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Using this manual

Audience and scope

This manual guides you when using ADLINK NuDAQ® multi-func-
tion PCI card. The card’s hardware, signal connections, and cali-
bration information are provided for faster application building.
This manual is intended for computer programmers and hardware
engineers with advanced knowledge of data acquisition and high-
level programming.

How this manual is organized
This manual is organized as follows:

Chapter 1 Introduction: This chapter introduces the PCI-
9812/9810 card including its features, specifications, software
support information, and package contents.

Chapter 2 Hardware Information: This chapter presents the
card’s layout and connector pin definition.

Chapter 3 Installation: This part describes the PCI-9812/9810
installation, configuration, and options for signal connections.

Chapter 4 Registers: Descriptions of the register format and
structure of the PCI-9812/9810 are specified in this chapter.

Chapter 5 Operation Theory: The operation theory of the
PCI-9221 functions including A/D conversion, D/A conversion,
and programmable function I/O are discussed in this chapter.

Chapter 6 Function Reference: The chapter includes a soft-
ware library necessary for operating the PCI-9812/9810 card in
DOS or Windows 95.

Chapter 7 Calibration: The chapter offers information on how
to calibrate the PCI-9812/9810 for accurate data acquisition
and output.

Chapter 8 Software Utility: The chapter offers information on
how to use the software utility to configure, calibrate, and test
the PCI-9812/9810 card.

Warranty Policy: This presents the ADLINK Warranty Policy
terms and coverages.
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Conventions

Take note of the following conventions used throughout the man-
ual to make sure that you perform certain tasks and instructions

properly.

NOTE Additional information, aids, and tips that help you per-
form particular tasks.

IMPORTANT Critical information and instructions that you MUST perform to
complete a task.

WARNING Information that prevents physical injury, data loss, mod-
ule damage, program corruption etc. when trying to com-
plete a particular task.
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1 Introduction

The PCI-9812/9810 is an advanced performance data acquisition
card based on the 32-bit PCI bus architecture. With maximum
sampling rate of up to 20 million samples per second, the PCI-
9812/9810 delivers continuous and high-speed streaming of A/D
samples to the host memory. The high-performance design and
state-of-the-art technology make these cards ideal for DSP, FFT,
digital filtering, and image processing applications.

1.1 Features

The PCI-9812/9810 advanced DAQ card is designed with the fol-
lowing features:
» 32-bit PCI bus with bus mastering DMA data transfer
12-bit (PCI-9812)/10-bit (PCI-9810) analog input resolution
Onboard 32K words (samples) A/D FIFO memory
Up to 20 MHz A/D sampling rate
Four single-ended analog input channels
Bipolar input signals
Four A/D converters with simultaneously sampling

Five A/D trigger modes including software trigger, pre-trig-
ger, post-trigger, middle trigger, and delay trigger

vVvyVvyvVvyVvyyVvyy

1.2 Applications

IF and BASEBAND digitization
Ultrasound imaging

Gamma cameras

Test instrument

CCD imaging

Video digitizing

vvvyyVvyVvVyy
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1.3 Specifications

Analog Input (Al)

Converters

B.B. ADS800 series

Input Channels

Four single-ended

Resolution

12-bit (PCI-9812)
10-bit (PCI-9810)

Over Voltage Protection

Bipolar £1 V, or +5 V by soldering selection

Maximum Sampling Rate!

20 MHz samples/second

Accuracy

Gain error +1.5% at 25°C

Input Impedance (soldering
selectable)

50 Q (x1Vand £5 V)
1.25 KQ (x5 V only)
5 MQ (1 V only)

Dynamic Characteristic

Differential Linearity Error

+0.4 LSB (Typ.) 1.0 LSB (Max.) at 25°C

Integral Linearity Error

+1.9 LSB at 25°C

A/D Clock Sources

Internal clock, continuous external digital clock,
and continuous external sine wave

Input Impedance of External
Clock Source

50 Q

Trigger Sources

Software, analog threshold comparator using
internal D/A to set trigger level, and external
digital trigger

Trigger Modes

Software-trigger, pre-trigger, post-trigger,
middle-trigger, and delay-trigger

AD Data Transfer Method

DMA (bus mastering)

Digital Input (DI)

Channels Three TTL compatible inputs with 10 KW pull
down resistor
Input Voltage
Low Min. 0 V, Max. 0.8 V
High Min. +2.0 V, Max. 5.5V
Input Load
Low +1uUAO0V
0.5mA 5V
High +2.7V min. 20 mA max.

Introduction
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General Specifications

Connectors

5 BNC-type, one 10-pin header

Operating Temperature

0°C to 40°C

Storage Temperature

-20°C to 80°C

Humidity 5% to 85%, non-condensing
Power Consumption +5V 2.5 A (maximum)
Dimension 101 mm (H) X 173 mm (L)

T With a single channel enabled, the maximum sampling rate is 20 MHz. With
two channels enabled, the 20 MHz sampling rate may only be reached when
the number of samples accessed for each channel is smaller than 16K. With
four channels enabled, the 20 MHz sampling rate may only be reached when
the number of samples accessed for each channel is smaller than 8K. Refer
to section 5.5 for more information on sampling rates and data length limita-

tions.

Introduction



A
—~

ADLINK

TECHNOLOGY INC.

1.4

Unpacking Checklist

Before unpacking, check the shipping carton for any damage. If
the shipping carton and/or contents are damaged, inform your
dealer immediately. Retain the shipping carton and packing mate-
rials for inspection. Obtain authorization from your dealer before
returning any product to ADLINK.

Check if the following items are included in the package.

>
>
>
>

>

PCI1-9812/9810 multi-function DAQ card
Five BNC terminators

ADLINK All-in-One CD

User’s Manual

Software Installation Guide

If any of the items is damaged or missing, contact your dealer
immediately.

CAUTION The card must be protected from static discharge and

physical shock. Never remove any of the socketed parts
except at a static-free workstation. Use the anti-static bag
shipped with the product to handle the card. Wear a
grounded wrist strap when servicing.

Introduction
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1.5 Software Support

Software Support

ADLINK provides versatile software drivers and packages to suit
various user approach to building a system. Aside from program-
ming libraries, such as DLLs, for most Windows-based systems,
ADLINK also provides drivers for other application environment
such as LabVIEW®, HP VEETM, DASYLabTM, InTouch™, InCon-
trol™, and ISaGRAFTMLabVIEW®.

All software options are included in the ADLINK All-in-One CD.
Commercial software drivers are protected with licensing codes.
Without the code, you may install and run the demo version for
trial/demonstration purposes only up to two hours. Contact your
ADLINK dealers if you want to purchase the software license.

Programming Libraries

For customers who want to write their own programs, ADLINK pro-
vides the following function libraries which are compatible with var-
ious operating systems.

DOS Library

Borland C/C++ and Microsoft C++, the functions descriptions
are included in this user’s guide.

Windows 95 DLL

For VB, VC++, Delphi, and BC5 the functions descriptions are
included in this user’s guide.

PCIS-DASK

The PCIS-DASK includes device drivers and DLL for Windows
98/NT/2000. DLL is binary compatible across Windows 98/NT/
2000. This means all applications developed with PCIS-DASK
are compatible with these Windows operating systems. The
developing environment may be VB, VC++, Delphi, BC5, or
any Windows programming language that allows calls to a
DLL. The PCIS-DASK user's and function reference manuals
are in the ADLINK All-in-One CD. (\Manual_PDF\Software
\PCIS-DASK).

Introduction 5
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PCIS-DASK/X

Include device drivers and shared library for Linux. The
developing environment can be Gnu C/C++ or any
programming language that allows linking to a shared library.
The user's guide and function reference manual of PCIS-
DASK/X are in the CD. (\Manual_PDF\Software\PCIS-DASK-
X).

These software drivers are shipped with the card. Refer to the
Software Installation Guide for details.

Drivers for Third-Party Programming Languages
PCIS-LVIEW: LabVIEW® Driver

The PCIS-LVIEW contains virtual instruments (VIs) which are
used to interface with the LabVIEW software package. PCIS-
LVIEW supports Windows 95/98/NT/2000. The LabVIEW
driver is shipped free with the card. These may be installed and
used without a license. For more information on PCIS-LVIEW,
refer to the wuser's guide in the All-in-One CD
(\WManual_PDF\Software\PCIS-LVIEW).

