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Abstract 

This data acquisition system is developed to serve the requirements of various linear 
PSD based neutron diffractometers. A neutron diflractometer uses a neutron beam as a 
probe to study the crystallographic properties of materials. Presently two multi-PSD 
and two single-PSD diffractometers are commissioned and a few more are being 
installed in Dhruva. This data acquisition system is installed at each of these-
diffractometers. Different requirements of individual diffractometers were studied and 
reconciled to design a single data acquisition system, which can be easily configured or 
customized for individual setups. 

The charge division in a linear PSD is converted to a position output with the help of an 
RDC (Ratio ADC). The front-end electronics, which consist of preamplifiers and 
shaping amplifiers, provide an interface between a PSD and an RDC. A PC add-on card 
is designed around A Transputer. It can interface 16 RDCs, a few motor controls and 
on/off controls. Data acquisition and other controls are implemented in the Transputer 
program. A front-end Windows98 application merges the raw data of different RDCs to 
obtain the equiangular data. Through software the data acquisition system can be 
configured for different diffractometers. Commercially available hardware is also 
integrated as a part of the data acquisition system in some of the setups. 

The data acquisition system is working reliably as a part of two single PSD and two 
multi-PSD diffractometers. It can handle data rates upto 15K/Sec without any loss of 
counts. It has played b significant rote in providing improved throughput and utilization 
of various diffractometers. The"data acquisition system and its different applications are 
presented in this report. 
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WKt +wM)<t > 1 w 15 K/sec. a * ^ t f <bt3j ^ffa faar WCT $S t | 

iPtihsritiftA itft ^ 3<wM\ar T̂ iwieSWi iwuff it 
flfr V1 



I. Introduction 

A neutron diffractometer is used to study the crystallographic properties of materials. 
The atomic structure of a material acts as a diffraction grating when a neutron beam is 
incident on a given sample. The diffraction is detected with the help of one or more 
linear Position Sensitive Detectors (PSD) and it is recorded as counts over a given 
angular region. In a single PSD system the PSD is moved and data is acquired at 
different positions. In order to achieve higher data throughput multiple PSDs are fixed 
at different positions and data is acquired simultaneously from all the PSDs. 
Throughput is further improved by using multiple PSDs at each position. In addition to 
the data acquisition a few other controls are also necessary during the setup and normal 
operation of a diffractometer. 

A number of single and multiple PSD based diffractometers are being setup in Dhruva 
by the Solid State Physics Division (SSPD) and the Inter University Consortium (IUC). 
In these diffractometers the data acquisition features are similar although their allied 
controls are different. Taking advantage of the similarities a single data acquisition 
system is developed so as to reduce the development efforts. It can be configured and 
customized for each diffractometer. All the required components of this data 
acquisition system like the pulse shaping electronics, RDCs (Ratio ADC), a PC add-on 
card and the software are developed at Electronics Division. Commercially available 
GPIB and/or serial controllers are used in certain diffractometer setups. They are also 
integrated as a part of the data acquisition system. 

Earlier a dedicated data acquisition system was developed for a single PSD 
diffractometer as a part of the diffractometer upgradation program. It is working 
reliably and successfully for a considerable time. More than three times improvement 
in the beam time utilization was recorded as a result of automation of the diffraction 
experiment. This data acquisition system endeavors to improve the data throughput 
further. It is working reliably as a part of two single PSD and two multi-PSD 
diffractometers. The system can handle data rates upto ISK/Sec without much loss of 
counts. 

2. Neutron Diffracto meter 

Objective of a neutron diffractometer is to study the neutron diffraction caused by the 
crystal structure of a material. The material sample is placed in a monochromatic 
neutron beam. The resulting neutron diffraction is detected by the linear PSDs. Output 
of a PSD is then converted into position and it is recorded as counts over an angular 
region for a given monitor value. A monochromator crystal is used to obtain the 
monochromatic beam. Typical setup of a neutron diffractometer is shown in Fig 1. The 
PSDs, monochromator, monitor and other components of a diffractometer are described 
here. 

PSDs: A linear PSD is the heart of a diffractometer. It works on the principle of charge 
division. It has an anode wire of significant resistance per unit length in a gas filled 
tubular casing. When a neutron causes ionization in the gas, the charge is collected at 
both ends of the wire and these two signals are simply related to the position of the 
interaction. In a multi-PSD system multiple PSDs or PSD Banks are arranged one after 



the other to cover a larger and continuous angular region. Ends of the adjoining PSDs 
are overlapped in order to ensure the continuity. PSD Bank is defined as a group of 
PSDs spanning approximately the same angular region. 

Detector Motor: In a single PSD setup the detector is mounted on a motorized 
moveable assembly. The detector is moved to different positions to record the 
diffraction in different angular regions. An optical encoder is used to monitor the 
movement of the detector assembly. 

Fig. 1: The neutron diffractometer 

Afonochromator. A monochromatic neutron beam is obtained using a crystal called 
monochromator. The monochromator reflects neutrons of different wavelengths at 
different angles. By rotating or changing it's position a monochromatic beam of given 
wavelength is obtained. 

Focussing Monochromator (FMC): This is a monochromator mounting setup used to 
control the position of monochromator. It has a motor along with an optical encoder. 



Goniometer: This is another monochromator mounting setup. It has four axes namely 
X, Y, Rotate and Tift. Each axis is controlled by a stepper motor. The stepper motors 
are controlled by a comprehensive set of commands sent to the control units over a 
serial interface. A dedicated motor control unit is used to control each stepper motor. 
All the motor control units are connected to PC over an RS232 interface. 

Monitor: It is a BF3 counter used to monitor the neutron flux of the monochromatic 
neutron beam. Pulses output by this counter are proportional to the neutron flux. These 
pulses are counted over the period of data acquisition to indicate the total neutron flux. 

Temperature controller: It is used for setting temperature of the sample. It is connected 
to the PC by a GPIB interface. 

ORC Sample Rotation: The sample can also be made to rotate continuously in order to 
get a more uniform diffraction pattern. 

Beam Stopper. A beam stopper is a motorized shutter used to open the neutron beam 
for data acquisition and close once it is over. 

