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FOREWORD

New spectrometers on neutron sources or Xray sources rely more and more on the use of Position Sensitive Detectors. Furthermore, pulsed sources or kinetics experiments lead to consider Time Of Flight acquisition Multiframes or Time Resolved acquisition as essential. The SpecMaker is a highly integrated system designed especially for this goal, although it can be used for other purposes as well.

The SpecMaker is connected on the one side to a host computer and on the other side to the localization electronics part of a P.S.D.  There is no specific requirement for the host computer.  It can be a desktop PC, a laptop or a workstation running on various operating systems, provided it can be equipped with an IEEE 488 interface. (National Instruments or other companies offer a large number of IEEE 488 boards). The localization electronics part must provide an address (in fact a pattern of bits). This can be a Time to Digital Converter, an ADC or any other kind of module, provided it can assert its data with a Data present signal.

The SpecMaker comes in the form of a single 220mmX100mm board, which needs only a +5V 1 Amp power supply. Although designed to be inserted into a Europe crate, its dimensions allow  to place it in a VME or NIM module.

The SpecMaker features

The primary features of the SpecMaker integrated board include the following :

· 128 Mbytes of data memory
· 15 Mhz burst acquisition rate

· High sustainable aquisition rate up to 3.75Mhz

· 1 Mbytes of fast memory

· Time of flight channels and Multiframe on board generator

· Frames and Time channels individualy programmable

· 32 bits FIFO buffers

· Slave/master function 

· Internal and external triggers

· On board Timer/Monitor preset

· High end 32 bits RISC processor

· fast IEEE 488 interface up to 1.8 Mbytes/s

· very fast HS488 interface up to 6 Mbytes/s

· Easy update through Flash memory

The SpecMaker functionality

The SpecMaker integrates and classifies streams of data coming from a detector. It distinguishes mainly 2 basic modes of operations : the continuous mode and the cyclic mode. 

The continuous mode is the common mode for 1D or 2D detector on neutron reactors (ILL, LLB). The main function carried out by the SpecMaker module is to count the number of times each pixel of the detector has been « hit » by the particles beam. In case of a 2D detector, an image can be obtained by plotting the XY coordinates of each pixel with the Z value representing the integrated flux received at this location. 

The cyclic mode can be seen in two ways : Time of Flight and Multiframes. 

Multiframes or Time Resolved option consists in taking several « shots » of the detector sequentially. In this case, the SpecMaker will make and record as many images as the number of frames programmed. Thus, in processing the address, the SpecMaker will take into account not only the coordinates of each pixel but its time of arrival as well, relative to a synchronization signal. 

Time Of Flight is used when it is desired to classify the events received by the detector with an energy information. The energy is generally obtained by classifying the particles with their time of arrival at the detector level relatively to a synchronization signal. Particles with the same energy will arrive in the same time channel. In T.O.F. mode, the SpecMaker will produce for each pixel of the detector, one spectrum with as many data as time channels declared.

T.O.F. and Time Resolved are very similar from the acquisition point of view. In these last two options, the user DOES NOT have to provide the frame number or the time channel number, he has only to provide a trigger signal of the cyclic process. The SpecMaker will generate by itself the time stamps data according to the parameters the user will impose.

The SpecMaker capabilities

Due to its 128 Mbytes memory, the SpecMaker can accomodate with a 8192X4096 cells detector on a 32 bits basis.

The SpecMaker can accept incoming data bursts of 15Mhz during 0.3 msec.

In the continuous mode, the maximum sustainable rate of acquisition is more than 3.75 Mhz for detectors of less than 512X512 cells. For bigger detectors, the maximum rate is 3.3. Mhz.

In the cyclic mode the maximum sustainable rate is 2.3 Mhz. The Delay parameter is programmable, and up to 4096 time channels or frames can be declared. The duration of each frame can be either fixed or individually programmed. When it is fixed, the minimum duration is 200 nsec (steps of 100 nsec) and the maximum is more than 7 minutes. When it is individually programmed, the minimum duration is 2µsec. The number of time channels actually usable is determined by the size of the detector and options of the acquisition. Thus, one can declare 512 time channels or frames with a 256X256 detector. This means that 65536 spectra of 512 data each, in Time of Flight or, 512 images of this detector size in Mutiframes option can be obtained.

The SpecMaker allows you to create groups of pixels and use them in real time. This acquisition option is called Indirect option (see below). More specific data, more time channels or a decrease in the amount of data to transmit to the host computer can be obtained  with this option.

The SpecMaker is usually a slave of a timing module, but it can also perform autopreset operations through its on board timer/monitor. In this case, the acquisition will stop automatically when a given time duration is reached or after a certain number of monitor pulses. In any case, the SpecMaker is sensitive to an external RUN/STOP signal trigger and/or a HALT signal to pause acquisition during certain configurations (loss of synchronisation in a multi chopper T.O.F. spectrometer for example).

From the host computer point of view, the SpecMaker can be seen as an intelligent IEEE 488 device. It offers a comprehensive set of commands in order to provide users with the maximum ease of use while maintaining a high level of performance. Thus, many short cuts are provided to simplify the programming at the host computer level. For example, certain commands take into account the detector size to calculate maximum parameters and control the user inputs.

The SpecMaker is an actual multitasking system. This allows the user to display in real time data being acquired without disturbing the acquisition process, nor slowing it down.

Using the IEEE488.1 interface, transmission of the data from the SpecMaker to the host computer can reach a rate of 1.8 Mbytes/sec. Conversely, from the host computer to the SpecMaker it reaches 1.5 Mbytes /sec.