PCIS-VEE: HP-VEE Driver

The PCIS-VEE includes user objects that interface with HP
VEE software package. The PCIS-VEE supports Windows 95/
98/NT. The HP-VEE drivers are shipped free with the card.
These may be installed and used without license. For more
information on PCIS-VEE, refer to the user’s guide in the All-in-
One CD (\Manual_PDF\Software\PCIS-VEE).

DAQBenchTM: ActiveX Controls

For customers who are familiar with ActiveX controls and VB/
VC++ programming, it is recommended to use the DAQBench
ActiveX Control components library for developing applica-
tions. DAQBench is designed for Windows NT/98. For more
information on DAQBench, refer to the user’s guide in the All-
in-One CD (\Manual_PDF\Software\DAQBench\DAQBench
Manual.PDF).

6 Introduction



A ADLINK

DASYLab™ PRO

DASYLab is an easy-to-use software package that provides
easy-setup instrument functions such as FFT analysis. Contact
ADLINK for DASYLab PRO support, including DASYLab and
ADLINK hardware drivers.

Introduction
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2 Hardware Information

This chapter describes the PCI-9812/9810 layout, connectors,
signal connection with external devices, and switch settings for
various applications.

2.1 Layout
VR4 VRE WR3 VRT VR2 WRE VR1 VRS JP
JOoooOn o)
Hl PClag1z
_____ Wl P30
o=
4 CHo D
'~.__rgss
I: S BLTERA
J2 CH1 an
52 2 2
[e] =
iE] CH2 |:| 4
R&T
L x AMCC
II cHI R35 .1
Esfsrnial I L ] =
[ Jopmasne <
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2.2 Connectors

The PCI-9812/9810 connects to external devices via five BNC
connectors and one 10-pin dual-in-line header. Figure 2-1 shows
the location of these connectors.

2 I 10
1 9
T CHo
EN M rcCI-9812
[32 ] CH1 Mlrci9s10
[53] e
i CH3
[J4 |
15 External
Sime weave clack

|

Figure 2-1: Location of Connectors

Ji Input signal of channel 0 A/D converter.
J2 Input signal of channel 1 A/D converter.
J3 Input signal of channel 2 A/D converter.

J4 Input signal of channel 3 A/D converter.
J5 Input signal of external clock O.

This 10-pin connector is for digital input signal, including a
digital clock, a digital trigger, and three digital inputs.

10 Hardware Information



JP1 Pin Definition

Below is the default JP1 pin assignment.

i)
5

Signal

External Clock Input 1

Ground

External Digital Trigger Input

Ground

Digital Input 0

Ground

Digital Input 1

Ground

Ol |N|O|O|BR|W[IN|F

Digital Input 2

[EnY
o

Ground

Table 2-1: JP1 Pin Definition

_A_ ADLINK
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When JP1 is connected to a 9-pin D-type connector using a ribbon
cable, the pin-out of the D-type connector is changed to:

3
5

Signal

External Clock Input 1

Ground

External Digital Trigger Input

Ground

Digital Input O

Ground

Digital Input 1

Ground

OO |N|O|O|BR[W[IN|F

Digital Input 2

[Eny
o

N/A

Table 2-2: JP1 Pin Definition Connected to 9-pin D-type Connector

Hardware Information
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2.3 Input Settings

This section describes the characteristics and settings of the PCI-
9812/9810 inputs.

Analog Input

The PCI-9812/9810 has four analog input channels which are
connected through the J1 to J4 connectors. The input impedance
and input amplitude range can be changed through soldering the
gap switches on the board (refer to PCI-9812/9810 layout). A
solder gap switch consists of two copper pads. The switch can be
turned on by soldering the copper pads. As all four channels use
the same method to configure their input characteristics, only
channel 0 is discussed here. There are two solder gap switches
labeled as COLO (channel O low impedance) and CO5V (channel O
5 V input) to setup the input of channel 0. Refer to Figure 2-1.

COLO COo5Vv Input Impedance Input Range
Open Open High (~15 MQ) v
Open Close 1.25 KQ BV
Close Open Low (50 Q) *1 V (default)
Close Close Low (50 Q) 5V

Table 2-3: Analog Input

12 Hardware Information
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CAUTION DO NOT leave the input connector unconnected when it

A\

NOTE

is configured as high impedance input. The input connec-
tor must be connected to a low impedance signal source
to provide a return path for the input bias current. Since
the OPAMP has a maximum input bias current of 35 pA
in the input stage, it will be placed in an abnormal envi-
ronment when the input is left unconnected and will lead
to saturation in the output stage. Although a current-limit-
ing resistor is present to protect the ADC, the large cur-
rent brought by the saturation will damage the ADC.

Offset problems will occur if you use high impedance
(~15 MQ) with signal sources having high output imped-
ance. The high output impedance and the input bias cur-
rent of up to 35 pA introduces a voltage drop of several
volts. Adjusting the variable resistor does not eliminate
this large offset voltage.

75 Q input impedance can be achieved by: (1) replacing
R95 with a 75-ohm resistor and close COLO or (2) placing
a T-connector with a 75-ohm terminator on J1 and open
COoLO.

The corresponding switches and resistors of other channels are

listed below:
Channel Switches Resistor
Channel 0 CoLO Cos5v R95
Channel 1 C1LO C15v R96
Channel 2 C2LO C25V R97
Channel 3 C3LO C35v R98

Table 2-4: Switches and Resistors

Hardware Information 13
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External Clock O

The external clock 0 (J5) is a sine wave signal that is converted to
a TTL signal inside the PCI-9812/9810. This signal is AC coupled.
The input impedance of external clock 0 is 50 Q2 and the input level
is 2 V peak-to-peak.

Note that the external clock frequency is the system clock. The
maximum A/D clock frequency is half of the system clock. When
using the external sine clock for PCI-9812, take note that the
frequency of the sine clock must be above 300 KHz. Otherwise the
sine clock will be converted into a digital clock with a long rise
time. When the rise time of a clock signal is too long, the CPLD
may not work as specified and the real sample clock fed into the
ADC will not be continuous. This explains why users will see a
different sampled waveform when using a slower sine wave clock.
If slower sampling rate is necessary when using PCI-9812/9810,
you could feed a sine wave clock that has the frequency higher
than 300 KHz, and use the clock divisor to obtain a slower
sampling rate.

External Clock 1

The external clock 1 (JP1 pin 1) is a digital clock. The input
impedance is 50 Q and the input level into the 50 ohm-load should
be between 2.4 V and 5 V. This signal is DC coupled.

Digital Input

The PCI-9812/9810 has four digital inputs: an external digital
trigger (JP1 pin3) and three general-purpose digital inputs (JP1
pin 5, 7, and 9). These inputs are TTL-compatible with 10 KQ pull-
down resistors.

The PCI-9812/9810 also performs an automatic configuration of
the IRQ and I/O port address. There is no need to set any
configuration, as you would use in an ISA form factor DAQ card.
For system reliability, it is necessary to manually assign some
critical settings for analog input/output as these settings will not be
changed after your data acquisition system configuration is
decided. The software package cannot change this configuration
when the system is running.
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3 Installation

3.1 Before You Proceed

The PCI-9812/9810 card has electrostatic sensitive components
that can be easily damaged by static electricity. The card must be
handled on a grounded anti-static mat. The operator must wear an
anti-static wristband, grounded at the same point as the anti-static
mat.

Inspect the card module carton for damages. Shipping and han-
dling could cause damage to the module. Make sure that the card
has no damage before installing.

After opening the card packaging, get the module and place iton a
grounded anti-static surface with component side up, then care-
fully inspect the module for any damage. Press down all socketed
IC's to make sure that they are properly seated. Do this only with
the module placed on a firm flat surface.

WARNING Do not attempt to install a damaged board into the com-
puter.

3.2 Installing the Card

1. Turn off the system/chassis and disconnect the power
plug from the power source.

2. Remove the system/chassis cover.

3. Select the PCI slot that you intend to use, then remove
the bracket opposite the slot, if any. The selected slot
must provide bus-mastering capability.