3. Data Acquisition System 

Main components of the "Data Acquisition System" are -

• HV for the PSD 
• Preamplifiers for the PSD 
a Shaping amplifiers 
• Ratio-ADCs 
q PC interface card 
o Software 

Ends of each PSD are connected to an RDC through front-end electronics, which 
includes the preamplifiers followed by shaping amplifiers (SA). The two outputs A and 
B of a PSD are converted by the RDC to a digital value proportional to A/(A+B), thus 
indicating the position of a neutron. All the RDCs are connected over a multi-drop FRC 
cable and they are interfaced to a PC by the PSD interface card. Each RDC is uniquely 
identified by its jumper settings. On the interface card data can be acquired from 16 
such RDCs. The interface card also has features like motor controls, monitor control 
and the discriminator. The interface card is designed around a Transputer and SRAM 
where a target program can be downloaded. Various control activities and other higher 
level features like creating spectra are carried out in this program. The raw spectra of 
each PSD channel v/s counts are generated in the Transputer program and they are 
transferred periodically to the PC where they are converted to angular values, merged 
and displayed in the Windows98 software. The software is developed so as to facilitate 
the routine neutron diffraction experiments. The GPIB based sub-systems like 
temperature controller and Goniometer are also integrated in the software. 
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Fig.2: Data acquisition system as mounted in instrument racks 

4. Pulse shaping front-end electronics 

4.1 High Voltage Unit HV4827N 

The High Vohage Unit HV4827N is a slow rising continuously variable high voltage 
bias supply designed primarily for operation with semiconductor detectors. It can be. 
used with all kinds of detectors requiring upto ±2500 Volts bias and current upto 1mA. 
Its output is protected for overload and short circuit. 

The high voltage generator is a DC-DC step-up converter. It is implemented by 
generating high voltage AC square waveform in an inverter circuit and subsequent 
rectification by a voltage doubter. The inverter is driven by an oscillator which drives 
two transistors to ON and OFF state alternately. The collectors are connected to the two 
ends of the primary windings o f the high voltage transformer T l , while a controlled 
voltage is applied to the center tap o f the primary. Hence, a square wave of high voltage 
AC is obtained in the secondary of the transformer whose amplitude is proportional to 
the voltage applied to the center tap. The duty cycle is adjusted so that the collectors of 
either OFF transistor flies back to ground before it is turned ON. This adjustment 
minimizes losses. At the transformer secondary, two high vohage rectifier diodes and 



capacitors are connected in a voltage doubler configuration. The rectified output is 
connected with proper polarity through the polarity switch strip contacts to the RC 
filter. High voltage is output on the rear panel SHV connector. 

The HV output is stabilized by negative feedback. The output is sensed by feeding a 
fraction of the HV voltage, derived by resistive division, to one input of an operational 
amplifier, while its other input is connected to a variable reference voltage. Output of 
the operational amplifier is connected to the input of the inverter through a power stage. 
Because of the overall negative feedback the tapped voltage becomes equal to the 
reference voltage. Thus the output is controlled by the reference voltage of a helipot 
mount on front panel. 

Output voltage of HV4827N furnished through a SHV connector at the rear panel can 
be continuously adjusted over full range from 0 to ±2500 Volts by a 10 turn calibrated 
control on the front panel The output can be switched ON/OFF by the toggle switch 
provided on the front panel or by shorting Remote TNHIBIT BNC input to ground on 
the rear panel. The remote shutdown feature is required for protection of detectors and 
preamplifiers in many applications where manual control of the output voltage is not 
desirable or possible. An edge reading front panel meter is provided to indicate output 
voltage level. The polarity of the output voltage selected is indicated by the red LEDs 
on the front panel. A 'polarity changing strip' is provided for selection of positive or 
negative output voltage. This strip is located inside the module to prevent inadvertent 
polarity reversal. Complete specifications of HV4827N are given in appendix D. 

4.2 Preamplifier HP02 -

Preamplifier is the first element in a signal processing chain connected to a detcctor. The 
preamplifier outputs a detector signal without significantly degrading the intrinsic signal 
to noise ratio. So it should be located as close to the detector as possible. The 
requirement for low noise and stable sensitivity with most of the detectors is met by 
using a charge sensitive amplifier. Preamplifier output is a linear tail pulse. The rise time 
of the output pulse is kept as short as possible, consistent with the charge collection time 
in the detector. The decay time of the pulse is made quite large so that full collection of 
the charge from detectors with widely different collection times can occur. 

Preamplifier HP02 is a low impedance compact charge sensitive preamplifier. In PSD 
systems, preamplifier impedance needs to be low compared to the anode wire 
resistance so that resistance division and corresponding charge division represents true 
position information. When a neutron is incident at a distance x from one end of PSD, 
voltages at the ends are 

Va<xp(L-x) + Z 
Vbocp(x) +Z 

where, 
p is the anode resistivity, 
L is its length, 
Z is preamplifier impedance. 

So, 
Vb/(Va+Vb) » (px + Z)/pL + 2Z 



Thus, 
Vb / (Va+ Vb) x x, the position, ifZ « p i . 

A low leakage current JFET (PN4416 or PN4393) is employed as the input element for 
achieving low electronic noise. It has fast rise time of less than 8ns with no detector 
capacitance and less than 30ns with detector capacitance of lOOpF. There is also a 
provision for separate timing output. Charge Sensitivity of these preamplifiers is 
13.6mV per MeV and they accept positive as well as negative inputs. The output 
polarity is inverse of the polarity of the input signal. Dynamic range at the output is 
±5V with a nominal DC output offset of -250mV. Equivalent input noise is 9.3 keV at 
3.2pF feedback capacitor. Detailed specifications of the preamplifier are given in 
appendix E. 

4.3 Shaping Amplifier PA4901N 

Shaping Amplifier PA4901N is a single width NIM module suited for operation with 
semiconductor detectors, proportional counters, and scintillation detectors in a wide 
variety of high resolution spectroscopy applications. 

The preamplifier pulses fed to a spectroscopy amplifier have long decay times. So the 
spectroscopy amplifier uses a differentiator to clip the signal to a fester fell time and 
block the low frequency or DC components in the input signal. This is done in the early 
stages of the amplifier to reduce the effects of overload and pileup on the remainder of 
the amplifier circuitry. Because of long decay time, the differentiator may not produce 
a strictly unipolar pulse. The pulse may undershoot and persist for a long time. If 
another pulse arrives during this time it will be superimposed on the undershoot 
causing an error. The Pole-Zero(PZ) cancellation technique is used to eliminate the 
undershoot. Also the Pile Up Rejector (PUR) is provided which generates a Reject 
signal to indicate that the event is invalid and should be ignored. 

