VMIVME-3801

ISOLATED SCANNING 12-bit, 31-CHANNEL
ANALOG-TO-DIGITAL CONVERTER BOARD
WITH BUILT-IN-TEST (BIT) AND SCREW
TERMINAL INTERFACE

PRODUCT MANUAL

DOCUMENT NO. 500-003801-000 C
Revised December 16, 1997

VMIC
12090 SOUTH MEMORIAL PARKWAY
HUNTSVILLE, AL 35803-3308
(256) 880-0444 FAX NO.: (256) 882-0859
(800) 322-3616



COPYRIGHT AND TRADEMARKS

& Copyright January 1995 The infarmation in this document has been carefully checked and is balieved
ta be entirely reliable. While all reasonable efforts to ensure accuracy have been faken in the preparafion of
this manual, VMIC assumas no responsibility resulting from omissions or errors in this manual, or from the use
of information contained harein,

VMIC reserves the right to make any changes, without notice, to this or any of VMIC's products to improve
rediakility, performance, function, or design.

VMIC does not assume any lishility arising out of the application or use of any product or circuit described
herein; nor does VMIC convey any license under its patent rights ar the rights of others,

For warranty and repair policies, refer to WWIC's Standard Conditions of Sale.

AbMXbus, BITMODULE, COSMODULE, DMAbusg, Instant OPC wizard logo, OWorks Access, 10OWarks
Foundation, 1I0Works man figure, 10Warks Manager, 10Works Server, MAGICWARE, MEGAMODULE, PLC
ACCELERATOR (ACCELERATION), Quick Link, RTnet, Soft Logic Link, SRTbus, TESTCAL, “The Next
Generation PLC", The PLC Connection, TURBOMODULE, UCLIO, UIOD, UPLC, Visual Scoft Logic

Controlller), VMEscoess, VMEmanager VMEmanitor, VMEnel. VMEnet |1, and VMEprobe are trademarks of
WMIC,

The Y0 man figure, |[0Works, UIOC, Visual IOWorks, and WinlHOC ara registered trademarks of VMIC.

Microsoll, Microsoft Access, MS-DOS, Visual Basic, Visual C++, Win22, Windows, Windows NT. and
HENIX are registered trademarks of Microsoft Carporation.

MMX is a trademark and Penlium is a registered trademark of Intel Corporation.

Other registerad trademarks are the property of their respective ownars.

VMIC
All Rights Reserved

Thiz document shall net be duplicated, nor its canlents used for any
purpose, unless granted express writtan permission from YMIC.



E__s:‘_.—%____ffség_ ; RECORD OF REVISIONS

REVISION DATE PAGES INVOLVED CHANGE NUMBER

LETTER

A 05/23/95 | Release 95-0357

B 05/19/97 | Cover, pages ii, v, 1-1, 3-1 through 3-4, 97-0431

and 5-5
C 12/16/97 | Cover, pages ii, v, vii, 1-1, 3-5, 4-4, 4-10, 98-0028
5-4 and 5-7

vMiC REV LTR PAGE NO.
12090 South Memorial Parkway DOC. NO. 500-003801-000 i
Huntsvilfe AL 35803-3308 = (256} 880-0444

c




VMIC
SAFETY SUMMARY

THE FOLLOWING GENERAL SAFETY PRECAUTIONS MUST BE OBSERVED DURING ALL PHASES
OF THE OPERATION, SERVICE, AND REPAIR OF THIS PRODUCT. FAILURE TO COMPLY WITH
THESE PRECAUTIONS OR WITH SPECIFIC WARNINGS ELSEWHERE IN THIS MANUAL VIOLATES
SAFETY STANDARDS OF DESIGN, MANUFACTURE, AND INTENDED USE OF THIS PRODUCT.
VMIC ASSUMES NO LIABILITY FOR THE CUSTOMER'S FAILURE TO COMPLY WITH THESE
REQUIREMENTS.

GROUND THE SYSTEM

To minimize shock hazard, the chassis and system cabinet must be connected to an
electrical ground. A three-conductor AC power cable should be used. The power cable
must either be plugged into an approved three-contact electrical outlet or used with a
three-contact to two-contact adapter with the grounding wire (green) firmly connected to
an electrical ground (safety ground) at the power outlet.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE
Do not operate the system in the presence of flammable gases or fumes. Operation of
any electrical system in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove product covers. Component replacement and
internal adjustments must be made by qualified maintenance personnel. Do not replace
components with power cable connected. Under certain conditions, dangerous voltages
may exist even with the power cable removed. To avoid injuries, always disconnect
power and discharge circuits before touching them.

DO NOT SERVICE OR ADJUST ALONE
Do not attempt internal service or adjustment unless another person, capable of
rendering first aid and resuscitation, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY SYSTEM

Because of the danger of introducing additional hazards, do not install substitute parts or
perform any unauthorized modification to the product. Return the product to VMIC for
service and repair to ensure that safety features are maintained.

DANGEROUS PROCEDURE WARNINGS
Warnings, such as the example below, precede only potentially dangerous procedures
throughout this manual. Instructions contained in the warnings must be followed.

I WARMNING I

DANGEROUS VOLTAGES, CAPABLE OF CAUSING DEATH, ARE PRESENT IN THIS SYSTEM. USE
EXTREME CAUTION WHEN HANDLING, TESTING, AND ADJUSTING.




SAFETY SYMBOLS

GENERAL DEFINITIONS OF SAFETY SYMBOLS USED IN THIS MANUAL

WARNING I

**x*************‘

w

CAUTION

x*

=
dhzdhkhT kBTN AR KR

NOTE:

Instruction manual symbol: the product is marked with this symbol when it
Is necessary for the user to refer to the instruction manual in order to
protecl against damage to the system.

Indicates dangerous wvoltage {terminals fed from the interior by voltage
exceeding 1000 volts are so marked}.

Protective conductor terminal. For protection against electrical shock in
case of a fault. Used with field wiring terminals to indicate the terminal
which must be connected to ground before operating equipment,

Low-noise or noiseless, clean ground (earth) terminal, Used for a signal
common, as well as providing protection against electrical shock in case
of a fault. Before operating the equipment, terminal marked with this
symbol must be connected to ground in the manner described in the
installation {operation) manual.

Frame or chassis terminal. A connection to the frame (chassis) of the
equipment which normally includes all exposed metal structures.

Alternating current {power line)
Direct current (power line).
Alternating or direct current {power line).

The WARNING sign denotes a hazard. It calls attention to a procedure, a
practice, a condition, or the like, which, if not correctly performed or
adhered to, could result in injury or death to personnel.

The CAUTION sign denotes a hazard. It calls attention to an operating
procedure, a practice, a condition, or the like, which, if not correctly
performed or adhered to, could result in damage to or destruction of part
or all of the system.

The NOTE sign denotes important information. It calls attention to a
procedure, a practice, a condition, or the like, which is essential to
highlight.
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SECTION 1
INTRODUCTION

1.1 FEATURES

The VMIVME-3801 Analog Input Board provides automatic scanning of
16 differential or 31 single-ended analog input channels. The channels are digitized
with a 12-bit resolution Analog-to-Digital Converter (ADC). Each input is overvoltage
protected and low pass filtered. The board is very easy to use, no software setup is
required. After power up or system reset, the VMIVME-3801 automatically starts
scanning each of its 16 or 31 input channels. Conversion data is stored automatically
in dual-port memory (RAM), making it immediately accessible from the VMEbus. The
VMIVME-3801 provides on-board voltage references to perform an on-line or off-line
built-in selftest. The input voltage range and gain are user-configurable jumpers. The
VMEbus base address and the access mode are fully selectable. In short /O space,
the board can be ordered to support optional current inputs (0 to 25 mA) using
31-channel single-ended inputs.

Some of the distinguishing features of the VMIVME-3801 include:

VMEbus 86U single height format
16 differential or 31 single-ended analog input channels
One 12-bit A/D Converter with built-in track-and-hold
Automatic scanning of all inputs at 40 kHz aggregate rate
No software initialization required to begin scanning
Input ranges from 50 mV to £10 VDC
Input overvoltage protection
Analog inputs are low pass filtered at 50 kHz
Optional add-on 40 Hz low pass filter card
Discrete wire cables
Input pull-down resistors prevent floating inputs
Supports on-line and off-line Built-in-Test (BIT)
. Configurable jumper gains of x1, x10, x100
Selectable A/D ranges of +5 VDC, £10 VDC, and 0 to 10 VDC
Data Accesses: D16, DO8(EQ), D0O8(O)
Front panel LED
1,000 VDC isolation between analog and digital ground
Optional 0 to 20, 4 to 20, and 5 to 25 mA current input range

T@ "o oo oW

T - - e
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The VMIVME-3801 occupies 128 bytes of short /O VMEbus addressing
space. Jumpers are provided to place the board on any 128-byte boundary. The board
can also be jumpered to respond to supervisory, nonprivileged, or both accesses.