The SpecMaker is HS488 compliant thanks to its TNT4882 ASIC. In this National Instruments handshake mode, transmission to the host computer can reach a rate of more than 6 Mbytes/s.

What is Indirect option ?

In the direct option each cell or pixel of the detector is directly associated with a 32 bits counter which occupies one memory cell. For example a 256X256 detector will be associated with an array of 65536 long integers. Let’s assume that only certain regions of the detector are of strong interest, and others of less interest. It would be useful, in order to reduce the total amount of data, to make bigger cells i.e. by grouping together cells where full resolution is not required. To keep the resolution where it is necessary, a group can be either a single cell or a collection of cells (cells are not mandatory joined). There will be as many links as there are cells in the detector. This time, the detector cells will not be directly associated with 32 bits counters. It is the groups which are directly associated : When an address arrives, the SpecMaker will determine which group the cell belongs to and will update the number of times this particular group has been hit.  This is the indirect option and the element which defines all the links between the cells and the groups  is called the « routing memory » . 

The indirect option is certainly not limited to decrease the resolution of the detector, it can be used also to « redirect » the cells according to another system of coordinates. An XY detector can be transformed into a circular one (an XY couple giving a  couple ) .The calculation of the transformation can be performed by the host computer and downloaded into the SpecMaker routing memory, which will be used with the Indirect option.

Another application is the correction of eventual side effects of the localization electronics ; In fact the user is free to imagine many applications of this feature since specific commands are provided to allow the definition, the download or the upload of one’s routing memory.

How to control the SpecMaker

The SpecMaker is controlled by means of commands sent either by a host computer or a terminal.

A command is a series of ASCII characters sent to the processor of the board. Such a character string is carried out either by the RS232 line or by the IEEE 488 bus (GPIB). To respond, the processor board automatically uses the channel on which the command is issued. The RS232 line is mainly used for test and maintenance purposes. The IEEE 488 bus allows for fast transfer of data and reliable communication. In fact the SpecMaker is an IEEE 488 device with its primary address selectable by a 16 positions rotactor. Like other IEEE 488 devices, it has a set of commands and follows exchange protocols. 

In any case the command format is always a mnemonic letter which is the actual command possibily followed by parameters separated by commas and terminated by an end delimiter.The SpecMaker accepts messages ended by the End or Identify signal (EOI). It accepts also other combinations of end messages like return (ascii13) alone or return+line feed or line feed +return. 

Exchange protocol

There are 2 kinds of protocols.

When exchange implies only strings of characters and when exchange implies transfer of data blocs.

Exchange of strings

In this case, the protocol is of « Output and Input » type : the host computer sends a request, it writes a string of characters to the system and reads a string of character from the system. The reply format covers a line of characters data whose parameters are separated by commas and terminated by EOI (without return).  In the request, the parameters formatting is free. In the response, the parameter formatting is fixed by the table N° 1.

Table N°1

	PARAMETER TYPE
	PARAMETER FORMAT

	BYTE
	2 HEXADECIMAL DIGITS

	WORD
	4 HEXADECIMAL DIGITS

	INTEGER
	5 DECIMAL DIGITS

	LONG INTEGER
	10 DECIMAL DIGITS


For example, to enter the size of the detector, the host computer will issue the command « S » followed by the number of cells. It will receive an acknowledge message which can be « OK » or « ERROR » followed by the error number (see table N°2) :

Computer writes 

S=65536

Computer writes

S=23G4
Computer reads

OK


Computeur reads

ERROR 00
(syntax error)

Computer writes

S
Computer reads

0000065536,0000000512,0033554432 (Size, maximum channel number in direct

        mode, maximum group number)

When the mnemonic character (here the S) is sent without parameter, it is a read command meaning that the host computer wants to read back a value ; when the mnemonic character is followed by an « = » it is a set up or write command meaning that the host computer imposes a value.

Many commands have the double function (for example the command « S ») : they can be either of read or write type.

Exchange of data blocs

This can be a download or an upload of data (from the host computer point of view). The computer writes a string to the system, the system then transmits or receives a bloc of data. The transmission of data blocs is ended by EOI. For example, to send the 200 first Time channel durations :

Computer writes

W0,199>


« > »means download

Computer sends 200 long integers (800 bytes)

And to read back the 4096 time channel widths :

Computer writes

W0,4095


« < » can also be used

Computer receives 4096 long integers (16384 bytes)


Error Codes

It is recommended that the user makes sure of the validity of the transaction by checking the reply of the SpecMaker. In case the command is impossible to execute, the user gets the string message « ERROR XX » with XX being one of the code values listed in the Table N°2.

Table N° 2

	Code Value
	Meaning

	0
	Syntax error or parameters out of limits

	1
	Unknown command

	2
	Requires to be in Indirect Mode

	3
	Requires to be in Cyclic Mode

	4
	Requires a new Start

	5
	Requires a Break 

	6
	Value of Tx forbidden in this Mode


In the rest of this document the protocol will be indicated as followed

 means host computer writes this command string

 means host computer receives this answer string
  means host computer downloads this bloc of data
· means host computer uploads this bloc of data

What is HS488 handshake ?

The National Instruments HS488 handshake is an enhancement of the IEEE488.1 handshake. Itcan accelerate GPIB data transfer rates up to 7.7 Mbytes/s using standard GPIB cables. HS488 increases GPIB system throughput by removing delays invoked by the 3-wire IEEE 488.1 handshake, while maintaining compatibility with existing IEEE 488 systems. HS488 is a superset of IEEE 488.1 implemented at the hardware level by the TNT4882 ASIC. Therefore, HS488 devices and other IEEE 488 devices can coexist in the same system. If a National Instrument IEEE 488 board is used by the host computer, enabling the HS488 is enough to make software applications use the HS488 handshake automatically without software modification.

