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NTL2000

Integrated Data Logging and Control System

Introduction


The NTL2000 interface system is latest upgrade of the original Thinklab which was launched in 1983.

The NTL2000 employs state of the art microelectronic and object oriented software in order to offer high accuracy and reliable system suitable for industrial applications.

The NTL2000 is manufactured to ISO9001quality assurance standards.

The first range of modules available at the present are listed below:

NTLR-8CHSS
8 Channel High Side Switch with Current Sense

NTLR-8MUX 
8 Channel Differential Analog Input

NTLR-8DAC
8 Channel 16 Bit Digital to Analog Converter

NTLR-16ADC
16 Bit Analog to Digital Converter

NTLR-8MUXTC
8 Channel Thermocouple Input with ACJC.

NTLR-8PT100
8 Channel  4 wire PT100 conditioning 

This new design allows the following channels to be controlled from a single RS232 serial port of a host PC:

NTLR-8CHSS
8 Channel High Side with Current Sense

NTLR-8MUX 
8 Channel Differential Analog Input

NTLR-8PT100
8 Channel PT100 4 Wire Signal Conditioning

NTLR-8TCSC
8 Channel Thermocouple Signal conditioning


NTLR-8DAC
8 Channel 16 Bit Analog to Digital Converter

NTLR-16ADC
16 Bit Analog to Digital Converter

This allows the following input / outputs to be controlled from the host PC over a single RS232 serial port:

128 Channel High Side Switch Rated 24 Volts at 500 mA

128 Channel of Current Sense form the High Side Switch above

128 Channel Analog  Output with 16 bit Resolution in the range 0 to +- 10 Volts

128 Channels of Differential Analog Input

In addition the NTL2000 supports Multi-drop RS422 thus allowing up to 31 systems to be connected to single PC host serial port, this allows more than 4000 input / output distributed channels to be monitored by a host computer.
The system design of the NTL2000 supports LCD Display, Keypad input and 128 K battery backed memory, Real Time Clock with battery backup and Change over Alarm relay contacts. This powerful combination makes the NTL2000 an ideal multi-channel stand alone data logger and alarm system.

Card Address Selection
The NTL2000 address space allows up to 16 cards of the same type to connected to one rack controller.

There are three basic address spaces for controlling the following modules:

a)  High Side Switching

b)  Analog Multiplexer Input, this includes: Voltage, 4-20 mA, PT100 or thermocouple

c)  Analog Output

Any of the above modules could have the same address, however no two modules of the same type should have the same card address i.e. rack system could have the following modules with their respective addresses:

1)  High Side Switching  with  card addresses from 0 through to 13

2)  Analog input module with card addresses from 0 through to 11

3)  Analog output modules with card addresses from 0 through to 8

Note the High side Switching modules incorporates the output current sense circuit, which is automatically read back to give output current status.

Technical Specifications

CPU: 80C652 16 MHz

ROM: 64 K

RAM: 128 K Battery backed

Real Time Clock with battery backup

Watchdog

Alarm Relay

Internal Buzzer

Communication: RS232 & RS422, 19200-2400 Baud rate, 8 bit, No Parity, One stop bit

PC connection: PCB mounted 9 way male D type

Digital to Analog Converter: 16 bit multiplying DAC

All Analog outputs are set to 0 volts on Power Up

Common Analog Output Enable Command

Output voltage selectable: 0 to +-5 volts to 0 to +-10 volts

Output impedance < 5 ohms

Analog to Digital Converter: 16 bit resolution

Conversion Rate: 10 microseconds

Type of input: fully differential

Input protection:+-30 volts

Input impedance: 1 Mohm

Digital Output

Opto-Isolated High Side Switch

Maximum Voltage: 32 volts dc

Maximum current: 750 mA

Digital Input:

Opto-Isolated High Side Switch current sense

Each Digital input is directly associated with the corresponding High Side Switch

Input / Output connection

Each module input / out connection is via 16 way a Wago connector at the rear of the enclosure.

Power Supply:

Universal input  85 - 240 volts AC 50 / 60 Hz

Power supply output: +5 V for logic, +-15 V for Analog input output

Power on LED indicator on front panel

Mains ON / OFF switch at the rear of rack

Housing: 3U, 6U and 9 U options .This depends on the total number of channels required.

NTL2000 is normally housed in 19 inch sub-rack of 3U, 6U or 9U depending on the input / output configuration

LCD option: 4 x 20 backlight display

Keypad option: 16 way keypad

PC connection: 9 way female D type. 

Communication: RS232 / RS422

RS422 Unit ID 5 way dual in line switch

Backplane connection: 32 way DIN1416

Module selection switch: 8 way dual in line switch. Negative Logic allowing 16 identical cards of each type to be connected to the same controller. Each module should have a unique address otherwise there will be a conflict between the channels  There is no restriction on the module location apart from the controller card, this should be plugged in the first slot on the left hand side of the mother board. This provide 512 channels of analog and digital input / output.

The standard 3U sub rack accommodates up to 12 modules. The Backplane may be extended to control two additional sub rack each with 12 modules.