Conversion data is available from a 16-bit register (12-bit right-justified with
optional sign extension). This data is stored in on-board dual-ported memory (RAM)
for easy access.

The Built-in-Test (BIT) gives the user the capability to verify the on-board
ADC using high precision, user-programmable reference voltages. Software controls
the BIT functions.

After a system reset, the board retums to a fixed configuration: all bits in the
Control/Status Register are cleared and the front panel FAIL LED is illuminated. The
LED is then extinguished under software control. This LED can be used to visually
locate a faulty board in a system.,

1.2 REFERENCE MATERIAL LIST

Refer to "The VMEbus Specification" for a detailed explanation of the
VMEbus. "The VMEbus Specification” is available from the following source:

VITA
VMEbus International Trade Association
7825 East Gelding Drive
Suite 104
Scottsdale, AZ 85260-3415
(602) 951-8866
FAX: (602) 951-0720
Internet: www.vita.com

1-2
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The following Application and Configuration Guides are available from
VMIC to assist in the selection, specification, and implementation of systems based
upon VMIC's products:

TITLE DOCUMENT NO.
Digital Input Board Application Guide 825-000000-000
Change-of-State Application Guide 825-000000-002
Digital /O (with Built-in-Test) Product Line Description 825-000000-003

Synchro/Resolver (Built-in-Test) Subsystem Configuration Guide  825-000000-004

Analog I/O Products (with Built-in-Test) Configuration Guide 825-000000-005
Connector and /O Cable Application Guide 825-000000-006
Data Aquisition Noise Reduction Application Guide 825-000000-026

1-3
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SECTION 2
PHYSICAL DESCRIPTION AND SPECIFICATIONS

REFER TO 800-003801-000 SPECIFICATION

241
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SECTION 3
THEORY OF OPERATION

3.1 INTRODUCTION

The VMIVME-3801 is a flexible, low-cost analog input board that provides
16 differential or 31 single-ended analog input channels. The channels are scanned
continuously at an aggregrate rate of 40 kHz using a 12-bit resolution Analog-to-Digital
Converter (ADC). Channels can randomly or seguentially read at any time. The current
address of the channel being digitized is read from the Channel Pointer Register.
Scanning may be halted at the current channel using the Stop Autc Scan bit in the
Control/Status Register. This will disable further channel address increments. The board
will then lock onto that channel. This allows a single channel to be digitized every 25 us.
The following sections discuss the functional components of the VMIVME-3801 in detail.

3.2 FUNCTIONAL ORGANIZATION

The VMIVME-3801 is divided into the following functional categories. Each
category is discussed in detail.

a. VMEbus Interface

b. Analog-to-Digital Converter (ADC) and Control Logic
¢. Analog Input Multiplexing, Gain, and Conversion

d. BIT Voltage Reference and multiplexer

e. Board |D register

Figure 3.2-1 on page 3-2 illustrates the functional blocks of the VMIVME-3801.

3.3 VMEbus INTERFACE

The VMIVME-3801 communication registers are memory mapped as 64 16-bit
words (128 bytes) in memory. The registers are contiguous and may be located on any
128-byte boundary within the short I/O space of the VMEbus. The board can be
configured to respond to short supervisory or short nonprivileged data accesses, or both.
See Section 5 for address jumper locations and configurations.

3-1
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Figure 3.2-1. VMIVME-3801 Functional Block Diagram

During each read or write operation, all VMEbus control signals are ignored,
uniess the board selection comparator detects a maich between the on-board selection
jumpers and the address and address modifier line from the backplane. The appropriate
board response occurs if a valid match is detected. The cpen-collector DTACK” interface
signal is then asserted (driven low). Subsequent completion of the bus master's read or
write cycle causes the board-generated DTACK* signal to return to the OFF state.

After board selection has occurred, three groups of VMEbus signals control
communication with the board. They are as follows:

a. Data bus lines DOD to D15
b. Address lines A01, AD2, AD3, AD4, AD5, AOG, AD7
. Bus Control Signals:

Write

DSo*, DS1*

SYSCLK

SYSRESET®

3-2
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Data bus lines are bidirectional and move data to and from the board through a
16-bit data transceliver responding to control signals from the control decoder. The data
transceiver serves as a buffer for the internal data bus which interconnects all data
devices on the board.

Address lines A01 through AO7 map the 64 registers into 128-byte range within
the VMEbus address space described in Section 4. The control signals determine whether
data is to be moved fo the board (write) or from the board (read). The controi signals also
provide the necessary data strobes (DS0,D051). A SYSRESET input resets all CSR bits.

Static controls are latched into the Control Register and are used primarily tc
establish the operaticnal mode of the board.

3.4 ANALOG-TO-DIGITAL CONTROL AND TIMING

Control commands and status flags associated with controlling the
Analog-to-Digital Converter (ADC) are described in Section 4.

There are two modes of operation for this board. The first is to continuously
scan all 16 or 31 analog input channels. The second is to halt scanning and lock onto a
single channel. Either way, the electrical process of A/D conversion is similar.

The VMIVME-3801 uses a 12-bit ADC. The ADC has a conversion time of
8.5 ps. Settling time is required for the multiplexers and the Programmable Gain Amplifier
(PGA) before the ADC cycie may begin. The total channel acquisition cycle occurs every
25 ps. All conversion timing is provided by internal sources. This gives an aggregate scan
rate for all channels of 40 kHz. The ADC's built-in track-and-hold amplifier prevents
signals that vary during a conversion cycle from giving false ADC readings.

After the multiplexer and gain amp have settled, the ADC is placed into the
convert mode. The ADC BUSY signal then goes active high to indicate the ADC is
currently working on a new conversion cycle. The internal track-and-hold automatically
changes from the track to the hold mode, the ADC then begins its successive
approximation conversion oycle. The conversion digitizes the analog signal from the
track-and-hold amp into a 12-bit data word.

The ADC signals the completion of its cycle by lowering the BUSY signal to a
logic “0”. If the Two's Complement bit is setin the CSR, the ADC's 12-bit output is modified
into two's complement format. At this point, the 12-bit word is latched for storage to the
dual-port RAM.

3-3



500-003801-000

3.5 BUILT-IN-TEST REFERENCE

The board is equipped with a programmable precision voltage reference
which can be used as a Built-in-Test (BIT) of the board. When selected, the BIT
voltage is fed through the Programmable Gain Amplifier (PGA) to the Analog-to-Digital
Converter (ADC) bypassing the external analog input on channel zerc. Therefore, the
channel zero location in the dual-port RAM will be written with the BIT voltage's
equivalent digital value. After enabling the BIT voltage (Mode O bit set), the user
should wait for enough time to elapse (810 s maximum), to allow sequencing through
channel zero before checking its value. The BIT is used to test the PGA, the ADC, and
the dual-port BAM memory. The BIT can be enabled at any time during initial board
installation or in real time for system self-diagnostics.

The BIT reference is selected from one of three internal precision reference
voltages: +4.980 VDC, +0.4928 VDC, +9.915 mVDC, or analog ground (0.0 VDC).

The selection is provided by setting the Mode bits 0, 1, and 2 in the CSR
according to the Control/Status Register detailed in Section 4.

If mode bit zero is a logical “0,” the board scans all 16 or 32 channels in a
normal mode of operation. If the mode bit is setinthe CSR , channel zerc corresponds
to the selected reference voltage VREFO, VREF1, VREF2, or Analog Ground
according to the settings of Mode bit 1 and Mode bit 2. The digital value received
should be within £10 LSBs of the selected reference voltage. The remaining channels
(1-15 or 1-31) digitize their respective extemal input sources. Thus, channel zero may
be periodically checked during run time to venfy the ADC operation. Please note that
the current gain and unipolar/bipolar modes must be considered when selecting the
reference voltage. The BIT voltage precedes the PGA and multiplies the selected
reference voltage. Selecting a reference voltage which exceeds the ADC range when
multiplied by the gain ampilifier is not recommended.

3.6 ANALOG INPUTS

There is either 16 differential or 31 single-ended analog inputs available on
the front panel connector. VMIC recommends that the differential mode be used for
decreased noise, greater common-mode rejection, and improved accuracy. Unused
inputs should be grounded, including the low side of all unused differential inputs. The
board has internal 22 MQ pull-down resistors on the low side of the differential inputs.
This prevents the differential input pair from drifting up past the input multiplexers’
maximum voltage limit.