In the case of SpecMaker, tests have shown a rate of more than 6 Mbytes/s can be acheived in the transfer of data onto the host computer. From the host computer to the SpecMaker a rate of 4.33 Mbytes/s has been reached.

These performances have been obtained with these measurement conditions :

· Total length of the cable 2.7m

· Main cable by National Instruments ref : 763061-02 REVC TYPE –X2 2.1 meters

· 2 other non HS488 devices connected on the bus  (star configuration)

· National Instruments GPIB board NI PCI-GPIB

· Host operating system : Windows 98

· Acquisition stopped

MAIN COMMANDS

MODE OF ACQUISITION « M »

The user selects the acquisition mode by sending a hexadecimal byte. Each bit has its own significance and activates a particular option. The acquisition must be stopped prior to define the acquisition mode, otherwise the user will get an « ERROR 05 » message.

	Bit 7
	BIG/SMALL

	Bit 6
	MASTER/SLAVE

	Bit 5
	TIMER/MONITOR

	Bit 4
	ALWAYS/WINDOW

	Bit 3
	CYCLIC/CONTINUOUS

	Bit 2
	SLOW/FAST

	Bit 1
	NOT CONSTANT/CONSTANT

	Bit 0
	INDIRECT/DIRECT


Option BIG/SMALL

It is a read only option. Its value is in fact determined by the (Size) command « S ». It is set to 1 when the number of detector cells exceeds 262144. It is set to 0 otherwise

Option MASTER/SLAVE

When the user wants to use the on board timer/monitor, he sets this option to 1. The internal counter of the board will be activated and possibly fix the duration of the experiment. The value of the preset and the running value of the counter are accessible via the  command « X ».

Option TIMER/MONITOR

Set to 1 indicates a Timer preset, set to 0 a Monitor preset. Active only if MASTER/SLAVE is set to 1

Option ALWAYS/WINDOWS

In a time of flight experiment, the acquisition takes place during the running time channels, outside this period there can be a dead time. For example, if the period of the cyclic process (T0) is one millisecond, and there are 150 time channels of 5 µsec each. The windows of time when acquisition really takes place lasts 750 µsec, and the dead time will be 250 µsec. The always/windows option, when set to 0, will stop the counting of the internal timer during this dead time.

Option CYCLIC/CONTINUOUS

Set to 1 to activate Multiframes or T.O.F. acquisition. Set to 0 otherwise

Option SLOW/FAST

The duration of the time channels/frames can be multiplied up to 65536 if this option is set to 1(either with CONSTANT or NOT CONSTANT option). The multiplication factor (Tx) is set up via the command « P ».

Option NOT CONSTANT/CONSTANT

Setting this option to 1 will force the SpecMaker to use the array of time channel/frame durations determined by the command « W ». Otherwise the duration of the time channels/frame will be a constant fixed by the command « P » (and the SLOW/FAST option)

Option INDIRECT/DIRECT

See above. With this option set to 1 (INDIRECT) the maximum sustainable acquisition rates are smaller.

When the computer sends the command « M » alone, without any parameters, the SpecMaker sends back the acquisition mode (with the BIG/SMALL option) and the acquisition program number according to the table N°3. Corresponding maximum sustainable acquisition rates are also indicated.

Table N°3

	PROGRAM NUMBER
	DIRECT
	INDIRECT

	
	SMALL
	BIG
	SMALL
	BIG

	CONTINUOUS
	00 (3.75 Mhz)
	01 (3.3 Mhz)
	02 (2.45 Mhz)
	03 (2.34 Mhz)

	CYCLIC
	04 (2.3 Mhz)
	05 (2.3 Mhz)
	06 (1.78 Mhz)
	07 (1.70Mhz)


 M=0  
:option slave,continuous,direct

 M



 OK






 00,00
:mode=00, program number=00
 M=79  
:option master,timer,always,cyclic,fast,constant,indirect

 OK
 M

 79,06
 :mode=79, program number=06

 S=300000  
 :size exceeds 262144

 OK
 M=79  
 :option master,timer,always,cyclic,fast,constant,indirect

 OK
 M

 F9,07
 :mode=F9, program number=07 (option Big detected)

STATUS INFORMATION « I »

This a read only information. The SpecMaker returns a 16 bits word in hexadecimal format.

· BIT 15 at 1 
: The internal BREAK trigger is asserted and stops the acquisition

· BIT 14 at 1 
: The external STOP IN trigger is asserted and stops the acquisition

· BIT 13 at 1 
: The HALT IN trigger is asserted and stops the acquisition (only in cyclic mode)

· BIT 12 at 1 
: The auxilliary external E2 trigger is asserted and stops the acquisition

· BIT 11 at 1 
: Reserved for futur use

· BIT 10 at 1 
: Reserved

· BIT 9 at 1
: Reserved

· BIT 8 at 1
: Indicates timer or monitor preset has been reached and stops the acquisition

· BIT 7 at 1
: system ; Hardware Address multiplication by 4

· BIT 6 at 1
: system ; Hardware Address offset

· BIT 5 at 1
: Reserved

· BIT 4 at 1
: Reserved

· BIT 3 at 1
: Reserved

· BIT 2 at 1
: Fifo not full

· BIT 1 at 1
: Fifo not half full

· BIT 0 at 1
: Fifo not empty

 I

 9086
 :Break asserted, E2 asserted, automatic address multiplication by 4,Fifo empty

CLEAR ACQUISITION DATA « Z »

The SpecMaker uses 2 kinds of memory : The 1 Mbytes FAST RAM and the 128 Mbytes DRAM.