NTL2000 Controller Card Switch Setting
	Switch Number
	Function

	SW1
	Baud Rate Setting

	SW2
	Baud Rate Setting

	SW3
	RS422 Unit ID

	SW4
	RS422 Unit ID

	SW5
	RS422 Unit ID

	SW6
	RS422 Unit ID

	SW7
	RS422 Unit ID

	SW8
	Factory Reset


Baud Rate Selection
	SW1
	
	SW2
	Baud rate

	OFF
	OFF
	2400

	ON
	OFF
	4800

	OFF
	ON
	9600

	ON
	ON
	19200


RS422 Unit ID

	SW3
	SW4
	SW5
	SW6
	SW7
	Unit ID

	OFF
	OFF
	OFF
	OFF
	OFF
	0

	ON
	OFF
	OFF
	OFF
	OFF
	1

	OFF
	ON
	OFF
	OFF
	OFF
	2

	ON
	ON
	OFF
	OFF
	OFF
	3

	OFF
	OFF
	ON
	OFF
	OFF
	4

	ON
	OFF
	ON
	OFF
	OFF
	5

	OFF
	ON
	ON
	OFF
	OFF
	6

	ON
	ON
	ON
	OFF
	OFF
	7

	.
	.
	.
	.
	.
	

	.
	.
	.
	.
	.
	

	ON
	ON
	ON
	ON
	ON
	31


SW8 is normally OFF and is used to perform factory reset when switch on. Factory reset clears the battery backed memory and the NTL2000 calibration tables.

The rack configuration is normally stored in the battery backed memory.

NTL2000 Link Settings

The design off the NTL2000 allows for PT100 4 wire excitation current to be applied to the PT100 4 wire signal conditioning modules. Due to the limited number of common bus lines two links are used to allow selection of the various options:


   L1       L2  

L3
  L4








PT
     DAC
        INT
    VREF 


L1 connects 1mA constant current sources to the Backplane

L2 connects  DAC cards address 8-15 to the Backplane

L3 connects digital inputs interrupt line to Backplane

L4 connects the Voltage Reference to the Backplane

In normal operation links L2 and L4 are made. And should not be changed with contacting 3D.

Alarm Relay  

A change over relay is used to provide alarm out.

The relay contacts are available on:

Connector 

Normally Closed Contact

Connector

Centre Contact

Connector

Normally Open Contact

Relay Rating: 24 volts dc at 500 mA


8 Channel High Side Switch with Current Sense

Part Number NTLR-8CHSS
Introduction

This module allows eight channels of opto-isolated high side switches to be controlled from the NTL2000 controller. Each channel is separately address and latched. All channels may be switched at the same instant, this is due to the fact the each relay corresponds to one of eight bit in a single byte. This allows each or any combination of relays to turn on or off with single command.

The high side load current may be monitored for each channel using opto-isolation.

Card Address Selection
Each module employs 8 way dual in line switch to provide card address selection. The CPU can address up to a total of 16 cards. Each card employs three switches to select the card address and two switches to select card block 0-7 or card block 8-15.

Note that No Two High Side Switch Modules should have the same address setting.

	SW1
	SW2
	SW3
	SW4
	SW5
	RELAY NUMBER

	ON
	ON
	ON
	ON
	OFF
	0-7

	OFF
	ON
	ON
	ON
	OFF
	8-15

	ON
	OFF
	ON
	ON
	OFF
	16-23

	OFF
	OFF
	ON
	ON
	OFF
	24-31

	ON
	ON
	OFF
	ON
	OFF
	32-39

	.
	.
	.
	.
	.
	.

	OFF
	OFF
	OFF
	ON
	OFF
	55-63

	ON
	ON
	ON
	OFF
	ON
	64-71

	OFF
	ON
	ON
	OFF
	ON
	72-79

	ON
	OFF
	ON
	OFF
	ON
	80-87

	.
	.
	.
	.
	.
	.

	OFF
	OFF
	OFF
	OFF
	ON
	120-127


The card address selects both the High Side Switch operation and the output load current sense circuit.

Switching a specific channel will automatically return the status of the communication with the NTL2000 controller.

The circuit requires an external 24 / 32 DC supply to energies the high side switch. Both the 24 / 32 volts and the return line ( 0 volts ) should be connected to 16 way Wago connector.

High Side Switch Connections

	Connector No
	Function

	1
	Channel 0 O/P

	2
	Channel 1 O/P

	3
	Channel 2 O/P

	4
	Channel 3 O/P

	5
	Channel 4 O/P

	6
	Channel 5 O/P

	7
	Channel 6 O/P

	8
	Channel 7 O/P

	9
	Ext. 24 Volts

	10
	Ext. 24 Volts

	11
	Ext. 24 Volts

	12
	Ext. 24 Volts

	13
	Ext. 0 Volts

	14
	Ext. 0 Volts

	15
	Ext. 0 Volts

	16
	Ext. 0 Volts


When the output is used to switch inductive loads such motors, relays or solenoids, a standard Diode & Capacitors Filter Circuit is highly recommended. This will protect the NTL-8CHSS card as well as you own circuit.

8 Channel 16 Bit Digital to Analog Converter

Part Number NTLR-8DAC

Introduction

This new module offers eight channels of analog output with full 16 bit resolution and bipolar voltage in the range 0 to +-10 volts full-scale or 0 to +-5 volts full-scale.

Each output is fully controlled from the NTL2000. All outputs are set to zero volts on power, this also permit the programmer to set all channels to zero volts at any time in order to provide system reset in case of an emergency arising.

The operator should carry the correct sequence of setting up the analog output as follows:

A)  Set all active channels to the required levels

B)  Set all inactive channels to 0 volts

C)  Finally send DAC Enable Command from the host computer.

Card Address Selection
Each module employs 8 way dual in line switch to provide card address selection. The CPU can address up to a total of 16 cards. Each card employs three switches to select the card address and two switches to select card block 0-7 or card block 8-15.

Note that No Two Analog Output Modules should have the same address setting.