4. Align the card connectors (golden fingers) with the slot,
then press the card firmly until the card is completely
seated on the slot.

5. Secure the card to the chassis with a screw.
6. Replace the system/chassis cover.

7. Connect the power plug to a power source, then turn on
the system/chassis.
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3.3 Configuring the Card

As a plug and play component, the card requests an interrupt
number through its PCI controller. The system BIOS responds
with an interrupt assignment based on the card information and on
known system parameters. These system parameters are deter-
mined by the installed drivers and the hardware load detected by
the system.

Troubleshooting

If your system fails to boot or if you experience erratic operation
with your PCI board in place, this is likely caused by an interrupt
conflict (i.e. the BIOS Setup is incorrectly configured). Refer to the
BIOS documentation that came with the system for details.

3.4 Installing the Drivers for Windows

The Plug and Play function of Windows 95/98/2000 automatically
detects the newly installed card. If this is the first time you installed
the card in the system, you will be prompted to search for the
device information source. Refer to the Software Installation Guide
for instructions on how to install the device drivers.
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4 Registers

Descriptions of the register format and structure of the PCI-9812/
9810 are specified in this chapter. This information is for program-
mers that want to handle the card using low-level programming.

4.1 1/0O Port Address

The PCI-9812/9810 functions as a 32-bit PCI target device to any
master on the PCI bus. It supports burst transfer to memory space
by using 32-bit data — where both data read and write are based
on 32-bit data transfer. Table 4-1 lists the I/O address of each reg-
ister according to the base address and the register function.

I/O Address Read Write
Base + 0 — ADC Channel Enable Register
Base + 4 — ADC Clock Divisor Register
Base + 8 — Trigger Mode Register
Base + C — Trigger Level Register
Base + 10 — Trigger Source Register
Base + 14 — Post Trigger Counter Register
Base + 18 | FIFO Control & Status Reg | FIFO Control & Status Register
Base + 1C — Acquisition Enable Register
Base + 20 — Clock Source Register

Table 4-1: 1/0 Address
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ADC Channel Enable Register

The PCI-9812/9810 has four analog input channels: CHO, CH1,
CH2, and CH3. CHO to CH3 may be enabled or disabled by bit 0
to bit 3 of the ADC channel enable register.

Address: BASE +0
Attribute: Write only

Data Format:

Bit 7 6 5 4 3 2 1 0
BASE+0 — — — — CH3EN | CH2EN | CH1EN | CHOEN
BASE+1 — — — — — — — —
BASE+2 — — — — — — — —
BASE+3 — — — — — — — —
Bit 31->4 Any value
Bit 3 CH3EN
Bit 2 CH2EN
Bit 1 CH1EN
Bit 0 CHOEN

Allowed combinations (refer to section 5.5) of these bits include:

0000 No channel is enabled.

0001 Only CHO is enabled.

0011 CHO and CH1 are enabled.

1111 All channels are enabled.
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ADC Clock Divisor Register

Feeding the ADC source clock to a clock frequency divider gener-
ates the ADC sampling clock. The output of the frequency divider
becomes the sampling clock. The frequency of the ADC sampling
clock is:

Frequency of source clock /7 ADC clock divisor
Address: BASE+04h
Attribute: Write only
Data Format:

Bit 7 6 5 4 3 2 1 0

Base+4 | DIV7 | DIV6 | DIV5 | DIv4 | DIV3 | DIV2 | DIV1 | DIVO
Base+5 | DIV15 | DIV14 | DIV13 | DIV12 | DIVi11 | DIV10 | DIV9 | DIV8

Base+6 — — — — — — — —

Base+7 | — — — — — — — —

DIV15...0 AD clock frequency devisor.
— Any value

NOTE The minimum value of this register is 2, and the DIVO is
hardwired to 0.
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Trigger Mode Register

The PCI-9812/9810 has five trigger modes: software trigger, post
trigger, pre-trigger, middle trigger and delay trigger. The trigger
mode register is used to specify which trigger mode is currently

used.

Address: BASE + 08h
Attribute: write only

Data Format:

Bit 7 6 5 4 3 2 1 0
Base+8 | — — — — — | TRGMOD2 | TRGMOD1 | TRGMODO
Base+9 | — — — — — — — —
Base + A| — — — — — — — —
Base +B| — — — — — — — —
TRGMOD2...0 Trigger mode. See trigger mode table below.

— Any value

TRGMOD2 | TRGMOD1 | TRGMODO Trigger Mode
0 0 0 Software trigger
0 0 1 Post trigger
0 1 0 Pre-trigger
0 1 1 Delay trigger
1 0 0 Middle trigger

Table 4-2: Five Trigger Modes
NOTE All other values for this register is not allowed. The card

will fail to acquire data if you set an unsupported value to
this register.

20
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Trigger Level Register

The trigger condition of the PCI-9812/9810 includes a trigger level
and a trigger slope. This register sets the trigger level and the
trigger source register described in the next section, and sets the
trigger slope.

Address: BASE + Och
Attribute: Write only
Data Format:

Bit 7 6 5 4 3 2 1 0
BASE+Ch | TRGLVL7 | TRGLVL6 | TRGLVL5 | TRGLVL4 | TRGLVL3 | TRGLVL2 | TRGLVL1 | TRGLVLO
BASE+Dh — — — — — — — —
BASE+Eh — — — — — — — —
BASE+Fh — — — — — — — —

TRGLVLY...0 Trigger level
— Any value

Relationship between the 8-bit trigger level and the trigger voltage:

TRGLVL7..0(bit 7..0) | Trigger voltage(£l V) | Trigger voltage(5 V)
OxFF 0.992 vV 4.96 V
OxFE 0.984V 492V
I I I
0x81 0.008 V 0.04 V
0x80 0.000 V 0.00 vV
Ox7F -0.008 V -0.04V
I I I
0x01 -0.992 vV -4.96 V
0x00 -1.000 V -5.00 vV
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Trigger Source Register

The PCI-9812/9810 supports five trigger sources: CHO, CH1,
CH2, CHS3, and external digital trigger.

Address: BASE + 10h
Attribute: Write only
Data Format:

Bit 7 6 5 4 3 2 1 0
Base + 10| -- - - -- | TRGSLP | TRGSRC2 | TRGSRC1 | TRGSRCO
Base + 11| -- -- -- -- — — — —
Base +12| -- -- - -- — — — —
Base +13| -- -- -- -- — — — —
TRGSLP Trigger slope

0: Positive slope trigger
1: Negative slope trigger

TRGSRC2 > TRGSRCO  Trigger source

TRIGSRC2 | TRIGSRC2 TRIGSRC2 Trigger source
0 0 0 CHO
0 0 1 CH1
0 1 0 CH2
0 1 1 CH3
1 X X EX_DIG_trigger

When the external digital trigger is selected, the positive slope
trigger equals to the rising edge trigger, the negative slope trigger
equals to the falling edge trigger, and the value of trigger level
register becomes meaningless.
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Post Trigger Counter Register

The post trigger counter is a 16-bit down counter. The counter is
pre-loaded with the value in the post trigger counter register and
will count down on the rising edge of ADC sampling clock after the
trigger condition is met. When the count reaches 0, the counter
stops. The counter is used to control the delay time in delay trigger
mode and to control the post trigger sampling count in middle
trigger mode.

Address: BASE + 14h
Attribute: write only
Data Format:

Bit 7 6 5 4 3 2 1 0

BASE+Ch | PSTCN 7 | PSTCN6 | PSTCN5 | PSTCN4 | PSTCN3 | PSTCN 2 | PSTCN 1 | PSTCNO

BASE+Dh | PSTCN15 | PSTCN14 | PSTCN13 | PSTCN12 | PSTCN11 | PSTCN10 | PSTCN9 | PSTCN8

BASE+Eh — — — — — — — —

BASE+Fh — — — — — — — —

PSTCNT15...0  This value is pre-loaded to the post trigger counter when
the post trigger counter register is written.