MOTE:

WHEN CONFIGURED FOR SINGLE-ENDED MODE, CHANNEL 31 IS JUMPER CONFIGURABLE
AS A COMMON GROUND BY INSTALLING E17.

3-4
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3.6.1 Low Pass Filters

The VMIVME-3801 provides passive single pole low pass input filters on all
inputs. The normal -3 dB cut off frequency is 50 kHz. This provides some high
frequency noise protection for the board. The board can also be configured with an
add-on daughter board option. The daughter board provides a low pass filter with a cut
off frequency of 40 Hz. This lower cut off frequency provides protection from local
60 Hz AC line noise. This option is normally installed by the factory at the time of order.
It can be removed by the user at a later date if new applications arise. If the board is
running in single-ended mode, the user must install the two 0 © SIP jumpers in
locations J4 and J5. This allows the low pass filter to perform in the single-ended
configuration. Note that the VMIVME-3801 requires a jumper change if the 40 Hz
daughter board is added.

3.6.2 Input Multiplexers

The board has two tiers of analeg multiplexing. Each of the 32 inputs is
selected using one of four 8 X 1 first-tier analog input multiplexers. The second-tier
multiplexer is configured as a 4 X 2 board. It selects one or two of the first-tier output
signals to provide the single-ended or differential mode of operation. The second-tier
muitiplexer also selects the BIT reference voltage, if enabled in the Control/Status
Register. The second-tier output is differentially transferred to the Programmable Gain
Amplifier (PGA).

3.6.3 Current Inputs

The VMIVME-3801-2BC and -3BC models include current termination
resistors using a daughter board installed in the place of the 40 Hz filter. This allows
a current signal to be terminated to ground. The voltage developed across a resistor
is read by the VMIVME-3801. The optional -2BC board resistors value at 250 L2
+0.01 percent. The optional -3BC board provides resistor value at 500
+0.01 percent. To support this option the 50 kHz low pass filter is not installed at the
factory, all other functicnality of the board remains the same.

NOTE:

THE OPTIONAL -2BC AND -3BC BOARDS ARE CONFIGURED FOR 31-CHANNEL
SINGLE-ENDED MODE ONLY. DIFFERENTIAL INPUTS ARE NOT SUPPORTED.

3.7 PROGRAMMABLE GAIN INSTRUMENTATION AMPLIFIER

Once an input channel has been selected and routed through the input
multiplexers, it enters the PGA as a differential input. The differential amplifier rejects
common-mode noise and delivers a scaled, single-ended output to the ADC. The PGA

35
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may be hardware jumpered for gains of 1, 10, and 100. This allows for inputs as low
as £50 mV up to £10 VDC in range, There is no increase in acquisition time for any
change in the gain setting.

3.8 CHANNEL SEQUENCER AND DUAL-PORTED RAM MEMORY

The VMIVME-3801 is normally operated in the scanning mode. When the
board is powered up or reset, conversions start immediately. Once the A/D conversion
is completed, the dual-port control logic takes the converted data and stores it in the
channel's appropriate dual-port register. The channel counter is incremented by one.
This selects the next channe! to be multiplexed to the ADC. After selecting the next
channel, a new A/D conversion sequence is initiated. When all input channels have
been converted and stored {16 or 32), the channel counter is reset and starts the
channel scanning sequence again.

The Stop Auto Scan bit in the Control/Status Register (CSR) may be set to
halt the channel sequencer at its current address. This address can be read from the
Channel Pointer Register. This feature allows the controlling software to lock onto a
channel and digitize it at the maximum rate of 40 kHz. Please note that the channel
desired can not be directly set. The scftware must wait for the desired channel to
appear in the Channel Pointer register to set the Stop Auto Scan bit within 25 us.

3.9 BOARD ID REGISTER

The first location in the VMIVME-3801 register set is a read-only Board ID
Register. It always reads $44. Other VMIC products have similar registers which read
different constants. This allows general-purpose system software to automatically
determine what boards have been installed.

3.10 BUILT-IN POWER CONVERTER AND ADC POWER SUPPLY

Electrical power for the YMIVME-3801 analog circuitry is supplied by an
on-board DC-to-DC Converter. The converter transforms +5 VDC power from the
VMEDbus into a regulated +15 VDC power. The VMIVME-3801 does not require any
12 VDC from the VMEbus.

The ADC's +5 VDC logic power is provided by an on-board voltage
regulator. Some of the +15 VDC from the DC-to-DC converter’s output is used as the
input voltage to this regulator.

In addition to the £15 V DC-to-DC converter, the VMIVME-3801 uses a
separate +5 V DC-to-DC Converter to provide an isolated analog ground for the ADC.

3-6
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SECTION 4

PROGRAMMING

4.1 MEMORY MAP

The VMIVME-3801 occupies 128 bytes of addressing space including four
information and control registers plus the conversion data registers. Tables 4.1-1
through 4.1-3 map this addressing space relative to the base address as set by
configuration jumpers {see Section 5 for details conceming setting the base address
and address modifier jumpers).

The appropriate table is determined by two factors: whether the board is
jumpered for single-ended or differential inputs, and whether the user has selected the
normal or maximum data buffer for differential inputs. If the board is jumpered for
differential inputs and the Max Buffer bit in the Control/Status Register (CSR) is clear,
Table 4.1-1 applies. If the board is jumpered for differential inputs and the Max Buffer
bit is set, Table 4.1-2 applies. If the board is jumpered for single-ended inputs,
Table 4.1-3 is the only map that applies (see Section5 for setting the input
configuration jumpers).

Table 4.1-1. VMIVYME-3801 Memory Map: Differential Inputs, Normal Buffer

4-1

OFFSET ADDRESS FUNCTION | MNEMONIC WIDTH ACCESS
T ~ BOAMDIDFAEGISTER. | BIR___ | BYTE | READ-ONLY.
i $01 CONFIGURATION REGISTER BCR BYTE READ-ONLY |

o2 - CONTROL/STATUS AEGISTER | ©SR: BYTE. | READWRITE -
503 CHANNEL POINTER REGISTER CPR BYTE READ-ONLY i
$04-53F CAESERVED i T i Ranntang
40 “CHANNEL 0 DATA CHo WORD | READMWRITE |
........ S5 | | CHANNELTDATA | ©HI | WORD [ ':READMWRITE |
S CHANNEL 2 DATA CH2 WORD | READWRITE |
e T GHANNELEDATA. | L CRB WOFD | READWRITE |
$48 CHANNEL 4 DATA CHd WORD | READAWRITE
Mﬁ ....... GHﬁmELEﬁATA GHE W@HD ..... F'l EKD‘IWHITE
$4C CHANNEL 6 DATA CHe WORD | READWRITE
LSAE CHANNEL7DaTA: [ BHT | WORD: | . READMWRITE
S50 CHANNEL 8 DATA CHa WOFD | READMWRITE |
e _ CHANNELODATA ‘CH3 . | WORD'|  READMWRITE
554 CHANNEL 10 DATA CH10 WORD | READAWRITE
Fiisiiet iR  GHANNEL 11 DATA GH11: WORD | . READWRITE
$58 CHANNEL 12 DATA CH12 WORD | READWRITE |
SEA . CHANNEL13DATA . | A e WORD: | READWHRITE |
85C CHANNEL 14 DATA CH14 WORD | READMWRITE
s $5E """ _ CHANNEL 15 DATA - R R WOHD |* READMWRITE: |
560-57E_ RESERVED i
Ma801/T4.1-1
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Table 4.1-2. VMIVME-3801 Memory Map: Differential Inputs, Mammum Buffer

