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Figure 1.1 MPV901
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Chapter 1 - GENERAL INFORMATION

1.1

1.2

INTRODUCTION

This manual provides general information, installation instructions,
operating instructions, functional description and applications
software examples for the MPV90l series analog input/output data
acquisition boards.

GENERAL DESCRIPTION

The MPV901 series of analog I/0 boards are electrically and mechanically
compatible with, and interface directly to the VMEbus.

Three versions of the MPV90l series are available:

MPV901 - Analog input only
MPVA01A - Analog input and output
MPVS01P - Analog input and output with software Programmable Gain

Amplifier (P.G.A.) '
The analog input section of the MPV90l includes:

- analog multiplexer suitable for 32 single-ended or 16 differential

channels.
- resistor programmed instrumentation amplifier (MPV901, MPV901A) or a

software programmable amplifier (MPVS01P).
- sample/hold amplifier.
- 12 bit A/D converter,

An optional analog output system is included on the MPV90lA and MPVI01P,
consisting of two 12 bit D/A converters and associated control logic.

MPVI01P gain setting and channel selection are dynamically monitored and
the settling time of the PGA calculated to allow maximum data
throughput rates.

Gains of 1 to 1000 are software selectable for the PGA and the gain for
each channel may be stored in an on-board RAM if desired. The proper
gain for each channel is then selected automatically by the MPV901.

MPV90l1 series VMEbus interface capability includes standard or short
addressing modes with or without address modifier codes. Address
modifier response is user selectable by appropriate programming of the on
board- PROM.

Any one of the seven levels of interrupt available on the VMEbus can be
user selected and generated by the MPV90l. ODuring the interrupt mode
of operation the MPV901l supplies the wuser defined interrupt vector
to the CPU when requested.

1
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1.3 SPECIFICATION

ELECTRICAL

Typical at +25°C and rated power supplies unless otherwise stated.

ANALOG INPUT SECTION

INPUT CHARACTERISTICS

Number of Channels

ADC Gain Ranges (Jumper Selectable)[1l]
Amplifier Gain Ranges

Resistor-Programmable[2](MPV901, MPV901A)

Software Programmable (MPV901P)
Maximum Input Voltage Without Damage

Input Impedanée

Bias Current (+25°C)max
(0°C to + 70°C) max
Differential Bias Current
Amplifier Input Offset Voltage[3IMPV901P
- MPV901, MPVA01A
Amplifier Input Offset Voltage Drift

TRANSFER CHARACTERISTICS
Resolution
Throughput Time G = 1
Throughput Time G =
ACCURACY
System Errors at +25°C, max[4]

MPV901P G = 1, G = 1000

MPV901, MPVY01A G = 1, G = 1000
System Linearity
A/D Converter:

Linearity

Differential Linearity

Quantizing Error

Gain Error

Offset Error

Monotonicity[6]

ACCURACY OVER TEMPERATURE
System Accuracy Drift
MPV901lP G = 1, G = 1000
MPV901, MPV90lA G = 1, G = 1000

DYNAMIC ACCURACY
Sample/Hold Aperture Time
Aperture Time Uncertainty
Differential Amplifier CMRR, G =1
MPV901P
MPV901, MPVI901A
Channel Crosstalk

32 single-ended/16 differential
0 to +5V,0 to +10V,+2.5V,+5V,+10V

1 to 1000

1 to 1000 (values of 1,10,100,1000)
+25V (Power Off)

+35V (Power On)

>100 MOhm, S5pF OFF Channel
>100 MOhm, 50pF ON Channel
+35nA

+60nA

+35nA

+320pV

+160pV

+10uVv/°C

12 bits
70us, (100us, max)
720pus, max

+0.05%, +0.075% FSRL5]
¥0.05%, ¥0.08% FSR
¥0.025% FSR

+1/2LSB

+1/2LSB

+1/2LSB

Adjustable to Zero
Adjustable to Zero
Guaranteed 0°C to + 70°C

50ppm, 50ppm of FSR/°C
40ppm, 100ppm of FSR/°C

125ns
+5ns

90dB8 (DC to 60Hz)

80dB (DC to 60Hz)

75dB down at lkHz for OFF
Channel to ON Channel

2
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ANALOG OUTPUT SECTION (MPV901A, MPVI01P)

QUTPUT CHARACTERISTICS

Number of Channels 2

Qutput Voltage Ranges (Switch Selectable) 0 to +5V, 0 to +10V
+2.5V, +5V, +10V, at SmA

Output Impedance (at DC) 0.05 Ohm
Short Circuit Protection, Duration Indefinite to Common
TRANSFER CHARACTERISTICS 7777
Resolution 12 bits
Qutput Settling Time, max Sus
ACCURACY o
Qutput Error, typical +0.025% FSR
max [7] +0.05%F SR
Temperature Coefficient of Accuracy +25 ppm of FSR/°C
POWER REQUIREMENTS
MPVI01 : +5V +5% at 1.5A max
MPV901A +5V +5% at 2.0A max
MPV901P +5V +5% at 2.0A max
ENVIRONMENTAL
Operating Temperature 0°C to + 70°C
Storage Temperature » -25°C to +85°C
Relative Humidity 90% noncondensing
NOTES:

(1] Factory set for +10V operation.
[2] Factory set for Gain = 1,

[3] Adjustable to zero.
(4] Includes linearity errors with gain and offset errors adjustable to zero.

[5] FSR mean Full Scale Range.
[6] No missing codes guaranteed.
[7] Maximum error with gain and offset errors adjusted to zero.

MECHANICAL
Compatible with double-height VMEbus card-racking systems.

Minimum card spacing 20.34mm (0.8") (VMEbus specification compatible).
One 37-pin 'D' type connector on board for analog inputs/outputs.

Use Cannon 'D' type connector part number DC37P/1AIN or equivalent.

3
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Chapter 2 - INSTALLATION INSTRUCTIONS

2.1

2.2

INTRODUCTION

This chapter provides installation instructions and an overview of the
user selectable options on the MPV90l series.

PREPARING THE BOARD

This section describes the hardware preparation of the MPV901 series
prior to installation in a VMEbus system. Following the instructions
described in this section will ensure that the board is configured as
desired and will function as expected when installed.

MPVO01l series boards are factory calibrated and tested prior to shipment
with jumpers and switches in pre-determined positions.

Figure 2.1 indicates the physical position of the jumpers and switches.

NOTE: jumper and switch positions are identical on all versions of the
board.

Table 2.1 1lists each jumper/switch, its function and the factory set
position.

A detailed description of each jumper/switch is given in sections 2.2.1
through 2.2.9.

To alter the address modifier code response from the factory set values,
the user must program the decoding PROM as described in section 2.2.10.

Before installation, the user should verify the configuration of the
jumpers/switches and, if necessary, alter the configuration to suit
particular system requirements.

The board should not be installed or removed while power is applied to
the VMEbus system.
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Figure 2.1
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TABLE 2.1
JUMPER/SWITCH FUNCTIONS & FACTORY SETTINGS

SWITCH/JUMPER FUNCTION FACTORY SET CONDITION
DESIGNATION
SW1 Interrupt Request Line 1234567890
Selection ON
tttinittintt) o
SW2 Base Address Selection 123456738
(A08-A15) ' ON
11t '"__L OFF
SW3 Base Address Selection 12345678
(Al6-A23) ON
trtittttt o
SW4 Interrupt Vector Selection 12345678
ON
fittettitit) o
. ISW5 position 1 Single-Ended/Differential 1234
2 Mode Selection. '. ' ON
3 >‘ A/D OQutput Code Llh OFF
4 Selection
SW6# Analog Qutput Range 1234567890
Selection tt - 't ON
R o
Jl, J2, J3 Sihg]e Ended/Differential J1l, J3 INSERTED
J4, J5 Internal/External Trigger J5 INSERTED
J6, J7, J8, J9, J10f A/D Converter Range J7, J9 INSERTED
Selection
J20, J21 AM Code Response J20, J21 INSERTED
IC43*: 2-3 , 6-7 "Mux, Amp, S/H Settling 2-3 , 6-7 ALL
10-11,14-15 Time Selection 10-11,14-15 INSERTED

# Not used on MPV901
* Not used on MPV901P

6
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2.2.1 Base Address Selection

The base address of the MPV901 can be set to any value by selecting the
appropriate combination of positions on switches SW2 and SW3. The
factory set configuration is FFF780H. To change the sense of a bit
simply change the switch setting for that bit.

The MPV901 occupies 64 successive memory locations (word locations)
within the system memory map.

Table 2.2 lists the switch positions that determine which base address is

selected,
Figure 2.2
Base Address Selection Switches
12345678 b
ON
SW3 ——
o A~ = |
12345678 _
ON t ////I
SW2 _ ,
OFF ttt 'ttt "
Table 2.2
Base Address Switch Selection
ADDRESS | FACTORY - SWTICH POSITION FOR
LINE SET I niw
AO7 1 - -
A08 1 SW2 psn 1 ON | SW2 psn 1 OFF
A09 1 2 ON 2 OFF
Al0 1 3 ON 3 OFF
All 0 4 ON 4 QOFF
Al2 1 5 ON 5 OFF
Al3 1 6 ON 6 OFF
Al4 1 7 ON 7 OFF
Al5 1 8 ON 8 OFF
Al6 1 SW3 psn 8 ON | SW3 psn 8 OFF
Al7 1 7 ON 7 OFF
Al8 1 6 ON 6 OFF
Al9 1 5 ON 5 OFF
A20 1 4 ON 4 OFF
A21 1 3 ON 3 OFF
A22 1 2 ON 2 OFF
A23 1 ‘1 ON 1 OFF
7
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Figure 2.4
Interrupt Vector Selection Switch

2

12345678 |
N

ON

ore (R

fm—

- .
Table 2.4
Interrupt Vector Selection
SWITCH POSITION FOR
FACTORY
DATA LINE "o wie SET
D00 SW4 psn 1 ON | SW4 psn 1 OFF 1
D01 2 ON 2 OFF 1
D02 3 ON 3 OFF 1
D03 4 ON 4 OFF 1
D04 5 ON 5 OFF 1
D05 - 6 ON 6 OFF 1
D06 7 ON 7 OFF 1
D07 8 ON 8 OFF 1

2.2.4 Analog Input Single Ended/Differential Operation

Jumpers J1, J2, J3 and switch SW5 are used to select between 32 single
ended channels or 16 differential channels of operation. Figure 2.5
illustrates the factory set configuration of the jumpers and switch. The
factory set condition is 32 channels single-ended mode. Table 2.5 lists
the two allowable configurations of the jumpers and switch positions.

Figure 2.5
Single-Ended/Differential Operation
H—
J1 [e—s .
JZ L <
J3 O
12 |- I
ON ' ' :
tt - SW5 N,
OFF c:\/f-" -
9
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2.2.2 Interrupt Request Line Selection

Figure 2.3 1illustrates the location and configuration of switch SW1.
The MPV90l series can be selected to interrupt on any one of seven
interrupt request lines as shown in Table 2.3.