The FAST RAM contains 262144 memory cells, the DRAM contains 33554432 memory cells.

A counter occupies one memory cell. A memory cell is not alway a counter, it can also record a link to a group.

The  command « Z » permits the user to clear (or to set to a constant) a part or the totality of these 2 memories. It is normally used in the continuous mode. The command « K » will be more convenient in the cyclic mode.

Acquisition data is always in DRAM, except in the continuous mode when detector size is not > 512x512. Then the acquisition data is located in FAST RAM which speeds up the process. 

The general syntax for this command is :

Zm:a,b=c

 (m,a,b,c are decimal)
This means the memory cells a through b of the memory m are set to c.  The type of memory is m: 0 for FAST RAM 1 for DRAM, a is the first memory cell, b is the last memory cell, c is the constant

c is optional, c=0 by default 


 Z0:10,100 
:will set memory cells 10 through 100 of the FAST RAM to 0

 OK

b is optional, b=a by default

 Z0:245  
:will set memory cell 245 to 0
 Z0:245=7  
:will set memory cell 245 to 7


 OK





 OK

m: is optional, by default m=the type of memory used during the acquisition
  S=65536  
 :size=65536 does not exceed 262144

 OK
 M=0  
 
 OK

 M

 00,00
 :mode=00, program number=00 (option Small detected)

 Z0,65535  
 :will set counter 0 through 65535 of the FAST RAM to 0 
 OK

 S=300000  
 :size=300000 exceeds 262144

 OK
 M=0  
 
 OK

 M

 80,01
 :mode=80, program number=01 (option Big detected)

 Z0,65535  
 :will set counter 0 through 65535 of the DRAM  to 0 
 OK

even a is optional : in this case a will be 0 and b=size-1 

 S=65536  
 :size=65536 does not exceed 262144

 OK
 M=0  
 
 OK

 M

 00,00
 :mode=00, program number=00 (option Small detected)

 Z  

 :will set counter 0 through 65535  of the FAST RAM to 0 
 OK

 S=300000  
 :size=300000 exceeds 262144

 OK
 M=0  
 
 OK

 M

 80,01
 :mode=80, program number=01 (option Big detected)

 Z=10000  
 :will set counter 0 through 299999  of the DRAM  to 10000 
 OK

TRANSFER OF ACQUISITION DATA « T »

« T » is used to upload data acquisition from the SpecMaker or to download it as well. « T » is normally used in the continuous mode. The command « V » will be more convenient in the cyclic mode.

The syntax of the command « T » looks like the « Z » one except that the direction of the transfer has to be indicated : « > » means the host computer downloads (it writes) acquisition data to the SpecMaker and « < » means the computer uploads (it reads) acquisition data from the SpecMaker.

the general syntax for « T » is :

Tm:a,b> or Tm :a,b< or Tm :a,b 

This means upload or download the memory cells a through b of the memory m.

m,a,b have the same meaning as in the command « Z ».  They have the same values by default. In particular m is also optional : by default,  the SpecMaker will select automatically the data acquisition memory in use. The direction of the transfer is also optional : it is an upload by default.  

 T0 :10,100< 
:will transfer memory cells 10 through 100 of the FAST RAM to the host computer

  364 bytes

:host computer has to read 91 long unsigned integers

 S=65536  
 
:size=65536 does not exceed 262144

 OK
 M=0  
 
 OK

 M

 00,00
 
:mode=00, program number=00 (option Small detected)

 T  

 
:will transfer counter 0 through 65535 of the FAST RAM to the host computer 
  262144 bytes
:host computer has to read 65536 long unsigned integers
 S=300000  
 
:size=300000 exceeds 262144

 OK
 M=0  
 
 OK

 M

 80,01

:mode=80, program number=01 (option Big detected)

 T>
  

:will send values of counter 0 through 299999  into the DRAM 
  1200000 bytes
:host computer has to send 300000 long unsigned integers

ATTENTION

T does not transfer the data remaining in the FIFO. See « F » command to flush the FIFO.

FLUSH THE FIFO « F »
« T » does not process the data remaining in the FIFO (up to 2048 events). The command « F » will empty and process the content of the FIFO according to the acquisition mode selected. During this process, the acquisition is temporarily paused by asserting the BREAK trigger. « F » is normally issued when the data acquisition has been stopped, for example because the measurement is finished and the user wants to store the complete data set. Nevertheless, in certain cases, for very low data acquisition rates, « T » can return 0 event because all the data are still in the fifo, « F » permits then possibly to refresh the data. 

 F

 OK


TIME SLICE WIDTHS ARRAY « W »

The command « W » allows the user to upload or download the values Wn of not constant time channel or frames (time slices Tn).

This array of values is used by the SpecMaker in the cyclic mode when the Not Constant option has been selected when defining the acquisition mode.

The minimum value is 2 and the maximum value is 65536. The real duration of the time slices is given by the command « P ». There are 4096 time slices available.

the general syntax for « W » is

Wa,b> or Wa,b< or Wa,b : upload (<) or download (>) times slices a through b

 W0,99>
:setting of time slices 0 through 99
  400 bytes
:host computer has to send 100 long unsigned integers

b is optional, by default b=a

a is optional by default a=0 and b=4095
 W  

 
:will transfer width of slices 0 through 4095 to the host computer 
  16384 bytes
:host computer has to read 4096 long unsigned integers

START ACQUISITION « G »

Once all the configuration acquisition has been set (size, acquisition mode,T.O.F. parameters…) , the user issues the command « G » to start the acquisition. Numerous internal setup and initializations take place at this moment, this is why it is forbidden to send this command when BREAK is not asserted. Otherwise the user gets an « ERROR 05 » message. When the command is accepted, the internal BREAK trigger is de-asserted and the SpecMaker becomes sensitive to external triggers.

