost empty and almost
full, and two associated flags. The almost empty threshold is not used, nor is the
almost empty flag. By default, the thresholds are set to 7 bytes (7 to full and 7 to
empty) when reset, powered up, or anytime the FIFO is flushed. It can be
programmed to any value in between 1 to FIFO size - 1 (in bytes), according to the
application. For example, it can be set to the length of the scan list, half to full or
quarter to full, and etc.

To program the FIFO threshold, make sure the A/D has been stopped. Set this bit
to ‘0’ by writing an all ‘O’ byte to the auxiliary control register. Then send aflush
A/D FIFO command with the same bit setting by writing a byte of 40H (hex 40)
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to the same register. Thiswill put the FIFO into program mode. The following
read/write operation will be directed to the threshold registers instead when
accessing the data FIFO at base + 1. The 4 byte threshold setting should be
written into the data FIFO by doing four consecutive write operations. Optionally,
the threshold setting can be read back for verification by doing four consecutive
read operations. The 4 byte threshold setting has the following format

Table 18. Data FIFO Threshold Setting

Byte No. Definition Valid Range

0 Low byte of the almost empty threshold | 0..255

1 High byte of the almost empty threshold | 0..3 (standard)
0..15 (2K option)

2 Low byte of the almost full threshold 0..255

3 High byte of the aimost full threshold 0..3 (standard)
0..15 (2K option)

After the thresholds are programmed, set the access control bit to ‘1’ by writing a
byte of O1H into the auxiliary control register. Thiswill make the following
read/write operation to access the data bytes in the FIFO instead of its thresholds.
It is recommended that the access control bit be set to ‘1’ when sending other
command (flush scan list, stop A/D, or trig/arm) to DAQP series PC card by
writing into the auxiliary control register after programming the thresholds. A
useful tip for safety operation isto set the bit to ‘0’ only when flushing and
programming the FIFO thresholds.

Although the almost empty threshold is never used, it has to be programmed
because the four configuration bytes must be accessed as awhole entity.

7.7.6 Scan Rate Selection

Depending on the input mode and the gain selection, the analog front end may
have different settling times. In order to keep the best performance, the DAQP
series PC card allows the user to choose 3 different scanning rate by setting bit 2
and bit 3 while the start A/D command isissued. The default scanning rate is 100
kHz (bit 3-2 set to ‘00’). 50 kHz rate can selected by setting the bitsto ‘01, and
25 kHz by setting them to ‘10’. Setting the bitsas ‘11’ isthe same as‘01’.

It is recommended that the scan rate setting be issued together with the trigger/arm
command, and not changed during data acquisition. For example, writing 81H to

the auxiliary control register will start the data acquisition with the scan rate set to

100 kHz (use 83H for 50 kHz and 85H for 25 kHz).
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8. 1/O CONNECTIONS

The DAQP series PC card isfitted in with a 33-pin 0.8 mm shielded connector

with the pin assignment shown in the figure below. A mating connector is

available from AMP (order part number 558126-4).

33 Reserved

cho

cho(-)/ch8

30 Ch1

ch1(-)/ch9

ch2

ch2(-)/Cch10

ch3

25 Ch3(-)/Ch11l

ch4

Ch4(-)/Cch12

chs

ch5(-)/Ch13

20 che

ch6(-)/Ch14

ch7

ch7(-)/Cch15

GND

15 FullPower

SSH (Synch. Sample Hold)
DI 0/ Externa Trigger

DI 1/ GSO (Ext. Gain Sel.
DI 2/ External Clock

10 DI 3/ GS1 (Ext. Gain Sd.
DO 0/ CS0 (Ext. Chn. Sel.
DO 1/CSl (Ext. Chn. Sel.
DO 2/ CS2 (Ext. Chn. Sel.
DO 3/ CS3 (Ext. Chn. Sel.

5 GND
GND
GND
GND

1 Reserved

DAQP Series
PC Card

Figure7. DAQP Series PC card AMP-33 Output Connector
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9. OPTIONAL ACCESSORIES