Figure 2.3 '
Interrupt Request Line Selection
H—
1234567890
ON a7
o AR |
Table 2.3
Interrupt Switch Configurations
REQUEST INTERRUPT | SW1 SWITCH POSITION(S)
ON LINE SELECTED
IRQI 10,3,2 ON
IRQ2 9,3,1 ON
IRQ3 8,3 ON
IRQ4 7,2,1 ON
IRQ5 6,2 ON
IRQ6 5,1 ON
IRQ7 4 ON

NOTES: 1. Factory set with all positions OFF on SW1.
2. An interrupt should be requested on ONE line only

2.2.3 Interrupt Vector Selection

During the interrupt mode of operation, the MPV901 supplies the interrupt
vector on data lines DOO - DO7 when requested by the CPU. The factory
set configuration for the interrupt vector is shown in Figure 2.4  The
interrupt vector is factory set to FFH and is user definable by switch
SW4 as shown in Table 2.4

8
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Table 2.5
Single-Ended/Differential
Allowable Configurations

JUMPER/SWITCH POSITION MODE OF OPERATION

J1,d3 IN and J2 OUT Single-Ended (FACTORY SET)
SW5 psn 1 ON and psn 2 OFF

J2 IN and J1, J3 OUT Differential
SW5 psn 2 ON and psn 1 OFF

NOTE: Positions 3 and 4 on SW5 select A/D converter output code.
(Section 2.2.6)

2.2.5 Analog to Digital Converter (A/D) Range Selection

There are two gain determining elements within the MPV901l - the A/D
converter and the instrumentation amplifier. For lowest system noise,
the A/D range should be set at +10V or 0 to +10V.with the amplifier
providing all the system gain. The A/D range is factory set for +10V.
The A/D range can be set to various values, these being shown in
Table 2.8 with their corresponding jumper configurations. Before adding
new jumpers to change range, remove those inserted for the present range.

Figure 2.6
A/D Range Selection

H—— ,
Jé loe o
J7 jo—o
J8 e o

Ji10 e ¢ B
\\\\“. !
g
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Table 2.6
A/D Converter Range Setting Jumpers

RANGE INSERT JUMPER
+10V 37, J9
¥5V J6, J9
¥2.5V J6, J8, J9
0 to +5V J6, J8, J10
0 to +10V J6, J10

2.2.6 Analog to Digital Converter Code Selection

SW5 positions 3 and 4 determine the coding arrangement of the output data
from the A/D converter. Three coding schemes are possible -
complementary straight binary for unipolar ranges and either -
complementary offset binary or complementary two's complement for bipolar
ranges.

Figure 2.7 shows the factory set configuration which is complementary
offset binary coding while Table 2.7 indicates the two allowable
~configurations for SW5. '

Figure 2.7
2

o

11 sws\{?. Wi
OFF .

q S

Table 2.7
Code Configuration

SWITCH POSITION SW5 OUTPUT CODING

Complementary
3 ON 4 OFF Two's Complement

3 OFF 4 ON Complementary Straight
Binary (Unipolar.ranges
only) (FACTORY SET)

11
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2.2.7

2.2.8

Multiplexer, Amplifier and Sample/Hold Settling Time (MPV901, MPV901A)

On MPV901 and MPV901A versions (which have the resistor programmable
amplifier option) position IC43 contains four jumper headers. When a new
channel is selected and a conversion initiated, the system (multiplexer,
amplifier and sample/hold) requires time to settle before the A/D can
begin to convert. The settling time depends upon the gain of the
amplifer and is smallest for lowest gain values. The four jumpers allow
the optimum settling time to be set for three different gain ranges thus
enabling maximum system throughput for a given gain setting.

Table 2.8 shows the factory set position of the jumpers at location IC43.
This configuration allows a settling time of 650us and is suitable for
amplifer gains up to 1000. The appropriate delay for values of gain can
be set by inserting the jumper links at position IC43 as shown in Table

2.8.
Figure 2.8 H——
1C43 Jumpers
15 14 11 10 I
D 1ca3 g
2 3 67 [\c
E————"—T
Table 2.8
Settling Time Selection
GAIN SETTLING TIME PINS CONNECTED
RANGE REQUIRED AT POSITION IC43
1-10 45 ps max 6-7,
11-100 70 ps max 2-3,6-7,14-15
* 100-1000 650 ps max 2-3,6-7,10-11,14-15

* NOTE:- Factory set condition

Analog Output Range Selection  (MPY901A,MPV901P)"

Switch SW6 is used to set the output voltage range of the analog outputs
(each output range being individually selectable).

Each output is set at the factory for +10V operation (complementary
offset binary coding).

When making a change, first set all switch positions on SW6 to the OFF
position and then set to the ON position those switches required for the
desired range. Table 2.9 lists the available analog output ranges and
the switch settings that determine which range is selected.

NOTE:- The analog outputs default on power up to the most positive value
in the selected range.

12
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Figure 2.9

Analog Output Range Selection Switch
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Table 2.9
Analog Qutput Range Selection
RANGE ouTg ouTl
*  +10V SW6 psn 2,3 ON SW6 psn 7,8 ON

+5V 1,3 ON 6,8 ON
+2.5V 1,3,5 ON 6,8,10 ON
0 to +5V 1,4,5 ON 6,9,10 ON
0 to +10V 1,4 ON 6,9 ON

* NOTE:- Factory Set Condition

2.2.9 Internal/External Trigger Selection

Jumpers J4 and J5 are used to select between internal and external
Before external triggering can be used, bit DO of the control |
register has to be set to a '1'. Table 2.10 shows the two configurations

triggering.

available.

Figure 2.10

Internal/External Trigger Selection

o/

<

[ o]
(8]

o
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Table 2.10
J4, J5 Configurations

JUMPER INSERTED OPTION SELECTED
#J4 : External Trigger
*J5 Internal trigger

* Factory set condition
# Bit D10 of the control register has also to be set to a
'1' before External triggering can be used.

2.2.10 Address Modifier Code Response

IC11 is a PROM, which in conjunction with jumpers J20 and J21, allows the
response to address modifier codes to be varied to suit user
requirements. The PROM/jumper combination offers the options
illustrated in Table 2.11. The PROM program which enables this
response is shown in the programming chart of Figure 2.12, at the end of
this chapter.

Figure 2.11

o4

- “H J21

[l

I\ 320

PROM
E : IC11
—
Table 2.11

Address/Address Modifier (AM) Response

AM ADDRESS
J20 J2l CODES DECODING
* 1 Insert | Insert N/A AO1-A15
2 | Insert | Remove N/A A01-A23
3 | Remove | Remove | 30, 39 | A01-A23

* Factory set condition

A new PROM can be programmed to provide an alternative AM code response.
The PROM is a 256 x 4 bit open-collector 825126 type. The following
section explains the interaction between J20, J21 and the codes stored in
the PROM. An understanding of this section should allow the user to
select the correct jumper/PROM code combination for a given response.

A list of VMEbus address modifier codes is gi?en in section 6.2.

14
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2.2.10.1 Programming the PROM

There are three allowable combinations of jumper links J20 and J21.
These combinations are given in Table 2.11 and are referred to as (1),
(2), (3). It is intended that combinations (1) and (2) be reserved
for the responses detailed in Table 2.11, ie, short addressing with no AM
codes and standard addressing with no AM codes respectively.

‘Combination (3) however, (Jumper J20 and J21 removed), in conjunction
with the information stored in the PROM, is designed to allow the
response to address/AM codes to be modified, to suit system requirements,
as shown in Table 2.12. Setting the two most significant data bits (D3
and D2) to a low level allows responses (1) and (2) as shown in
Table 2.11. With both J20 and J21 removed it is the setting of data
bits DO and D1 which determines the response.

The following section (2.2.10.2) illustrates the method to be used when
programming the PROM to produce a given response.

Table 2.12
Address/AM Response Options with J20 & J21 Removed
AM CODE DATA BIT »
NOTE (1) D3 D2 D1 DO RESPONSE
Xy 0 0 0O Short addressing with AM
XY 0 0 0 1 Short addressing with AM
XY 0 01O Standard addressing with AM
XY 0 011 No response to address/AM

NOTE :- The AM code indicated as XY in Table 2.12 can take any
of the possible values defined in the VMEbus
specification Rev B. (See Section C).

2.2.10.2 Programming Examples

The Factory Response

Referring to Table 2.12 the programming of the PROM to give
the factory set response is as follows.

1. Decide upon STANDARD or SHORT addressing - STANDARD (ie, A01-A23
decoded)

2. Decide upon AM codes to which the board will respond - 3D, 39.

3. Refer to Table 2.12 and under “response" heading look for "Standard
addressing with AM"., The data to be stored at the relevant memory
addresses can then be read from the table (in this case 0010 (02H)).

4, Place the code obtained in (3), (ie 02H), at memory locations 3D
and 39. '

15

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




5. Refer to Table 2.12 and under “"response" heading look for "No response
to address/AM"., The data to be stored at the relevant memory addresses,
(in this case all locations other than 3D and 39), can then be read from
the table, (in this case 0011 (03H)).

6. Place the code obtained in (5), (ie 03H), at all memory locations
other than 3D and 39.

Short Addressing With AM

Assume that the following response is desired - Short Address decoding,
~ (ie, A0l -Al5 decoded) and AM codes 2D and 29* to be responded to. The
following steps would yield the data to be placed in the PROM.

1. Addressing mode - SHORT.

2. Code response - 20 and 29.

3. Refer to Table 2.12 and under "response®" heading look for "Short
addressing with AM" (Note - there are two entries under this heading).
The data to be stored at the relevant memory address can then be read
from the table, (in this there is a choice of two codes - 0000 (OOH) or

0001 (O01H)).

4, Place either of the codes obtained in (3), (ie, OOH or OlH), at
memory locations 20 and 29.

5. Refer to table 2.12 and under "response" heading look for "No response
to address/AM", The data to be stored at the relevant memory addresses
(in this case all locations other than 20 and 29), ‘can then be read from

the table, (in this case 03H).

6. Place the code obtained in (5), (ie, 03H) at all memory ]ocat1ons
other than 2D and 29.

Similar reasoning applies to any other combination of address/AM
‘response.

*Any number and combination of AM codes may be catered for.

16
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Chapter 3 - OPERATING INSTRUCTIONS

3.1

INTRODUCTION

This chapter provides the necessary information to allow the use of the
MPV901 series in a VMEbus system.

3.1.1 Switch/Jumper Setting Checklist

3.2

-Before plugging the board into a VMEsystem and applying power, check, to

ensure proper system operation, that the following options have been
correctly set.

1. Base Address.
Has the Base Address of the board been set to suit system

requirements? (Section 2.2.1.)