The response of the CR (differentiater) network on pulse train leads to the problem of 
baseline shift, which would occur in AC-coupled circuits. Bipolar pulses might be used 
to avoid baseline shift. But it requires an additional shaping step that deteriorates the 
signal to noise characteristics of the system compared with unipolar shaping. Hence 
unipolar pulses are used with a baseline restorer (BLR). 

In Shaping Amplifier PA4901N, the input from preamplifier is fed through a common 
mode inductor, which minimizes high frequency ground loop currents through input 
cable shield as commonly encountered in computerized systems. This signal is fed to a 
differentiator with Pole Zero cancellation. The differentiated output is fed into a three 
stage shaping circuit. Pulse shaping can be selected as 8-pole quasi-Gaussian of the 
form F(t) • exp(-t2) and quasi-triangular with shaping time constants of 0.5, 1.5, 3.0 
and 4|is. The amplifier provides a unipolar output with overall gain upto 1.5K and a 
bipolar output which is a true derivative of Gaussian shape. The unipolar output is 
stabilized by a gated wraparound baseline restorer (BLR) with auto threshold and auto 
restoration rate circuitry. Incorporation of automatic gated baseline restorer causes the 
system resolution to be nearly independent of input counting rates. 

Gaussian shape is implemented by a single CR differentiation followed by 3 stages of 
RC integration. The complex pole pairs of these stages and the differentiator pole 



constitute the Ohkawa pole configuration. Four shaping time constants of 0.5, 1.5, 3 
and 4fxs can be selected by internal DIP switches. For a given pulse base width the best 
series noise index is associated with triangular shaping. Hence a quasi-triangular 
shaping option has been provided. This shape is generated by a weighted sum of the 
outputs of the three shaping stages. Since the curvature at the peak of this shape is less 
than that of the generating Gaussian, lower ballistic deficit is obtained. 

The model also incorporates pileup rejecter (PUR), diode limited unipolar output, 
visual aid for PZ cancellation, BUSY and count-rate output. The gain can be 
continuously varied from xl to xl500. The INL of the amplifier is 0.05% from 0 to 
10V. Front panel six-position switch selects coarse gain factors of X20, X50, XI00, 
X500 and X1000 whereas front panel ten-turn locking dial precision potentiometer 
selects variable fine gain factor ofX0.5 to XI.5. 

A push-button switch LIM on the front panel is provided to prevent oscilloscope input 
from over loading and thus enabling observation of the baseline in sensitive ranges of 
the scope during PZ adjustment. Two LEDs on the front panel indicate the polarity of 
the sampled base line as an indication of PZ adjustment. Specifications of the shaping 
amplifier are given in appendix F. 

5. Ratio to Digital converter (RDC) 

This is a single width NIM module that directly converts the ratio of two input pulses to 
a digital value. In the RDC, the two inputs A and B are DC restored, stretched and 
added. The sum A+B is used as reference of a ratiometric ADC that digitizes A if the 
SCA (on A+B) as well as prompt and delayed coincidence condition is valid. Since a 
ratiometric ADC of required resolution and speed is not readily available, it is 
synthesized using a 12 bit multiplying digital to analog converter (MDAC type 7541A) 
and PAL. The output current of a MDAC being proportional to the reference input 
voltage and the input digital code D, the final digital code generated by the SAR 
satisfies the condition 

(A+B) * D = A 

The differential non-linearity (DNL) was reduced by the usual sliding technique 
whereby a variable analog offset is added to the signal input of the ratiometric ADC 
and the corresponding digital number is subtracted from the SAR output. For 
consistency, the analog offset is also required to be proportional to the A+B in the 
current conversion cycle. Hence it is generated by another MDAC. The RDC can also 
be operated as a conventional fast nuclear ADC. If DS is the random digital number 
generated for sliding scale operation and DO is the digital number generated by the 
ADC. 

VA + (VA+VB) * DS = (VA+VB) * DO 
or VA = (VA+VB) * DO - (VA+VB) * DS 
or VA = (VA+VB) * (DO-DS) 

So (DO-DS) = VA/VA+VB. 



Thus ihe ratio A/A+B can be determined by feeding the two signals A and B to the 
RDC module. 

The RDC has twelve data lines and control signals like Run'Stop. DataReady. 
DataEnable and Clear. These signals are connected to the MPSD interface card over an 
FRC cable. The Run/Stop signal is used to enable the operation o f RDC. End of 
conversion or arrival of new data in the RDC is indicated by the DataRcady signal. To 
read the data from RDC the DataEnable signal is asserted and the RDC data is floated 
on the output data lines. The RDC is cleared with the Clear signal, which resets all the 
flipflops and output buffers and a fresh conversion begins. 

To be able to connect to multiple RDCs on a single FRC cable a few more control 
signals are necessary. Sixteen data ready lines and four address lines are used to 
address upto sixteen RDCs. Each RDC should be uniquely identified with a few jumper 
settings. One jumper is set to connect its DataReady signal to one of the sixteen 
DataReady lines. Four more jumpers are used to set the corresponding address on the 
RDC. The RDCAddress lines are compared with the jumpers to allow the DataEnable 
or Clear signal. The DataReady signals are multiplexed with the data lines and they are 
selected by a DataReadyEnable signal. 

Details o f the jumper settings are given in appendix A and the specifications of the 
RDC are given in appendix F. 

6. PSD Interface Card 

Fig.3: The PSD interface card 

The PSD interface card (MPSD) is an ISA based PC add-on card. It is designed to serve 
the requirements of various single and multi-PSD diflractometers. MPSD can acquire 
data from sixteen uniquely identified RDCs over a single multi-drop FRC cable. Five 
different motor controls are also provided of which three are closed loop controls. For 
monitoring of the neutron beam flux a scalar is provided along with a lower level 
discriminator. The motor control and monitor signals are provided as both open 
collector and differential (RS422 compliant) with selectable jumpers. In the differential 
mode. MPSD can drive the RDCs and other control signals over a cable length of 90 
meters. Features of the MPSD are briefly described below. 



Fig.4: Block diagram of Transputer-based PC add-on card 

A Transputer is used as the on-board processor on MPSD. It provides programmabilhy, 
parallel processing capability and most importantly the real-time performance 
necessary to service different events. It has four links for communication one of which 
is used to communicate with the PC. The link interface of Transputer is mapped in the 
10 space of PC. Peak speed of communication between Transputer and PC is either 10 
or 20 MBits/Sec, which is selectable. The Transputer is also provided with 512KB of 
local RAM where a program can be downloaded from PC and executed. All the 
hardware control required for data acquisition, monitoring, detector positioning, FMC 
positioning etc. is implemented by various control registers mapped in the 10 space of 
Transputer. A schematic representation of the MPSD interface is given in Fig 4. 