 G  
 
 OK

 G

 ERROR 05


STOP ACQUISITION « B »

This command asserts the internal trigger BREAK and stops (or pauses) the acquisition.

 B  
 
 OK

RESUME ACQUISITION « R »

This command is accepted only if the user has issued the command « B » and has not modified the acquisition configuration (size, acquisition mode,T.O.F. parameters…)  When it is accepted, « R »  resumes the acquisition by de-asserting the BREAK trigger. It does not perform all the initializations of the command « G ». 

 B  
 
 OK

 R  
 


 OK


:resume accepted
 M=0  
 
 OK

 R  
 
 ERROR 04

:needs a new « G » because acquisition mode has been modified

DETECTOR SIZE « S »
« S » allows the user to enter the detector size in number of cells.

 S=4096  
 
 OK

When « S » is issued without parameters, the SpecMaker sends back the size of the detector, the maximum time slices achievable in direct mode (MTS) and the number of groups available in indirect mode (MGN).

The maximum time slices is the DRAM size (33554432 memory cells) divided by the size of the detector. So, for a 256x256 cells detector, the maximum number of time slices is 512. It means each cell of the detector can have a spectrum of 512 time channels or, there can be 512 shots of the detector.

The number of groups available depends on the detector size and on the acquisition mode.

In continuous mode

When the detector is small (not > 512x512), the FAST RAM is used as routing memory. The whole DRAM can be used as acquisition memory and the maximum number of groups will be 33554432. In this case there are more groups available than detector cells. The user can possibly use several routing memory contents which will give him several images of his detector without having to transfer the data to the host computer.

When the detector is big (> 512x512) a part of the DRAM is used as routing memory, the rest is available for acquisition memory. The maximum number of groups is 33554432-detector size.

In cyclic mode

The number of groups also depends on the number of time slices.

When the detector is small, the number of groups will be 33554432 divided by the number of time slices (declared with the command « P »).

When the detector is big, the number of groups will be (33554432-detector size) divided by the number of time slices.

 S=65536  
 
 OK

 M=0
 




:continuous mode

 OK

 S
 
 0000065536,0000000512,0033554432
:size=65535 MTS=512 MGN=33554432


 S=300000  
 
 OK

 M=0
 




:continuous mode

 OK

 S
 
 0000300000,0000000064,0033254432
:size=300000 MTS=64 MGN=33254432


 P=1,10,256,10,2



:256 time slices 
 
 OK

 S=300000  
 
 OK

 M=8
 




:cyclic mode

 OK

 S
 
 0000300000,0000000064,0000129900
:size=300000 MTS=64 MGN=129900

In this last example, one can see that direct mode does not allow for the use of 256 time slices. But, the indirect mode permits to declare 256 time slices provided not more than 129900 groups are defined.


CYCLIC MODE PARAMETERS « P »

The delay (DL), the width of the time slices (WT), the number of time slices (NT) are programmable. To obtain longer time slices, their values can be multiplied by a programmable factor (Tx). The basic clock period for all these timings is 100 nsec.

The programmable factor for the time slice (Tx) is active if the SLOW/FAST option of the acquisition mode is set to 1. Its minimum value is 2 and its maximum value is 65535. 

The actual duration of the delay is given by this formula in nsec
Delay= 200*DL+750
the precision is +/- 50 nsec

In case when the NOT CONSTANT/CONSTANT option is set to 0 .The actual duration in nsec of the time slices is given by this formula.

Time slice=100*WT 

if the SLOW/FAST option is set to 0 (min = 200 nsec max =6.55 msec)

Time slice=100*WT*Tx 
if the SLOW/FAST option is set to 1 (min = 400 nsec max =429.5 sec)

In case when the NOT CONSTANT/CONSTANT option is set to 1, the duration of the time slice n (Tn) is given by this formula in nsec  where Wn is the parameter input by the command « W »:

Tn=100*Wn 


if the SLOW/FAST option is set to 0 (min = 2 µsec max =6.55 msec)
Tn=100*Wn*Tx 


if the SLOW/FAST option is set to 1 (min = 2 µsec max =429.5 sec)

Warning :
The duration of the Time slices are not checked comparatively to 2µsec. 


The values 6 through 19 are forbidden in SLOW with NOTCONSTANT mode (Error 6) 

 M=8


:SLOW/FAST=0
 OK

 P=1250,10,256,10
:DL=1250, WT=10, NT=256, Tx=10 
(format=integer 5 digits)

 
 OK

This will give a delay of  (200*1250+750) = 250750 nsec +/- 50 nsec 

The time slice will be  (100*10) = 1000 nsec

 M=C

:SLOW/FAST=1
 OK

 P=1250,10,256,20
:DL=1250, WT=10, NT=256, Tx=20



 
 OK

This will give a delay = 250750 nsec +/- 50 nsec 

The time slice will be (100*10*20) = 20µsec.

 M=E

:SLOW/FAST=1  NOT CONSTANT=1

 OK

 P=1250,10,256,20
:DL=1250, WT=10, NT=256, Tx=10



 
 OK

Supposing the value of W7=123 : The time slice N° 7 width will be : (100*20*123) = 246µsec.