2. Address Modifier Response.
Has Address Modifier Response been correctly set? (Section 2.2.10)

3. Interrupt Request and Vector.
Have the Interrupt Request Line and Interrupt Vector been set to the

appropriate value? (Section 2.2.2., 2.2.3)

4. Single-Ended/Differential Operation.
Has correct input mode been selected (ie, 32 single-ended or 16

differential channels)? (Section 2.2.4)

5. A/D Range and Code.
‘Has correct A/D input range been selected? (Section 2.2.5)
Has appropriate output coding been selected? (Section 2.2.6)

6. Settling Time (MPV901l, MPV901A).
Has correct settling time been selected to suit the gain of the

amplifier? (Section 2.2.7)

NOTE:- Factory condition is all jumpers inserted ie. maximum
delay. Remove appropriate jumpers for use with gain of 1.

7. Output Range (MPV901A, MPV901P).

Has the correct output range been selected for each analog output?
(Section 2.2.8.) '

OPERATING PROCEDURE

The board is shipped from the factory in a calibrated condition and ready
for use. Installation only requires plugging the card into an empty slot
in the VMEbus card cage and wiring the analog connector. However, the
board can be adapted to suit user requirements therefore, some features
of the board are switch or jumper selectable. These features are covered
in chapter 2 which should be referred to before using the board or if a
configuration other than the factory set condition is desired.
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3.2.1 Programming

The board is programmed as 64 successive memory locations (word
lTocations), switch selectable within the 16 Mbyte address range, in 64
word blocks, commencing at address 000080H. The analog to digital
converter output has a resolution of 12-bits and therefore word accesses
are required for each channel. The digital to analog converter inputs
are 12 bits and therefore also require data word accesses.

The board can be programmed to operate in either the polling or interrupt
mode. .

For MPV901P, the gain is software programmable and may be stored in the
on-board RAM if desired.

3.2.1.1 Address Map (Memory Map)

The address map (memory map) for the MPV90l series boards is shown in
Figure 3.1. The base address is switch selectable. (Section 2.2.1)

Measurement data (converted data) and status information is transferred
to and-from the board and CPU with MOVE instructions, with the
appropriate addresses. Gain selection data, control and analog output
data are sent to the board by the CPU also using MOVE instructions.

For single-ended operation, 32 consecutive addresses are used, starting
from the base address XXXX80, (the X-states are selected as previously
described). As each operation is a word access, word addressing must be
used (even addresses only).

For differential operation, 16 consecutive addresses are used, starting
from address XXXXAO.

The control and status registers are selected with address XXXXCO while
the two analog output channels occupy addresses XXXXEQO (OUT@) and XXXXE2
(0UT1).
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Figure 3.1

MPV901 Address (Memory Map)

SINGLE ENDED OPERATION

FACTORY SET READ WRITE
ADDRESS D15 D11 D15 D09 D08  DOO
FFF780 CHANNEL 0 GAIN O
FFF782 CHANNEL 1 GAIN I
FFF784 CHANNEL 2 GAIN 2
*
* .
FFF7BE CHANNEL 31 GAIN 31
015 D08 D15 D08
FFF7C0 STATTS CONTROL
‘REGISTER REGISTER
DII D00
FFF7EOQ DAC O
FFF7E2" DAC T
FFF7FE
DIFFERENTIAL OPERATION
“FACTORY SET READ WRITE
ADDRESS D15 D11 D15 D09 D08  DOO
FFF7A0 CHANNEL 0 GAIN O
FFF7A2 CHANNEL I GAIN I
FFF7A4 CHANNEL 2 GATN 7
*
*
FFF7BE | CHANNEL 15 GAIN 15
D15 D08 D15 D08
FFF7CO0 STATUS TONTROU
REGISTER REGISTER
DII D00
FFF7EOQ DAC 0
FFF7E2 DAC T
FFF7FE
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3.2.1.2 Control Register

Certain board functions can be selected, under software control, by
setting or resetting the data bits in a control register. The function
of each bit in this register is as shown in Figure 3.2 and is defined

below.

Data is written into the control register via data lines DO8 - D15 at
address XXXXCO.

Figure 3.2
Control Register

D15 D14 D13 D12 D11 D10 D09 D08
NOT INT ‘ R/W RAM SHORT EXT
USED EN EN EN CYCLE TRIG Gi* GO*

* Used only on MPV901P

D08/D09 - The amplifier gain must be written to these two bits when the
RAM on the MPV901P is not used to store this information. The
gain value remains as written until a new value overwrites the
old value. The selection codes are shown in Table 3.4.

(Section 3.2.4.3)

D10 - A '0' plus J5 inserted and J4 removed disables the externmal a
triggering, a '1' plus J4 inserted and J5 removed enables

external triggering.

D11 - A '§' enables 10-bit conversion to take place (for increased
speed but reduced accuracy operation). A '1' disables short-
cycle to allow full 12-bit conversion.

D12 - A 'g' disables the RAM on the MPV901P and the CPU must write
the gain into the control register. A '1' enables the RAM to
supply the gains as stored for each channel.

D13 - A '§' enables the CPU to write the gain for each channel to the
RAM on-board the MPV901P. A '1' prevents the CPU from writing
the gain to the RAM. 1In the latter case the gain must be
written to data bits D08/D09 of the control register.

NOTE: When no more gain information is to be written into the
RAM, bit D13 of the control register should be set to a
high level. Failure to do this may result in spurious
write signals to the RAM followed by loss of data.

D14 - A '1' enables interrupts, a '§' disables interrupts.

D15 - Not used.
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3.2.1.3 Status Register

The status of the condition bits in the control register can be monitored
by reading the contents of the status register. The status register is
read via data lines D08 - D15 and is located at address XXXXCO. The
function of each bit within this register is as shown in Figure 3.3 and

is defined below.

Figure 3.3
Status Register

D15 D14 D13 D12 D11 D10 D09 D08

CONV INT R/W RAM SHORT| EXT
comp EN- EN EN CYCLE} TRIG G1* GO*

* Used only on MPV901P

D08/D09 - This bits show the current value of the gain stored in the
control register. The selection codes are shown in Table 3.4.

(Section 3.2.4.3)

D10 - External trigger enable/disable. This bit 1is 'high when
external triggering is enabled and is low when internal
triggering is enabled.

NOTE: For external triggering J4 should be inserted and J 5
removed. For internal triggering J5 should be inserted and J4

removed.

D11 - This bit is high for full 12-bit operation and is Tow when the
analog input data is converted into a 10-bit value. (ie, short
cycle).

D12 - This bit is high when the RAM on the MPV901P is enabled to be

used as the ga1n control for the amp]1fier and is low when the
RAM output is disabled and gain must be supplied v1a the
control register.

D13 - This bit is low when the RAM has been enabled to allow the gain
values to be written into it (MPV901P only). It is h1gh when
writing to the RAM is disabled (1e, the RAM is write

protected).

D14 - This bit is high when interrupts are enabled and low when
interrupts are disabled.

D15 - This bit is low during conversion. It goes high upon completion
of conversion.
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The power-up condition of the control/status register is shown in Figure
3.4:-

Figure 3.4
Control/Status Register Power-on Condition

| p15 | D14 | p13 | D12 | D11 | D18 | D@9 | D@8 |
|l x | ¢ | ¢ | @ | ¢ | ¢ | @ | ¢ |
Gain (MPV941P only) - 1
Short cycle - Yes (1¢ bit conversion
enabled)

f

Ram Enable (MPV901P only) Disabled

R/W Enable (MPV9G1P only) Write Enabled
Interrupt Enable — Interrupts Disabled
Conversion Complete -~ Indeterminate

NOTE: 1: Input signal power-up setting is Channel @ selected.
2: To set the conversion complete bit (D15) to a known
condition at power-up, a read operation should be performed

on the board.

3.2.2 Operating Modes

MPV991 series operates in one of two modes, either polling or interrupt
mode. Both modes of operation are discussed in the sections, 3.2.2.1

and 3.2.2.2.

3.2.2.1 Ppolling Mode

To allow this mode of operation, the interrupts must first be disabled by
setting data bit D14 low.

A MOVE instruction to the board reads the converted data from the
previously addressed channel and starts the conversion process for the
next channel at the address just placed on the bus. The CPU determines
the end of conversion by monitoring data bit D15 of the status register.
When conversion is complete, the CPU reads the data using a MOVE
instruction addressed to the next channel to be converted. The data of
the last channel is thus transferred to the CPU and conversion is started
for the next channel (at the address just placed on the bus).

The status register is read using a MOVE instruction at address XXXXC@.
Data bit D15 is low during conversion and goes high upon completion of

conversion.

NOTE: The first read to the board, after power-up is a dummy read (ie,
the data should be discarded). This read instruction should be
addressed to the first channel to be converted.

22

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




3.2.4 Analog Input Section

3.2.4.1 Analog Input and Converter Output Codes

The analog input value of a selected channel is amplified and then
converted to a hexadecimal value. The analog to digital converter offers
three output coding schemes - complementary straight binary (for unipolar
ranges) and complementary offset binary or complementary two's complement
(for bipolar ranges).

Tables 3.1, 3.2 and 3.3 illustrate the full scale negative, midscale and
full scale positive codes for the five input ranges with the
corresponding input voltage of the analog to digital converter and the
value of the least significant bit (LSB).

Figures 3.5, 3.6 and 3.7 show, in graphical form, the relationship
between analog input voltage and A/D converter output codes.

e.g. In table 3.2 a value of (F)FFFH corresponds to an A/D input voltage
of -10V in the range +10V. In the same range a value of (F)OO0H will be
read if the input voltage of the A/D is 9.9951 (10V - 4.88mV).

If complementary two's complement mode is selected (Table 3.3) a value of
(F)FFFH will be read if the input voltage is OV in the range +10V. With

the same range and code selection, a value of (F)OOOH corresponds to
an A/D  input voltage of -4.88mV.
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3.2.2.2 Interrupt Mode

To allow this mode of operation, the interrupts must first be enabled by
setting control register data bit D14 high.

A MOVE instruction to the board reads the converted data from the
previously addressed channel and starts the conversion process for the
next channel at the address just placed on the bus. An interrupt is
generated at the end of the conversion. The interrupt can be connected
to any one of seven interrupt request lines (IRQI-IRQ7). To allow an
interrupt, the interrupts must be enabled both by software, (control
register bit D14 high) and by hardware (appropriate selection of switch
positions on SW1l and SW3). Refer to sections 2.2.2 and 2.2.3 for
selection of switch positions.

After receiving the interrupt request, the main system program can input
the converted value with a MOVE instruction thus starting a conversion

for the next channel.

3.2.3 CPU Instructions

The CPU exchanges data and control information with the MPV901l series by
using MOVE instructions, using the addresses and data lines shown in the
address (memory) map of Figure 3.1. These instructions are described in
the following Tist. The selected base address of the board is XXXX80
(factory set to FFF780H). The CPU register Dn is used as the data
register (and may be any of the allowable registers within the CPU).

MOVE.W XXXXCO,Dn - This 1instruction moves the contents of the status
register into data bits D08 - D15 of the CPU

register Dn.

This instruction moves control data from data bits D08
- D15 of the CPU register, Dn, into the control
register of the MPV90l.

MOVE.W Dn,XXXXCO

MOVE.W Dn XXXXEQ - This instruction moves data bits D00 - D11l of the
' CPU register, Dn, into analog output O0OUT@ (MPVSO1A,

MPV901P only).