Switch settings are provided on the MPSD to select the base address, interrupt and 
DMA. They are given in the appendix B. Care should be taken so that these settings 
dont clash with any other hardware in the system. 

6.1 RDC Interface 

The RDC interface has sixteen DataReady signals, twelve Data bits, four RDCAddress 
bits and control signals like DataReady, DataReadyEnable, Run/Stop and Clear. 
Corresponding to each RDC there is one DataReady signal. The DataReady signals and 
the data bits are multiplexed over the same lines with the help of DataReadyEnable and 
DataEnable signals. The RDCAddress bits are used to address individual RDCs while 
reading and Clearing. 

To begin with the data acquisition a Run/Stop signal is asserted which enables the 
operation of all the RDCs. The DataReadyEnable is normally kept asserted so that all 
the DataReady signals are available to the MPSD. The DataReady signals are ORed in 
the event eorrtrol logic to raise an Event or interrupt in the Transputer. In Transputer a 
status register is read to identify all the RDCs which are subsequently read and cleared. 

To read the data from RDC the DataReadyEnable is de-asserted first. Then the 
DataEoabte signal is asserted and RDC address is floated on RDCAddress. The data 
now available on the data lines is then read in MPSD. Similarly, RDCs are cleared by 
asserting Clear signal in tandem with the RDCAddress. 
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Fig. 5: RDC interface timing diagram 

The pin configuration of the 50-pin FRC connector (FRC1) for the RDC connection is 
given in appendix C. 

6.2 Scalar for beam monitor detector 

The scalar counts the amplified analog pulses from the monitor detector in a 32-bit 
counter. A lower discrimination level can be set for the scalar so as to filter out the y 
background and electrical noise while counting. The monitor detector pulses can be 
input through connector J3 on MPSD from the Lemo/BNC connector from the second 
rear panel 

The peak rate of counting i& 10MHz. The peak input pulse height is 10V. The 
discriminator incorporates on-board DAC and an 8-bit programmable register. The 
discrimination level can be set in the multiples of 23.4 mV. 

6 3 Motor Controls 

A typical closed loop motor control in MPSD is implemented using a Forward and a 
Reverse control signal for motor movement. Either Forward or Reverse signal is 
asserted to start turning the motor in required direction. Motor movement is measured 
with the help of an optical encoder mounted on the shaft of the motor. Pulses output by 
the encoder are counted in MPSD using a 16-bit down counter. An Event is raised in 
the Transputer once the preset number of counts is over. In response to the Event the 
previously asserted signal is de-asserted to stop the motor. 

Similar closed loop control is implemented for the detector motor, FMC motor and the 
Oscillating Radial Collimator (ORC). For the FMC motor there is one more set of 
Forward and Reverse signals which drive the motor in either coarse or fine mode. For 
the coarse movement a 24V motor drives the FMC and for the fine adjustment a 12V 
motor is used. 

The neutron beam shutter is opened and closed with the help of a motor. MPSD uses a 
Forward and a Reverse control signal to operate the motor. No feedback is necessary as 
the motor i& stopped by a limit switch mechanism. The Sample Table is also rotated 
with the help of a motor. The motor can be turned ON or OFF by a control signal from 
MPSD. 



The set of differential as well as TTL open collector drivers and receivers are provided 
for motor control The user can select one of the sets with the help of the jumpers SI 
through S33. The middle pin of each jumper should be shorted to either 'TTL' or 
'DIFF' side pin as shown on the PCB. The mixed use of TTL and differential drivers 
and receivers is not permitted. 

The pin configuration of the rear panel 37 pin D connector for the motor control and 40 
pin FRC connector (FRC2) on the MPSD are given in appendix C. 

7. Software 

Data acquisition from the neutron diffractometer is the main function of the software. 
Acquired data is further processed, presented and stored in files. In addition to the data 
acquisition allied subsystems like focussing monochromator, Goniometer, detector 
positioning and sample temperature control are fully integrated in the software. 
Necessary support for system setup and calibration of detectors is also provided. 
System setup includes all the selectable features available in the underlying hardware. 

The software comprises of a front-end Windows98 application on PC and a Transputer 
program on the MPSD card. The front-end application provides complete user interface 
required for data acquisition, control, presentation and system setup. Communication 
saves the dual purpose of synchronization and data transfer between the two programs. 
A virtual device driver (VxD) named VTRANSPD is used to help communication. 

7.1 System setup 

As mentioned before this data acquisition system is designed for use with different 
diffractometers. Various parameters should be set in the software before it can perform 
any data acquisition or control. Such parameters are described in the following sections. 
For most practical purposes the setup will not change once the system is up and 
working. 

7.1.1 MPSD 

The base address and a timeout value should be set correctly in order to establish the 
communication between PC and the Transputer on MPSD. The base address should 
reflect the actual switch setting on the MPSD. Timeout value specifies the maximum 
time for which the link interface will be polled while writing or reading a byte from 
Transputer. The interrupt and DMA can also be selected on MPSD but they are not 
used in the software. 

Communication is the basic prerequisite of exchanging commands and data between 
the front-end application and the Transputer program. If a byte is not successfully read 
or written within a given time error is reported along with option to change the settings. 
These settings need not be modified if there is noncommunication error. Timeout may 
be increased further before pressing the 'Retry* button to continue the communication 
further. To this extent recovery from a communication error is possible. 



7.1.2 PSDs 
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Fig.6: Detectors setup 

A PSD is defined completely by the unique id of its RDC and the Bank to which it 
belongs. Five Banks and sixteen PSDs are predefined in the software. Their properties 
should be modified to reflect the diffractometer configuration. The RDC's MSB, LSB, 
and the calibration constants together define the span of a PSD. Typically one to three 
PSDs are assigned to a Bank although there is no such restriction. A Bank with no PSD 
is trivial and a PSD without a Bank is unused. The span of a Bank is the union of spans 
of all the PSDs in that Bank. So care must be taken to ensure that the calibration 
constants of the PSDs in a Bank approximately define the same span. A color is also 
assigned so that the individual PSDs may be easily identified in the cluttered display of 
multiple PSDs. 