9.1 CABLE ASSEMBLY

Table 19. DAQP Series PC Card Cable Mapping

AMP-33 | D-37 Name Description
33 9 Reserved For D/A output channel 0
32 37 | Channel 0 (+) | Channel O A/D input, differential / single-ended
31 18 | Channel 0 (-) | Channel 8 A/D input, differential / single-ended
30 36 | Channel 1 (+) | Channel 1 A/D input, differential / single-ended
29 17 | Channel 1 (-) | Channel 9 A/D input, differential / single-ended
28 35 | Channel 2 (+) | Channel 2 A/D input, differential / single-ended
27 16 | Channel 2 (-) | Channel 10 A/D input, differential / single-ended
26 34 | Channel 3 (+) | Channel 3 A/D input, differential / single-ended
25 15 | Channel 3(-) | Channel 11 A/D input, differential / single-ended
24 33 | Channel 4 (+) | Channel 4 A/D input, differential / single-ended
23 14 | Channel 4 (-) | Channel 12 A/D input, differential / single-ended
22 32 | Channel 5 (+) | Channel 5 A/D input, differential / single-ended
21 13 | Channel 5 (-) | Channel 13 A/D input, differential / single-ended
20 31 | Channel 6 (+) | Channel 6 A/D input, differential / single-ended
19 12 | Channel 6 (-) | Channel 14 A/D input, differential / single-ended
18 30 | Channel 7 (+) | Channel 7 A/D input, differential / single-ended
17 11 | Channel 7 (-) | Channel 15 A/D input, differential / single-ended
16 29 | GND
15 10 | FullPower (org. D/A Oref.in) | 1/0 : Full power / Power down
14 26 | SSH (org. D/A 1ref. in) Synchronous Sample Hold
13 25 | Digital in bit O (shared) External trigger (same asin DAS-16)
12 6 Digital in bit 1 (normal mode) | External gain, LSB (expansion mode)
11 24 | Digital in bit 2 (shared) External clock (org. DAS-16 Ctr 0 Gate)
10 5 Digital in bit 3 (normal mode) | External gain, MSB (expansion mode)
9 23 | Digital out bit 0 (normal External channel bit O (expansion mode)
8 4 Digital out bit 1 (normal External channel bit 1 (expansion mode)
7 22 | Digital out bit 2 (normal External channel bit 2 (expansion mode)
6 3 Digital out bit 3 (normal External channel bit 3 (expansion mode)
5 28 | GND
4 28 | GND
3 19 | GND
2 19 | GND
1 27 | Reserved D/A output channel 1
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An optional cable assembly, part number CP-DAQP, is available for converting the
PC card’s 33-pin I/O connector to a standard D-37 connector (both male and
female are available). The D-37 connector is compatible with the P-1 connector of
the Keithley DAS-16©. The pin assignment of the D-37 isillustrated in the
following figure.

GND \
Cho- / Ch8 @D | cho+/cho
Chi-/ch9 | (@) Chl+/Chl
@9| ch2+/ch2
Ch2-/ Ch10 e
Ch3-/Chil | (9 5| cnerrone
Ch4- / Ch12 o o rons
Chs-/ch13 | (@3 5| cnorrone
Ch6- / Ch14
@ Ch7+/Ch7
Ch7-/Ch15 | (@)
FullPower GND
GND
reserved @ @ Reserved
N/C o
N/C @
DI1/GS0 |(8) €5 | DI0/Ext. Trigger
DI2 / Ext. Clock
DI3/GS1 |(B) | oooscso
Do1/CS1 | (@) | bozsces
DO3/Cs3 |(3) P
N/C
N/C
@ N/C
N/C @/

Figure8. DAQP Series PC Card Optional D-37 Output Connector
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9.2 UIO-37 SCREW TERMINAL ADAPTER BOX

The DAQP series PC card may also be equipped with an optional screw terminal
box. It has a D-37 connector (both male and female are available), matching with
the optional CP-DAQP cable assembly. Its part number is UIO-37. The box
provides an easy way of connecting signals to the PC card. There are two rows of
screw terminals. The first row (inside) goes from pin 1 to pin 19, while the second
row (outside) from pin 20 to pin 37, asillustrated in the following figure.

i D-37 Connector i
1 19

o/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/O0/O/O

Figure9. Terminal Block Box Illustration
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10. SPECIFICATIONS

A/D Converter 12-Bit Version 16-Bit Version
Acquisition + Conversion 2ns+ 8ns 2nms+ 8ns
Monotonicity No missing codes No missing codes
Integral linearity error +1LSB +3LSB

Differential linearity error +1LSB +3/-2LSB

Full scale error +0.5% +0.5%

Aperture delay 40 ns 40 ns

Analog I nput

Number of input channels 8 differential / 16 single-ended, expandable to 256
Input range +10, £5, £2.5, £1.25V

Programmable gain
Maximum over-voltage
Input impedance

1,2,4,8
+30 V
100 MW (DC)

A/D Miscellaneous Specifications

Data FIFO depth

Scan list length

Scan speed

Trigger source
Trigger mode
External (TTL) trigger

Sampling rate
External clock rate

Digital 1/0
Digital input channels

Digital output channels
Maximum source current
Maximum sinking current
Minimum logic ‘1’ level
Maximum logic ‘O’ level

General Specifications
Power consumption
Operating temperature
Storage temperature
Humidity

Size (cable not included)
Weight

512 (standard) or 2048 (with 2K option) samples
512 (standard) or 2048 (with 2K option) entries
10 s, 20 s, 40 s

Internal (Softwae) / External (TTL)

Continuous / One-shot

0.8V (low) / 2.2V (high), Rising / Falling edges
Latency to A/D scan < 1irs

0.006 Hz to 100 kHz (with internal clock source)
DC-5MHz

4 (no latch)
4 (latched)
0.5mA
2.5mA
24V
0.8V

160 mA (full power), 40 mA (power down)
0°Cto50°C

0°Cto70°C

0 to 95%, non-condensing

Standard PCMCIA typel |l

1.5 oz (for reference only)
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