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STATEMENT OF WARRANTY

Ludlum Measurements, Inc. warrants the products covered in this manual to be free of
defects due to workmanship, material, and design for a period of twelve months from
the date of delivery. The calibration of a product is warranted to be within its specified
accuracy limits at the time of shipment. In the event of instrument failure, notify
Ludlum Measurements to determine if repair, recalibration, or replacement is required.

This warranty excludes the replacement of photomultiplier tubes, G-M and
proportional tubes, and scintillation crystals which are broken due to excessive
physical abuse or used for purposes other than intended.

There are no warranties, express or implied, including without limitation any implied
warranty of merchantability or fitness, which extend beyond the description of the
face there of. If the product does not perform as warranted herein, purchaser’s sole
remedy shall be repair or replacement, at the option of Ludlum Measurements. In no
event will Ludlum Measurements be liable for damages, lost revenue, lost wages, or
any other incidental or consequential damages, arising from the purchase, use, or
inability to use product.

RETURN OF GOODS TO MANUFACTURER

If equipment needs to be returned to Ludlum Measurements, Inc. for repair or calibration, please send
to the address below. All shipments should include documentation containing return shipping
address, customer name, telephone number, description of service requested, and all other necessary
information. Your cooperation will expedite the return of your equipment.

LUDLUM MEASUREMENTS, INC.
ATTN: REPAIR DEPARTMENT
501 OAK STREET
SWEETWATER, TX 79556

800-622-0828 325-235-5494
FAX 325-235-4672
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1.0 GENERAL INFORMATION

The LUDLUM MODEL 730 is a gamma-ray spectroscopy system intended to be used with a
Nal (TI) detector. It consists of a 1K multi-channel analyzer, software-controlled high-
voltage supply, PMT base preamplifier, and spectroscopy amplifier with ADC.

The LUDLUM MODEL 730 is a PC-based gamma ray Spectroscopy system, which
communicates with PC through USB port. Data Acquisition and Control is through PC based
application software, SAAS (Spectrum Acquisition and Analysis Software).

The LUDLUM MODEL 730 has a built-in 14-Pin PMT base. The voltage divider and pulse
processing circuitry is housed as front-end electronics. This PMT base makes is compatible
with any Nal (Tl) detector with standard 14-Pin PMT.

The LUDLUM MODEL 730 is powered through USB port, and hence no external cable (apart
from USB cable from PC or laptop) is necessary. The requirement of simple, PC-based
gamma ray spectroscopy system is fulfilled by LUDLUM MODEL 730, and hence it positions
itself as an important, yet easy-to-operate tool in any nuclear instrument laboratory,
including an R & D organization, nuclear power plant, or an educational institution.

The Model 730 electronics may also be sold with attached Nal detectors. The Model 732
and 733 are similar with minor differences. The Model 732 uses a 2 x 2 in. Model 44-11
detector. The Model 733 uses a 3 x 3 in. Model 44-20 detector. Both have integral-line
construction.

1.1 System Description
A block diagram of the system is shown below. It consists of following constituents.

a. Nal (TI) Scintillation Detector (not a part of LUDLUM MODEL 730)
. LUDLUM MODEL 730
c. PC or Laptop (not a part of the LUDLUM MODEL 730, supplied as an option at extra
cost)

Nal(T1)

PMT LUDLUM

MODEL
730 \

USKB Cable
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Block Diagram of Gamma Ray Spectroscopy System

HV Supply Voltage Divider
0 to 1200 V >

@ 0.5 mA

." 1 14 Pin PMT
> v v Socket

i UC based Preamplifier &

Willkinson <> Spectroscopy

ADC & Memory Amplifier

5 meter long
———( ] cablewith USB
connector

Block Diagram of LUDLUM MODEL 730

A preamplifier requires +9 V and -9 V supply. A Nal (Tl) detector PMT requires around 1000
Vdc. These voltages are generated by DC-DC convertors operating on 5 Vdc supply from
USB port. Power supply for the instrument consists of +5 V for digital circuits and +9 V and
-9V, for analog circuits. High-voltage supply is generated by programmable HV module. It
can generate HV up to 1200 Vdc.

High voltage is fed to the PMT through an anode load resistor. This HV is also applied to a
dynode chain of 510K resistors. The output is taken from the anode and is coupled through
a high-voltage DC decoupling capacitor. This output is fed to the common emitter
configuration preamplifier where the signal is buffered and is connected to the input of the
spectroscopy amplifier.

Rise time of the amplifier output is 1 uS. Amplifier output is then given to 10-bit Wilkinson
type ADC. Necessary signals for control of ADC are generated by the micro controller. This
controller also handles the USB communication with the PC. Spectrum collected by the 1K
channel MCA is first stored in the internal memory of the micro-controller. Then after
every second, the spectrum is transferred to the software package, which runs on the PC.
The spectrum collected by the LUDLUM MODEL 730 is displayed on the PC screen. Many

2
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other features, like data acquisition and analysis, are available in the package. The full
package is described in the next sections of this document.

1.2 Instrument

A preamplifier circuit consists of a three-stage transistor, an emitter-follower type amplifier

with buffer. This circuit provides good buffering between the detector output and the front
end of the spectroscopy amplifier.