MOVE.W XXXX80,Dn - These three instructions perform the following actions
MOVE.W XXXXA0,Dn  (discussion commencing at the instruction MOVE.W
MOVE.W XXXXBE,Dn  XXXXA0,Dn) :- Move the converted input data of
- channel 0 (address XXXX80 in the single-ended mode)
into data bits D00 - D11 of the CPU register and then
initiate a conversion at channel 16 (address XXXXAQ in
single-ended mode). Then move the converted input
data of channel 16 into the CPU data register and
initiate a conversion at channel 32 (address XXXXBE in

single-ended mode). '

This illustrates the procedure for transferring
converted data and initiating a conversion -at a new
channel address.
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Table 3.1
Complementary Straight Binary

SELECTED | NEGATIVE POSITIVE
RANGE FULL SCALE | MIDSCALE | FULL SCALE |RESOLUTION
OUTPUT CODE (F)FFFH (F)7FFH (F)O00H
0 to +5V ov +2.5V 4.9988V 1.22mv
0 to +10V ov +5.0V 9.9976V 2.44mV
Table 3.2
Complementary 0ffset Binary
SELECTED | NEGATIVE POSITIVE
RANGE FULL SCALE| MIDSCALE| FULL SCALE" RESOLUTION
OUTPUT CODE (F)FFFH (F)7FFH | (F)O000H
+2.5V -2.5V ov 2.4988V 1.22mv
+5.0V . -5.0v ov 4.9976V 2.44mV
+10.0V -10.0v ov 9.9951V 4.88mV
Table 3.3
Complementary Two's Complement
SELECTED | NEGATIVE POSITIVE .
RANGE FULL SCALE | MIDSCALE | FULL SCALE RESOLUTION
OUTPUT CODE (F)7FFH (F)FFFH (F)800H
+2.5V -2.5V ov 2.4988V 1.22mv
+5.0V -5.0V ov 4.9976V 2.44mV
+10.0V -10.0v ov 9.9951V 4.88mV
25
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Figure 3.5
Complementary Straight Binary

Digital Code
(F)OOOH |- — — — — — — =

(F)FFFH !
ov +5V  Analog Input
+10V Voltage

Figure 3.6
Complementary Offset Binary
Digital Code
(F)OOOH - —— — —
-2.5V l
-5.0V I
-10.0V oVs | '
! N +2.5V Analog Input
| (F)7FFH  +5.0V Voltage
| +10.0V
— — — — (F)FFFH
Figure 3.7

Complementary Two's Complement

Digital Code
(F)800H - — — — +~ —
_2.5V '
-5.0V _ l
-10.0V 0Vs |
] N\ +2.5V  Analog Input
| (F)FFFH +5.0V Voltage
l +10.0V
————— (F)7FFH
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3.2.4.2 Calculating Input Voltage from Output Codes

The analog to digital converter input voltage may be calculated from the
output code read by the CPU as shown below.

NOTE: The output code consists of 12 significant bits; bits D00-D1l. In
the CPU register bits D12 to D15 are set when a converted value is
read. Before using the following formulae, bits D12 to D15 must
be set to Zero for all output codes. :

i) Complementary Straight Binary and Complementary Offset Binary

A/D Input voltage = positive full scale - %%%% X range
where,
range = range of input values
code = DECIMAL value of code found in CPU register after
conversion (with four MSB's set to zero).

e.g. assume that the code in the CPU register is (F)7FFH and that the
range is 0 to +5V for complementary straight binary coding and
+5V for complementary offset binary coding. Then,

+4.9988 - 2047 4 5

A/D Input Voltage 2005

n

2.5V

Referring to Table 3.1 it can be seen for the given conditions
that 2.5V is the expected voltage.

In the second case,

+4.9976 - 2047 4 10

A/D Input Voltage 7098

o

Referring to Table 3.2 it can be seen for the given condition
that OV is the expected voltage.

ii) Complementary Two's Complement

A/D Input Voltage = positive full scale - %8%%.x range

where,
range = range of input values
code = DECIMAL value of code found in CPU register after
conversion (with four MSB's set to zero) AND with data
bit D11 inverted.
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e.g. assume that the code in the CPU register is (F)FFFH and that the
range is +10V. Then,

Register code = (F)FFFH

Code (in formula) = Register code with MSB inverted.

7FFH

n

A/D Input Voltage = +9.9951 - %%gg X range

2048
+9.9951 - 508 x 20

= QV

Referring to Table 3.3 it can be seen for an A/D converter code
of (F)FFFH that the expected input voltge is OV.

The A/D covnerter input voltage should be divided by the
amplifier gain to calculate the analog input voltage to the

board i.e., .

A/D Input Voltage

Analog Input Voltage = AmpTifier Gain

3.2.4.3 Analog Input Range Selection

MPV901P

The analog system as shipped from factory can be software set for input
ranges of +10V to +10mV. Four amplifier gains are programmable,
corresponding with four input ranges as shown in Table 3.4. Note that
amplifier gain and input range are closely related.

Table 3.4
Software Programmable Amplifier Input Ranges

GAIN SETTING AMPLIFIER *INPUT L.S.B.
D09 D08 GAIN RANGE VALUE

0 0 1 +10V 4.,88mV
0 1 10 +1V 0.488mV
1 0 100 +100mV 48.8pV

1 1 1000 +10mV 4,88V

* Assumes A/D converter range of +10V
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MPV901, MPVI01A

The analog input system can be set for input ranges of +10V to +10mV.
Binding posts for the external gain setting resistor are provided in
order that the instrumentation amplifier can be set for gains between 1
and 1000. The position of the gain setting resistor, Rg, is shown in

Figure 3.8:
Figure 3.8

D[

Rg

Use the following formula to calculate the value of resistor Rg in kOhm,

so o 40 - 40
Gain = 1 + RS or Rg = T kOhm

A stable resistor (with temperature co-efficient of resistance 5ppm/°C or
better) should be used in this application. As shipped from the factory,
gain is set to a 1 (no resistor Rg).

The settling time of the amplifier increases as gain increases. To
select the correct settling time for a particular gain value., (Section

2.2.7)

Note that the A/D input range and-amp]ifier gain should be selected as a
function of each other and as a function of the expected input signal.
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3.2.5 Analog Input Calibration

If the input range of the resistor-programmable amplifier is to be
changed, gain and offset should be adjusted. The gain and offset errors
of the board may be optimized for any one range by calibrating the unit
on that range. The board is factory calibrated on the +10V range.
Before making the adjustments allow the board to reach thermal
equilibrium (about 15 minutes under power).

Calibration is performed by connecting a voltage source capable of 0.002%
accuracy to any input channel. This could also be a DC voltage source of
less absolute accuracy whose output is monitored by a DVM capable of
0.002% accuracy. Offset and gain adjustments are made while applying the

voltages listed in Table 3.5. :

The positions of the offset and gain adjustment potentiometers RV4 and
RV3 are shown in Figure 3.9. _

Table 3.5
Input Calibration Values
RANGE OFFSET GAIN
0 to +5V +0.610mv- | +4.9982V
0 to +10V +1.,221mV +9,9963V
+2.5V -2.4994V +2.4982V
+5V : -4,9988Y +4,9963V
ilOV ~9.9976V +9.9927V

For other ranges, offset voltage adjustment is made at the most negative
value of the range, plus 1/2 x LSB. An LSB is equal to the full scale
range divided by 4096 (for 12-bit resolution). Gain adjustment is made
at the most positive value of the range less 3/2 x LSB.

Thus for a range of +10V, 1 x LSB is 20V/4096 = 4.88 mV. The offset
adjustment is made at -10V +2.44mV = -9.9976V and the gain adjustment at

+10V - 7.32mV = 9.9927V.

The offset calibration is made first by using the offset calibration
voltage and the following procedure: .

- - Set input voltage to appropriate value.
- Adjust the on-board offset potentiometer (RV4) until the output code

reads .FFFEH.
- Adjust the offset potentiometer until the position where the output

code makes the transition from FFFEH to FFFFH.
To perform the gain adjustment, perform the following procedure:

- Set input voltage to appropriate value.
- Adjust the on-board gain potentiometer (RV3) until the output code

reads FOO1H.
- Adjust the gain potentiometer until the position where the output code

makes the transition from FOOlH to FOOOH.

30

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




Figure 3.9

RV4

RV3

3.2.6 Analog Output Section

3.2.6.1 Analog Output Voltage and Converter Input Codes

The digital input value of a selected output is converted to a voltage.
The digital to analog converter offers two output coding schemes -
complementary straight binary (for unipolar ranges) and complementary
offset binary (for bipolar ranges).

Tables 3.6 and 3.7 illustrate the full-scale negative, mid-scale and
full-scale positive output voltages for the five output ranges with the
corresponding digital input codes of the digital to analog converter and
the value of the least significant bit (LSB).

Figures 3.10 and 3.11 show in graphical form, the ré]ationship between
the digital input codes and the output voltages.

e.g. In Table 3.7 a digital input code of (X)FFFH corresponds to an
output voltage of -10V in the range +10V. In the same range a value
of (X)OOOH will produce an output voltage of +9.9951V.

Table 3.6
Complementary Straight Binary
SELECTED | NEGATIVE POSITIVE
RANGE FULL SCALE} MIDSCALE{ FULL SCALE RESOLUTION
QUTPUT CODE (X)FFFH (X)7FFH | (X)000H ’
0 to +5v | 0.000V +2.500V | +4.9988V “1.22mv
0 to +10V} 0.000V +5.000V | +9.9976V 2.44mV

NOTE:~ X indicates don't care states
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Figure 3.10
Complementary Straight Binary

Analog Output
Voltage
+10V | . _ .
+5V
I
I
|
.oV I
(X)FFFH (X)O00OH Digital Input
Code
Table 3.7
Complementary Offset Binary
SELECTED NEGATIVE POSITIVE
RANGE FULL SCALE | MIDSCALE | FULL SCALE RESOLUTION
OUTPUT CODE (X)FFFH (X)7FFH (X)000H
+2.5V -2.5V 0.000V +2.4988V 1.22mv
iS.OV -5.000V 0.000V +4,9976V 2.44mV
+10.0V -10.000V 0.000V +9.9951V 4,88mV

NOTE:- X indicates don't care states

Figure 3.11
Complementary Offset Binary

Analog Output
Voltage
+2.5V
+5.0V I
+10.0V |
(X)FFFH ov [
| (X)7FFH (X)000H Digital Input
l Code
-2.5V
| -5.0V
— e . {1000V
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3.2.6.2 Calculating Qutput Voltage From Input Code

The digital to analog converter output voltage may be calculated from the
input code, written by the CPU, as shown below.

Output Voltage = Negative Full Scale + (4095-code) x Zagge

where,
range
code

theoretical range of values in the selected output range.
DECIMAL value of code placed in CPU register and written to
output (with four MSB's set to zero).