— Any value
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FIFO Status Register

Monitors some of the PCI-9812/9810 status.
Address: BASE + 18h

Attribute: Read

Data Format:

Bit 7 6 5 4 3 2 1 0
BASE+18h | — — |ACQ| TD | PTCO |FIFOOR | FIFOHF | FIFOIR
BASE+19h | — — — — — — — —
BASE+1Ah | — — — — — — — —
BASE+1Bh | — — — — — — — —

Bit 0 FIFOIR, FIFO input ready flag.
0: FIFO is not ready for input; FIFO is full.
1: FIFO is ready for input (not full).
Bit 1 FIFOHF, FIFO half full flag.
0: FIFO is not half-full yet.
1: FIFO is at least half-full.
Bit 2 FIFOOR, FIFO output ready flag
0: FIFO is not ready for output; FIFO is empty.
1: FIFO is ready for output (not empty).
Bit 3 PTCO, post trigger counter is O
0: Post trigger counter is not 0.
1: Post trigger counter reached 0.
Bit 4 TD, trigger detection flag
0: No trigger condition has been met; no trigger is detected.
1: Trigger is detected.
Bit 5 ACQ, acquisition flag
0: Card is not acquiring data. Card maybe disabled or is waiting
for a trigger.
1: Card is acquiring data.
Bit 6..31 Any value
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FIFO Control Register

Controls the onboard FIFO memory.
Address: BASE + 18h

Attribute: Write

Data Format:

Bit 7 6 5 4 3 2 1 0
BASE+18h — — — — — — |CLRTRG | CLRFIFO
BASE+19h | — | — | — | — | — | — — —
BASE+1Ah| — | — | — | — | — | — — —
BASE+1Bh | — | — | — | — | — | — — —
Bit 0 CLRFIFO, clear the onboard FIFO
When a “1” is written to this bit, the entire onboard FIFO is
cleared.

Bit 1 CLRTRG, clear trigger detection flag
When a “1” is written to this bit, the trigger detection bit is
cleared.

Bit 2..31 Any value

Registers
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Acquisition Enable Register
Enables or disables the ADC acquisition.
Address: BASE + 1ch

Attribute: Write only

Data Format:

Bit 7 6 5 4 3 2 1 0
BASE+18h| — | — | — | — | — | — | — [|ACQEN
BASE+19h| — | — | — | — | — | — | — —
BASE+1Ah| — | — | — | — | — | — | — —
BASE+1Bh| — | — | — | — | — | — | — —

Bit 31...1 No value

Bit 0 ACQEN, acquisition enable
When a “1” is written to this bit, the PCI-9812/9810 is ready to
sample data. When a “0” is written, the PCI-9812/9810 is
disabled.
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Clock Source Register
Selects the system clock source.
Address: BASE + 20h
Attribute: Write only

Data Format:

Bit 7016|543 2 1 0
BASE+18h | — | — | — | — | — | CLKSRC1| CLKSRCO | Freq_Sel
BASE+19h | — | — | — | — | — — — —
BASE+1Ah | — | — | — | — | — — — —
BASE+1Bh | — | — | — | — | — — — —

Bit 31...3 Any value
Bit2...1 CLKSRC1...0, ADC clock source
Bit O Freq_Sel: Frequency selection. Values include:
1: Frequency of A/D clock source is higher than the PCI clock

frequency (33 MHz)
0: Frequency of A/D clock source is lower than the PCI clock

frequency (33 MHz)

CLKSRC2 | CLKSRC1 Selected clock source
0 0 Internal clock (40 MHz)
0 1 External sine wave clock
1 0 External digital clock
1 1 lllegal
NOTE When selected, the external clock is divided by the fre-

guency divider as mentioned. Thus, the frequency of the
external clock should be at least twice as the desired

sampling frequency.
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4.2 High Level Programming

The PCI-9812/9810 card can be controlled directly using high-
level Application Programming Interface (API) that bypasses the
detailed register structures. The software libraries, including DOS
for Borland C++ and DLL driver for Windows 95 are included in the
ADLINK All-in-One CD. For further information, refer to Chapter 6.

4.3 Low Level Programming

You are not required to write any hardware dependent low-level
programs to operate the PCI-9812/9810 card. Since this process
is more complex and the relevant information are not described in
this manual, ADLINK does not recommend low-level application
programming. The PCI-9812 uses the AMCC-S5933 PCI
controller. For more information on the s5933 PCI controller, visit
www.amcc.com.
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5 Operation Theory

The operation theorem of the PCI-9812/9810 card functions is
described in this chapter. These functions include A/D conversion
and digital input. This section aims to assist you in understanding,
operating, and programming the PCI-9812/9810.

5.1 Conversion Procedure

Before programming the PCI-9812/9810 to perform A/D
conversions, you must first understand the following concepts:

» A/D signal source control

When using an A/D converter, you must be familiar with the
properties of the signal to be measured, and you must decide
which channels to use and connect the signals to the PCI-
9812/9810 card. In addition, you must define and control the A/
D signal sources, including the A/D channels, A/D gains, and
A/D signal types. Refer to section 5.2 for A/D signal source
control.

» A/D trigger source control

After identifying the A/D signal source, you must decide how to
trigger the A/D conversion and define or control the trigger
source. The A/D converter will start to convert the signal to a
digital value when a trigger condition is met. Refer to section
5.3.

» A/D clock control

The A/D clock is controlled by an internal or external clock
source. The operation of the A/D clock source is described in
section 5.4.
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» A/D data transfer mode

In the end of an A/D conversion, the A/D data is buffered in a
FIFO. The total FIFO size on PCI-9812/9810 is 32K samples.
This buffer size is relative to the highest data transfer rate. The
A/D data should be transferred to the computer’s memory for
further processing. The cards use DMA to transfer the A/D data
to host memory. Refer to section 5.5.

» A/D data format

To process the A/D data, programmers must be familiar with
the A/D data format. Refer to section 5.6.
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5.2 Signal Source Control

To control the A/D signal source, the signal type, signal channel,
and signal range must be determined.

Signal Type
The A/D signal sources of PCI-9812/9810 are single-ended (SE).
Channels

There are four channels for SE mode. The ADC Channel Enable
Register controls the channel number. Refer to section 4.1.

Signal Range and Input impedance

The proper signal range is important for data acquisition. The
available signal input ranges for the PCI-9812/9810 are +5 V or 1
V, which are set by soldering the copper pads on the PCB. The
input impedance for high-speed applications should also be
considered. The selectable input impedance values are 50 Q, 1.25
K, 15 MQ. Refer to section 2.3 for details.
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5.3 Trigger Source Control

When performing trigger acquisition in the PCI-9812/9810, the
following parameters have to be specified before DMA operation
starts:

» Clock source. Refer to section 5.4

» Clock rate. Refer to section 5.4

» Trigger sources. Refer to next section.
| 2

Trigger level. The trigger event occurs when the trigger sig-
nal crosses the specified trigger voltage. Refer to Trigger
Level Register section for the relationship between the 8-bit
trigger level and the trigger voltage.

The trigger is detected while the trigger event occurs. For
post-trigger and middle-trigger, the data acquisition is per-
formed after the trigger event. However, the time that the
AD conversion starts is 350 ns slower than the trigger
detection time. This 350 ns delay has some minor effect to
high-speed data acquisition.

» Trigger polarity. Trigger slope with a 0 value indicates a
positive trigger while a 1 value indicates a negative trigger.

Trigger Sources

» Internal trigger

This is a software trigger. The trigger event occurs when you
call_9812 AD_DMA_Start() function to start the operation.

» External analog trigger

You can use the signal on any analog input channel (CHO,
CH1, CH2, or CH3) as the trigger signal for external analog
trigger. Below are two conditions for analog triggers.

> Positive-slope trigger

The trigger event occurs the first time the trigger signal (analog
input signal) changes from a voltage that is lower than the

32
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specified trigger level to a voltage that is higher than the speci-
fied trigger level.

> Negative-slope trigger

The trigger event occurs the first time the trigger signal (analog
input signal) changes from a voltage that is higher than the
specified trigger level to a voltage that is lower than the
specified trigger level.

Megative-slope  trigger
event occurs
Lewvel +0.8%

N/ \

> External Digital Trigger

An external digital trigger occurs when a rising edge or a falling
edge is detected on the digital signal connected to pin3 of JP1
for external digital trigger.