F.ach channel of the RDC represents an angular position. The channels are converted 
into actual angular position using a simple transformation. Constants used in this 
calculation are found by calibrating the PSDs. The calibration constants depend on 
physical characteristics of the PSD and also on the RDC resolution. The raw data of a 
standard sample is used for the calibration. The RDC channels are associated with 
known D-spacing values and fitted using the Levenberg-Marquardt method. In a multi-
PSD setup the correctness of all further data processing depends largely on the 
accuracy of calibration. 

All the RDCs provided with the data acquisition system arc 12 bit RDCs. So their MSB 
should be set as 11. But MSB of each RDC is specified individually in the software. 
This will help in accommodating any future changes in the RDCs. The LSB of the 
RDCs can also be set individually. For maximum resolution LSB should be set to 0. 
Higher resolution results in higher memory requirements, larger data files, and sluggish 
user interface due to increased data processing. Higher value of LSB will reduce the 
resolution and reduce the resource requirements of PC. 



7.1.3 Motor controls 

• For the detector motor encoder pulses per unit o f movement and the current 
position must be set correctly to ensure proper movement of the PSD. Based on the 
encoder geometry a fixed number of pulses will be measured for a given unit of 
movement. This number is should be determined by running actual trials. I f a 
destination is specified and it is not same as the current position the detector wil l be 
moved to the destination. In multi-PSD system where the detector motor is not used 
the unit pulses must be set to zero. 

• A beam shutter is opened at the beginning and closcd at the end of data acquisition. 
The time duration is specified so that acquisition will wait till the beam shutter is 
completely open. 

• While data acquisition is on the ORC motor is operated continuously. Acquisition 
may be stopped i f the collimator stops for any reason, as the acquired data will be 
incorrect. 

7.1.4 FMC 
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Fig.7: Focussing Monochromator 

The FMC is rotated by a small step to scan an angular region and find the position 
where maximum monitor counts arc recorded in a given time. The scanning may be 
performed in coarse or fine steps. The user can specify the step size of each mode. The 
counts are displayed graphically and also in a tabular format. FMC is finally positioned 
where maximum counts arc recorded. 

For the FMC motor encoder pulses per unit of movement and its current position must 
be set correctly to ensure proper movement. Based on the geometry of the encoder a 
fixed number of pulses wil l be measured for a given unit of movement. This number is 
should be determined by running actual trials. I f a destination is specified and it is not 
same as the current position the FMC will be moved to the destination. 



7.1.5 Goniometer 
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Fig.8: Goniometer 

Goniometer is another monochromator mounting setup. It has four stepper motor 
movements to set the position o f the monochromator. Each motor is controlled from a 
motor control module. These modules are connected to an RS232 serial port over a 
single cable. The motor control module supports a comprehensive set o f commands 
required to control a stepper motor. Goniometer properties include the port number and 
various parameters for different motors. For each motor the steps per unit, step rate, 
steps to accelerate and steps to decelerate arc specified. Each motor can also be 
assigned a name based on its use. The steps per unit convert the movement from 
physical units into a number o f steps. The step rate gives the peak speed at which the 
motor wi l l run. The steps to accelerate are the steps within which the motor wi l l reach 
peek speed and the steps to decelerate give are the steps within which the motor wi l l 
come to standstill from the peak speed. 

Entire set o f commands o f the motor control unit is supported in the software. 
Additionally a higher level function named "Goto" is also provided which is just a 
sequence of few basic commands. The arguments required for a function should be 
provided before executing the function for a selected motor. 

7.1.6 Tempera tu r e controller 

The temperature controller is used to set the sample temperature. It is interfaced to the 
PC with a GP1B interface and is addressed by its GP1B device name. Temperature of 
the sample is read from two sensors. Before the data acquisition can begin sample 
temperature is set to a given value. I f the observed sample temperature is within a given 
tolerance range for sufficient settling time then the data acquisition may procecd. 



7.3 Data processing 

The raw data from Transputer is converted into equiangular data, merged and joined 
together in the front-end application. PSD being a linear detector RDC channels 
represent equal length among them and not an equal angle. But the objective of the 
system is to record the neutron scattering as counts at regular angular interval. Data 
processing converts raw channel data of all the PSDs within and across the Banks into 
equiangular data of a large single virtual PSD. Spline fitting is applied to convert the 
raw data of all the RDCs into equiangular data using. Fitting is applied so as to ensure 
that the PSDs within a Bank are combined correctly and the adjoining Banks can be 
joined seamlessly. The angular resolution can be adjusted by setting the step in the 
Spline fitting. Smaller step should be specified to obtain higher resolution. Sufficient 
memory and processing power of PC is required in order to use higher angular 
resolution. So the step size should not be too small to consume large amount of PC 
resources. 

7.4 Display 
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Fig. 10: The raw detector display 

fhe display is split into two parts one representing the data graphically and other 
numerically. The graphical display represents channels or angles on horizontal axis and 
counts on vertical axis. It can be zoomed in and out, scrolled horizontally and vertically 
or fitted in the window. Different colors can be used to identify the RDCs easily. 
Colors are specified as RDC properties. In numerical display the data is displayed as 
multiple columns of numerical values. Any detector or bank can be selected in the 
numerical display. The display can be set in one of the three modes 

Raw detectors Channel vs count of all PSDs. 
Raw banks Channel vs count of PSDs in same bank are displayed together. 
F.quiangular Angle vs count of all PSD Banks. 



PSD Banks are arranged so that their ends are overlapped. Their joining point can be 
set graphically in the equiangular display ftiode. Default joining point is at the midpoint 
of overlap. Small differences in efficiencies of individual PSDs get accentuated at a 
peak. So two adjacent banks should not be joined at a peak. 

7.5 FUes 

New data files are created for each repetition of data acquisition in each step. The data 
folder and filename prefix are specified upfront. The step number and repeat number 
are appended to the prefix and a file is opened by that name. Online data is saved 
periodically after a specified interval. 

Each file contains the raw spectra along with RDC setup information. The data files can 
be opened, viewed and the calibration data can be modified offline. The joining points 
between Banks are can be modified and saved to the files. A data file can also be saved 
in text format where all the raw data and processed data is written as a number of 
columns. 

7.6 The Transputer Program 

Transputer program performs all the hardware control on interface card that is required 
for data acquisition, monitoring, detector positioning, FMC positioning etc. Its 
execution is controlled from PC through a set of function commands sent over the 
Transputer link. Each command is followed by required input. Output is returned to PC 
after the command is executed. One or more commands need to be executed to perform 
various activities. In following sections commands are grouped together based on the 
activity they perform. 

OCCAM language is used to develop the Transputer program. It is considered as the 
native language of Transputer and offers best runtime performance. 