OFFSET ADDRESS FUNCTION MNEMONIC | WIDTH | ACCESS
‘ :WD ........ i EQ.PHD ID F‘EG‘STER :... ol oo g ElH ....... EYTE REAIJ_GNL"\;
501 CONFIGURATION REGISTER BCR BYTE | READ-ONLY
""" R0z L CONTROLSTATUS REGISTER | -gsR BYTE: ...F{E:"J.LUPWRWE
$03 CHANNEL POINTER REGISTER " GPR BYTE | READ-ONLY
L SDABEE RESERVED: i i S e
T T GHANNEL 0 DATA CHO WORD | READ/MRITE
§42 . | CHANNELADATA © | CH1 | WORD | READWRITE .
$44 ~ CHANNEL 2 DATA CHz WORD | READWRITE
$45 _ CHANNEL3DATA = | CH3 | WOFD | READWRITE
CHANNEL 4 DATA CH4 WORD | READ/WRITE
o CCHANNEL 5 DATA CCHS: U WOoRD HEAmmrh':TE
CHANNEL & DATA "CHE | WORD | READ/WRITE
GHANNEL 7DATA - CHT. WORD' || READ/WRITE -
CHAMMNEL 8 DATA i HE WORD READMWRITE
: ::::"GHFLNNEL‘; DATA ‘CHa WDRD READMRITE )l
CHANMEL 10 DATA CH10 WORD READMWRITE 1
"CHANNEL11DATA. = |> CH11 . WORD | READMRITE
CHANNEL 12 DATA I CHiz2 WORD | READ/MWRITE
L CHANMELASDATA b CHi3 WORD | HEADW’F’:]'TE
CHANNEL 14 DATA | CH14 WORD | READWRITE
CHANNEL16DATA . | GHiE WORD | READ/WRITE .-
CHANNEL 0 DATA CHO WORD | READMRITE
 CHANNELTDATA |- CHt | WORD | READMWRITE _
'CHANNEL 2 DATA CH2 WORD | READ/WRITE
. CHANNEL 30ATA CH3 = | WORD'| READMWRITE -
CHANNEL 4 DATA CH4 WORD | READWRITE
U CHANNELSDATA. | . e WORD | READ/WRITE
CHANNEL 5 DATA ~ CHE: WORD | READMWRITE
CUCHANNEL 7DATA @00l S CHT | WORD | READWRITE
CHANNEL B DATA ~ CHs WORD | READMRITE
CHANNELGDATA . . TICHE WORD | READ/WRITE -
CHANNEL 10 DATA CH1D WORD | READMWRITE
CHANNEL 11DATA . = CH11 WORD | READMWRITE
CHANNEL 12 DATA CHiz WORD | READ/WRITE
CCHAMMEL 19 DATA CHiS i WORD | READ/WRITE ©
CHANNEL 14 DATA CH14 WORD | READ/WRITE
CHANNEL15DATA- | . CHIS WORD | READ/WRITE -

4-2
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Tahie 4.1 3 VYMIVME-3801 Memory Map: Slngle -Ended Inputs

| ’DFFSEI' ADDRESS

FUNCTION

MHNEMONIC

WIDTH

ACC E$5

S0

B{I}ARD IBREGISTER

READ-OMLY: -

HE.-!".D OhLY

LO NFIG UHATION HEGIETEFI

i ‘READWHWE: ::

CHANM E L F'C] I NTER
REGISTER

AEAD-OMLY

g
-

T GHANNEL O DATA

READMRITE |

O CHANNELTDATA | G

. AEADMWRITE

CHANMNEL 2 DATA

READ/WRITE

_ CHANNEL 3DATA

 READIWRITE

CHANNEL 4 DATA

" READ/WRITE

COHANNEL S DATA |

CHAMNMEL 5 DATA

READ/WRITE

CHANNEL7DATA: |

_ READWRITE |

CHANNMEL B DATA

READAMWRITE

| 8s2iti0) CHANNELGDATA U1 0 THe WORD | READMWRITE
$54 CHANNEL 10 DATA CH10 WORD | READMWRITE
R Y CCHANMEL 11 DATA - | CH1 WORD | READMWRITE

EHAN MEL 12 DATA

READMWRITE

b | READWRITE

$5C CHANNEL 14 DATA CH14 | WORD | READ/MRITE
S5E o CHAMNEL 15DATA - CH15 | 'WORD | READ/WRITE

 CHANMEL 16 DATA

AEADAWHITE

 CHANNEL 17 DATA

 AEADMWRITE

CHANMEL 18 DATA

READ/WRITE

fssn R T S
568 i CHANNEL 20 DATA CHZ0 WORD | READAVAITE

TR 'CHANNEL 21 DATA - CH21 WORD | READ/WRITE
$6C CHANNEL 22 DATA CHzz WORD | READMRITE
$6E: - 'CHANNELZ3DATA | . (HZd WORD | - READ/WRITE |
S70 CHANNEL 24 DATA CH24 WORD | READMWRITE

P s72 . CHANNEL25DATA .- CH25 WORD | AEADMWAITE

CHANNEL 25 DP-TA

READMWRITE

| READMRITE

CHAMMEL 28 DATA

READ/MWRITE

. AEADMWRITE

CHANMNEL 30 DATA

READMRITE -

::EH.QNNELEJ BAT& s n it

4-3
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4.2 REGISTER DESCRIPTIONS

The VMIVME-3801 control registers are all byte-wide registers, while the
data registers are all 16 bits wide. The control registers can also be accessed as 16-bit
words, in which case two successive registers are accessed.

NOTE:

ALL BITS DOCUMENTED AS “RESERVED” READ AS ZERO AND, IF WRITTEN, MUST ALWAYS
BE WRITTEN AS ZERO.

421 Board ID Register

The VMIVME-3801 Board ID Register is an 8-bit, read-only register at offset
$00 with a constant value set at $44. This ID number uniquely identifies the board from
other VMIC products.

Table 4.2.1-1. Board ID Register Bit Map

'BOARD ID REGISTER (OFFSET $00) READ-ONLY, BYTE

| BIT15 BIT 14 BIT 13 BIT12 | BITM BIT 10 BITO9 | BITO08
o I 1 D o i : 1 [}_ o
M3B01/T4.2.1-1

4.2.2 Board Configuration Register

The Configuration Register is an 8-bit, read-only register at offset $01. It
indicates the current configuration of the VMIVME-3801 board. It contains two bits of
configuration status information, each determined by jumper configuration on the
board. See Table 4.2.2-1 for the location of these bits. The Input Mode bit (bit 0)
indicating single-ended or differential operation is controlled by a jumper (E5) and can
be set as desired (jumper E5 installed: ON = logical “0" differential, E5 omitted: OFF =
logical "1” single-ended). The frequency bit (bit 1) is controlled by jumper (E6) on the
board. With jumper E6 installed: ON = logical “1" 40 Hz, and E6 omitted: OFF = logical
“0" 50 kHz. This allows the user to check for the installed filter.

Table 4.2.2-1. Board Configuration Register Bit Map

‘ BOARD CONFIGURATION REGISTER (OFFSET $01) READ-ONLY, BYTE

BIT 07 BITOS | BITOS BIT 04 BIT 03 BITOZ | BITO1 BIT 00
Fibe s : SR ' FREQ | INPUT
| RESERVED :
RESERVED | RESERVED ; RESE :HE_SEFH‘I.FEE'-* RESERVED \RESERVED| RS [ DE

M3801/T4.2.2-1
NOTE:

FOR THE -2BC AND -3BC CURRENT OPTIONS, THE BIT POSITIONS ARE SHOWN AS FOLLOWS:

= BIT POSITION 1 = 0, INDICATING THE CURRENT TERMINATION RESISTOR BOARD
IS NOT INSTALLED

* BIT POSITION 1 = 1, INDICATING THE TERMINATION BOARD IS INSTALLED

4-4
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4.2.3 Control/Status Register (CSR}

The Control/Status Register (CSR) is an 8-bit read/write register at offset $02 that
allows software to control the VMIVME-3801 and indicate its current status. Seven of the
eight bits provide control and indication functions. Table 4.2.3-1 show the contents of this

register.

Table 4.2.3-1. Control/Status Register Bit Map

‘ ' CONTROL/STATUS REGISTER (OFFSET 502) READ/WRITE, BYTE
BIT 15 | BIT 14 BIT 13 | BIT 12 BIT 11 | BIT 10 | BITog BIT08
-------------------  MAX | STOP AUTO
L |__EE’|_31_§3FF HEEEFWED MGDEE l__pmnm 4 E_qul;‘.zE E?_:;_Eﬁ QDMPL BuFFEH T soaN |
(X = Don’t Care) Fower-up/Reset Default = $0000
M3801/T4.2.3-1

Control/Status Register Bit Definitions

Bit 15: LED Off - The front panel LED is ON by default and normally turned
OFF after power up or reset by the host software. The LED can be used to
visually verify that the board has been initialized. A logical “1” in this bit
position turns the LED OFF, a logical “0” turns the LED ON.

Bit 14: Reserved - Forced to zero

Bits 13-11: Mode[2:0] - These bits offer the user the capability to apply a
selected voltage to channel zero for calibration and self-check. The three
Mode bits determine the stimulus to channel zero, according to

Table 4.2.3-2.

Table 4.2.3-2. Board Control/Status Register: Modes
 MODEZ | MODE1 | MODEO CHANNEL 0 STIMULUS
B CXe o proon | EXTEANAL INPUT(DEFAULT)

1 1 1 'INTERNAL 0.000 V AEFERENCE
FEEHTIRESET 130 :Q;?':f:ég'g'::"_"t_::' nE, QHTEHNHLQQTEMV HEFE‘HEP\ECE

0 1 i INTERNAL 492 8 mV REFERENCE
R 1. | INTERNAL 4.980 V REFERENCE

M3801/T4.2.3-2

Bit 10: Two’s COMPL - If the Two's Complement bit is set (logical “1”), all
information in the Data Registers will be in Two's Complement format. This

data format is only useful when the inputs are configured as bipolar, in which
case the Two's Complement data format causes the Data Registers to
contain values already sign-extended. This saves the programmer from
having to convert the data in the host code, otherwise data is read as binary.