Card Address Selection
	SW1
	SW2
	SW3
	SW4
	SW5
	Analog Output Channels

	ON
	ON
	ON
	ON
	OFF
	0-7

	OFF
	ON
	ON
	ON
	OFF
	8-15

	ON
	OFF
	ON
	ON
	OFF
	16-23

	OFF
	OFF
	ON
	ON
	OFF
	24-31

	ON
	ON
	OFF
	ON
	OFF
	32-39

	.
	.
	.
	.
	.
	.

	OFF
	OFF
	OFF
	ON
	OFF
	55-63

	ON
	ON
	ON
	OFF
	ON
	64-71

	OFF
	ON
	ON
	OFF
	ON
	72-79

	ON
	OFF
	ON
	OFF
	ON
	80-87

	.
	.
	.
	.
	.
	.

	OFF
	OFF
	OFF
	OFF
	ON
	120-127


Note that under no circumstance that both SW4 and SW5 are set on at the same time. This will cause interference between the channel settings

Analog Output Connections
	Connector No
	Function

	1
	Channel 0 O/P

	2
	0 Volts

	3
	Channel 1 O/P

	4
	0 Volts

	5
	Channel 2 O/P

	6
	0 Volts

	7
	Channel 3 O/P

	8
	0 Volts

	9
	Channel 4 O/P

	10
	0 Volts

	11
	Channel 5 O/P

	12
	0 Volts

	13
	Channel 6 O/P

	14
	0 Volts

	15
	Channel 7 O/P

	16
	0 Volts


8 Channel Differential Analog Input

Part Number NTLR-8MUX 

Introduction

This eight channel multiplexer card allows analog signals to be applied to the 16 bit analog to digital converter which form part of the NTL2000 controller card. The input signal should be in the range +-5 volts.

The multiplexer is fully differential and has an input protection up to +-30 volts.

The input impedance is 1 megaohm.

The analog to digital converter has a conversion rate of 10 microseconds.

Card Address Selection
Each module employs 8 way dual in line switch to provide card address selection. The CPU can address up to a total of 16 cards. Each card employs three switches to select the card address and two switches to select card block 0-7 or card block 8-15.

Note that No Two Analog Input Modules should have the same address setting.

	SW1
	SW2
	SW3
	SW4
	SW5
	Analog Input Channels

	ON
	ON
	ON
	ON
	OFF
	0-7

	OFF
	ON
	ON
	ON
	OFF
	8-15

	ON
	OFF
	ON
	ON
	OFF
	16-23

	OFF
	OFF
	ON
	ON
	OFF
	24-31

	ON
	ON
	OFF
	ON
	OFF
	32-39

	.
	.
	.
	.
	.
	.

	OFF
	OFF
	OFF
	ON
	OFF
	55-63

	ON
	ON
	ON
	OFF
	ON
	64-71

	OFF
	ON
	ON
	OFF
	ON
	72-79

	ON
	OFF
	ON
	OFF
	ON
	80-87

	.
	.
	.
	.
	.
	.

	OFF
	OFF
	OFF
	OFF
	ON
	120-127


Note that under no circumstance that both SW4 and SW5 are set on at the same time. This will cause interference between the channel settings.

The overall NTL2000 system can address up to 512 differential channels over a single RS232 serial port.

The NTLR-8MUX may be also used to monitor 8 channels of PT100 4 wire by selecting the constant current circuit to flow through the second multiplexer.

In this configuration the PT100 4 wire connection are made is the board mounted 20 way IDC socket. There are two such connectors on the from of the card. ( See section on PT100 signal conditioning option )

A thermocouple version of the Multiplexer card is also available. This provides thermocouple signal conditioning as well as automatic cold junction compensation.

Analog Multiplexer Connections
	Connector No
	Function

	1
	Channel 0 +VE

	2
	Channel 0 -VE

	3
	Channel 1 +VE

	4
	Channel 1 -VE

	5
	Channel 2 +VE

	6
	Channel 2 -VE

	7
	Channel 3 +VE

	8
	Channel 3-VE

	9
	Channel 4 +VE

	10
	Channel 4 -VE

	11
	Channel 5 +VE

	12
	Channel 5-VE

	13
	Channel 6 +VE

	14
	Channel 6-VE

	15
	Channel 7 +VE

	16
	Channel -VE


The NTL2000 can handle low level analog signals by making use of the programmable gain amplifier of the 24 bit Sigma Delta Analog to Digital Converter.


16 Bit Analog to Digital Converter

NTLR-16ADC

The NTL2000 CPU card incorporates two analog to digital converters in order to cater for widest possible input signal ranges.

A 24 bit Sigma Delta Converter with programmable gain amplifier and programmable filter. This converter is normally used for low level mv and milliamps signals from PT100 or thermocouples inputs. The converter resolution may be controlled from the host PC to select the most suitable range appropriate  the nature of the input and the desired through rate.

This converter may be used in ratiometric mode or with fixed high stability voltage reference. In the ratiometric mode the external sensor current forms part of the analog to digital converter reference input, such as the case with PT100 temperature sensors or strain gauges.

A 16 bit fast analog to digital converter is used for high level input from 0 to +-5 or 10 volts. The fast ADC offer more rapid through rate on multi channel applications.

The analog multiplexers output is buffered by high common mode differential amplifier and then applied the corresponding analog to digital converter input. In normal operation only one Analog to Digital Converter is used.

Input /  output Connections
The NTL2000 employs Wago connectors for all input / output channels. All connections are at the rear of the of the motherboard. Each module has 16 input / output connectors.