BUILD GROUPS « # »

This command is accepted only if the option INDIRECT is set to 1 in the acquisition mode and BREAK is asserted. Otherwise, the user will get an error message « ERROR 02 » (Requires indirect option) or « ERROR 05 » (BREAK not asserted).

the general syntax for this command is : 

#a,b=g

this means detector cells a through b will be counted in the same memory cell (or group) g.

b is optional by default b=a

a is optional : in this case a=0 and b=size-1
In the indirect mode, detector cells and memory cells must not be confused.

 #0,1000=6



 OK

 #500=7
 OK

 #2001,2050=6
 OK

After these 3 commands, the detector cells 0 through 1000, (except the cell 500 which is linked to the group 7) , and 2001 through 2050 are linked together in the group 6 . In the continuous mode to get the counting of these groups, the user has only to send this command :

 T6,7



  8 bytes
:host computer has to read 2 long unsigned integers

ATTENTION

If indirect mode is used, the user must define a link for every detector cell, otherwise the SpecMaker will not be able to retreive which group this « orphan » detector cell belongs to. This can perturb seriously the functioning of the system.

to define quickly a link for every detector cell the user can issue this command :

 #=0

:all the detector cells are linked to group 0 



 OK

GET DATA IN CYCLIC MODE « V »

This commmand is accepted only in cyclic mode otherwise the user gets an ERROR 03 (Requires cyclic mode)

« V » allows the user to get the spectra acquired for each detector cell or group of cells.

The spectra contain a number of data equal to the number of time slices declared with « P »

The general syntax is :

Va,b

where a and b are either detector cells or groups, b is optional

assuming 250 time slices are declared :

 V0,99

:gets spectra 0 through 99
  100000 bytes
:host computer has to read 100 arrays of 250 long integers

CLEAR DATA IN CYCLIC MODE « K »

This commmand is accepted only in cyclic mode, otherwise the user gets an ERROR 03 (not in cyclic mode)

« K » allows the user to clear the spectra acquired for each detector cell or group of cells.

The general syntax is :

Ka,b

where a and b are either detector cells or groups, b is optional

assuming 250 time slices are declared :

 K0,99

:deletes spectra 0 through 99
 OK


:The SpecMaker has cleared the 100 arrays of 250 long integers

INTERNAL PRESET « X »

To activate the internal preset, the MASTER/SLAVE acquisition option must be set to 1.

« X » allows to fix a preset, this can be a time preset or a monitor preset according to the TIMER/MONITOR acquisition option. In monitor preset the SpecMaker will count pulses on its E1 input. In timer preset the SpecMaker count units are msec. When the preset value is reached, the SpecMaker will stop the acquisition by itself and the bit 8 of the information status will be set to 1.

The internal preset is launched automatically by the command « G »  if MASTER option is selected.

Due to side effects, the actual preset value is sligthly different from the preset input.

 M=60


:master,timer
 OK



 X=100000


:preset for 100 sec
 OK



 G



:launch acquisition and timer preset
 OK



 X



:gets running value an actual preset
 0000012890,0000100005
:12890 is the running value and 100005 is the actual preset 

IEEE CABLE LENGTH « L »

To enable the HS488 handshake, the approximative length (m) of the IEEE cable must be sent to the SpecMaker. 

A length of 0 disable the HS488 mode. This is similar to the ibconfig ( int ud, IbcHSCableLength, int length) NI-488 function (c.f. NI-488.2M Function Reference Manual for Win32 page 1-22). Maximum value : 15 m.

 L=3



:enable HS488 with 3 m
 OK



 L=0



:Disable HS488
 OK



SIGNALS

All signal inputs are 3.3V and 5V tolerant. All outputs use 5V level.

addresses input

Given the acquisition speed, the cable which connects addresses, data present and data taken signal must have a good shielding to avoid any interference problems.

The SpecMaker module uses a positive 3.3 V or 5V logic for the addresses.  All the address bits have 10 K pull down resistors which force non used bits to 0.

input L "data present" 

The SpecMaker module stores in its FIFO the incoming address with a falling edge of the L signal which must be held on during at least 70 nsec.

output K "data taken" 

K signal is a going down pulse whose duration can be fixed by the blue potentiometer P1. It is setup to 200 nsec.

The SpecMaker module always sends K, even if the acquisition is stopped.

Input E1 

This is the monitor input on which there is a 10 K  pull up and a schmitt triggerThis input counts going down pulses when it is activated.

Input E2 

This is an auxilliary stop input with a 10 K  pull up and a schmitt triggerThis input is active low.

STOP IN and HALT IN inputs

STOP IN is active low.  It has a 10 Kpull up resitor. The polarity of HALT IN is selectable by the switch SW. (It is set up to be active low). It has also a 10 Kpull up resistor. 

T0 input

T0 is the trigger signal of the cyclic process in T.O.F. or Multiframes acquisition.  T0 signal is a going down pulse. The falling edge of this signal is the actual trigger.

STOP1 and STOP2 outputs 

These two outputs are active low. STOP 1 and STOP 2 are asserted when acquisition is stopped (because of a break, stop in etc.). STOP 1 and STOP 2 have exactly the same behaviour in continuous mode. In cyclic mode STOP1 and STOP2 are sensitive to the level of HALT IN. Whereas STOP 2 is asserted between the end of the last time slice and the next T0, STOP1 is not during this dead time.