4-5
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Bit 9: MAX Buffer - The Max Buffer hit is only significant when the
hardware is configured for differential inputs. It controls whether there are
16 Data Registers (one for each input} or 32 Data Registers (two for each
input). The user can set the Max Buffer bit to “buy some time” by extending
the aggregate sample time from just under 500 ps to nearly a millisecond.
By setting the Max Buffer bit, all 32 Data Registers are updated: data for
channels 0-15 is stored consecutively, first in the lowest 16 Data Registers
(channel C data at offset $40), then in the higher 16 Data Registers
(channel 0 data at offset $60).

Bit 8: Stop Auto Scan - Normally, the VMIVME-3801 automatically scans
all input channels, continually converting each successive input. The user
can set the Stop Auto Scan bit, causing the VMIVME-3801 to stop on a
single channel. If the Stop Auto Scan bit is set, only the Data Register
pointed to by the Channel Pointer Register is updated. The Data Register
is updated much faster than usual — approximately every 25 uis. The best
way to stop on a single desired channel for close monitering is to observe
the Channel Pointer Register while autoscanning. Set the Stop Auto Scan
bit within 25 ps as soon as the desired channel appears. Auto scanning
proceeds from the current channel as soon as this bit is cleared again.

4.2.4 Channel Pointer Register (CPR)

The Channel Pointer Register is an 8-bit read-only register at offset $03.
Under most circumstances, the Channe! Pointer Register holds the channel number
of the current input being sampled and converted by the VMIVME-3801. The only
exception occurs when the board is configured for differential input and the Max Buffer
bit in the Control/Status Register is set. In this case, two data pages get updated so
that each input is converted in two separate passes. The Channel Pointer Register
can be used to determine which of the two Data Registers has been recently updated.
The offset address of the Data Register being converted may be calculated as follows:

{Channel Pointer Register value x 2) + 540 = Offset Address of Current Data Register

Note that the corresponding channel number is simply the Channel Pointer
Register value modulo 16. Also note that the vaiue in this register represents the
current channel under conversion. Decrement the vaiue by one (modulo 16 for
differential inputs or 32 for single-ended inputs) to determine the location of the most
recently completed channel data. Table 4.2.4-1 is an example.

Table 4.2.4-1. Example: Channel Pointer Register (CPR) Bit Map

CHANNEL POINTER REGIéTEh.[DFFSET S03) READ-ONLY, BYTE

BIT 07 EHT Dléi | BIT 05 BIT 04 BIT 03 BIT 02 BIT 01 BIT DO
R T e R R S
M3IB01TL2.4-1

Explanation of Table 4.2.4-1 using the above equation: ($EX2) + $40 = offset 5C
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4.2.5 Data Registers

There are ether 1€ or 32 Data Registers beginning at offset $40,
depending on the condition of the Max Buffer bit. The Max Buffer bit is only significant
when the hardware is configured for differential inputs. It controls whether there are
16 Data Registers {one for each input} or 32 Data Registers (two for each input).
Each Data Register contains 12 bits of conversion data for its associated channel.
The data is right-justified within each 16-bit Data Register. Each register should
generally be treated as read-only, and accessed as a 16-bit word. The hardware does
not restrict the user from accessing the Data Registers via two consecutive byte
reads.

When accessing the Data Registers as bytes, it is possible for the value in
the Data Register being read tc be updated between byte reads, potentially
scrambling the perceived data. Section 4.5 provides methods to avoid scrambled byte
data reads.

The data is a linear binary representation of the input voltage on the
corresponding channel at the time of the most recent conversion. The LSB weight
(that is, the voltage value corresponding 1o a single bit of data) depends on the input
voltage range which, in turn, depends on the range and gain jumper configuration
(see Section 5 for details). Caiculate the LSB weight by dividing the fuli-scale range
by 4096. For example, the LSB weight for a VMIVME-3801 configured for £10 V at
unity gain would be 4.88 mV (20/4096). Table 4.2.5-1 lists the LSB weights for all
possible VMIVME-3801 configurations.

Table 4.2.5-1. LSB Weight

) LSB WEIGHT
VOLTAGE RANGE | GAINX1 GAINX10 GAIN X100
T BBV ToasimV | o248tmV | 244i v
+10 V 48B3mV | 4883 mV | 48.83uV |
G OB N 2.:5;4'im\?-i“2m3.f:124v41 o

M3801,/T4.2.5-1

The voltage on any channel can be determined by multiplying the Data
Register value (converted to decimal) by the appropriate LSB Weight from
Table 4.2.5-1.

Two other values are very important in determining the meaning of the
values in the Data Registers: the Channe! Pointer Register and the Max Buffer bit,
both previously described. The Channel Pointer Register holds the channel number
of the Data Register currently being updated, therefore the most recent complete
conversion data is for the channe! one less than the value of the Channel Pointer
Register {modulo 32 or 16, depending upon the number of active Data Registers).

4-7
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The Max Buffer bit in the Control/Status Register determines whether there are 16 or
32 active differential data registers. If the bit is set, all 32 registers are actively
updated, but if the bit is clear, only the first 16 registers are updated.

If the board is cenfigured for single-ended inputs (i.e., if the Single-Ended
bit in the Configuration Register is set), then the Max Buffer bit is meaningless. In this
configuration, the 32 Data Registers contain the data for channels 0-31 consecutively,
beginning with channel 0 at offset $40. If the board is configured for differential inputs
(i.e., if the Single-Ended bit in the Configuration Register is clear), then the Max Buffer
bit can be either set or cleared, depending on the user's wishes. The trade-off is
between simplicity of access (Max Buffer bit clear; 16 Data Registers) and relaxed
access requirements (Max Buffer bit set; 32 Data Registers).

By clearing the Max Buffer bit, only the first 16 Data Registers are updated,
corresponding to channels C-15 consecutively, beginning with channel O at offset $40.
This is the simplest configuration, but it may require more bus overhead than desired
if the user wishes to avoid constantly reading the board but still wants to capture every
single data sample.

The user can set the Max Buffer bit to “buy some time" by extending the
aggregate sample time from just under 500 ps to nearly a millisecond. By setting the
Max Buffer bit, all 32 Data Registers are updated; data for channels 0-15 is stored
consecutively, first in the lowest 16 Data Registers (channel 0 data at offset $40), then
in the higher 16 Data Registers (channel 0 data at offset $60). Thus, using this
technique, the two most recent scans are always available in the Data Registers. The
Channel Pointer Register must be read to determine which of the two data sets is most
recent: in this case, the Channei Pointer Register value does not hold a channel
number, but rather an offset value into the extended data buffer, The code must still
be structured such that the previously updated data is read prior to being overwritten
by new data.

Note that the Data Registers are actually writable. Since the registers
physically consist of RAM, writes are allowed to facilitate testing of the data RAM.
Unless autoscanning is halted, however, any data written to a Data Register is
overwritten with new data the next time that channel is scanned and converted.

4-8
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4.3 BUILT-IN-TEST FUNCTIONS (BIT)

The VMIVME-3801 has the ability to test its functionality by applying various
internal reference voltages to the channel zero input. Host software can then read the
value for channe! zero and compare it to its predicted quantity. Tables 4.3-1 through
4.3-3 show all possible BIT values.

Table 4.3-1. BIT Values for 0 through 10 V Range

GAIN SETTING
BIT VOLTAGE X 1 X 10 X100
0000V "I T§0000 | $0000 | $0000
T 991smv | $0004 30028 50196 |
 4928mV | so0ce | §07E2 | SOFFF
| assov S07Fa SOFFF | $OFFF

Table 4.3-2. BIT Values for +5 V Range

GAIN SETTING
BIT VOLTAGE | X1 X 10 X100
0000V | $0800 | $0B00 | §0BOD |
9.915 mV 50804 $0828 $0996
 4%28mV | $0BCY | BOFE2 | SOFFF |
4.980V | SOFF8 SOFFF SOFFF ||

Table 4.3-3. BIT Values for £10 V Range

GAIN SETTING

BIT VOLTAGE X 1 X 10 X100

D000V $08po | So0BOOC | 0800
9.915 mV $0802 50814 $08CB

| a928mV §0864 | SOBF1 | $OFFF

| 4980V | $OBFB $OFFF $OFFF

M3801/T4.3-1 through 4.3-2

Of course, these tables assume precisely calibrated BIT reference voltages.
Check the specification for exact tolerances of these voltages. Note also that these
tables assume pure binary data. The Two's Complement bit in the Control/Status
Register must be clear. Any value of $0FFF indicates an overvoltage condition.