NOTE: The input code consists of 12 significant bits; bits D00-D1l. In
the CPU register bits D12 to D15 can be set to any value before
data is written to the output. However, before using the
following formula, bits D12 to D15 must be set to 0 for all input -

codes.

e.g. consider an output range of +10V and an output code of 7FFH. Then,

range = +10V - (-10V)
= 20V

Decima1 value of 7FFH

code =
= 2047

Output voltage = -10V + (4095 - 2047) x m%gé'

ov

Referring to Table 3.7 it can be seen that for an input code of 7FFH, the
expected voltage is 0OV.

3.2.6.3 Qutput Range Selection

The digital to analog converters are factory set for a range of +10V with
complementary offset binary coding. Other output ranges can be selected
as described in section 2.2.8.

The analog outputs default, on power-up, to the most positive value in
the selected range. The maximum output current is 5mA per output on all

ranges.

3.2.6.4 OQutput Check

Static checks of the two analog outputs can be performed by loading the
DAC locations with an output data word. Their base addresses XXXXEO and
XXXXE2 are factory set to FFF7EQOH and FFF7E2H (refer to address map
Figure 3.1). The ideal values for positive and negative full scale are
shown in Tables 3.6 and 3.7. The most significant four bits of the data
word (D11-D15) are don't care states.

A program which performs a simple dynamic check of the two analog outputs
is listed in section 5.8.
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3.2.7 Qutput Calibration

To calibrate the analog outputs, install the board in a VMEbus racking
system and allow it to reach thermal equilibrium (about 15 minutes under
power) before commencing the procedure. The positions of the calibration
potentiometers are shown in Figure 3.12.

1. Load both DACS with data that will produce the most negative output
(code FFFH).

2. Set the DACS by their offset control (RV6 for OUT@ and RV8 for OUT1)
to the appropriate LOW voltage value shown in Table 3.7 for the
different ranges. _

Figure 3.12

(o=
RVS RV6
)
RV7 RVS {
"

3. Load both DACS with data that will produce the most positve output
(code 000H).

4. Set the DACS by their gain control (RV5 for OUT@ and RV7 for
' QUT1) tc the appropriate HIGH voltage value shown in Table 3.5 for
the different ranges.

Table 3.8
DAC Calibration Values

RANGE LOW HIGH 1 LSB

+10V - -10.000V +9,9951V 4.88mV

+5V -5.000V +4.9976V 2.44mV
+2.5V -2.500v +2.4988YV 1.22mV
0 to +5V 0.000vV +4,9988V 1.22mV
0 to +10V 0.000v +9.9976V 2.44mV
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3.3

External Trigger

A TIL compatible input signal can be used to externally trigger the board

(synchronize conversions with external or off-board events). Details of
the trigger signal are shown in Figure 3.13 below.

Figure 3.13

ov

\ Max Min
V. | +0.8V ov

Vh Vp, | 5V +2V
tr | lps -

) tw - 300nS
VU | Ll tf | lus -

f v
trf tw | tf

The data acquisition and conversion process is initiated on the rising
edge of the trigger signal.

The maximum trigger signal repetition rate must not exceed the rate at
which an input can be acquired and converted since each application of
the trigger signal causes the conversion process to re-start.

The following sequence of operations should be performed when using
external trigger:-

1. Change the jumper link from J5 to J4.
2. Set control register to enable external trigger instruction.

3. Select channel to be converted (perform a READ operation usihg a MOVE
instruction).

4, Apply external trigger.
5. Monitor STATUS .or INTERRUPT to determine end of conversion.

6. READ converted data (using MOVE instruction at next channel to be
- converted).

7. Return to 4 and repeat.
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3.4 Analog Connector

3.5

The analog front panel connector, P3, is a 37 way 'D' type socket
(female). The mating connector should be a 37 way 'D' type plug (male).
Use Cannon type DC37P/1AIN or equivalent.

Connector Pinout 'D' Type

)

19 oJ— EXTERNAL TRIGGER
83% T 32 18 0-— TRIGGER RETURN -
IN30/RET14 —L 0 35 17 o 0V (ANALOG COMMON)

IN26/RET10 —1- 0 34 %g 01— %:fg;ggg
IN28/RET12 —+ 0 33 1 0 IN20/RET4
IN24/RET8 —L 0 32 14 04—

IN21/RETS —Lo 30 12 07— INZS/RETS

11 o IN29/RET13
iﬁ%%ffig? 1o 22 10 o-— IN27/RET11
INIA —L o227 90 IN31/RET15
8 o-—— INO6
MO —0 26 INO2
IN12 —-0 25 0 Inoz
N0 —ro 24 20T Loe
INOL —1-0 23 0
4 o-— INO9
INO5 —1 o0 22 Inos
INO3 —t-0 21 3 g s
IN7 —o 20 2

\o) IN15

NOTE: Unused inputs should be connected to OV (ANALOG COMMON).

Factory Set Configuration

A1l boards are shipped from the factory ready for immediate use, however,
they do have a number of user selectable options. These options and
their factory set conditions, which have already been described, are
summarized below:

BASE ADDRESS suvvivvvveccacenannnn FFF780H
ADDRESS/AM RESPONSE +.evvevennnn.. SHORT ADDRESSING, ALL AM CODES
INTERRUPT REQUEST v.ivvveennnnnnnn. NONE
INTERRUPTS tiivirnrrnnncnnnnnencnnn DISABLED
INTERRUPT VECTOR ....cevvevnennn., FFH
CHANNEL ARRANGEMENT .............. 32 SINGLE-ENDED
AMPLIFIER GAIN .i.viiiennnnnnnnnn 1
A/D INPUT RANGE ......ccccvuvenn.. +10V
A/D QUTPUT CODING ...cvvevvnnnnnn. COMPLEMENTARY OFFSET BINARY
ANALOG OUTPUT RANGE
(MPVOO1A, MPVGOLP) “"- <<**r=*+" +10V (BOTH QUTPUTS)
EXTERNAL /INTERNAL
TRIGGERING "t treteeesenens INTERNAL
36
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Chapter 4 - FUNCTIONAL DESCRIPTION

4.1

4.2

4.3

'INTRODUCTION

This chapter. is intended to provide a background to the theory of
operation for the MPV90l series. It should be read while referring to
the schematics, major component data sheets (Chapter 6), and where
appropriate, other chapters in-this manual.

GENERAL INFORMATION

The MPV901 is a data acquisition board that interfaces directly to the
VMEbus. Figure 4.1, 4.2 and 4.3 are block diagrams of the different
versions available, ie, MPV901l, MPVSO1lA, MPV901lP.

THEORY OF OPERATION

4.3.1 Decoder

The address decoding section consists of two eight bit magnitude
comparators (I1C20,IC24). These devices monitor address bits AO8 to A23
inclusive. The address bit supplies one input to a two input comparator
within IC20 and IC24 while the other input is switched to either +5V or
ground through switch SW2 or SW3. When the monitored level of address
bit on the bus matches the corresponding level set by the switches, the
output of the appropriate comparator goes HIGH. This process occurs for
all eight inputs within each of the IC's. When the result of the eight
comparisons is true (ie, monitored levels are the same as set levels),

the output (P = Q) goes LOW

The address modifier (AM) decoding section consists of PROM ICll. The
PROM is mounted on a socket and can be user programmed to give the
desired response to AM codes. The factory set prom codes are 3D and 39.

The response to AM codes can be controlled by using jumpers J20 and J21.
With both jumpers removed, Address Lines AQ08 to A23 are decoded along

with the AM lines AMO to AMS

With jumper J20 inserted and J21 removed only Address Lines AO8 to A23
are decoded with AM lines AMO to AM5 being ignored.

With both jumpers inserted only Address Lines A08 to Al5 are decoded
(short addressing) with AM lines AMO to AM5 being ignored.

The operation of the AM decoding would be as follows. The CPU places an
address and address modifier code on the appropriate bus 1ines. (The
address lines are decoded as previously described). Upon receipt of
AS, the address modifier code is decoded by the PROM, an acceptable code
resu1t1ng in the appropriate PROM output pin in goin LOW. An
unrecognisable AM code would result in the PROM outputs remaining

HIGH.
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4.3.5 Analog To Digital Converter

The A/D used in the MPV901l is the ADC80AG. The analog input is held
steady during conversion by the S/H. The A/D can be jumpered for 0 to
5V, 0 to 10V, +2.5V, +5V or +10V operation by the proper arrangement of
J6, J7, J8, J9 and J10. Gain and offset of the A/D are controlled
(adjustable) by RV3 and RV4. The 12 bit output of the A/D is placed on
the data bus as a single word on data Tines DOO - D11 with the remaining
lines D12 - D15 being in the high state.

The MPV901 is factory set for complementary offset binary output code.

4.3.6 Analog Timing And Control

The multiplexer, amplifier and sample/hold have settling times associated
with them. The multiplexer settling time is essentially fixed. The S/H
acquisition time must be designed for worst case conditions and is
therefore also fixed. The amplifier settling time however, is a function
of gain and also depends upon whether or not the input signal is switched
between channels. The settling time of the amplifiers (both INAIOl and
PGA200), can be considerable at high gain values (eg, 700us). Ic41,
IC43, IC49 and IC51 "calculate" the optimum settling time required for a
given set of conditions (channel and gain) by comparing past and present
parameters and then allowing sufficient amplifier settling time before
applying a convert pulse to the A/D.

This has the effect of allowing the MPV90l to operate at maximum
throughput regardless of the gain settings on individual channels, eq,
without this facility and one channel set at a gain of 1000, the settling
delay for all 32 channels would have to be set at the delay for a gain of
1000. This would result in considerably reduced throughput over the
system described which would only insert maximum delay at the required
condition.

The circuit operates by storing the previous conditions (channel selected
and gain) in IC49 and comparing this information with the present
conditions (stored in IC45). IC51 compares the.information and sets the
delay by selecting the appropriate switch combination(s) on IC43 which
connects the counter/timer outputs on IC41 to the S/H control pin, and
A/D converter pin.

4.3.7 DAC Output (MPV901A, MPV901P)

Two independent analog output channels with 12 bit resolution are
provided on MPV90lA and MPVY901P versions. The analog outputs are switch
selectable for the ranges 0 to +5V, 0 to +10V, +2.5V, +5V, or +10V, with
an output current of 5mA, by proper selection of switch SW6.” Gain and
offset adjustment of each output is performed by RV5, RV6, RV7 and RVS.

IC37 and IC38 store the data for output OUT@ whilst IC34 and IC35
store the data for output OUT1. Data should be presented on the VMEbus
data Tines D00 - D11 during a write operation to the appropriate location
(FFF7EQH for OUT@, and FFF7E2H for OUT1, as factory set). The data will
then be stored in the appropriate IC pair until over written by a new
value.
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4.3.8 Control/Statug Register

An octal latch IC7 is used as the control register.

A write to memory location FFF7COH (factory set), will cause the data
bits D08 - D15 to be captured by the latch. The use of each of the bits
within the control register is as described in section 3.2.1.2.

The output of the control register is passed back to the data bus to
allow the CPU to look at the content. This is called the status of
the board and includes a conversion complete flag in the data bit 15
position. Data is read by a MOVE instruction from memory location
FFF7COH (factory set).