Positive-edge trigger Megative-edge
eveEnt occurs { trigoer event occurs

» Simultaneous trigger for multiple cards

When multiple PCI-9812/9810 cards are installed in a single
system, the trigger sources of each card may be connected
together to achieve simultaneous trigger. Note that simulta-
neous trigger is not equivalent to simultaneous A/D conversion.
The theoretical time difference between the samples on two
different cards will be %2 of the clock period. Refer to section 5.4
for more information on A/D conversion clock control.
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Trigger Modes

» Software-trigger acquisition

This trigger mode does not require any external trigger source.
The trigger event occurs when the 9812 AD_DMA_Start( )
function is called to start the operation.

» Post-trigger acquisition

Use post-trigger for applications where data needs to be
collected after a specified trigger event. The trigger can either
be an external analog trigger or digital trigger.

External trigger
DMA start Event DMA stap

Acquire M AD data
after trigger event

Time

Acguisition Start
Figure 5-1: Post-trigger Acquisition

» Pre-trigger acquisition

Use pre-trigger to collect data before a specified trigger event.
The trigger can either be an external analog trigger or digital
trigger. Data acquisition starts when DMA operation starts. The
operation stops when the external trigger event occurs. If the
external trigger occurs before the specified count of data is
read (Specified by the 9812 AD_DMA_ Start( ) function.
Refer to section 6.2), the amount of retrieved data would be
less than the specified count. However, if the external trigger
occurs after the specified count of data is read, the application
only samples the specified count of data.

DA start External trigger Event
Achuire A/D data
hefare trigger event
Time

L Acguisition Stop

Figure 5-2: Pre-trigger Acquisition
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» Middle-trigger acquisition

Use middle-trigger acquisition to collect data before and after a
specified trigger event. The amount of data acquired before a
trigger event occurs when using middle trigger may not equal
to the specified count of data, just like the pre-trigger mode.

DA start External trigger Event DOmA Stop
Acguire m A/D data Acguire n A/D data

before trigger event after trigger event
Time

Figure 5-3: Middle-trigger Acquisition

The desired number of samples after trigger event is pre-
loaded in post trigger counter register and will count down on
the rising edge of ADC sampling clock after the trigger
condition is met. When the count reaches 0, the counter stops.
The trigger can either be an external analog trigger or digital
trigger.

» Delay-trigger acquisition

Use delay trigger acquisition to delay the data collection after
the specified trigger event occurs. The delay time is controlled
by the value that is pre-loaded in the post trigger counter
register. The counter then counts down on the rising edge of
ADC sampling clock after the trigger condition was met.

When the count reaches 0, the counter stops and PCI-9812/
9810 starts to acquire data.

External trigger Event Arquisition start DA Stop

Post trigger counter

Acguire n A/D data
count from M down to 0

Time

Figure 5-4: Delay-trigger Acquisition
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5.4 Clock Source Control

The AD clock source determines how the board regulates the
timing of conversions when acquiring multiple samples from a
single-channel or from a group of multiple channels. The A/D clock
sources on the PCI-9812/9810 must use a pacer clock, but not
single-shot as the A/D converters are in a pipelined structure, that
require eight conversion clocks to complete the conversion of
digital data.

A/D Clock Sources

The A/D converters operate under the paced mode, which uses
pacer clock for A/D conversion at a fixed rate. PCI-9812/9810
supports three clock sources for analog input conversion

» Internal Pacer Clock (default)

An onboard timer/counter is used as the internal A/D pacer
clock. The frequency of the pacer is software-controllable. The
maximum pacer signal rate is 40 MHz / 2 = 20 MHz, which is
also the maximum sampling rate of PCI-9812/9810. Note that
40 MHz is the onboard clock. Feeding the clock source into a
frequency divider generates the ADC sampling frequency. The
following formula determines the ADC sampling frequency:

Sampling Rate = Frequency of Source Clock / ADC
Clock Divisor

NOTE The ADC Clock Divisor must be 2, 4, 6, 8,...65534 (max).

» External Pacer Clock

You can connect an external pacer clock to the EXTCLK1 (pin
1) on JP1 (for square wave) or Ext. Sine wave clock (for sine
wave). Since you can handle the external signal with outside
devices, the conversion rate of this mode is more flexible than
the previous mode. When the external clock is selected, the
frequency divider as mentioned also divides this external clock.
Therefore the frequency of the external clock should be at least
twice the sampling frequency. The formula is shown below:

Sampling Rate = Frequency of Source Clock / ADC
Clock Divisor
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NOTE The clock divider must be an even number (2, 4, 6, 8,
10... 65534), with the minimum divider value being 2. Re-
fer to section 6.2 to set the clock source and frequency di-
vider.

The first AD sample takes several clocks to convert be-
cause of the ADC's pipelined architecture. Therefore, the
external clock must be continuous for correct AD opera-
tion.

» Multiple cards operation

When multiple cards are installed in a single system, 4-chan-
nels on one card can achieve simultaneous conversion since
they have the same internal clock source. However, the chan-
nels between two cards cannot be synchronized because the
clock sources on different cards come from different sources.
Even when the same external clock source is applied to all
cards, the A/D conversion time is still possibly asynchronous
because an onboard clock divider (divisible by 2) is used.
Therefore, when the same external clock source is applied to
multiple cards, the time difference of the sampling clocks
between two cards will be half of the sampling clock period.
The A/D clock cannot synchronize multiple cards.
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5.5 Data Transfer

Data Transfer

There are several function blocks on the PCI-9812/9810 designed
to acquire AD data. Even as the maximum sampling rate is
specified at up to 20 MHz, there are certain limitations due to the
high total data throughput. Refer to the data transfer diagram
below to understand how analog signal is converted to digital form
and transferred to the host computer’'s memory. The data transfer
rate limitation and bottleneck are discussed in this section.

Triztate latch
ADC 0O
Triztate latch

Tristate latch
Tristate latch
Triztate latch

Figure 5-5: Data Transfer Diagram of PCI-9812/9810
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Simultaneous Sampling of Four AD Channels

The PCI-9812/9810 is equipped with four AD converters that
support a maximum 20 MHz simultaneous sampling rate.

For single-channel applications, only channel 0 can be selected
with a total FIFO length of 32K samples. For simultaneous two-
channel applications, use channel 0 and channel 1 to optimize
FIFO usage. The onboard circuit does not allow use of channel 0
and 2 or channel 2 and 3 simultaneously. Take note that the card
only supports 2 or 4 channels for simultaneous sampling
applications.
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Total Data Throughput

When four channels start simultaneously, the total data throughput
from the AD converter to the onboard FIFO memory is:

Sampling Rate x number of channels x 2 bytes/channel
Therefore, the maximum total data throughput is 160 Mbytes/sec.
160MB/s = 20MHz x 4 channels x 2 bytes/channel

This extremely high data rate is beyond the 32-hit/33 MHz PCI bus
bandwidth. To address this two 16K words (samples) FIFO are
designed to buffer the data.

A total of 32K word (32K samples) is used when FIFO is onboard.
When four channels are used, the FIFO size is 8K samples per
channel. When two channels (#0 and #1) are used, the FIFO size
is 16K samples per channel. When only one (#0) is used, the FIFO
size is 32K samples.

You need to calculate the total data throughput for your
applications, as this value would be relative to the total data length
that can be continuously acquired.

Maximum Acquiring Data Length

The burst PCI bandwidth is 132 MB/s. However, the effective
sustained data rate is usually less than 100 MB/s. This value may
even be lower when additional PCI devices are used
simultaneously. If the total AD data throughput is lower than the
PCI bandwidth, the AD data can be stored into the host memory
through bus-mastering DMA and the total acquiring data length
could be up to 64 MB (32M samples) which is the PCI controller’s
maximum. If the total AD data throughput is higher than the PCI
bandwidth, the maximum data length will either be 16K or 8K
samples, which is the maximum length from the size of onboard
FIFO.
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Bus-mastering Data Transfer

PCI bus-mastering DMA is necessary for high speed DAQ in order
to utilize the maximum PCI bandwidth. The bus-mastering
controller—built into the AMCC-5933 PCI controller ASIC—
controls the PCI bus when it becomes the master of the bus. Bus-
mastering reduces the size of onboard memory and CPU loading
since data is directly transferred to the computer’'s memory without
CPU intervention.