4.4 RANGE AND GAIN DETERMINATION

While the VMIVME-3801 analog gain and range can be set by the user,
there is no direct way to read these settings in software (see Section 5 for hardware
gain and range configuration}. Software can apply a BIT voltage stimulus and attempt
to determine the current gain and range settings by comparing the data to the values
in Tables 4.3-1 through 4.3-3. This technigue is not recommended, since the board
must be calibrated to a single gain and range setting.

4-9
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4.5 ACCESSING DATA AS BYTES

As stated in the Data Register description (Section 4.2.5), the Data
Redgisters are generally accessed using single 16-bit word transfers. It is possible to
access a Data Register using two successive byte transters; however, be aware of the
risk involved. The data as interpreted by the host can be completely scrambled if the
VMIVME-3801 happens to update the Data Register in between the two-byte
accesses. There are two methods to avoid this:

One method uses the Halt bit in the Control/Status Register to temporarily
suspend automatic scanning while the two bytes are being read. Valid data can be
guaranteed by carefully monitoring the Channei Pointer Register to avoid accessing
channel data that is currently being converted or is about to be converted and
temporarily stopping all conversions with the Halt bit in the Control/Status Register.
Once scanning is halted, any Data Register can be safely read as bytes except for the
Data Reaqister pointed to by the Channel Pointer Register. The drawbacks to such a
method are that it is inherently slow and the user loses a regular time reference, since
the clock is essentially stopped while the Halt bit is set. (That is, the data is frozen for
all channels except the one pointed to by the Channel Pointer Register, whose input
gets converted constantly.)

The other method to read the Data Registers as bytes avoids interrupting
the regular automatic scanning process {and thus preserves the conversion frequency
of all channels). This method reguires the user to structure the code so that the
two-byte accesses are guaranteed to be consecutive and uninterrupted. The Channel
Pointer Register must be monitored, and interrupts disabled to avoid accessing a Data
Register while the data is being updated — preferably one shouid access a channel
immediately after it has been updated. interrupts should always be disabled before
accessing a Data Register to avoid a long interrupt service routine coming between
the two-byte accesses.

Of course, there are no problems or concems if the Data Registers are
accessed as a single word as recommended. For reference, however, the MSB of the
data Is in the lower byte address, while the LSB is in the higher byte address.

4-10
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4.6 CURRENT INPUT -2BC AND -3BC OPTIONS

The -2BC option provides the current signal a 250 £ £0.01 percent, path to

ground. The -3BC option provides the current signal a 500 Q +0.01 percent, path to
ground.

Table 4.6-1 shows the voltages seen by the ADC.

Table 4.6-1. Voltages Seen by the ADC

Current Range| Termination | ADC Voltage Input
(mA) Resistor {VADG%
Oto25 250 0to 6.25 VDC
Oto25 500 Not Recommended
0to 20 250 0to5VDC
Oto 20 500 0to 10 VDC
41020 220 1to 5 VDC

. 41020 500 210 10 VDG
510 25 250 1.25 10 6.25 VDC
51025 500 Mot Recommended

Use the formula: | = Vape

|:ITnaurmin:autir:m

to convert the ADC readings to the actual current signal.
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SECTION 5
CONFIGURATION AND INSTALLATION

5.1 UNPACKING PROCEDURES

EEEE R EREREEEES RS

*  CAUTION

LSRR EE S &R RS

THE MAJCRITY OF THE COMPONENTS ASSEMBLED ON VMIC'S PRODUCTS COULD EE
SENSITIVE TO ELECTROSTATIC DISCHARGE AND DAMAGE MAY OCCUR ON BOARDS THAT ARE
SUBJECTED TO A HIGH ENERGY ELECTROSTATIC FIELD. WHEN THE BOARD IS PLACED ON A
BENCH FOR CONFIGURING, ETC., IT IS SUGGESTED THAT CONDUCTIVE MATERIAL BE
INSERTED UNDER THE BOARD TO PROVIDE A CONDUCTIVE SHUNT. UNUSED BOARDS SHOULD
BE STORED IN THE SAME PROTECTIVE BOXES IN WHICH THEY WERE SHIPPED.

Upon receipt, any precautions found in the shipping container should be
observed. All items should be carefully unpacked and thoroughly inspected for damage
that might have occurred during shipment. The board(s) should be checked for broken
components, damaged printed circuit board(s), heat damage, and other visible
contamination. All claims arising from shipping damage should be filed with the carrier
and a complete report sent to VMIC together with a request for advice concerning the
disposition of the damaged item(s).

5.2 PHYSICAL INSTALLATION

LR AR EREEEESE &S B8
L

*  CAUTION 3

i o ok ok Ak ko

DO NOT INSTALL OR REMOVE BOARD WHILE POWER IS APPLIED.

De-energize the equipment and insert the board into an appropriate slot of the
chassis. While ensuring that the board is properly aligned and oriented in the supporting
board guides, slide the board smoothly forward against the mating connector until firmly
seated.
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5.3 JUMPER INSTALLATIONS

Figure 5.3-1 on page 5-3 identifies the location of configuration jumpers and
calibration potentiometers for the VMIVME-3801. Jumpers E7 through E15 are address
jumpers which must be set to the desired base address of the board as described in
Section 5.53.1. Jumper E16 controls the VMEbus access mode,; supervisory, nonprivileged
or bath. This function is decumented in Section 5.3.2. The remaining jumpers must be set
according to Section 5.3.3 to configure the board’s analog inputs.

5.31 Board Address

The VMIVME-3801 occupies 128 contiguous bytes of short I/O address space
(see Section 4 for register details). The base address is controlled by jumpers E7 through
E14 according to Table 5.3.1-1. Each installed jumper corresponds to a binary 0, while
each jumper omitted corresponds to a binary 1. For base address calculation, note that
address bits A0 through A6 are assumed to be zero. The factory default address is at short
IO $0000 (all jumpers installed).

Table 5.3.1-1. Address Selection Jumpers

| SHORT /O ADDRESS JUMPER #

BIT (INSTALLED=0, REMOVED=1)
- e
Ald E1a*
A13 : { E13*
A12 E12*

T ey i E11*

B o o
A9 E9"
AB Eg*

I8 R E7*

* Installed for factory defaull address of $0000.
M3801,/T5.3.1-1

To change the address, first determine the new address in hexadecimal (note
that the address must be an even multiple of 128 decimal, or $80). Convert the address
to binary and assign the address bits AD through A15 to the binary address starting from
the LSB. Then check Table 5.3.1-1. All clear bits have a jumper installed on the
corresponding address bit jumper, and all set bits have a jumper removed.

For example, assume a target address of $3A00 is desired. In binary, that
number is 20011 1010 0000 0000, Assigning address bits to show that only bits A13, A12,
A11, and A9 are set. Checking Table 5.3.1-1, all jumpers should be installed except for
jumpers E13, E12, E11, and E9 for the target address or (desired) address.
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Figure 5.3-1. VMIVME-3801 Configuration Jumper Locations
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5.3.2 Address Madifier

Jumper E16 determines whether the VMIVME-3801 responds to supervisory,
nonprivileged, or both accesses according to Table 5.3.2-1. Default is nonprivileged.

Table 5.3.2-1. Address Modifier Jumper Settings

~ SHORT /O ADDRESSING '
B JUMPER E16 SETTING |
“SUPERVISORY 12
*NONPRIVILEGED ' 2.3
BOTH E NO JUMPER
*Denotes factory default. M3B01/TS.3.21
5.3.3 Input Configuration

Three jumpers (J4, J5, and ES)} are used to configure the VMIVME-3801 for
single-ended or differential inputs. Two jumpers (E1 and E2) control the input voltage
range, and two jumpers (E3 and E4) control the amount of gain. The jumpers are shown
in Table 5.3.3-1. The factory default configuration is single-ended, £10 V range, and unity
gain.