4.3.9 Random Access Memory(MPV901P)

The RAM (IC33), is a 256 x 4 bit read/write memory with independent
inputs and outputs. Channel gains can be stored in the RAM for all 32
channels. The data outputs are enabled when bit D12 of the control
register is set high by the CPU. This puts a low level on pin 18 of the
RAM to enable the outputs and high level on pin 15 of the buffer IC3 to
put the two gain bit buffers in the tri-state mode. The RAM output now
drives the PGA gain inputs through IC45.

To write new gain values into the RAM, bit D13 of the control register
should first be set to a zero. This allows, during a write operation to
the RAM, a negative pulse to appear at pin 20 and hence cause the data on
lines D08 and D0S to be written into the RAM.

4.3.10 Interrupt Logic

During the interrupt mode of the operation, the MPV901 supplies the
interrupt vector on data lines D00 - D07 when requested by the CPU, by
enabling pins 1 and 19 of IC12 which causes the 8 bit vector to be
output to the VMEbus through IC6.

The interrupt mode of operation must first be enabled by setting the
control register bit D14 to a '1'. This places a high level on IC26 pin
9 and IC28 pin 4. Upon completion of a conversion IC16 pin 5, goes high
causing IC28 pin 5 to go low thereby causing an interrupt request (ICc28
pin 6 low) on the line selected by Swi.

During the interrupt acknowledge cycle, IC30 decodes address lines
AO1, A02, A03 to determine the level of the interrupt being serviced. If
the request and service levels match, IC30 pin 6 (A = B) goes high,
eventually causing IC12 pins 1 and 19 to go low and hence the vector to
be placed on the bus.
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5.4 Analog Input and Qutput in Polling Mode (MPV901A, MPV901P)

This program reads the converted data for channel 2 (in single-ended
mode) using the polling mode of operation and writes the converted data

value to analog output OUT@.

NOTE:- For input and output signals to be identical, the A/D converter
and D/A converter should be set to the same range.

ORG
BASEADD:  EQU
CH2ADD : EQU

REGADD: EQU
OUTADD: EQU
REGVAL: EQU

MOVE.L

MOVE.L

NEXT: MOVE.W

POLL: MOVE.W
CMPI
BNE
MOVE.W
JMP

@3$1000;
@$FFF780;
BASEADD+%4;
BASEADD+$40;

BASEADD+$60;
#30000A8FF;

#0,D3;

REGVAL ,REGADD;

CH2ADD,DO;

REGADD,D3;
REGVAL,D3;
POLL ;
DO,0UTADD;
NEXT;
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Start address of program storage.
Factory set board base address.
Channel 2 address 1in single-ended
mode. :

Status and control register address.
Address of analog output OUTH.
Disables board interrupt. Disables
RAM on MPV901P and selects amplifier
gain 1.

Use #3$0000A9FF for a gain of 10.

Use #$0000AAFF for a gain of 100.

Use #3$0000ABFF for a gain of 1000.

Clears D3 so that existing data —
does not interfere with comparison in
polling loop.

Loads the control register of the
analog board with A8, A9, AA, or AB,
which disables both the interrupts
and the gain RAM and sets up a gain
of 1, 10, 100 or 1000 on MPV901P.

Stores data of the input channel in
register DO and starts the conversion
for the addressed channel.

Keep polling bit 15 of the status
register until conversion is
complete.

Sends the converted data from DO to
the analog output 0OUT@. :
Repeat.




5.5 Analog Input and Output in Interrrupt Mode (MPV9GlA, MPV9Q1P)

This program reads the converted data for channel 3

(in single-ended

mode), using the interrupt mode of operation and writes the converted

data value to analog output OUT1.

The interrupt request line used is IRQ3 and the interrupt vector 4gH.
The location of the interrupt pointer is 1¢gH.

NOTE:- For input and output signals to be identical, the A/D converter
and the D/A converter should be set to the same range.

BASEADD:
CH3ADD:

REGADD:
OUTADD:
REGVAL:

REGRST:

INTADD:

WAIT:

ORG
EQU
EQU
BQU
EQU
EQU

EQU

EQU
MOVE.W

MOVE.L

MOVE.L

MOVE.W

NOP;
JMP

Interrupt routine

ORG
MOVE .W

MOVE.W

RTE;

@s1000;
@SFFF780;
BASEADD+S6;

BASEADD+$40;
BASEADD+562;
#S0000ESEF;

#S0000ASEF;

#S1FQ0;

- #$2000,5R;

REGVAL,REGADD;

INTADD,Q$100;

CH3ADD,Dg;

WAIT;

@S1FQd;
D@,0UTADD;

CH3ADD,Dd;

Start address of program storage.
Factory set board base address.

Channel 3 address

mode.

in single-ended

Status and control register address.
Address of analog output OUTL.
Enables board interrupt on conversion

complete.

Disables RAM on MPV9g1p

and selects amplifier gain 1.

Use #$00Q00EOFF
Use #S00QQEAFF
Use #S00GOFEBFF
Disables board
Use #S0000A9FF
Use #SO0000AAFF
Use #$0000ABFF

for a gain
for a gain
for a gain
interrupt.
for a gain
for a gain
for a gain

of 14.
of 144d.
of 1000.

of 14.
of 144d.
of 1000.

Interrupt routine start address.

Enables the CPU to service interrupts
on all 7 lines.

Loads the control register of the
analog board with E8, E9, EA, or EB,
which enables interrupts on
completion of conversion, disables
the gain RAM and sets up a gain of 1,
19. 100 or 10¢ on MPV9Q1P.

Load interrupt location pointer with
interrupt start address.

Stores a meaningless value in D¢ and
starts the conversion for the
addressed channel.

Wait for interrupt.

Start address of interrupt routine.
Sends the converted data from D@ to
the analog output.

Stores converted data in D@ and
starts new conversion for the same
channel.

Return from interrupt.
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5.6 Storing Different Gain Values In RAM (MPV901P)

5.7

This program stores a different value of gain for each of four selected

input channels.

ORG
BASEADD:  EQU

MOVE.L

MOVE.W
MOVE.W
MOVE.W
MOVE. W

MOVE.L |

©$1000; Start address of program storage.
@$FFF780; Factory set board base address.

#3000088FF ,BASEADD+$40; Set up control register to
write into RAM, disable interrupt.

#3$0000,BASEADD+$8; Store gain of 1 for channel 4.

#$0100,BASEADD+$16; Store gain of 10 for channel 11.

#3%0200,BASEADD+$24; Store gain of 100 for channel 18.

#$0300,BASEADD+$3C; Store gain of 1000 for channel
30.

#3$0000B8FF ,BASEADD+$40; Set up control register to
enable RAM output.

Storing Identical Gagin Values In RAM (MPV901P)

This program stores a gain of 10 for channels @ through 7.

ORG
BASEADD:  EQU

MOVE.L

MOVE.W
LEA.L
MOVE.W
NEXT: MOVE.W

DBEQ
MOVE.L

@$1000; Start address of program storage.
@$FFF780; Factory set board base address.

#000088FF ,BASEADD+$40; Set wup control register to
write into RAM, disable interrupt.

#$0100,D0; Store gain of 10 in DO.
BASEADD,AQ; Load AO with address of channel @
#7,06;

DO, (AD)+; Store gain of 10 in RAM and

increment RAM address.

D6 ,NEXT;

#30000B8FF ,BASEADD+$40; Set up control register to
enable RAM output.
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5.8 Analog Output Dynamic Test (MPVA01P)

This program performs a simple dynamic check of the two analog outputs. A
ramp (sawtooth) waveform with amplitude plus and minus full scale and

frequency approximately 1.25kHz will be produced at each output,
in the program to give different

constant “STEP*®
frequencies and
"STEP" to 63H will give an output frequency of approximately 2.5 kHz).

BASEADD:

REGADD:

QUT@ADD:
OUT1ADD:

STRVAL :

REGVAL:

STEP:

LOOP:

ORG
EQU
EQU
EqQu
EQU
EQU

EQU

EQU

MOVE.L

MOVE.W
MOVE.W
MOVE.W
ADDI
JMP

can be altered

@$1000;
@$FFF780;
BASEADD+340;
BASEADD+$60;
BASEADD+3%62;
#$0000;

#30000A8FF ;

#30031;

REGVAL ,REGADD;

STRVAL,DO;
D0,0UT@ADD ;
DO,0UT1ADD;
STEP,DO;
LOOP;

47

The

number of steps in the output waveform (eg, changing

Start address of program storage.
Factory set board base address.
Status and control register address.
Address of analog output OUT@.
Address of analog output OUTI.
Positive full scale value.

Use #$OFFF for negative full
value.

Disables board interrupt.
on MPV901P and selects amplifier
1.

Set frequency and number of steps.

scale

Disables RAM
gain

Loads the control regiter of the analog
board with hex A8, which disables both
the interrupts and the gain RAM and
sets up a gain of 1 on MPV901P.
Starting value for full scale in DO.
Data to 0OUT@.

Data to OUT1.

Increment value in DO.
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BURR-BROWN®

INA101

Very-High Accuracy
INSTRUMENTATION AMPLIFIER

FEATURES

o ULTRA-LOW VOLTAGE DRIFT - 0.25.V/°C
» LOW OFFSET VOLTAGE - 25,V

o LOW NONLINEARITY - 0.002%

« LOW NOISE - 13nV/\/Hz at fg = 1kHz

o HIGH CMR - 106dB at 60Hz

« HIGH INPUT IMPEDANCE - 10100

o LOW COST

DESCRIPTION

The INAIOI is a high accuracy, multistage, inte-
grated-circuit instrumentation amplifier designed for
signal conditioning requirements where very-high
performance is desired. All circuits, including the
interconnected laser-trimmed thin-film resistors, are
integrated on a single monolithic substrate.

APPLICATIONS

o AMPLIFICATION OF SIGNALS
FROM SOURCES SUCH AS:

Strain Gages
Thermocouples
RTDs

o REMOTE TRANSDUCERS

o LOW LEVEL SIGNALS

o MEDICAL INSTRUMENTATION

A multiamplifier design is used to provide the highest
performance and maximum versatility with mono-
lithic construction for low cost. The input stage uses
Burr-Brown's ultra-low drift, low noise technology
to provide exceptional input characteristics.