Front panel AND HARDWARE SETUP 
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Address connector pinout

 female  44 pts connector for Adresses, L et K

	PIN
	SIGNAL
	PIN
	SIGNAL

	1
	X0 INPUT
	23
	X15 INPUT

	2
	X1 INPUT 
	24
	GND

	3
	GND
	25
	X16 INPUT

	4
	X2 INPUT 
	26
	X17 INPUT

	5
	X3 INPUT
	27
	GND

	6
	GND
	28
	X18 INPUT

	7
	X4 INPUT 
	29
	X19 INPUT

	8
	X5 INPUT 
	30
	GND

	9
	GND
	31
	X20INPUT

	10
	X6 INPUT 
	32
	X21 INPUT

	11
	X7 INPUT
	33
	GND

	12
	GND
	34
	X22 INPUT

	13
	X8 INPUT
	35
	X23 INPUT

	14
	X9 INPUT
	36
	GND

	15
	GND
	37
	X24 INPUT

	16
	X10 INPUT
	38
	X25 INPUT

	17
	X11 INPUT
	39
	GND

	18
	GND 
	40
	X26 INPUT

	19
	X12 INPUT
	41
	X27 INPUT

	20
	X13 INPUT
	42
	L

	21
	GND
	43
	GND

	22
	X14 INPUT
	44
	K 


X18 and X19 are also connected to LEMO inputs S1 S2

LSB ADDRESS MUST ALWAYS BE CONNECTED TO X2 IN CONTINUOUS MODE.

LSB ADDRESS HAS TO BE CONNECTED TO X0 ONLY WHEN OPTION BIG AND CYCLIC MODE ARE BOTH SELECTED.

Female RS232 MINI DIN 


What are the steps to carry out an acquisition ?

First, the user must stop any running acquisition by using the command « B ». Then, he is allowed to fix the acquisition configuration by setting up in this order:

1. the size of the detector :


S
2. the acquisition mode :


M
3. possibly cyclic mode parameters :

P

4. possibly time slice widths :

W
5. possibly groups :



#
6. possibly timer/monitor preset value :
X
After, he normaly resets the acquisition data either with « Z » or « K » depending on the mode (continuous or cyclic) that has been choosen.

The next step is to launch acquisition with « G ». Either the acquisition will start immediatly or will wait for the stop in, E2, halt in signal.

During running acquisition, the user can upload the data with « T » or «  V » for example, to refresh its display.

After acquisition is finished, the user must issue the command « F »  to flush the fifo before the uploading operation to get the complete set of data.

EXAMPLES OF PROGRAMMING ON PC

On PC’s or workstations, there are multiple boards for IEEE 488. They come with a driver which makes it possible to execute any type of transaction on the bus. National Instruments is one of the leaders on this market . Nevertheless, in order to generalize the syntax, it was supposed that routines existed to make it possible to initialize the board (IEInit), to send a string of characters, and in return to read a string of characters (IELaunch) with an indicator of correct transaction, to send a string and to receive an array of long integers (IEGetLongArray) and to send an array of long integers (IESendLongArray). These routines are given for the N.I. board.

Examples are written in Visual Basic and are easy to translate into another programming language.

IEInit

IELaunch (ie_address as integer, ie_command as string, ie_answer as string, ie_status as long)

where

ie_address is the IEEE primary address (choosen with the rotactor)

ie_command is the string which has to be sent (the string command)

ie_answer is the string received in return (for example « OK »)

ie_status is an error indicator of the IEEE 488 bus transaction 

IEGetLongArray (ie_address as integer, ie_command as string, ie_element as long, ie_expectedbytes as long, ie_transmittedbytes as long, ie_status as long)

where

ie_address is the IEEE primary address (choosen with the rotactor)

ie_command is the string which has to be sent (the string command)

ie_element is the first element of the array received

ie_expectedbytes is the number of bytes to be received

ie_transmittedbytes is the number of bytes actually received

ie_status is an error indicator of the IEEE 488 bus transaction 

IESendLongArray (ie_address as integer, ie_command as string, ie_element as long, ie_sentbytes as long,  ie_status as long)

where

ie_address is the IEEE primary address (choosen with the rotactor)

ie_command is the string which has to be sent (the string command)

ie_element is the first element of the array sent

ie_sentbytes is the number of bytes to be sent

ie_status is an error indicator of the IEEE 488 bus transaction 

First example

This involves the launching of a complete stand alone acquisition with a 2D detector (256X256). Duration of the experiment is fixed through the internal timer. Continuous direct mode is selected. When the user presses the « START » button, the acquisition is launched. When he presses the « GET DATA » button,  the 256X256 array of data is transmitted to the computer, the value of the first element is displayed in a frame label with a message showing if the acquisition is finished or still running.

The primary address of the SpecMaker is 6. Name of the objects used :  « START » button name is Command1, « GET DATA » button name is Command2, form name is Form, frame label is Label1

Private Sub Command1_Click()

    IELaunch 6, "B", B$, e&
'assert break
    IELaunch 6, "S=65536", S$, e&
'setup size
    IELaunch 6, "M=60", M$, e&
'master timer,direct mode
          IELaunch 6, "X=1000", X$, e&
'1 sec time preset
          IELaunch 6, "Z", z$, e&
'clear all data
    IELaunch 6, "G", G$, e&
'GO !
End Sub

Private Sub Command2_Click()

    ReDim Data(0 To 255, 0 To 255) As Long
'2D 256X256 detector
    Dim status As Integer

    IELaunch 6, "I", S$, e&
'get status

    status = Val("&H" & S$)

    If (status And &H100) <> 0 Then
'if preset has been reached
        IELaunch 6, "F", F$, e&   
'flush the fifo
        message$ = "FINISHED "

    Else

        message$ = "RUNNING "

    End If

    IEGetLongArray 6, "T", Data(0, 0), 65536 * 4&, N&, e&    'get the whole

 data array

    Label1.Caption = message$ & Format$(Data(0, 0))

End Sub

Private Sub Form_Load()

    IEInit                          

'Ieee Ni interface init
End Sub

Second example

The same detector is used in TOF mode. The Delay is 1 msec. It is declared 200 not constant time channels. Duration of time channel 0 is 10µsec,  duration of time channel 1 is  10.1µsec, duration of channel 2 is 10.2µsec and so on. Direct mode is selected.