Table 5.3.3-1. Input Configuration Jumpers

INPUT CONFIGURATION OPTION JUMPER CONFIGURATION
B SINGLE-ENDED INPUTS" INSTALL JUMPERS J4T, J5T; REMOVE ES
2 DIFFERENTIAL INPUTS FEMOVE JUMPERS J4, J5; INSTALL E5 ]
i +10V RANGE® INSTALL JUMPERS E1 PINS 1 AND 2; E2 PINS 2 AND 3
% | +5 W RANGE INSTALL JUMPERS E1 PINS 1AND 2; E2 PINS 1 AND 2
i 0-10'V RANGE [INSTALL JUMPERS E1 PINS 2 AND 3; E2 PINS 1AND 2
UNITY GAIN® REMOVE JUMPERS E4 AND E3
E %10 GAIN | REMOVE JUMPER E4; INSTALL JUMPER E3.
X100 GAIN INSTALL JUMPER E4; REMOVE JUMPER E3
, E -Tﬁg%ﬁgﬁ%ﬂ%ﬁgg& REMOVE JUMPER E6
| e
= | (DAUGHTER BOARD INSTALLED) | NSTALL JUMPER Eo

* Indicates factory default.
**Depending on cption order.
T Note that J4 and J5 must be jumpered with a “zero ahm® SIP pack (included),
M3801/T5.3.31

Depending on the ordering option, the board comes factory configured for
either 50 kHz input filters or 40 Hz input filters. If the 40 Hz input filter option is ordered, a
daughter board is factory installed into sockets J1, J2, and J3. If the 50 kHz input filter
option is ordered, there is no daughter board installed and sockets J1, J2, and J3 remain
empty. Jumper E17 is used to connect channel 31 to ground, this is the only method for
connecting channel 31 to ground in the Single-Ended mode. The default for jumper E17
is no jumper installed.
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For the -2BC and -3BC current input options, configure the VMIVME-3801 as follows:
* Single-ended 31 channels
« 0to10VDC range
= Unity gain

5.4 ANALOG INPUT CONNECTOR DESCRIPTION

The 16 differential or 31 single-ended analog input connections to the

VMIVME-3801 board are made using the front panel 32-pin DIN connector labelled P3.
See Figure 5.4.1-1 and Table 5.4.1-1 for connector pin and signal assignments. The
connector is supplied with integral latches. To remove connector depress both latches
simultaneously, while gently pulling connector from socket. Install connector by aligning
keying and pressing the connector into place.

5.4.1 32-Pin DIN Connector: Connector Specification

a.
b.
c.

@~oQa

Wire should be 14-22 AWG

Insulation stripping length: .315 in. .20 in./8 mm 0.5 mm

The binding screw terminals are best suited for a .138 in. x.20 in./3.5 mm x
0.5 mm common flat-blade screwdriver

Recommended screw tightening torque: 5.22 Ib/in. /0.6 mN

Contact resistance: <10 mg2

Maximum current rating (+68 °F/+20 °C) 15 A

Operating Voltage: UL Rating 300 V

NOTE:

DUE TO CHASSIS VIBRATION VMIC RECOMMENDS PERIODIC CHECKS OF SCREW TORQUE.
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Table 5.4.1-1. P3 Analog Connector Pinout

SINGLE-ENDED SIGNAL DIFFERENTIAL SIGNAL
PIN No.| ROWC | ROWA |PINNo.| ROW c | rowa
32 CH31 | CHao 32 CH15LO | CH15 HI
c32 || =0 CH29 CHz8 || 30 CH141L0 | CH14 HI
28 CHz7 CHz6 28 CH13LO | CH13 HI
26 CH25 CH24 | 26 CH12LO | CHIZ HI
| 24 CH23 | CH22 | 24 | CHI1LO |CHI1HI|
| 22 CH21 | CH20 | 22 | GHI0LO |CHIOHI
20 CH19 CH18 20 CHOLO | CHSHI
18 CH17 CH186 18 CH8LO | CH8HI |
16 CH15 CH14 16 CH7LO | CH7HI |
14 CHi3 CH12 14 CHELO | CHBHI
12 CH11 CH10 12 CH5LO | CHsHI
i1 1 GHE CHs || 10 | CH4LO  CH4HI |
CH7 CH6 8 CH3LO  GH3HI |
c2 . CHB CH4 || & | CH2LO | CH2HI
- SO R e
MaBOT/F.4.1-1 R AT CcHo | 2 | cHolo | cHoHi|
Figure 5.4.1-1. P3 Connector M3801/T5.4.1-1
5.5 CALIBRATION PROCEDURES

In order to obtain the specified accuracy for analog measurements, the
VMIVME-3801 must be calibrated for the range and input topology desired. For greatest
possible accuracy, VMIC recommends calibrating the board after it has been installed in
its target chassis with power applied for at least thirty minutes. Always perform the
Instrumentation Amp Offset and BIT Calibration procedures first. Then select the offset
and gain calibration procedure for the input topology desired. See Figure 5.3-1
on page 5-3 for the locations of test points and user-adjustable potentiometers used in the
calibration of the board.

5.5.1 Equipment Required

a. 5-digit Digital Voltmeter (DVM)
b. Precision Voltage Heference
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Instrumentation Amp Offset and BIT Voltage Calibration
NOTE:

THIS PROCEDURE MUST BE PERFORMED FIRST.

a. Configure the board for differential unipolar 0 to 10 V range:
Install jumpers E1 pins 2 and 3, E2 pins 1 and 2
Remove jumpers E3, E4, E5, J4, and J5

b. If this is the first run through this procedure, center potentiometer RS,

c. Attach the DVM positive lead to ADC input at TP1; attach the negative lead
to analog ground at TP2.

d. Stop scanning on channel 0 and monitor the ADC output
(a small program will be needed to do this).

e. Short channel 0's Hl and LO inputs together {(Row A pin 2 and Row C pin 2).
f. Install jumper E4 (sets the gain to x100).

g. Adjust the instrument amp’s input offset potentiometer R6 until DVM reads
as near 0.000 mVDC as possible {acceptable range is 0.0 mV to 0.3 mV).

h. Remove jumper E4 (sets the gain to x1 {(unity gain}).

i. Adjust the instrument amp's output offset potentiometer RS until DVM reads
as near 0.000 VDC as possible {acceptable range is 0.0 mV to 0.3 mV).

. Repeat steps f through | until there is no change in the output (acceptable
range is 0.0 mV to 0.3 mV).
NOW CALIBRATE THE BIT REFERENCE VOLTAGE.

k. Setthe gain of the board to x1 by removing the jumper from E4.
Apply the 4.980 VDC BIT veltage to channel 0 by writing the appropriate
value to the mode bits in the Gontrol/Status Register of the board.

I.  Adjust potentiometer R4 until the DVM reads the correct value.
Leave the DVM connected to the board and skip to the calibration procedure

for the input topology and range desired.
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5.5.3 Unipolar 0-10 V Offset and Gain Calibration

NOTE:

RUN THIS CALIBRATION PROCEDURE ONLY IF THE BOARD IS TO REMAIN IN THIS
CONFIGURATION WHEN INSTALLED IN THE SYSTEM.

d.

b.

Configure the board for unipolar 0-10 V inputs by installing a jumper on E1
pins 2 and 3, E2 pins 1 and 2.

Configure the board for the gain to use:

E4 E3 GAIN

off off x1

off on x10

on off x100

on on x109 {DO NOT USE)

Remove the short (channel 0 HI and LO) and connect the precision voltage
source to channel O (positive (+) lead to input HI, and negative {-) lead to
input LO).

NOTE:

FOLLOW THE STEPS IN SECTION 5.5.3 FOR THE -2BC AND -3BC CURRENT INPUT OPTIONS.

REMOVE THE

-0158 TERMINATION BOARD DURING CALIBRATION. REINSTALL WHEN

CALIBRATION IS COMPLETE. THE BOARD SHOULD EE IN THE SINGLE-ENDED, 0 TO 10 VDC
RANGE, WITH A GAIN OF X1.

Input a voltage (depending on the gain) that is 1/2 LSB above ground.
GAIN Vin

X1 1.22 mVDC

x10 122.1 uvDC

X100 12.21 uvDC

While monitoring the ADC output of channel 0, adjust the unipolar offset

potentiometer R3 until the display is fluctuating between $000 and $001.

Input a voltage (depending on the gain) that is 11/2 LSB below the maximum
input.

GAIN Vin

X1 9.896338 VDC
x10 0.8999634 VDC
X100 0.099863 VDC

While monitoring the ADC output of channel 0, adjust the gain potentiometer
R2 until the display fluctuates between $FFE and $FFF.

Repeat steps d through g at least once or until no adjustment is necessary,
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This concludes the calibration of the VMIVME-3801.

5.5.4 Bipolar £5 V Differential Inputs Offset and Gain Calibration

NOTE:

RUN THIS CALIBRATION PROCEDURE ONLY IF THE BOARD IS TO REMAIN IN THIS
CONFIGURATION WHEN INSTALLED IN THE SYSTEM.

d.

e

Configure the board for bipolar +5 V inputs by installing a jumper on E1 pins
1and 2, E2 pins 1 and 2.