OFFSET ADJUST

0.0)

1k

aneur (G0 310

ko 10k2
ouTP
GAIN SET1 (11 en - + » A ur

GAIN SET2( 4 '
20 o
1Y
Awpur (B — 33|22 10k02

|
N OXOI™ 7

COMMON

OFFSET ADJUST

———

8) A OUTPUT

ko [
-WuT (3 g '
GAIN 2 : g" 10ka2
SENSE 1 Ik mmj OUTPUT
A seT1 (G TS
GAIN SET ol & :
£T2 (10 >
= Wka oo
SENSE 2 i 3% >_4» 1002
+ INPUT (2%
1
@ () (@) (4) common

sligg Vgp A2 OUTPUT

M Package

G Package

International Airpart Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel. {602} 746-1111 - Twx: 910-952-1111 - Cable: BBRCORP - Telex: 66-6481

1981 Burr-Brown Corporation
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SPECIFICATIONS
ELECTRICAL
At +25°C with +15VDC power supply and in circuit of Figure 2 unless otherwise noted.
MODEL INA101AM/AG INA101SM/SG INA101CM/CG
‘MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
GAIN
Range of Gain 1 1000 ° * . * v
Gain Equation G =1+ 140k/RG) - . VIV
Error From Equation, DCf +10.04+0.00016G *10.1£0.003G M ‘ . * % of F<
-0.02/G: -0.05/Gi
Gain Temp. Coefficient
G=1 2 5 * * 2 5 ppm/°C
G=10 20 100 . * 10 50 ppm/°C
G =100 22 110 . * 11 55 ppm/°C
G = 1000 22 110 . . 1 55 . ppm/°C
Nonlinearity, DC = #(0.002 + 10°5G) | +10.005 +2 x 107%G; +:0.001 +10.002 *i0.001 +10.002 % of p-p
+107%G: +10°5G) +107%G, +107%G)
RATED OUTPUT :
Voitage *10 *12.5 * M . * v
Current *5 *10 * . . * mA
Qutput Impedance 0.2 . . n
INPUT OFFSET VOLTAGE
Initial Offset at +25°C @ +25 +200/G *50 +400/G +10 £100/G | £25 £200/G +10 £100/G | +£25 £200/G uv
vs. Temperature @ *2 +20/G +0.75 £10/G +0.25 £10/G uv/°Cc
vs. Supply 1+ 20/G) * * uViv
vs. Time *{1 +20/Gy M . gV/mo
INPUT BIAS CURRENT
Initial Bias Current @ *15 *30 *10 +30 *5 +20 nA
(each input)
vs. Temperature +0.2 . o nA/°C
vs. Supply *0.1 . * nA/N
Initial Offset Current@ *15 *30 *10 +30 *5 *20 nA
vs. Temperature +0.5 ¢ ‘ nA/°C
INPUT IMPEDANCE
Differential 10103 * * 0} pF
Common-mode 10104 3 - . 0| pF
INPUT VOLTAGE RANGE
Range, Linear Response +10 * ° * * \
CMR with 1k Source imbali.
DC to 60Hz, G = 112 80 20 . . * . dB
DCto 60Hz, G=10 96 106 . * . ° dB8
DC to 60Hz, G = 100 to 1000f 106 110 * : * . dB
INPUT NOISE )
Input Voltage Noise
fs = 0.01Hz to 10Hz 0.8 ‘ M uVv, p-p
Density, G = 1000
fo=10Hz 18 . . nV/\/Hz
fo = 100Hz 15 . - nv//Hz
fo = 1kHz 13 . . nv//Hz
Input Current Noise
ta = 0.01Hz to 10Hz 50 : * pA, p-p
Density
to=10Hz 08 d - pA//HzZ
fo = 100Hz 0.46 : . pANHZ
fo = 1kHzZ '0.35 . - pA//HZ
DYNAMIC RESPONSE
Small Signal, +3dB Flatness
G=1 300 * * kHz
G=10 140 ’ . kHz
G =100 25 . M KMz
G =1000 25 . M kiHz
Small Signal, £1% Flatness
G=1 20 . . kHz
G=10 10 M . kHz
G =100 1 . . kHz
G =1000 200 . . Hz
Fult Power, G = 1 to 100 6.4 . . kHz
Slew Rate, G=1to 100 @ 0.2 0.4 . . . . V/usec
Settling Time (0.1%:
G=1 30 40 L * * . . usec
G =100 40 . 55 . . . . usec
G = 1000 35 470 . * * * usec
Settling Time :0.01%
G=1 30 45 . * * . usec
G =100 50 70 ¢ * M . usec
G = 1000 500 650 * * * . usec
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ELECTRICAL (CONT)

herein.

without notice. No patent rights are granted to any of the circuits described

SG/SM/883 SCREENING PROCEDURES

Output Short-Circuit Duration

MODEL INA101AM/AG INA101SM/SG INA101CM/CG
MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS

POWER SUPPLY

Rated Voitage *15 * * v
Voltage Range *5 *20 . * * * \
Current, Quiescent @ +6.7 +8.5 * * . . mA
TEMPERATURE RANGE

Specification -25 +85 -55 +125 . * °C
Operation -55 +125 * * ’ ° °C
Storage -65 +150 . . N . oc
*Specifications same as for INA101AM/AG.

NOTES: , ABSOLUTE MAXIMUM RATINGS

1. Typically the toierance of Rawill be the major source of gain error.-.

2. Specitically tested for /883. Supply +20V

3. Not including the TCR of Rq. " Internal Power Dissipation 600mwW

4. Adjustable to zero at any one gain. Input Voltage Range +Vee
The information in this publication has been carefully checked and is Operating Temperature Range -55°C to +125°C
believed to be reliable; however, no responsibility is assumed for possibie Storage Temperature Range 65°C to +150°
inaccuracies or omissions. Prices and specifications are subject to change Lead g’emper‘; ture (sol derigng 10 seconds: +300° éo 0°C

Continuous to ground

ORDERING INFORMATION

80TTOM VIEW

SCREEN METHOD CONDITION INA101 C G
Internal Visual Method 2010 Condition 8 Basic Model Number——
Interim Electrical Test Per SM/SG Performance Grade Code
spec (4) S: -55°C to +125°C
High Temperature Storage Method 1008 Condition C A, C: -25°C to +85°C
i Stabilization Bake: Package Code
Temperature Cycling Method 1010 Condition C M: TO-100
Constant Acceleration Method 2001 Condition E, G: 14-Pin Hermetic DIP
Y: Plane
~Burn-in Method 1015 Condition B TO-100 Hermetic DIP
~Seal - Method 1014 (M Suffix) (G Suttix)
. Fine:Leak Condition A1 INA101AM INA101AG
. Gross Leak Condition C INA101CM INA101CG
4Final Test including Per SM/SG spec (4) INA101SM . INA101SG
« temperature drift INA101SM/883" INA101SG/883*
~ rof offset and gain *$ grade available with MIL-STD-883 screening. To order add /833 as
- ‘External Visual Method 2009 suffix to part number.
MECHANICAL
M Package Hermetic DIP G Package
TO-100 P, .
14 8 Leads in true position within
A —— NOTE: 0.01~ (0.25mm R at MMC at
8 Leads in true position within 0.010° seating plane.
:0.25mm: R at MMC at seating plane. Ql 7
3 Pin numbers shown for feference ont b T,l L_ Pin numbers shown for refer-
‘ ‘ % Numbers may notbe?narx:; on:::k:g& F ence only. Numbers may not
L ] A c be marked on package.
E . _T N
INCHES MILLIMETERS
x | OM F"MIN | MAX | MIN | Max ____l_
A |.a3s 370 | 851 9.40 — INCHES MILLIMETERS
Sesting ' l 8 {.0s .335 7.75__| 8.51 K [OM | min | MAx | MIN T MAX
Plane c_l.es 185 4.19 4.70 A | 670 710 17.02 | 18.03
> o |01 .021 0.41 0.53 L- I E,J L_ Seatin ¥ c | .06s 170 1.65 | .32
€ |.010 040 | 0.25 1.02 H G o ing o |.015 021 0.38 0.53
£ 1.010 .040 0.25 1.02 ane 3 045 .060 1.14 1.52
G |.230 8asic 5.84 BASIC G |.100 BASIC 2.54 BASIC
H_|.028 03¢ | 0.71 0.86 W ].025 070 0.64 1.78
4 029 045 0.74 1.14 3 _008 012 0.20 | 6.30
X 500 - 12.70 - B al® | X .120 .240 3.08 6.10
L |.120 .160 3.05 4.06 s, L |.3008asic 7.62 BASIC
M 36° gasiC 36° BASIC M \‘, [ -— 10° - 10°
N {110 .120 279 | 3.05 — | : N | .009 .060 0.23 1.52
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PIN CONFIGURATION

outpuT [] 1 ~ ] common
GAIN +Vee [ 2 13 ] -Vee
SET
OFFSET -ineut [} 3 12 ] +inpuT
ADJUST GAIN SENSE 1 [ 4 G n :] GAIN SENSE 2
,?Sff,il GAINSET1[] 5 10 [] GavseT2
OFFSET ADJ. [| & 9 |] A20utpPuT
oFFSET ADJ. {| 7 8 ] A1 OUTPUT
TOP VIEW .
TOP VIEW
TYPICAL PERFORMANCE CURVES
At +25°C and in circuit of Figure 2 unless otherwise noted.
TOTAL OFFSET VOLTAGE

GAIN NONLINEARITY VS GAIN

0.01
7
[T
¢
a /
2 0.003
> Max
o
Q
£
|5 Typ
2 o0.001
£
]
g
0.0003
1 10 100 1000
Gain (W/V)
GAIN VS FREQUENCY
G = 1000
60 ! e
5 40 faBs 100 \
: |
< \
5 20 G —-‘10 —
G=1 1% Error ~
0
10 100 1k 10k 100k 1M
Frequency {Hz)
o WARM-UP DRIFT VS TIME
1
3 k
2
s 8
3
B \
>
g 8
o
3z 4
e N\
£ \
2 2
2 N :
2 N
Q - P —————
3 4 5

0 1 2
i Time 1Minutes,

CMR (dB)

CMR (dB)

Quiescent Current (mA)

CMR VS SOURCE IMBALANCE

120 =100 - 1'0'001
R NN ) - ey
---il ---:-.
=+ G= .0..
100 % 100-1000— = -
G=10 S
smesspean :ll
G=1 =
80
60
60HZ cnemm——
DC weuwnan
40
1 3.2 10 32 100
Source Resistance Imbalance (k)
CMR VS FREQUENCY
120 G = 100, 1000
-
G=10
100
G=1
80
Balanced
Source
60
1 10 100 1k 10k

Frequency 1Mz,

QUIESCENT CURRENT VS SUPPLY

0 +5 +10 *15 +20

Supply Voitage i Volts)

DRIFT VS GAIN

3200

320

132

Output Yoltage Drift { xV/°C)

3.2

—

o]

1

GAIN ERROR VS FREQUENCY

100
Gain (V/V)

10

o // /
? G=100y /
2 1%

o /
s |17 G=100
< / G=1
" % //
G=10
0.01% ]
10 100 1k 10k
Frequency 1 Hz)
STEP RESPONSE
+10 il
G = 1000 \L

@ +5
3 /
= 0
=3
a
3
O -5 \

-10

0 100 200 300 400 500

Time (usec)
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TYPICAL PERFORMANCE CURVES (CONT)

SETTLING TIME VS GAIN

OQUTPUT NOISE VS GAIN

INPUT NOISE VOLTAGE
VS FREQUENCY -100 < GAIN < 1000-

1000 30 1000
AL =2k 2 &
s Cu = 1000pF * < T
2 z s
2 220 € 5 2100
aQ © -
£ 2 = &
E % Rs = 1M} g —
o Y o ]
£ 0.01% o > e
@ 100 © @
@ 0.1% -9/ 2 /RS= 2 1
3 1000k(1 =
Q. 3
1% 3 Rs = 10kQ1 | &
— ° Rl
32 0
1 W0 100 1000 1 10 100 1000 1 10 100 1000
Gain (V1 Gain (V/V) Frequency (Hz)
INSTRUMENTATION AMPLIFIERS THE INA101

Instrumentation amplifiers are differential input closed-
loop gain blocks whose committed circuit accurately
amplifies the voltage applied to their inputs. They
respond only to the difference between the two input
signals and exhibit extremely-high input impedance,
both differentially and common-mode. Feedback net-
works are packaged within the amplifier module. Only

one external gain setting resistor must be added. An

operational amplifier, on the other hand, isan open-loop,
uncommitted device that requires external networks to
close the loop. While op amps can be used to achieve the
same basic function as instrumentation amplifiers, it is
very difficult to reach the same level of performance.
Using op amps often leads to design trade-offs when it is
necessary to amplify low level signals in the presence of
common-mode voltages while maintaining high input
impedances. Figure | shows a simplified model of an
instrumentation amplifier that eliminates most of the
problems.