High Side Switching Connector Schedule

REAR VIEW

	CHANNEL 0     1
	CHANNEL 1     2

	CHANNEL 2     3
	CHANNEL 3     4

	CHANNEL 4     5
	CHANNEL 5     6

	CHANNEL 6     7
	CHANNEL 7     8

	EXT. 24 V         9
	EXT. 24V        10

	EXT. 24 V       11
	EXT. 24 V       12

	EXT. 0V          13
	EXT. 0 V         14

	EXT. 0 V         15
	EXT. 0 V         16


Analog Output Connector Schedule
REAR VIEW

	CHANNEL 0     1
	0V                     2

	CHANNEL 1    3
	0V                     4

	CHANNEL 2     5
	0V                     6

	CHANNEL 3     7
	0V                     8

	CHANNEL 4     9
	0V                   10

	CHANNEL 5   11
	0V                   12

	CHANNEL 6   13
	0V                   14

	CHANNEL 7  15
	0V                   16


Analog Input Connector Schedule
REAR VIEW

	CHAN 0 +VE    1
	CHAN 0 -VE     2

	CHAN 1 +VE    3
	CHAN 1 -VE     4

	CHAN 2 +VE    5
	CHAN 2 -VE    6

	CHAN 3 +VE    7
	CHAN 3 -VE    8

	CHAN 4 +VE    9
	CHAN 4 -VE  10

	CHAN 5 +VE  11
	CHAN 5 -VE  12

	CHAN 6 +VE  13
	CHAN 6 -VE  14

	CHAN 7 +VE  15
	CHAN 7 -VE  16


NTL2000 Software

Structure and Commands

Introduction

 The NTL2000 communicates with the host computer using binary format, this increase the data transfer rate for the commands from the host to the NTL2000, in addition data transfer from the NTL2000 to the host PC is also carried out in binary.

Communication is over RS232 serial port with the following data format:

8 Bit, No parity, One Stop bit

Data Transfer Rate: 2400-19200 Switch Selectable


There are only few powerful commands which are designed to operate on a single channel or multiple channels of the same type.

The single channel command allows the operate to perform one of the following tasks:

A)  Switch a Digital  Output On and confirm the communication with the CPU

B)  Switch a Digital Output Off and confirm the communication with the CPU
C)  Read the Status of ALL digital outputs from a specific card.
D)  Read one Analog Input
E)  Set one Analog Output to a specific value ie to a specific voltage.
Multiple channel commands are more flexible in allowing block of channels to be controlled, set or read back into the PC.

Further more, the multiple channel commands may address a contingouse number of channels which are set to a specific state or output level. In this case the following parameters must be specified when using the block command:

· Start Card Address

· Start Channel Number

· End Card Address

· End Channel Number

In this mode all channels within the specified block must be set to the state ie all relays within the block must be set On or OFF and all analog out put must be set to same voltage output level.

In addition there is  a further multi-channel option. This command allows a list of channels to be set to the same state i.e. switch channel 0 / card 0, channel 4 / card 7 and channel 7 / card 15 ON.

The final mode of control is to set any number of channels to any state independently. In this mode 

In summary, the four types of commands are:

A)  Set or Control a single channel

B)  Set or Control a range of contingous channels to the same Value or Status

C)  Set or Control a list of channels to the same Value or Status

D)  Set or Control any number of channels to any Value or Status

These commands apply to the same type of module. Thus these commands apply to High Side Switching, Analog Inputs or Analog Outputs

Command Structure and Format
The general format for command communication between the host and the NTL2000 is as defined below:

<Header Byte> <Command Byte / Command Bytes> < Terminator Byte>

Each command Must have a Header, Command Data and Terminator.

The length of the command string will depend on the number of channels to be addressed and the type of command.

The Header Byte defines the Type of command.

<B7,B6,B5,B4,B3,B2,B1,B0>

B7,B6 & B5 define the type or command number

HEADER FUNCTION LIST
	Command No./ Function
	B7
	B6
	B5

	0 HIGH SIDE SWITCH
	0
	0
	0

	1 DAC
	0
	0
	1

	2 MUX
	0
	1
	0

	3 CONFIG
	0
	1
	1

	4 DACARD
	1
	0
	0

	5 DAC POL / CAL.ENA
	1
	0
	1

	6 DAC CAL.
	1
	1
	0

	7 HSSS
	1
	1
	1


This Header Command list will be expanded when new modules are added to the family of the NTL2000 system. There is a scope for a total of 64 commands.

B4,B3 & B2 Reserved for future expansion.

B1 & B0 are used to specify command format:

HEADER FUNCTION FORMAT
	Format Command
	B1
	B0

	0 SINGLE CHANNEL
	0
	0

	1 RANGE OF CHANNELS
	0
	1

	2 LIST OF CHANNELS
	1
	0

	3 MULTI CHANNELS
	1
	1


Command Byte / Bytes

 The command byte is used to provide three functions namely: card address, channel number on that card and the status of the channel.

A)  High Side Switch

1) Single channel command

B7 ( CARD ADDRESS A3 

B6 ( CARD ADDRESS A2

B5 ( CARD ADDRESS A1

B4 ( CARD ADDRESS A0

B3 ( CHANNEL ADDRESS C2

B2 ( CHANNEL ADDRESS C1

B1 ( CHANNEL ADDRESS C0

B0 ( CHANNEL STATUS 0 = OFF & 1 = ON

A0 - A3  represent the card address in the range 0 to 15

C0 - C2 represent the high side switch number in the range 0 to 7

B0 control the state of the high side switch if B0=0 then the switch is off and if B0=1 then switch is on

Example:

Host PC sends the following command

<0,0,0,X,X,X,0,0> <0,0,0,0,0,0,0,1> <1,1,1,1,1,1,1,1>

 i.e. <0> <1> <255>

This will set switch number 0 on card 0 to ON

The NTL2000 will always return two bytes in this case i.e.:

<N0>  < 1,1,1,1,1,1,1,1> 

i.e. <1>  <255>

Where N0 represent the out come of the action. If N0=1 then the action was carried successfully, otherwise N0 is equal 0

2)  Multi-channel range command

B7 ( START CARD ADDRESS AS3, END CARD ADDRESS AE3

B6 ( START CARD ADDRESS AS2, END CARD ADDRESS AE2

B5 ( START CARD ADDRESS AS1, END CARD ADDRESS AE1

B4 ( START CARD ADDRESS AS0, END CARD ADDRESS AE0

B3 ( START CHANNEL ADDRESS CS2, END CHANNEL ADDRESS CS2

B2 ( START CHANNEL ADDRESS CS1, END CHANNEL ADDRESS CS1

B1 ( START CHANNEL ADDRESS CS0, END CHANNEL ADDRESS CS0

B0 ( START CHANNEL STATUS, END CHANNEL STATUS

in this mode ALL channels are set to the same status i.e. ON or OFF

This command is used to set a range of switches either to On or to OFF for example set channel number 0 on card number 0 to channel 7 on card number 2 to OFF state

The command for this is as follows:

Range command
Start Card & Ch. +St   End Card & Ch. +St   Terminator

<0,0,0,0,0,0,0,1>     <0,0,0,0,0,0,0,0,>     <0,0,1,0,1,1,1,0>     < 1,1,1,1,1,1,1,1>

<1>



<0>


<46>


<255>

The NTL2000 will return the following three bytes:

            Cards addressed         
        Terminator

<N7,N6,N5,N4,N3,N2,N1,N0> .<1,1,1,1,1,1,1,1>, where:

N7-N0 ( 0-15 ) represent the number of modules which are set to the sample state successfully, if this number  is less than the number of channels set by the host computer, the operator should use the single module HSSS command to find which card is mulfunctioning.

C) Multi- channel list command

This command is used to select a number of channels on different cards and set all of the selected channels to the same STATUS.

B7 ( CARD ADDRESS A3 

B6 ( CARD ADDRESS A2

B5 ( CARD ADDRESS A1

B4 ( CARD ADDRESS A0

B3 ( CHANNEL ADDRESS C2

B2 ( CHANNEL ADDRESS C1

B1 ( CHANNEL ADDRESS C0

B0 ( CHANNEL STATUS 0 = OFF & 1 = ON

A0 - A3  represent the card address in the range 0 to 15

C0 - C2 represent the high side switch number in the range 0 to 7

B0 control the state of the high side switch if B0=0 then the switch is off and if B0=1 then switch is on

The command string for this mode of operation is therefore as follows:

<header> <card no,ch no, st> <card no,ch no,st>…….<1,1,1,1,1,1,1,1>

the card address may be ( 1-16 ), channel number may be 0-7, however all cards must have the same switch status i.e. all channels should be either On or OFF.

The NTL2000 will automatically return a status string similar to the one used with the range command.

Command sent to NTL2000:

         header


command byte


terminator

<0,0,0,X,X,X,1,0> <A3,A2,A1,A0,C2,C2,C1,RN>…..<TERMINATOR>

The NTL2000 will return:

<N7,N6,N5,N4,N3,N2,N1,N0> < TERMINATOR> where: 

N7-N0 represent the number of  cards  successfully set by the NTL2000 as was requested by the host computer.

If N7-N0 ( 1-16 )is less than the number of cards set by the host computer, the user should use the HSSS command to find which channel is mulfunctioning.

Example:

       header

card no, Ch no, St
card no, Ch no,st
terminator

<0,0,0,X,X,X,1,0> <0,0,0,0,1,1,1,0> < 0,0,0,1,0,1,0,0> <1,1,1,1,1,1,1,1>

<2> <14> <255>

The NTL2000 will return:

< 0,0,0,0,0,0,1,0> <1,1,1,1,1,1,1,1>

D)  Multi- channel command

This command is used to control any number of cards and set a given channel on the card to either On or OFF. This command limits the number of channels to 254 !.

B7 ( CARD ADDRESS A3 

B6 ( CARD ADDRESS A2

B5 ( CARD ADDRESS A1

B4 ( CARD ADDRESS A0

B3 ( CHANNEL ADDRESS C2

B2 ( CHANNEL ADDRESS C1

B1 ( CHANNEL ADDRESS C0

B0 ( CHANNEL STATUS 0 = OFF & 1 = ON

A0 - A3  represent the card address in the range 0 to 15

C0 - C2 represent the high side switch number in the range 0 to 7

B0 control the state of the high side switch if B0=0 then the switch is off and if B0=1 then switch is on

Command structure is as follows:

<header> <command byte for first card> < command byte for second card >…..< terminator>

The NTL2000 will return the same type of response string as the above two command.

Example:

   header
          card no, Ch no, st0    card no, Ch no, st1      terminator

<0,0,0,0,0,0,1,1>    <0,0,0,0,1,1,1,0>     <0,0,0,1,0,1,0,1>  <1,1,1,1,1,1,1,1>

<3> <14> <21> <255>

The NTL2000 will return:

   Number of card addressed            Terminator

<N7,N6,N5,N4,N3,N2,N1,N0>  <1,1,1,1,1,1,1,1>

<0,0,0,0,0,0,1,0>  <1,1,1,1,1,1,1,1>

 <2> <255>

this command sets:

card 0, switch 7=off

card 1, switch 2=on

B)  Analog Output Control

The command for the Analog Output module has the following structure:

<header> <high byte data> <low byte data> <card address, channel number,0> <terminator>

high byte value 0 to 127

low byte value 0 to 255

terminator = <255>

1)  Single channel command

The following bits of the Card Address & channel number perform the following functions:

B7 ( CARD ADDRESS A3 

B6 ( CARD ADDRESS A2

B5 ( CARD ADDRESS A1

B4 ( CARD ADDRESS A0

B3 ( CHANNEL ADDRESS C2

B2 ( CHANNEL ADDRESS C1

B1 ( CHANNEL ADDRESS C0

B0 ( ALAWAYS SET TO 0

A0 - A3  represent the card address in the range 0 to 15

C0 - C2 represent the high side switch number in the range 0 to 7

Command:

<0,0,1,0,0,0,0,0> < high byte > < low byte > < A3,A2,A1,A0,C2,C1,C0,0>

A3-A0 represent card address (0-15)

C2-C0 represent channel number (0-7)

The NTL2000 will return the following response:

<N7,N6,N5,N4,N3,N2,N1,N0> <1,1,1,1,1,1,1,1>

N7-N0 represent the number of channel controlled or set, the maximum number is 1 to 255.

The response should be used by the host to check that the correct number of channels have been controlled.

Example:

Command:

<header> <high byte> <low byte> < card address, Ch no,0> <terminator>

<0,0,1,0,0,0,0,0> <0,0,0,0,0,1,1,0> <0,1,1,1,1,1,0,0> <0,0,0,0,0,0,0,0>

<32> <6> <124> <0> <255>

The NTL2000 will response with: <0,0,0,0,0,0,0,1> <1,1,1,1,1,1,1,1>

This command set channel 0 on card 0 to value 1660

Note the Digital to Analog converter is set for 15 bit resolution.

2)  Multi-channel range command

B7 ( START CARD ADDRESS AS3, END CARD ADDRESS AE3

B6 ( START CARD ADDRESS AS2, END CARD ADDRESS AE2

B5 ( START CARD ADDRESS AS1, END CARD ADDRESS AE1

B4 ( START CARD ADDRESS AS0, END CARD ADDRESS AE0

B3 ( START CHANNEL ADDRESS CS2, END CHANNEL ADDRESS CS2

B2 ( START CHANNEL ADDRESS CS1, END CHANNEL ADDRESS CS1

B1 ( START CHANNEL ADDRESS CS0, END CHANNEL ADDRESS CS0

B0 ( ALAWAYS SET TO 0

This command  is similar to the High Side Switching Multi-channel command

The command structure is:

<header> <high byte> <low byte> < start card add, start Ch number,0> < end card add, end Ch no,0> <terminator>

This command sets all the channel within the selected range to the same output voltage.

The NTL2000 will return:

<N7,N6.N5,N4,N3,N2,N1,N0> < terminator >

N7-N0 represent the number of channels which are set to the same value.

Example:

      header               high byte               low byte         start card add, start Ch no,0

<0,0,1,0,0,0,0,0> <0,0,0,0,0,0,0,1> <1,1,0,0,1,0,0,0> <0,0,0,0,0,0,0,0> 

end card add end Ch no,0         terminator

     <0,0,0,1,1,1,0>              <1,1,1,1,1,1,1,1>

<33> <1> <200> <0> <30> <255>

NTL2000 response:

<N7,N6,N5,N4,N3,N2,N1,N0>        terminator

        <0,0,0,1,0,0,0,0>                  <1,1,1,1,1,1,1,1>

C) Multi- channel list command

This command is used to select a number of channels on different cards and set all of the selected channels to the same output voltage

B7 ( CARD ADDRESS A3 

B6 ( CARD ADDRESS A2

B5 ( CARD ADDRESS A1

B4 ( CARD ADDRESS A0

B3 ( CHANNEL ADDRESS C2

B2 ( CHANNEL ADDRESS C1

B1 ( CHANNEL ADDRESS C0

B0 ( ALAWAYS SET TO 0

Command:

<header> <high byte> <low byte> < card address c, Ch n, o> < card address b, Ch n, 0> <terminator> 

Card address is in the range 0-15

Channel number is in the range 0-7

The NTL2000 will return the following two bytes:

<N1,N2,N3,N4,N5,N6,N7> < 1,1,1,1,1,1,1,1>

N7-N0 represent the number of channels set to the same output voltage

Example:

       header                high byte               low byte          card add, Ch no,0

<0,0,1,0,0,0,1,0> <0,0,0,0,0,0,0,1> <1,1,1,1,0,1,0,0>  <0,0,0,0,1,0,1,0> 

card add, Ch no,0               terminator

<0,0,0,1,0,0,0,0> <1,1,1,1,1,1,1,1>

The NTL2000 will return:

<0,0,0,0,0,1,0,0> <1,1,1,1,1,1,1,1>

D)  Multi- channel command

This command is used to control any number of cards and set a given channel on the card to any value within the output voltage range.

B7 ( CARD ADDRESS A3 

B6 ( CARD ADDRESS A2

B5 ( CARD ADDRESS A1

B4 ( CARD ADDRESS A0

B3 ( CHANNEL ADDRESS C2

B2 ( CHANNEL ADDRESS C1

B1 ( CHANNEL ADDRESS C0

B0 ( ALAWAYS SET TO 0

A0 - A3  represent the card address in the range 0 to 15

C0 - C2 represent Analog output voltage channel number in the range 0 to 7

The Command structure is as shown below:

<header> < high byte> <low byte> <card address, Ch number, 0> <high byte> <low byte> <card address, Ch number,0>…..<terminator>

The NTL2000 will return:

<N7,N6,N5N4,N3,N2,N1,N0> <1,1,1,1,1,1,1,1>

N7-N0 represent the number of channels which are set.

The NTL2000 reply will confirm to the operator that the controller accepted all the channels setting.