Configure the board for the desired gain:

E4 E3 GAIN

off off x1

off on x10

on off x100

on on x109 (DO NOT USE)

Remove the short (channel 0 HI and LO) and connect the precision voltage
source to channel 0 (positive (+) lead to input HI and negative (-) lead to
input LO).

Input a voltage (depending on the gain) that is 1/2 LSB above the lowest
voltage.

GAIN Vin

X1 -4.998773VDC
x10 -0.499878 VDC
X100 -0.049988 VDC

While monitoring the ADC output of channel 0, adjust the bipolar offset
potentiometer R1 until the display fluctuates between $000 and $001.

Input a voltage (depending on the gain) that is 11/2 LSB below the maximum
input.

GAIN Vin

x1 4.996338 VDC
x10 0.495634 VDC
X100 0.048963 VDC

While monitoring the ADC output of channel 0, adjust the gain potentiometer
R2 until the display is fluctuating between $FFE and $FFF.

Repeat steps d through g at least once or until no adjustment is necessary.

This concludes the calibration of the VMIVME-3801.
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5.55 Bipolar £10 V Differential Inputs Offset and Gain Calibration

NOTE:

RUN THIS CALIBRATION PROCEDURE ONLY IF THE BOARD IS TO REMAIN IN THIS
CONFIGURATION WHEN INSTALLED IN THE SYSTEM.

.

Configure the beard for bipolar £10 V inputs by installing a jumper on E1
pins 1 and 2, E2 pins 2 and 3.

Configure the board for the desired gain:

E4 E3 GAIN

off off x1

oft an x10

on off x100

on on x109 (DO NOT USE)

Remove the short {(channel 0 HI and LO) and connect the precision voltage
source to channel 0 (positive (+) lead to input HI and negative (-) lead to
input LOY).

Input a voltage (depending on the gain) that is 1/2 LSB above the lowest
voltage.

GAIN Vin

X1 -9.997559 VDC
x10 -0.899756 VDC
X100 -0.099976 VDC

While monitoring the ADC output of channel 0, adjust the bipolar offset
potentiometer R1 until the display is fluctuating between $000 and $001.

Input a voltage (depending on the gain) that is 11/2 LSB below the maximum
input.

GAIN Vin

x1 9.992676 VDC
x10 0.999268 VDC
X100 0.099927 VDC

While monitoring the ADC output of channel 0, adjust the gain potentiometer
R2 until the display is fluctuating between $FFE and $FFF.

Repeat steps d through g at least once or until no adjustment is necessary.

This concludes the calibration of the VMIVME-3801.
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5.5.6 Unipolar 0 - 10 V Single-Ended Inputs Offset and Gain Calibration

NOTE:

RUN THIS CALIBRATION PROCEDURE ONLY IF THE BOARD IS TO REMAIN IN THIS
CONFIGURATION WHEN INSTALLED IN THE SYSTEM.

a.

Configure the board for unipolar 0-10 V single-ended inputs by installing a
jumper on E1 pins 2 and 3, E2 pins 1 and 2, J4, and J5 remove ES. (This
will cause a shift in the instrumentation amp’s output shown on the DVM.)

Configure the board for the desired gain:

E4 E3 GAIN

off off %1

off on x10

on off %100

on on x109 (DO NOT USE)

Adjust the instrumentation amp's input offset potentiometer R6 until the
DVM reads between 0.0 mV and 0.3 mV. (Do not change R5.)

Remove the short (channel 0 HI and LO) and connect the precision voltage
source to channel 0, (positive (+) lead to channel 0 and negative (-) lead to
ground on the P3 connector C32 with E17 installed).

Input a voltage (depending on the gain) that is 1/2 LSB above ground.

GAIN Vin

x1 1.221 mVDC
x10 122.1 uVDC
x100 12.21 VDG

While monitoring the ADC output of channel 0, adjust the unipolar offset
potentiometer R3 until the display is fluctuating between $000 and $001.

Input a voltage (depending on the gain) that is 11/2 LSB below the maximum
input.

GAIN Vin
x1 9.996338 VDC
x10 0.999634 VDC
x100 0.099963 VDC

While monitoring the ADC output of channel 0, adjust the gain potentiometer
R2 until the display is fluctuating between $FFE and $FFF.

Repeat steps e through h at least once or until no adjustments are
necessary.

This concludes the calibration of the VMIVME-3801.
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5.5.7 Bipolar 15 V Sinale-Ended Inputs Offset and Gain Calibration

NOTE:

RUN THIS CALIBRATICN PROCEDURE ONLY IF THE BOARD IS TO REMAIN IN THIS
CONFIGURATION WHEN INSTALLED IN THE SYSTEM.

a.

Configure the board for unipolar +5 V single-ended inputs by installing a
jumper on E1 pins 1 and 2, E2 pins 1 and 2, J4, and J5 remove E5. (This
will cause a shift in the instrumentation amp's output shown on the DVM.)

Configure the board for the desired gain:

E4 E3 GAIN

off off x1

off on x10

on off x100

on on x109 (DO NOT USE)

Adjust the instrumentation amp’s input offset potentiometer R6 until the
DVM reads between 0.0 mV and 0.3 mV. (Do not change R5.)

Remove the short (channel 0 HI and LO) and connect the precision voltage
source to channel 0, (positive {+) lead to channel 0 and negative (-) lead to
ground on the P3 connector C32 with E17 installed).

Input a voltage (depending on the gain) that is 1/2 LSB above the lowest
voltage.

GAIN Vin

x1 -4.998779 VDC
x10 -0.499878 VDC
X100 -0.049988 VDC

While monitering the ADC output of channel 0, adjust the bipolar offset
potentiometer R1 until the display is fluctuating between $000 and $001,

Input a voltage (depending on the gain) that is 11/2 LSB below the maximum
input.

GAIN Vin

x1 4.896338 VDC
x10 0.499634 VDC
x100 0.048963 VDC

While monitoring the ADC output of channel 0, adjust the gain potentiometer
R2 until the display is fluctuating between $FFE and $FFF.

Repeat steps e through h at least once or until no adjustments are
necessary.

This concludes the calibration of the VMIVME-3801.
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5.5.8 Bipolar +10 V Single-Ended Inputs Offset and Gain Calibration

MNOTE:

RUN THIS CALIBRATION PROCEDURE OMNLY IF THE BOARD IS TO REMAIN IN THIS
CONFIGURATION WHEN INSTALLED IN THE SYSTEM.

d.

Configure the board for unipolar £10 V single-ended inputs by installing
a jumper on E1 pins 1 and 2, E2 pins 2 and 3, J4, and J5 remove E5.
(This will cause a shift in the instrumentation amp's output shown on the
DWVI.)

Configure the board for the desired gain:

E4 E3 GAIN

off off x1

off on x10

on off x100

on on x109 (DO NOT USE)

Adjust the instrumentation amp’s input offset potentiometer R6 until the
DVM reads between 0.0 mV and 0.3 mV. (Do not change R5.)

Remove the short {channel 0 HI and LO) and connect the precision
voltage source to channel 0, (positive (+) lead to channel 0 and negative
(-) lead to ground on the P3 connector C32 with E17 installed).

Input a voltage (depending on the gain) that is 1/2 LSB above the lowest
voltage.

GAIN Vin

x1 -9.997559 VDC
x10 -0.999756 VDC
x100 -0.098976 VDC

While monitoring the ADC output of channel 0, adjust the bipolar offset
potentiometer R1 until the display is fluctuating between $000 and $001.

Input a voltage (depending on the gain) that is 11/2 LSB below the
maximum input.

GAIN Vin

x1 9.992676 VDC
x10 0.999268 VDC
x100 0.088927 VDC

While monitoring the ADC output of channel 0, adjust the gain
potentiometer R2 until the display is fluctuating between $FFE and
SFFF.

Repeat steps e through h at least once or until no adjustments are
necessary.

This concludes the calibration of the VMIVME-3801.
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SECTION 6
MAINTENANCE

6.1 MAINTENANCE

This section provides information relative to the care and maintenance of
VMIC's products. If the products malfunction, verify the following:

©

h.

ol -

Software

System configuration

Electrical connections

Jumper or configuration options

Boards are fully inserted into their proper connector location
Connector pins are clean and free from contamination

No components of adjacent boards are disturbed when inserting or
removing the board from the chassis

Quality of cables and I/O connections

If products must be returned, contact VMIC for a Return Material Authorization
(RMA) Number. This RMA Number must be obtained prior to any return.

6.2 MAINTENANCE PRINTS

User level repairs are not recommended. The appendix to this manual
contains drawings and diagrams for reference purposes only.
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