7.6.1 Data acquisition 

When a data event is detected on the Transputer data is read from respective RDCs and 
they are cleared. The RDCs are cleared alternately in the ascending and descending 
order of their Ids so that all of them suffer same average dead-time. Respective spectra 
are updated by incrementing count in the channel represented by the data. 

Init_PSD Properties of all the RDCs and discriminator reference are set. 
Acquired RDC data is scaled down by shifting it right by LSB 
bits. If the maximum channel resolution is not necessary LSB can 
be set to a non-zero value to reduce the spectrum size. 

Start_Acqn Acquire the data from RDCs for a given monitor value (count or 
time in sec). If data was acquired earlier for some monitor value 
then further data is acquired only for the remaining value. 

Stop_Acqn Stop data acquisition from RDCs. 
Reset_Spectra Initialize the spectra of all RDCs and the elapsed monitor values. 
DataJTransfer Send the spectra of all used RDCs to PC. 
Monitor_Transfer Send the elapsed monitor values to PC. 



Typically Start_Acqn command is sent after the Init_PSD and Reset_Spectra 
commands are executed. During the time acquisition is ON Data_Transfer and 
Monitor_Transfer commands are sent periodically to get the on-line spectra and status. 

Oscillating Radial Collimator (ORC) and sample rotation motors are operated 
continuously for the period of data acquisition. ORC must rotate continuously or else 
acquired data will be erroneous. For any reason if the ORC stops moving data 
acquisition is stopped. 

7.6.2 Detector positioning 

Move_Detector Load the counters with a preset value and start the motor in a 
given direction. 

Stop_Detector Stop the detector motor. 
Get_Poskk>n Send to PC the number of optical encoder pulses counted since 

the movement was started. 

7.6.3 FMC positioning 

Move_FMC Load the counters with a preset value and start the motor in a given 
direction. 

Stop_FMC Stop the FMC motor. 
Get_FMC_Position Send to PC the number of optical encoder pulses counted since the 

movement was started. 

7.6.4 Beam shutter 

Open_Beam Start a motor to open the beam shutter. The motor is stopped once 
the shutter is folly open. 

Close_Beam Start a motor to close the beam shutter. The motor is stopped once 
the shutter is fully closed. 

7.7 VTRANSPD 

VTRANSPD is a Windows98 device driver (VxD) developed to support the 
communication between a Win32 application running on PC and a Transputer program. 
Read and write queues are implemented so that the Windows application doesn't have 
to wait for communication to complete. Bytes stored in the write queue are sent to the 
Transputer whenever it is ready to read. Similarly when data is ready on transputer it is 
saved in the read queue and a message is sent to the application to recover the data. 
Thus the communication between PC and the Transputer is achieved efficiently. 

VTRANSPD is loaded dynamically from the application. Its functions are available to 
the applications through the IOCTL interface. The base address queue lengths and 
timeout values are passed on from the application as a part of initialization. 
VTRANSPD verifies the correctness of base address. If the specified address is not 
correct Transputer is bootstrapped and program is downloaded else an error is reported. 
VTRANSPD is a general-purpose device driver so it can be used by other Windows98 
applications. 



8. A p p l i c a t i o n s 

8.1 Powder diffractometer for Polycrystals 

Fig 1!: Diffraction spectrum ofcrystalline materials (Nickel powder) 

A powder diffractometcr for crystals is built at the beam port T-1013 in the Dhruva 
Reactor Hall. The total angular range for this dif&actometcr is 140°. Five PSDs each of 
one meter length are housed inside a detector shield. These detectors are developed in 
house by SSPD. They have the active length of 88 cm and diameter of 4 cm. The PSDs 
arc filled with 4.0 Bar of He3 and 2 Bar of Kr. The anode wire is made of thin Nicrome 
wire and its specific resistance is uniform to 1% along its length with a total resistance 
of about 1! KOhm. A Germanium monochromator is used here to produce a neutron 
beam of ! .249 A wavelength. The neutron flux at the sample position is about 8.5x10s 

neutrons/cm2/sec. 

The diffraction spectrum of crystalline materials consists of sharp peaks, which 
represent their translational and rotational symmetry. This data is further used for 
modeling the structure of materials using various techniques like Rietveld analysis. 
This diffractometer will be used to investigate both structural and magnetic phase 
transitions of materials as a function of temperature, pressure, magnetic field etc. The 
studies will be important to characterize the new materials being synthesized. 

8.2 Higb-Q Diffractometer for Liquids, Glasses and Polycrystals 

This diffractometer is built at the beam port HS-1019. Except for the monochromator 
its configuration is same as the Powder Diffractometer, A Copper monochromator is 
used here. Its crystal plane may be chosen to produce the wavelengths of 1.278 A or 
0.783 A. 
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Fig 12: Diffraction spectrum of liquids and glasses (Silica rod) 

The disordered materials like fused quartz, molten salts etc. may not have a long range 
order in the form of translational symmetry. But substantial intermediate range order 
may exist over and above the short range order. The diffraction peaks in such materials 
have very broad diffuse peaks in the case of liquids and glasses. The data is converted 
into differential cross-section and then to structure factor of the substance. The 
structure factor is related to a pair correlation function, which gives the properties of 
the scattering substance. This diffractomcter will be used to study the structural 
correlation in amorphous materials, H-bondcd liquids and complex glasses like waste 
storage glasses. Understanding of the diffuse scattering from complex crystalline 
materials plays important role in their physics. 

8.3 Polarized Neutron Rcflcctometer 

Polarized Neutron Reflectometry is an ideal tool for obtaining magnetic moment 
density as a function of depth and for establishing magnetic structure in multi-layer 
magnetic thin films. Neutrons also have small absorption cross-section compared to 
other radiation for most of the materials. So they can provide information about deeply 
buried layers and interfaces in thin films. This spectrometer is commissioned as a part 
of the National Facility for Neutron Beam Research at Dhruva. 