The bus-mastering DMA provides the fastest data transfer rate on
the PCI bus. Once the analog input operation starts, control
returns to your program. The hardware temporarily stores the
acquired data into the onboard A/D FIFO and transfers the data to
a user-defined DMA buffer memory in the computer.

NOTE Even when the acquired data length is less than the
FIFO, the AD data is directly transferred to the host mem-
ory by bus-mastering DMA.

As DMA transfer mode is very complex to program, ADLINK
recommends using a high-level program library to control the card.
If you want to apply a software that can handle the DMA bus
master data transfer, visit www.amcc.com for more information on
the PCI controller.

Host Memory Operation

The DMA data transfer does not allow processing of AD data
simultaneously with the data transfer. You must process the AD
data after the completion of one DMA cycle. If the total data
throughput in your application is relatively high (>20 MB/s), the
processing time of AD data and the CPU computation power
consumption must be considered. For example, if the CPU can
only process data at a rate of 10 MB/s and you want to
continuously acquire data at the rate of 20 MB/s; the FIFO
eventually becomes full and data acquisition becomes
discontinuous.
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Storing data from the host memory to a hard disk or other storage
devices must also be considered. The burst data rate of current
HDD technology could be between 90 and 80 MB/s. However in
reality, the effective bandwidth of a HDD is usually less than 10
MB/s, especially when the HDD seek time is longer. For example,
if the HDD seek time is 20 ms, the FIFO is already full and the
acquired data cannot be continuous.

Several limitations may be due to the OS and host memory size.
In DOS, the maximum allocated memory size is less than 640K,
except when you use an extended memory managing software. In
Windows 95 or Windows NT, it is relatively difficult to get a
continuously large memory size such as 64 MB. It is possible to
allocate a large memory size by keeping the memory clean. The
PCI bus-mastering DMA controller of the PCI-9812 needs
continuous memory to store the AD data.
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5.6 Data Format

The A/D data of 12-bit PCI-9812 is on the 12 MSB of the 16-bit A/
D data. The 4 LSB of the 16-bit A/D data must be truncated by
software (Refer to section 6.2). The relationship between the real
signal voltage and the sampled value is shown below:

A/D Data Decimal V Y,
(Hex) Value (-1Vto+1V) | (-5Vto +5V)
7FF 0 +32752 +1.0000 +5.0000
4000 +16384 +0.5002 +2.5010
0010 +16 +0.0005 +0.0025
0000 0 0.0000 0.0000
FFF O -16 0.0005 -0.0025
C000 -16384 -0.5002 -2.5010
8010 -32752 -1.0000 -5.0000
8000 -32768 -1.0049 -5.0024

The A/D data of 10-bit PCI-9810 is on the 10 MSB of the A/D data.
The 6 LSB of the 16-bit A/D data must be truncated by software.
The relationship between the real signal voltage and the sampled

value is shown below:

A/D Data Decimal Vv Y,
(Hex) Value (-1Vto+1V) | (-5Vto +5V)
7FCO +32704 +1.0000 +5.0000
4000 +16384 +0.5002 +2.5010
0040 +64 +0.0005 +0.0025
0000 0 0.0000 0.0000
FFCO -64 -0.0005 -0.0025
C000 -16384 -0.5002 -2.5010
8040 -32704 -1.0000 -5.0000
8000 -32768 -1.0020 -5.0098
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The formula showing the relationship of the A/D data and the
analog value is:
Voltage = AD_data x (1/K) x (Gain)
Where Gain and K are constants.
For analog input range -1 V to 1 V, Gain=1
For analog input range -5 V to 5 V, Gain=5.
For PCI-9812, K=2047x16=32752
For PCI-9810, K=511x64=32704.
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6 Function Reference

This chapter describes the software library for operating the PCI-
9812/9810 card. Only the functions for DOS and Windows 95 DLL
are described. Refer to the PCIS-DASK function reference manual
in the ADLINK All-in-One CD for descriptions of DLL functions for
Windows 98/NT/2000.

The function prototypes and some useful constants are defined in
the header files LIB directory (DOS) and INCLUDE directory
(Windows 95). For Windows 95 DLL, the developing environment
can be Visual Basic 4.0 or higher, Visual C/C++ 4.0 or higher,
Borland C++ 5.0 or higher, Borland Delphi 2.x (32-bit) or higher, or
any Windows programming language that allows calls to a DLL.

6.1 Installing the Libraries

Refer to the Software Installation Guide for more information on
how to install the software libraries for DOS, Windows 95 DLL, or
PCIS-DASK for Windows 98/NT/2000.

The device drivers and DLL functions of Windows 98/NT/2000 are
included in the PCIS-DASK. Refer to the PCIS-DASK user’s guide
and function reference in the ADLINK All-in-One CD for
programming information.
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6.2 Programming Guide

Naming Convention

The functions of NuDAQ and NulPC PCI/CompactPCI cards’ soft-
ware driver use the following naming convention rules:

In DOS:
_{hardware_model}_{action_name}
For example:
9812 Initial(Q

All  functions in the PCI-9812 driver uses 9812 as
{hardware_model}. However, these may also be used by PCI-
9810.

To differentiate the DOS from Windows 95 libraries, a capital W is
placed in the beginning of each function name for Windows 95
DLL driver.

For example:
W_9812_Initial()
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Data Types

Some data types were defined in Pci_9812.h (DOS) and Acl_pci.h
(Windows 95). These data types are used by the NuDAQ card
library. It is recommended that you use these data types for your
application programs. The following table lists the data type
names and their ranges.

r\gm Description Range
u8 8-bit ASCII character 0 to 255
116 16-bit signed integer -32768 to 32767
U16 | 16-bit unsigned integer 0 to 65535
132 32-hit signed integer -2147483648 to 2147483647

U32 | 32-bit single-precision floating-point | 0 to 4294967295
F32 32-hit single-precision floating-point | -3.402823E38 to 3.402823E38
64-bit double-precision floating-point | -1.797683134862315E308 to

Fo4 1.797683134862315E309
Boolea | Boolean logic value TRUE, FALSE
n

Table 6-1: Data Types
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6.3 Function Reference

9812 _Initial

Description

Initializes the PCI-9812/9810 card. Each PCI-9812/9810 card has
to be initialized by this function before calling other functions.
Syntax

CIC++ (DOS)

int _9812_Initial (int card_number, Ul6
*op_base_address,U16 *pt_base_ address, U16
*irg_no, Ul6 *pci_master)

C/C++ (Windows 95)

int W_9812_Initial (int card_number, U16
*op_base_address,U16 *pt_base_address, U16
*irg_no, Ul6 *pci_master)

Visual Basic (Windows 95)

W_9812_ Initial (Byval card_number As Long,
op_base_address As Integer, pt_base_address
As Integer, irg_no As Integer, pci_master As
Integer) As Long

Argument(s)

card_number Card number of the card to be initialized. Valid card

numbers are from 0 to 9.

op_base_address

Physical location of S5933 operation registers in the

I/0O space.

pt_base_address

Physical location of add-on registers in the pass-

through 1/O space.

irg_no Interrupt IRQ level of the PCI-9812/9810 card. IRQ
value is automatically assigned by the system BIOS.

pci_master Tells whether the BIOS enabled or disabled bus

mastering in the PCI Command Register.
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Return Code(s)

PCICardNumErr
PCIBiosNotExist
PCl1BaseAddrErr
NoError
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9812 Close

Description
Closes a previously initialized 9812/9810 card.
Syntax
CI/C++ (DOS)
int _9812 Close (int card_number)
C/C++ (Windows 95)
int W_ 9812 Close (int card_number)
Visual Basic (Windows 95)
W_9812 Close (ByVal card_number As Long) As Long
Argument(s)

card_number Card number of the card to be initialized. Valid card
numbers are from 0 to 9.

Return Code(s)

PCI1CardNumErr
PCICardNotlInit
NoError
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9812 AD_DMA_Start

Description

Starts an operation of A/D conversion N times with DMA data
transfer. It will take place in the background, which will not stop
until the Nth conversion has been completed or until your program
executes 9182 _AD_DMA_Stop to stop the operation. After exe-
cuting this function, check the status of the operation by using the
9812 AD_DMA _Status function.