C) Analog Input Monitoring

1) Single channel command

B7 ( CARD ADDRESS A3 

B6 ( CARD ADDRESS A2

B5 ( CARD ADDRESS A1

B4 ( CARD ADDRESS A0

B3 ( CHANNEL ADDRESS C2

B2 ( CHANNEL ADDRESS C1

B1 ( CHANNEL ADDRESS C0

B0 ( ALAWAY SET TO 0

This command allows the NTL2000 to monitor only one of the 256 Analog inputs channels and then transmitted the ADC value to the host PC.

 The command format is shown below:

<header> <card address, channel number,0> <terminator>

The NTL2000 reply with the following string:

<N7,N6,N5,N4,N3,N2,N1,N0> <high ADC byte> <low ADC byte> <terminator>

Example:

Command from host PC:

        header            card address, channel no., o    terminator

<0,1,0,0,0,0,0,0> <A3,A2,A1,A0,C2,C1,C0,0> <terminator>

ADC reading is returned as:

<N7,N6,N5,N4,N3,N2,N1,N0> <high byte> <low byte> < terminator>

command to read channel 0 from card 0 is:

<0,1,0,0,0,0,0,0> <0,0,0,0,0,0,0,0> <1,1,1,1,1,1,1,1>

ADC reading is returned as:

<0,0,0,0,0,0,0,1> <0,0,0,0,0,1,1,0> <0,1,1,1,1,1,0,0> <1,1,1,1,1,1,1,1>

ADC value from channel 0 on card number 0 is:

(6*256+124)

2)  Multi-channel range command

B7 ( START CARD ADDRESS AS3, END CARD ADDRESS AE3

B6 ( START CARD ADDRESS AS2, END CARD ADDRESS AE2

B5 ( START CARD ADDRESS AS1, END CARD ADDRESS AE1

B4 ( START CARD ADDRESS AS0, END CARD ADDRESS AE0

B3 ( START CHANNEL ADDRESS CS2, END CHANNEL ADDRESS CS2

B2 ( START CHANNEL ADDRESS CS1, END CHANNEL ADDRESS CS1

B1 ( START CHANNEL ADDRESS CS0, END CHANNEL ADDRESS CS0

B0 ( ALAWAYS SET TO 0

This command is used to read a block of Analog channels.

The command format is shown below:

<header> <start card add., start ch no.,0> <end card address, end ch, no,0> 

< terminator>

The NTL2000 will return:

<number of channels read> <high byte> <low byte> <high byte> <low byte>……..<high byte> <low byte> <terminator>

Note the that the number of channels read back must equal to half the number of data bytes read back since each channel returns two bytes of data. This should help the user to find the end of the reply string.

Example:

Host PC sends the following command:

      header          start card add. start ch no,0     end card add. end ch no,0

<0,1,0,0,0,0,1>        <0,0,0,0,1,0,0,0>                   <0,0,0,1,0,01,0> 

     terminator

<1,1,1,1,1,1,1,1>

The NTL2000 replies:

<0,0,0,0,1,1,1,1> <0,0,0,0,0,0,0,0> <1,1,0,0,1,0,0,0> <0,0,0,0,0,0,1,0> <0,0,1,0,0,0,1,0>………….<1,1,1,1,1,1,1,1>

 Multi- channel list command

This command is used to read a number of channels from different cards and send the ADC value to the host PC.

B7 ( CARD ADDRESS A3 

B6 ( CARD ADDRESS A2

B5 ( CARD ADDRESS A1

B4 ( CARD ADDRESS A0

B3 ( CHANNEL ADDRESS C2

B2 ( CHANNEL ADDRESS C1

B1 ( CHANNEL ADDRESS C0

B0 ( ALAWAYS SET TO 0

This command allows any number of channels to be read. The Command format is as shown below:

<header> <card address, ch no,0> <card address, ch no,0> ……<terminator>

the NTL2000 will reply with:

<N7,N6,N5,N4,N3,N2,N1,N0> <high byte> < high byte> <low byte>….<terminator>

Note the number of read channels equals half the number of bytes read back.

Example:

The PC will send the following command:

<0,1,0,0,0,0,1,0> <0,0,0,0,0,1,0,0> <0,0,0,0,1,0,1,0> < 0,0,0,1,0,0,0,0> <0,0,1,0,0,1,1,0> <1,1,1,1,1,1,1,1>

NTL2000 reply:

<4> <3> <232> <0> <34> <2> <86> <0> <31> <255>

Please note this command could be used for multi-channel read back

General Commands:

This set of commands is used to inform the NTL2000 about the type and number of each card as well as whether to use the factory set calibration.

Config command:

Single Card Address setting
This command has the following format:

<0,1,1,0,0,0,0,0> <X,A3,A2,A1,A0,G2,G1,G0> <TERMINATOR>

Where A3,A2,A1 and A0 present the card address and G2,G1 and G0 define the type of card:

G0

High Side Switching card used with the specified address

G1

Analog Output card used with the specified address

G2

Analog input card used with the specified address

N7-N0 
Number of channel of a given type.

Example:

Host PC sends the following commands to configure the following cards:

       header                card number, card type (types)        terminator

<0,1,1,0,0,0,0,0>              <0,0,0,0,0,1,0,1>               <1,1,1,1,1,1,1,1>

This command informs the NTL that there is  high side switching card with address 0 and Analog output card with address 0 but no Analog input card with address 0.

There may be up to three different types of cards with the same address ie:

High Side Switch with address 0

Analog output with address 0

Analog input with address 0

The normal method of setting card addresses  is to start with card address 0 for each type of module used, then move to card address 1 and so on.