B8y + 0y
'I=GIGZ'0]]=G'U

o _Ghz*l‘]/z_iﬂ
5" TTCMARR  CMAR

G BCM
CMRR

g,=6¢g+

For INATO1 G = 1 + 40k/Rg
where Ag is the gain setting resistor.

FIGURE I. Model of an Instrumentation Amplifier.

Simplified schematics of the INAIO! are shown on the
first page. It is a three-amplifier device which provides all
the desirable characteristics of a premium performance
instrumentation amplifier. In addition. it has features not
normally found in integrated circuit instrumentation
amplifiers.

The input section (Al and A2) incorporates high per-
formance, low drift amplifier circuitry. Theamplifiersare
connected in the noninverting configuration to provide
the high input impedance (10'°Q2) desirable in the instru-
mentation amplifier function. The offset voltage and
offset voltage versus temperature is low due to the
monolithic design and improved even further by the
state-of-the-art laser-trimming techniques.

The output section (A3) is connected in a unity-gain
difference amplifier configuration. A critical part of this
stage is the matching of the four 10k} resistors which
provide the difference function. These resistors must be
initially well matched and the matching must be main-
tained over temperature and time in order to retain
excellent common-moderejection. (The 106dB minimum
at 60Hz for gains greater than 100V.V is a significant
improvement compared to most other integrated circuit
instrumentation amplifiers.)

All of the internal resistors are compatible thin-film
nichrome formed with the integrated circuit. The critical
resistors are laser-trimmed to provide the desired high
gain accuracy and common-mode rejection. Nichrome
ensures long-term stability of trimmed resistors and
simultaneous achievement of excellent TCR and TCR
tracking. This provides gain accuracy and common-
mode rejection when the INA101 is operated over wide
temperature ranges.

USING THE INA101

Figure 2 shows the simplest configuration of the INAIOI.
The gain is set by the external resistor, R with a gain
equation of G=1+ (40K Rg). The referenceand TCR of
Rq; contribute directly to the gain accuracy and drift.
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For gains greater than unity. resistor R¢ is connected
externally between pins | and 4. At high gains where the
value of R¢ becomes small. additional resistance (i.e.,
relays, sockets) in the Rg circuit will contribute to a gain
error. Care should be taken to minimize this effect.

The optional offset null capability is shown in Figure 2.
The adjustment affects only the input stage component of
the offset voltage. Thus, the null condition will be
disturbed when the gain is changed. Also, the input drift

will be affected by approximately 0.31uV/°C per 100pV

of input offset voltage that is trimmed. Therefore, care
should be taken when considering use of the control for
removal of other sources of offset. Output offsetting can
be accomplished in Figure 3 by applying a voltage to
Common (pin 7) through a buffer amplifier. This limits
the resistance in series with pin 7 to minimize CMR error.
Resistance above 0.1Q will cause the common-mode
rejection to fall below 106dB. Be certain to keep this
resistance low.

It is important to not exceed the input amplifiers’
dynamic range. The amplified differential input signal
and its associated common-mode voltage should not
cause the output of A, or A: to exceed approximately
*I0V or nonlinear operation will result.

This circuit may be used as a replacsment
for the singis potantiometar. R will adjust
offsst and leave drift unchanged.

+ee

2N2222

i
]
!
|
|
]

OPTIONAL |
QFFSET |
anaust | VA

1uF
T TANTALUM
v -

O

OUTPUT
INAIOIM

Ey = {1 + (40k/Rgl] (Ep - E4}

FIGURE 2. Basic Circuit Connection for the INA10]
Including Optional Input Offset Null
Potentiometer.

BASIC CIRCUIT CONNECTION

The basic circuit connection for the INA10! is shown in
Figure 2. The output voltage is a function of the
differential input voltage times the gain.
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OPTIONAL OFFSET ADJUSTMENT PROCEDUREi

It is frequently desirable to null the input component o
offset (Figure 2) and occasionally that of the outpu
(Figure 3). The quality of the potentiometer will affect th

INAIOIM
GUTPUT

+15VC
]
€
1 o oo
exteRnAL 3 KO o,

AMPLIFIER

FIGURE 3. Optional Output Offset Nulling or
Offsetting Using External Amplifier (Low
Impedance to Pin 7).

results, therefore, choose one with good temperature an
mechanical-resistance stability. The procedure is a
follows:

I. Set E; = E» = 0V (be sure a good ground return patl
exists to the input). ‘

2. Set the gain to the desired value by choosing Ra.

3. Adjust to 100k} potentiometer in Figure 2 until th
output reads 0V £ImV or desired setting. Note tha;
the offset will change when the gain is changed. If th
output component of offset is to be removed or if it i
desired to establish an intentional offset, adjust the
100k} potentiometer in Figure 3 until the outpu
readsOV £1mV or desired setting. Note that the offse’
will not change with gain. but be sure to use a stable :
external amplifier with good DC characteristics. The
range of adjustment is =15mV as shown. For large:
ranges change the ratio of R, to Ra.

TYPICAL APPLICATIONS

Many applications of instrumentation amplifiers involv
the amplification of low level differential signals fron
bridges and transducers such as strain gages, thermo
couples, and RTD's. Some of the important parameter
include common-mode rejection (differential cancellatior
of common-mode offset and noise, see Figure 1). inpu
impedance, offset voltage and drift, gain accuracy
linearity, and noise. The INAI0! accomplishes all o
these with high precision.

Figures 4 through 9 show some typical application
circuits.




e

v OPTIONAL
OFFSET
TRANSOUCER 8 R ADJUST
OR SENSOR —— -\ 100k
§, RESISTANCE , P
BRIOGE ‘/Ez / v/ \ £y = {1 + 40k/Rg)] (52_ E]l

H"— s [} v
i

\/ AEy | 1 !

N !

1 1y

\ I

SHIELB/

FIGURE 4. Amplification of a Differential Voltage from a Resistance Bridge.

NOISE (80Hz HUM)

I

L4 Y 7
l [N
! !
TRANSDUCER OR |'
ANALOG SIGNAL ‘
\

TRANSFORMER -
NOISE [00HZ HUM]

\
1
|
I

!

*Gain sense will minimize
gain arror due to additlonal
rasistance in the Ry, circuit.

Nooad s DIGITAL
’ {FM]
: v
TWISTED % L
PAIR LN
~ n‘
10k4) J QFFSETTING
: EXTERNAL
15vae AMPLIFIER The range of +VOC Is OV to +7.5V

FIGURE 6. Output Offsetting Used to Introduce a DC Voltage for Use with a Voltage-to-Frequency Converter.
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+15VOC (from isolation power supply}

Egyr V. 99

M0 to 10MQ

-15v0C
{from isolation power supply)

v

*00ES NOT REQUIRE EXTERNAL ISOLATION POWER SUPPLY
ISOLATION AMPLIFIER

INAIOTM

CIRC

Equr

)

1

é +15v0g -T5vDC +15V0C; +15VDC
INPUT ISOLATION POWER SUPPLY OUTPUT  J-=-15VIOC
COMMON 12 COMMON —

FIGURE 8. Precision Isolated Instrumentation Amplifier.

+ " CHANNEL SELECT
INAID1 ‘ ,
GAIN SELECT
- -CONTROL LOGIC
INAIDI
+ N
INAIO! 7T N
INS
- INS
IN4

INATO! N3 PGA100 O
+ IN2 :
v ouT
NATOT REF INI

{ ING

p é “Vpep AND GROUND 3
REF
INAIOY MAY BE USED FOR

ERROR CORRECTION

/
I

(4a]
P

l/l

|

7

FIGURE 9. Multiple Channel Precision Instrumentation Amplifier.
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APPENDIX A

VMEbus BACKPLANE CONNECTORS AND VME BOARD CONNECTORS

INTRODUCTION

This appendix identifies the VMEbus backplane J1/Pl connector pin assignments,

and which ones are used on the MPV9gl Series.

assignments by pin number order.
labeled rows A, B, and C.)

The following table lists the pin

(The connector consists of three rows of pins

J1/Pl Pin Assigrments

ROW A ROW B ROW C
PIN SIGNAL SIGNAL SIGNAL
NUMBER MNEMONIC MNEMONIC MNEMONIC
1 Dao BBSY* (1) D@s
2 D@1 BCLR* (1) D@9
3 D@2 ACFAIL* (1) D19
4 D@3 BGOIN* (2) D1l .
5 D@4 BGEOUT* (2) D12
6 D@5 BG1IN* (3) D13
7 Dde BG1OUT* (3) D14
8 D@7 BG21N* (4) D15
9 QD BG20UT* (4) QDb
10 SYSCLK (1) BG3IN* (5) SYSFAIL* (1)
11 QD BG300T* (5) BERR* (1)
12 DS1* BRO* (1) SYSRESET*
13 DSO* BR1* (1) LWORD*
14 WRITE* BR2* (1) AMS
15 QD BR3* (1) A23
16 DTACK* aMO A22
17 QD AM1 A21
18 AS* AM2 A20
19 QD AM3 Al9
29 IACK* QD als
21 IACKIN* SERCLK (1) Al7
22 IACROUT* SERDAT (1) alé
23 AM4 D AlS
24 Ag7 IRQ7* Al4
25 Ad6 IRQG* Al3
26 AQS IRQS* Al2
27 Ag4 IRQ4* All
28 Ag3 IRQ3* Alg
29 Ag2 IRQ2* AQ9
36 AGl IRQL* AO8
31 -12V (1) +5V STDBY (1) +12Vv (1)
32 - 45V +5V +5V
NOTE:

(1) Indicates signals used by MPV901 Series and not connected on

board.

(2) Signals connected together on Board Mpv9dl Series
(3) Signals connected together on Board MPV941 Senes

(4) Signals connected together on Board Mpv9dl S

(5) Ao GPETEo B E Gu L BSRERRE By G MAG TS SapTig | o asan com
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