This spectrometer is designed for vertical sample configuration. A single crystal Si 
Monochromator with mosaic spread of ~10-arc minute is being used with [113] as the 
reflecting plane. It is reflecting the neutrons of wavelength of 2.4A at a 29 of 94°. A 
collimator of length 800mm with two variable vertical slits of different width (ranging 
from 0.1 mm to 2mm) may be mounted on spectrometer table. Choosing two slits of 
appropriate sizes can change the divergence of beam at the sample. 
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Fig. 13: Polarized Neutron Reflectometer 

A He' based PSD detector of 200 mm length is placed at a distance of 3500mm from 
the monochromator. The polarizer/nonpolarizer supermirror assembly is mounted on 
the spectrometer table following the collimator. The mirrors have been set for an angle 
of incidence of 15 arc minutes. At this angle of incidence the polarization efficiency of 
mirror is 98% with reflectivity of 85%. Centre for Design and Manufacture. BARC has 
fabricated a high precision rotation stage for the Reflectometer, which has an angular 
resolution of 3.6 arcseconds and a load-bearing capacity of 400 Kg. It has accuracy in 
the range of ±40 arcseconds. This accuracy has been achieved by using a high precision 
ball bearing and a worm gear assembly with reduction ratio of 1:360. The components 
of the table were fabricated with very close tolerance. The control panel for stepper 
motor movements, supplied by a local company, can control nine stepper motors used 
in spectrometer. 

Neutron Reflectometry is a non-destructive technique that provides highly accurate 
information on density o f the thin films as a function of depth. It also provides 
information on the interfacial roughness of these films. 

8.4 Quasi-elastic Neutron Scattering Spectrometer 

Quasi-elastic neutron scattering is a powerful experimental tool for studying the various 
dynamical motions in solids and liquids. It is particularly suited for studying the 
dynamics of protons because of its large scattering cross-section. Inelastic neutron 
scattering experiments are used either for studying the periodic motions like vibrations 
or for studying the thermally activated single particle motions which show up as 
Doppler broadened elastic lines. The latter are studied by using a technique known as 
the quasi-elastic neutron scattering. The time scale of the dynamical motion, its 
geometry as well as the nature of the hindering potential can all be obtained from these 
neutron scattering experiments which are carried out using either a triple axis or a time-
of-flight spectrometer. 



8.5 IDC - Powder Diffractometer (IUC-PD) 

This instrument is being installed to cater to the needs of a large number of "university 
scientists interested in using neutron diffraction as a probe. Design of the IUC-PD is 
revolutionary in its use of open beam geometry (no Soller collimators) and torridly bent 
monochromator. This has been done to achieve better resolution over a wide range of 
scattering angles with improved intensities. The IUC-PD is designed to give better 
resolution than other comparable diffractometers. This would enable the study of 
problems in 

• Structural phase transitions, where signatures are discernable at higher resolutions. 
• Magnetism, involving different kinds of magnetic order and phase transitions. 
• Material science e.g. study of colossal magneto resistance (CMR) materials and 

intermetallic alloys. 

The IUC-PD employs twelve PSDs arranged in four banks of three detectors each. This 
will result in a higher data throughput thus significantly lower data acquisition time. 
The monochromator is mounted on a motorized Goniometer assembly consisting of an 
X-Y stage, rotary stage and a tilt stage. With this assembly the monochromator can be 
oriented for any required diffraction plane of interest. This diffractometer also has 
sample environment facilities like low temperature closed cycle refrigeration (CCR) up 
to 5K and high temperature image furnace up to 1500K. 
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Appendix A 

RDC Jumper settings 

r r - q o Set the binary value of Id 
^ * here using jumpers. 

• 1 1 0 s srwttea 
i 1 = Open 

•f R D C ld=0 (Short all jumpers) 
-r ld=15 (Open all jumpers] 
- n 
* « — Short frie jumpers torfrie given Id 
• 12 

Address Selection: 

Address A3 A2 A1 AO 

0 short short Short Short 
1 short short short Open 
2 short short open Short 
3 short short open Open 
4 short open short Short 
5 short open short Open 
6 short open open Short 
7 short open open Open 
8 open short short Short 
9 open short short Open 
10 open short open Short 
11 open short open Open 
12 open open short Short 
13 open open short Open 
14 open open open Short 
15 open open open Open 



Psdl61/F Switch Settings 

Appendix A 

PSD S W 1 

Interface I I 
s w z I I 

m 

Base Address SW2-1 SW2-2 
150H ON ON 
200H OFF ON 
300H ON OFF 
Undefined OFF OFF 

DMA SW2-3 SW2-4 
0 ON ON 
1 OFF ON 
3 ON OFF 
Undefined OFF OFF 

Interrupt SW2-S SW2-6 SW2-7 
3 ON ON ON 
5 OFF ON ON 
10 ON OFF ON 
11 OFF OFF ON 
12 ON ON OFF 
13 OFF ON OFF 
15 ON OFF OFF 

SWl- l l to »]: MUST be ON. 
SW2-8: MUST be ON. 



Appendix A 

MPSD Connectors Pin Configurations 

Pin Configuration of 50 pin PRC Connector (FRC1) for RDC connection on Rear Panel 

Pin Description Pin Description 
1 Ground 2 Ground 
3 D12A 4 D12B 
5 D B A 6 D13B 
7 D14A 8 D14B 
9 D15A 10 D15B 
11 DOA 12 DOB 
13 D1A 14 DIB 
15 D2A 16 D2B 
17 D3A 18 D3B 
19 D4A 20 D4B 
21 D5A 22 D5B 
23 D6A 24 D6B 
25 D7A 26 D7B 
27 D8A 28 D8B 
29 D9A 30 D9B 
31 D10A 32 D10B 
33 D11A 34 D U B 
35 DataRDYenY 36 DataRDYenZ 
37 ClearY 38 ClearZ 
39 DataEnY 40 DataEnZ 
41 Addr3Y 42 Addr3Z 
43 Addr2Y 44 Addr2Z 
45 AddrlY 46 AddrlZ 
47 AddiOY 48 AddrOZ 
49 Run/StopY 50 Run/StopZ 



Appendix A 

Pin Configuration of 37 pin D Connector for Motor Control on Rear Panel 

Pin Description Pin Description 
1 Ground 20 Detector Motor Forward 
2 Ground 21 Collimator Motor 
3 Ground 22 Detector Motor Reverse 
4 Opti Enco-Detector Forward 23 Ground 
5 Ground 24 Monochromator Reverse 24 
6 Ground 25 Sample Rotation Motor 
7 Ground 26 Monochromator Forward 24 
8 Opti Enco-Detector Reverse 27 Ground 
9 Ground 28 Beam Shutter Forward 
10 Ground 29 Beam Shutter Reverse 
11 Opti Enco-Collinrator Forward 30 Ground 
12 Opti Enco-Collimator Reverse 31 Ground 
13 Opti Enco-MonochromatorForward 32 Ground 
14 Opti Enco-Monocbromator Reverse 33 Ground 
15 Ground 34 Monochromator Reverse 12 
16 Ground 35 Monochromator Forward 12 
17 Not Connected 36 Not Connected 
18 Not Connected 37 Not Connected 
19 Not Connected 