This is due to the fact that the NTL2000 supports independent address space for each module i.e. cards of different functionality can have the same address however cards of the same type should have different card address.

Multi-Card address range configuration:
This command allows the operator to set a range of cards to a specified address

command format:

<header> <0, start card add. card type (types)> <0, end card add. card type (types> < terminator>

All the cards within this address range will be of the same type ie High Side Switch only, Analog Input only, or these card address contain all three types.

NTL2000 will return:

<N7,N6,N5,N4,N3,N2,N1,N0> <1,1,1,1,1,1,1,1>

N7-N0 represent the number of cards configured

 Example:

Host PC sends the following command:

<0,1,1,0,0,0,0,1> <0,0,0,0,0,0,0,1> <0,1,1,1,1,0,0,1> <1,1,1,1,1,1,1,1>

NTL2000 returns:

<0,0,0,1,0,0,0,0> <1,1,1,1,1,1,1,1>

This command therefore set cards address 0-15 for High Side Switching modules.

Multi-Card address configuration
This command allows any card to be configured for any function.

Command format:

<header> <0, card address1, card type ( types) > <0,card address1, card type (types) >…………<terminator>

Example:

host command to NTL2000:

<0,1,1,0,0,0,1,0> <0,0,0,1,0,1,1,1> <0,0,1,1,0,1,1,1> <0,1,0,0,1,1,1,1> <0,1,1,1,1,1,1,1> <1,1,1,1,1,1,1,1>

NTL2000 response:

<0,0,0,0,0,1,0,0> <1,1,1,1,1,1,1,1>

this command set addresses 2,6,9 and 15 for High Side Switch, Analog input and Analog output.

DACCARD Command
This card enable the output of all Analog output channels

Command format:

<1,0,0,0,0,0,0,0> <0,0,0,0,0,0,0,E> < 1,1,1,1,1,1,1,1>

if E=0 then output is disabled

if E=1 then output will be enabled

The NTL2000 response:

<0,0,0,0,0,0,0,EC> <1,1,1,1,1,1,1,1>

if EC=0 then the output is disabled

if EC=1 then the card is enabled

DAC Polarity & Calibration Enable Command

Unipolar range: 0=0 volts, 32767=5 volts

Bipolar range: 0=-5 volts, 16383=0v, 32767= 5 volts

key:

Ecal enable calibration. If Ecal=0 calibration not used, Ecal=1 calibration used

Pol Polarity. Pol=0 output unipolar, Pol=1 output=Bipolar

EcalR returns calibration status, EcalR=1 then calibration is enable

PolR returns Polarity setting, PolR=0 for unipolar, PolR=1 for Bipolar output voltage

Command format:

from host to NTL  <1,0,1,0,0,0,0,0> < 0,0,0,0,0,0,Eca,Pol> <1,1,1,1,1,1,1,1>

NTL2000 returns:

<0,0,0,0,0,0,EcalR,PolR> <1,1,1,1,1,1,1,1>

HSSS Command 

This command is employed to test the status of each High Side Switch Module within a given NTL2000 system..

This command will inform the operator as of the state of each digital output.

The command structure is similar to rest of the NTL2000 commands ie:

<Header> <Command> < Terminator>

Single HSSS Command:

          Header                  Command               Terminator

<1,1,1,0,0,0,0,0> <B7,B6,B5,B4,0,0,0,0> <1,1,1,1,1,1,1,1>

Where  B7, B6, B5 & B4 represent the card address in the range 0 to15

The NTL2000 will reply with:

<N0><S7,S6,S5,S4,S4,S3,S2,S1,S0> <1,1,1,1,1,1,1,1>

If N0=1 then the card is functioning normally

If N0=0 then the NTL2000 could not address this specific card. In this case no HSS status byte is returned ie the NTL2000 will send <0)< Terminator> only.

S7 to S0 represent the status of each High Side Switch with :

S0( channel 0

S1( channel 1

S2(channel 2

etc.

If S= 0 then the HSS is OFF and S=1 then the HSS is ON

Example:

   Header                  Card Address      Terminator

<1,1,1,0,0,0,0,0,> <0,0,0,0,0,0,0,0> <1,1,1,1,1,1,1,1>

<7> <0> <255>

The NTL2000 will reply with:

<1> < 64> <255>

ie the card was addressed successfully by NTL2000 and that the seventh channel is ON and the rest of the channels are OFF

Multi- Channel HSSS Command

This command is used to test the status of ALL HSS cards which were  declared in the Configuration Command.

This single command will return the state of all digital output channels for specifically addressed module:

        Header            Command            Terminator

<1,1,1,0,0,0,1,0> <0,0,0,0,0,0,0,0> <1,1,1,1,1,1,1,1>

The NTL2000 will return the following bytes:

<N7,N6,N5,N4,N3,N2,N1,N0> <S7,S6,S5,S4,S3,S2,S1,S0>….<S7,S6,S5,S4,S3,S2,S1,S0> <1,1,1,1,1,1,1,1>
Where:

N7,N6,…..N0 represent the number of HSS cards which were addressed by the NTL2000. This number should equal to the number of the HSS specified by the Configuration command. If this number is less than the number of HSS specified, then one of the HSS has failed to communicate with the NTL2000 controller. The user could use the single HSS status command for find which HSS module is malfunctioning.
<S7,S6,S5,S4,S3,S2,S1,S0> represent the state of each channel of the  each HSS card specified in the configuration command.

S7(HSS7
S6(HSS6
S5(HSS5
S4(HSS4

S3(HSS3
S2(HSS2
S1(HSS1
S0(HSS0

There will be as many HSS status bytes as there are HSS cards in the Configure Command.

DAC Calibration Commands:
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