When the user presses the GET DATA button, he will get the spectra of the detector cell 128 through 227. The content of the last time channel of the cell N°128 is displayed in the frame label1

Private Sub Command1_Click()

    ReDim Channels(0 To 199) As Long

    IELaunch 6, "B", B$, e&
'assert break
    IELaunch 6, "S=65536", S$, e&
'setup size
    IELaunch 6, "M=7A", M$, e&
'master timer,cyclic direct
'mode,not constant, fast,

'always

    IELaunch 6, "P=4996,11,200,33", P$, e&
'11,33 not used,
      '4996->1msec,

'200 time channels

    For i = 0 To 199

       Channels(i) = 100 + i
'channels calculation 

'(FAST -> unit=100 nsec)

    Next i

    IESendLongArray 6, "W0,199>", Channels(0), 200 * 4, e&

    IELaunch 6, "X=1000", X$, e&
'1 sec time preset
    IELaunch 6, "K", z$, e&
'clear all data : 


'this takes a while !
    IELaunch 6, "G", G$, e&
'GO !
End Sub

Private Sub Command2_Click()

    ReDim Data(0 To 199, 128 To 227) As Long
'200 channels, 100 spectra

    IELaunch 6, "I", S$, e&
'get status
    status = Val("&H" & S$

    If (status And &H100) <> 0 Then
'if preset has been reached
        IELaunch 6, "F", F$, e&
'flush the fifo
        message$ = "FINISHED "

    Else

        message$ = "RUNNING "

    End If

    IEGetLongArray 6, "V128,227", Data(0, 128), 200& * 100& * 4&, N&, e&


'get the spectra

    Label1.Caption = message$ & Format$(Data(199, 128))

End Sub

Private Sub Form_Load()

    IEInit

End Sub

Third example

It involves a 1024X1024 detector used in time of flight mode. The user wants to integrate what happens in each line of the detector. He will use the indirect mode which will allow to declare 512 constant time channels of 20µsec. Since the detector is bigger than 512X512, the routing memory is located in the DRAM and occupies the first 1048576 memory cells. 

Every second, the spectra of the line N°500 is transmitted to the host computer, the value of the time elapsed since the start and the preset value are shown. When the preset of one minute is reached, the user obtains the sum of all the time channels of the line N° 0 by pressing the Get_Data button.

A button is declared which permits the user to upload the content of the routing memory. 


Private Sub Get_Data_Click()

    ReDim Line0(0 To 511) As Long          
'spectra of the line number 0
    Dim status As Integer, Sum As Long, Nbytes As Long, Nget As Long

    Nbytes = 512 * 4

    IELaunch 6, "I", S$, e&                  
'get status
    status = Val("&H" & S$)

    If (status And &H100) <> 0 Then        
'if preset has been reached
        
IELaunch 6, "F", F$, e&        
'flush the fifo
        
message$ = "FINISHED "

 
Timer1.Enabled = False
'Ends the refresh
    Else

        
message$ = "RUNNING "

    End If

    IEGetLongArray 6, "V0", Line0(0), Nbytes, Nget, e&    'get the spectrum
    Sum = 0

    For 
 = 0 To 511

        
Sum = Sum + Line0(i)
'sum calculation
    Next

    Label1.Caption = message$ & Format$(Sum)

End Sub

Private Sub Start_Click()

    Timer1.Enabled = False 
'refresh disabled
    Timer1.Interval = 1000
'1000 msec
    IELaunch 6, "B", b$, e&

    IELaunch 6, "S=1048576", S$, e&           
'size=1024X1024
          IELaunch 6, "M=79", M$, e& 'Master,timer,always,TOF,Indirect,Fast
    IELaunch 6, "P=4996,200,512,33", P$, e&
'Delay=1 msec, Time

  
'channel=200*100 nsec

    IELaunch 6, "#=0", R$, e&          
'each cell must have a link
    For i& = 0 To 1023

        a$ = Format$(i& * 1024&)

        b$ = Format$(i& * 1024& + 1023&)

        g$ = Format$(i&)

                   GroupCom$ = "#" & a$ & "," & b$ & "=" & g$'definition of the groups   
        IELaunch 6, GroupCom$, R$, e&

    Next

    IELaunch 6, "X=60000", X$, e&
'preset = 60005 msec in fact
    IELaunch 6, "K0,1023", K$, e&
'delete 1024 spectra
    IELaunch 6, "G", G$, e&
'GO !
    Timer1.Enabled = True
'refresh enabled
End Sub

Private Sub Timer1_Timer()

    ReDim line500(0 To 511) As Long
'spectra of the line N°500
    Dim Nbytes As Long, Nget As Long

    Nbytes = 512 * 4

         IEGetLongArray 6, "V500", line500(0), Nbytes, Nget, e&  'Get spectrum
    IELaunch 6, "X", X$, e&

    Label1.Caption = X$
'get time and actual preset
End Sub

Private Sub Upload_Click()

    ReDim routing(0 To 1023, 0 To 1023) As Long

    Dim Nbytes As Long, Nget As Long

    Nbytes = 1024& * 1024& * 4&

    IEGetLongArray 6, "T1:0,1048575", routing(0, 0), Nbytes, Nget, e& 


'upload routing memory
End Sub

Private Sub Form_Load()

    IEInit

End Sub
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