Syntax
CI/C++ (DOS)

int 9812 AD DMA Start (int card_number, int
ch_cnt, U32 *buff, U32 count)

C/C++ (Windows 95)

int W 9812 AD_DMA_Start(int card_number, int
ch_cnt, HANDLE memlID, U32 count)

Visual Basic (Windows 95)

W_9812_AD_DMA_Start (ByVal card_number As Long,
Byval ch_cnt As Long, ByVal handle As Long,
ByVal count As Long) As Long

Argument(s)
card_number Card number of the selected card.
ch_cnt Number of A/D channel enabled. Valid values:

0 No channel is enabled.

1 Only channel 0 is enabled.

2 Channel 0 and 1 are enabled, and the sequence of
channel scanis 0, 1,0, 1, ...

4 All channels are enabled and the sequence of channel
scanis0,1,2,3,0,1,2,3, ...
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buff (DOS)

Start address of the memory buffer that stores the A/
D data. The buffer size must be larger than the
number of A/D conversions. This memory should be
in double-word alignment. The resolution of A/D data
is 12-bit for PCI-9812 and 10-bit for PCI-9810. Refer
to section 5.6 for the A/D data format.

The buffer format is:

DATA 1 | DATA 2 | DATA3 | DATA4 | ............ DATA N

DATA
N-1

16-bit

16-bit 16-bit 16-bit 16-bit 16-bit 16-bit

Each 16-bit data:

D11 D10 D9 ... D1 DO b3 b2 bl b0

where:

D11, D10, ..., DO: A/D converted data (9812) or
D11, D10, ..., D2: A/D converted data (9810).

b2, b1, b0: Digital input data from channel DI2, DI1,
DIO.

b3: Trigger detection flag. Valid values:

0 No trigger is detected.
1 Trigger is detected.

memID (Win-95)

count

Memory ID of the allocated system DMA memory. In
Windows 95, before calling W_9812_AD_DMA_Start,
W_9812_Alloc_DMA_Mem must be called to allocate
a contiguous DMA memaory.

W_9812 Alloc_ DMA_Mem returns a memory ID for
identifying the allocated DMA memory and the linear
address of the DMA memory to access the data. The
format of the A/D data is the same as the DOS buffer
(buff).

Number of A/D conversion.
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Return Code(s)

PCICardNumErr
PCICardNotlInit

Inval idDMACnt
BufNotDWordAlign
DMATransferNotAl lowed
NoError
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_9812_AD_DMA_Status
Description

Since _9812 AD_DMA_Start is executed in the background, the
function _9812_AD_DMA_Status can be used to check its opera-
tion status.

Syntax
CI/C++ (DOS)

int 9812 AD DMA Status(int card_number, int
*count, int *status, U32 *start_idx)

C/C++ (Windows 95)

int W 9812 AD DMA_ Status(int card_number, int
*count, iInt *status, U32 *start_idx)

Visual Basic (Windows 95)

W_9812_AD DMA_Status (ByVal card_number As Long,
count As Long, status As Long, start_idx As
Long) As Long

Argument(s)
card_number Card number of the selected card.

count Current amount of DMA transferred data.
status DMA data transfer status. Valid values:

0 DMA_done

1 DMA_continue

2 DMA_wait_trig

3 DMA_wait_delay

start_idx The index where the data starts from is in the user’s
buffer. For example, the sequence of read data is:

buff[start_idx], buff[start_idx+1], _,
buff[0], buff[1].,_..,buff[start_idx-1].

Return Code(s)

PCI1CardNumErr
PCICardNotlInit
NoError
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_9812_AD_DMA_Stop
Description

Stops the DMA data transfer. After executing this function, the
9812 AD_DMA_Start function stops. The function returns the
number of transferred data, whether the A/D DMA data transfer is
stopped by this function or by the DMA terminal count ISR.

Syntax
CI/C++ (DOS)

int _9812 AD _DMA Stop(int card_number, U32
*count)

C/C++ (Windows 95)

int W_ 9812 AD DMA_Stop(int card_number, U32
*count)

Visual Basic (Windows 95)

W_9812_AD_DMA_Stop (ByVal card_number As Long,
count As Long) As Long

Argument(s)

card_number Card number of the selected card.
count Amount of transferred A/D data.
Return Code(s)

PCICardNumErr
PCICardNotlInit
NoError
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9812 Set_Clk_Src

Description

Specifies the ADC clock source.
Syntax

CI/C++ (DOS)

int 9812 Set Clk_Src (int card_number, int
clk_src, int ftpci)

C/C++ (Windows 95)

int W 9812 Set_Clk_Src (int card_number, int
clk_src, int ftpci)

Visual Basic (Windows 95)

W_9812_Set Clk_Src (ByVal card_number As Long,
Byval clk_src As Long, ByVal ftpci As Long)

As Long
Argument(s)
card_number The card number of PCI-9812/9810 to be selected
clk_src The ADC clock source, the valid values are as
follows:

0 INT_CLK: internal clock

1 SIN_CLK: external sin wave clock

2 SQR_CLK: external square clock

ftpci Frequency selection.

AD2_GT_PCI The frequency of A/D clock source is higher
than PCI clock frequency.

AD2_LT_PCI  The frequency of A/D clock source is lower
than PCI clock frequency.

Return Code(s)

PCI1CardNumErr
PCICardNotlInit
InvalidCIkSrc
NoError
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9812 Set_Clk_Rate

Description

Specifies the clock divider for the ADC clock. The value of the
clock divider must be even and between 2 to 65534.

Syntax
CI/C++ (DOS)

int 9812 Set Clk _Rate (int card_number, U16
clk_div)

C/C++ (Windows 95)

int W 9812 Set_Clk_Rate (int card_number, U16
clk_div)

Visual Basic (Windows 95)

W_9812_Set Clk_Rate (ByVal card_number As Long,
Byval clk_div As Integer) As Long

Argument(s)
card_number The card number of the selected card.

clk_div ADC clock divisor. The value must be an even
number and the minimum value is 2.

Return Code(s)

PCICardNumErr
PCICardNotlInit
InvalidCIkDiv,NoError

Function Reference 57



A ADLINK
VY '

9812 Set_Trig
Description

Sets up the trigger. The function specifies the trigger mode, trigger
level (voltage), trigger source, trigger slope, and post trigger count.
Refer to Chapter 5 for details.

Syntax
CI/C++ (DOS)

int 9812 Set Trig (int card_number, int
trig_mode, int trig_src, int trig_pol, int
trig_Ilvl, Ul6 post_trig_cnt)

C/C++ (Windows 95)

int W 9812 Set _Trig (int card_number, int
trig_mode, int trig_src, int trig_pol, int
trig_Ivl, Ul16 post_trig_cnt)

Visual Basic (Windows 95)

W_9812 Set Trig (ByVal card_number As Long, ByVal
trig_mode As Long, Byval trig_src As Long,
ByVal trig_pol As Long, Byval trig_Ivl As
Long, ByVal post_trig_cnt As Integer) As
Long

Argument(s)
card_number Card number of the selected card.
trig_mode Selected trigger mode. Valid values:

SOFT_TRIG Software trigger
POST_TRIG Post trigger

PRE_TRIG Pre-trigger
DLY_TRIG Delay trigger
MID_TRIG Middle trigger
trig_src Selected trigger source, the valid trigger sources are:
CHO_TRIG Channel 0
CH1_TRIG Channel 1
CH2_TRIG Channel 2
CH3_TRIG Channel 3
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AUX_TRIG External digital trigger
trig_pol Trigger slope.
0 Positive slope trigger

1 Negative slope trigger
trig_Ivl Trigger level. Refer to section 4.1.

post trig_cnt  Post trigger count. This value is pre-loaded to the
post trigger counter when the post trigger counter
register is written. It will count down on the rising
edge of ADC sampling clock after the trigger
condition is met. When the count reaches 0, the
counter stops. The counter is used to control the
delay time in delay trigger mode and to control the
post trigger sampling count in middle trigger mode.