Pin Configuration of 40 pin FRC Connector for (FRC2) Motor Control on MPSD board 

Pin Description Pin Description 
1 Ground 2 Detector Motor Forward 
3 Ground 4 Collimator Motor 
5 Ground 6 Detector Motor Reverse 
7 Opti Enco-Detector Forward 8 Ground 
9 Ground 10 Monochromator Reverse 24 
11 Ground 12 Sample Rotation Motor 
13 Ground 14 Monochromator Forward 24 
15 Opti Enco-Detector Reverse 16 Ground 
17 Ground 18 Beam Shutter Forward 
19 Ground 20 Beam Shutter Reverse 
21 Opti Enco-Collimator Forward 22 Ground 
23 Opti Enco-Collimator Reverse 24 Ground 
25 Opti Enco-MonochromatorForward 26 Ground 
27 Opti Enco-Monochromator Reverse 28 Ground 
29 Ground 30 Monochromator Reverse 12 
31 Ground 32 Monochromator Forward 12 
33 Not Connected 34 Not Connected 
35 Not Connected 36 Not Connected 
37 Not Connected 38 Not Connected 
39 Not Connected 40 Not Connected 



Appendix A 

Specifications of the HV4827N 

Output voltage 
Polarity selection 
Output current 
Calibration Accuracy 
Rfeple 
Noise 
Output regulation 
Temperature stability (0-50®C) 
Long term drift at ambient temperature 
and constant line and load 
Rcsetabilhy 
Overload Protection 

0 to ±2500 Volts 
Internal (on PCB) 
0 - 1 Milli Amp 
Better than 0.25% of full scale 
10 mv peak to peak 
20 mv peak to peak 
Less than 0.001% (typical) 
Less than 0.005% per °C (50 ppm) 
Less than 0.01% per hour and 0.02% per eight 
hour period 
Within 0.1% 
Protected for ova-load including short circuit. 



Appeadix £ 

Specifications of preamplifier 

Charge Sensitivity 

Input Polarity 
Output Polarity 
Output Range 
DC Output Offeet 
Rise Time ( 0 to - 0.6V 
pulse into a 5 1 0 load) 
Feedback compensation 

13.6mV per MeV (Si equivalent, Feedback 
capacitor of 3.3 pF) 
Positive or Negative. 
Inverse of input. 
± 5 V 
-250mV nominal, (adjustable with onboard trimpot) 
~ 8 ns and ~ 10% overshoot (with no detector 
capacitance) 
Adjustable by an onboard trimpot 

SHV connector on the rear panel, for carrying the signal from detector 
to the preamplifier. 
BNC connector on the front panel, for applying pulses for testing 
purpose. 
5-core shielded cable, for applying power to the module. 
SHV connector on the front panel for applying the detector bias through 
preamplifier. 

Output 

EOUT BNC connector on the front panel, for carrying preamplifier output to 
the shaping amplifier 



Appendix A 

Specifications of shaping amplifier PA4901N 

Gain Range 
Pulse Shaping 
Shaping time 
Input Noise 
Overload Recovery 

Integral Non-linearity 
Crossover Walk 

Input 

Continuously variable from XI to X1500 
8-pole quasi-gaussian and quasi-triangular 
0.5,1.5,3.0,4.0 micro sec 
7 microvolt RMS with 3 micro sec. shaping time 
Recovers to within 2% of baseline in 15 x shaping time from 
x200 recovery overload 
< 0.05% from 0 to 10V 
Bipolar zero cross over walk < ±3 nsec over 50:1 dynamic 
range 

INPUT BNC connectors on front and rear panels accept 0 to 10V of either polarity 

Controls 

Coarse Gain Front panel six position switch selects gain factors of X20, X50, 
X100, X500 and X1000 

Fine Gain Front panel ten turn locking dial precision potentiometer selects 
variable gain factor of X0.5 to XI.5 

PZ Adj. Screwdriver adjustment of the PZ cancellation using 20 turn 
potentiometer on the front panel 

POS/NEG Front panel toggle switch for selecting either positive or negative input 
Attn. A front panel toggle switch selects an input attenuation factor of XI or 

X0.1 
Shaping Six internal DIP switches for selecting shaping times of 0.5, 1.5, 3.0 

and 4.0 microseconds 
Tri/Gauss Three internal jumpers for selecting quasi-gaussian or quasi-triangular 

unipolar output shape 

Outputs 

UNI Unipolar front and rear panel BNC, with full scale linear range 0 to +10V 
BI Bipolar front and rear panel BNC with a linear range of ±10V 
PUR Inhibit rear panel BNC provides a + 5V logic signal when pulse pile up 

occurs. This is used as an anti-coincidence input for MCA 
CRM Count-rate meter rear panel BNC provides +5V logic signal for every input 

pulse. This is used as an input to a rate-meter or counter 
BUSY Rear panel BNC provides +5V logic signal for the duration that the input 

pulses exceeds threshold. This is used for dead time corrections with 
associated ADC 

LIM A push-button switch on the front panel to prevent oscilloscope input from 
over loading and thus enabling observation of the baseline in sensitive ranges 
of the scope 

LEDs' Two LEDs on the front panel indicate the polarity of the sampled base line 



Appendix A 

Specifications of the RDC' 

Conversion Gain 
Differential Nonlinearly 
Integral Nonlinearly 
Dynamic range o f inputs 
Conversion time 

4K 
+/- 2.58% o f a channel 
+/- 0.013% 
10: 1 
15 microseconds 

Inputs 

Two BNC connectors on the front panel select two inputs A and 
B from spectroscopy amplifiers. 

ULD: A 10-turn potentiometer sets upper limit o f ADC 
continuously adjustable from 0 to 10V. 

I.LD: A 10-turn potentiometer sets lower limit o f ADC 
continuously adjustable from 0 to 10V. 

A / A/T: A switch on the front panel selects the mode of 
operation as either a conventional ADC mode in A position or 
RDC mode in A/T position. 

LG: A trimpot on the front panel to adjust Linear Gate signal 
width. 

Outputs 

FS. HS: 4 LEDs on the front panel to indicate full scale and half 
scale outputs. 
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ADC OUT: A 50 pin FRC connector on the rear panel carrying 
binary data and control signals to the data acquisition unit. 