Return Code(s)

PCICardNumErr
PCICardNotlInit
InvalidCIkDiv
NoError
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W_9812 Alloc_ DMA_Mem
Description

Tells the Windows 95 system to allocate a block of contiguous
memory for DMA transfer. This function is available only for Win-
dows 95.

Syntax
C/C++

int W 9812 Alloc_DMA Mem (U32 buf_size, HANDLE
*memID, U32 *linearAddr)

Visual Basic

W_9812 Alloc_DMA_Mem (ByVal buf_size As Long,
memID As Long, linearAddr As Long) As Long

Argument(s)

buf_size Bytes to allocate. Note thay the unit of this argument

is byte and not sample.

memID If memory allocation is successful, the driver returns
the ID of that memory in this argument. You may use
this memory ID in W_9812 AD_DMA_Start function

call.

linearAddr Linear address of the allocated DMA memory. This
linear address can be used as a pointer in C/C++ to

access DMA data.
Return Code(s)

NoError
Al locDMAMemFai led
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W_9812 Free_ DMA_Mem
Description

Releases a system DMA memory in Windows 95. This function is
only available for Windows 95.

Syntax
C/C++
int W _ 9812 Free DMA_Mem (HANDLE memlID)
Visual Basic
W_9812_Free_DMA_Mem (ByVal memlID As Long) As Long
Argument(s)

memID Memory ID of the system DMA memory to de-
allocate.

Return Code(s)

NoError
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W_9812 Get_Sample
Description

For languages without pointer support such as Visual Basic, pro-
grammers can use this function to access the data in DMA buffer.
This function is available only for Windows 95.

Syntax
C/C++

int W_9812 Get_Sample (U32 linearAddr, U32 index,
116 *ai_data)

Visual Basic

W_9812 Get_Sample (ByVal linearAddr As Long,
ByVal idx As Long, ai_data As Integer) As
Long

Argument(s)

linearAddr Linear address of the allocated DMA memory.

index Index of the sample. The first sample has an index 0.
ai_data Returns the samples retrieved.

Return Code(s)

NoError
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7 Calibration

In data acquisition, you must calibrate your measurement devices
to maintain accuracy. You can calibrate the analog input and
analog output channels using your operating environment to
optimize accuracy. This chapter describes the calibration process
for the PCI-9812/9810 card.

7.1 Before You Proceed
You need the following equipment for the calibration process:

» Calibration utility. This application guides you through the
calibration process and is available from the card package.

» Voltage calibrator or a stable and noise-free DC voltage
generator.

7.2 VR Assignment

There are eight variable resistors (VR) on the PCI-9812/9810 card
that allows you to make accurate adjustments to the A/D
channels. The function of each VR is specified below.

VR1 A/D channel 0 offset adjustment
VR2 A/D channel 1 offset adjustment
VR3 A/D channel 2 offset adjustment
VR4 A/D channel 3 offset adjustment
VR5 A/D channel 0 full scale adjustment
VR6 A/D channel 1 full scale adjustment
VR7 A/D channel 2 full scale adjustment
VR8 A/D channel 3 full scale adjustment

Table 7-1: Functions of VRs
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7.3 A/D Calibration

A/D Calibration for Channel 0

1. Apply a +1 V input signal to A/D channel 0 and trim VR5
until the average reading of channel 0 is within the range
of 2046.6+0.1 (PCI-9812) or 510.9+0.1 (PCI-9810).

2. Apply a +0 V input signal to A/D channel 0 and trim VR1
until the average reading of channel 0 is within the range
of +£0.2.

3. Repeat steps 1 and 2, then adjust VR5 and VR1.

A/D Calibration for Channels 1/2/3

Other channels may be calibrated using the steps enumerated
above which involves trimming the corresponding VRs. Refer to
the table below when calibrating the other channels.

Channel Number Full Scale ~ Offset
Adjustment VR Adjustment VR
0 VR5 VR1
1 VR6 VR2
2 VR7 VR3
3 VRS VR4

Table 7-2: AD Calibration for Channels 1/2/3

A calibration utility is included in the ADLINK All-in-One CD.
Details of the -calibration procedures and description, and
measurement data are included in this utility. Follow the
instructions in the software calibration utility to proceed.

There is no need to calibrate the PCI-9812/9810 before first time
use as it is already calibrated.
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8 Software Utility

The 9812util.exe included in the ADLINK all-in-One CD comes
with three functions: system configuration, calibration, and
functional testing. This utility is designed with a menu-driven
based window style that provides not only text messages for
operational guidelines, but also graphics to instruct you when
setting up the hardware configuration.

8.1 Running the Utility

After completing the DOS installation, launch the utility by typing
the following command in the prompt (this assumes that the utility
is located in \ADLINK\DOS\9812\Util directory):

C> cd \ADLINK\DOS\9812\Util
C> 9812UTIL

The following screen appears. Use the navigation instructions at
the bottom of each window to change the default settings.

#EExEE PCI-9212710 Ubilicy Rew. 1.0 *##*+*t*

Copyright © 1995-1997, ADLink Technology Imc. ALl rights ressrwed.

<Fl1l> : Configuration.

<FZ» : Calibration.

<F3» : Funetion testing.

<Esc>: Quir.

Fxx Gelect function key F1 ~ F3, or press <Esc> to cuit. <<
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8.2 System Configuration

Use the functions in System Configuration <F1> to configure the
PCI-9812/9810 card. The following screen appears when the
System Configuration menu is selected.

werxd s Conficuration of PCIOS1Z/10 *+#+++

1> Card Type o812

<z2» ADC Trigger Source CHO

<3 Tiwer Clock Jource Internal

< 6> AD Input ERange Bipolar (—-1V~1V)

> <Ups/Downzx: Zelect Itewm, <PgUp/PgDhnr: Chanhge Setting <<<
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8.3 Calibration

This function takes you through the card calibration process. The
calibration program is a useful test for A/D, D/A, and DIO
functions, and a tool when troubleshooting the card.

NOTE For environments with frequent large fluctuations in tem-
perature and vibration, a re-calibration interval of 3
months is recommended. For laboratory conditions, 6
months to 1 year is acceptable.

When you select Calibration <F2> from the main menu, the
calibration screen appeatrs.

#FEEEFE PCI-9512 Calibration ##%%+%%

<1>» /D channel 0 adjusting
€2» A/D channsl 1 adjusting
€3> A/D channel Z adjusting
<4> A/D channsl 3 adjusting

zEscx Quit

Select 1 to 4 or «<Esc» to guit calibration.

After selecting a calibration item from the menu, a calibration
window appears. The upper window shows the step-by-step
calibration instructions. The lower window shows the layout of
PCI-9812/9810. In addition, the proper Variable Resistor (VR) will
blink to indicate which VR needs to be adjusted for the current
calibration step.
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For example, if you select <3>, the following window appears:

1> A/D chanmel B ad justing

Step 1! Input BV to Chamel®
Step 2! Trim URL until the range of the Avg. value is within #8.2

If conpleted Step? then press (Enter} to wext step, (ESC} to abort.
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8.4 Functional Testing

This tool tests the A/D functions of the card. When you select
Function testing. <3> from the main menu, the function test
window appears.

[Poz=tTrigl [Fositivel [D.000U] [lchannels]
iu
0.5u
o,
0. 5W.
=1
{Fi>Trigaar <{FZ})Polarity Tsd Triglevel {(-,-} PostsDelay Count
{F3>»% of Chans {Enter}Start {Esc»Stop {F1OExit

Use the function keys at the bottom of the window to set the trigger
mode, trigger signal polarity, trigger level, channel number and
post trigger count (for middle trigger and delay trigger). When
finished, press <Enter> to perform testing. This function tests and
views the effects of various trigger modes. In addition, an arrow
shown on the screen indicates the trigger position. If the trigger
source is also an enabled A/D channel, you can easily view the
result of changing trigger levels.
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The following diagram is a snapshot of the post-trigger testing.

[FostTrial [Positiwel [0.000UV]1 [lechannels]
w
0.5
N ™, P N
ouy
%, '.'. 3, '.".
=1L

{F1>Trigoer <{F2)Polaritu T:¢ TripLevel <-,-» Post/Delau Count
<F3>#% of Chans {Enter>Start {Esc*3top CF1LOExit
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