The power supply for the spectroscopy amplifier and 1K multi-channel analyzer is inside

the instrument. Preamplifier output goes to the spectroscopy amplifier. The block diagram
of the spectroscopy amplifier is shown here.

Preamplifier Passive Input stage
—| Circuit differentiation with gain
& P/Z Adijust
Active Final stage
Integration with gain

Spectroscopy Amplifier Block Diagram

The spectroscopy amplifier shapes positive input pulses received from the preamplifier.
These pulses have fast rise-time and slow fall-time. Pulses undergo passive differentiation
and pole zero adjustment. This differentiation is followed by an active integration stage
followed by a final stage. The output pulse is near Gaussian, with amplitude settable to +6
V. FINE gain internally sets the pulse amplitude suitable for the ADC input range. Typical
output setting would be to get an undistorted output pulse of height around 1.5-2 V for a
660 KeV “*’Cs source. The rise time of the output pulse is around 1 usec. This circuitry cuts
of the long tail off the output pulse and allows separation of successive pulses effectively.

The HV supply requirement of PMT is 0 to 1200 V maximum. Voltage output can be set to
desired value up to 1200 Vdc by software setting.
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Output of the spectroscopy amplifier is connected to the input stage of 1K multi-channel
analyzer. A block diagram of multi-channel analyzer is shown here.

LLD Value ——{ LLD
Comparator
\ 4
Input | Peak _| Discharge
Buffer "| Detector "| Circuit
. Zero
M_lcro Controller Zero Comparator
with PCA & ADC referencé >
control
MCA Block Diagram

A 10-bit Wilkinson type ADC is used in the multi-channel analyzer. The spectroscopy
amplifier output is given to the input buffer stage. Buffer output is then given to the peak
detector circuit. The peak detector circuit charges the silver mica-capacitor to a peak value.
At the peak of the input signal, PEAK signal is generated. This signal acts as an interrupt to
the micro controller. The micro-controller has a programmable counter array and a 48-
MHz, built-in clock. On receiving peak signal, the controller starts the PCA. The 48-MHz
system clock is given to the PCA as an input clock. The controller generates a “busy” signal,
which blocks further input to the ADC until conversion of the pulse is complete. It also
generates a DISCHARGE signal for the discharge circuit. The discharge circuit generates a
linear ramp. The capacitor voltage is simultaneously applied to the zero detector circuit. It
compares the discharge ramp with the reference level. The comparator generates ZERO
signal when the ramp crosses the reference level. The ZERO signal again interrupts the
controller. The controller stops the PCA at this point. Pulses measured by PCA during the
PEAK and ZERO signals are the channel number.

Peak signal will not be generated if the peak value of the signal is below the LLD value.

Apart from controlling the ADC, the micro controller also handles the USB communication
with the PC. It transfers the spectrum to the PC on receiving the request.
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2.0 SPECIFICATIONS

Signal Input Configuration
14-Pin base for standard Nal (Tl) scintillation detector, built-in voltage divider network,
preamp for Nal (Tl) detector

High Voltage Power Supply
0-1200 Vdc, 0.5 mA, software programmable in 256 steps, ripple < 30 mV (p-p)

Spectroscopy Amplifier
1 psec semi-Gaussian shaping with internal PZ adjust, gain setting x 10 settable by screw
driver, output 0-5 V semi-Gaussian, connected internally to ADC input

ADC

1K channel Wilkinson type, 48 MHz clock frequency, conversion time 20 psec for FS input

Power Supply
From USB port of PC/laptop, 4.75V @ 450 mA

Data Acquisition and Analysis Software

Acquisition and display of gamma spectrum, expand, contract, scroll, cursor movement
energy calibration, ROl selection, peak analysis, spectrum stabilization, stripping,
smoothing, normalization, spectrum storage, and retrieval on PC/laptop

Optional
GPS coordinates can be displayed and stored along with spectrum data if GPS module is
connected.

Mechanical
Dimensions : 76 x 125 mm (3.0 x 4.9 in.) (Dia x H) cylindrical aluminum housing with 14-pin
PMT socket, weight approximately 1 kg (2.2 Ib)

Interconnecting Cable
5 m (16.4 ft) long cable with USB connector
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3.0 CONNECTOR DETAILS

4 Pin USB Connector

Sr No Pin Number  Description

1 1 +5V
2 2 D -
3 3 D+
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4.0 INSTALLATION

4.1 Unpacking and Handling

Carefully unpack the instrument. Please notify the factory or nearest sales office
immediately in case of any physical damage noticed or if the received material is not
matching with the packing list.

Check for any physical damage to the instrument. In case of any physical damage during
transportation, DO NOT CONNECT LUDLUM MODEL 730 to PC or laptop, and notify the
factory or nearest sales office immediately.

If there is no physical damage to LUDLUM MODEL 730, it is now safe to connect it to a USB
port of PC or laptop. However, it is necessary to install the software on your PC/laptop
before LUDLUM MODEL 730 can be connected to it. Please refer to “Software Installation”
(Section 5) to proceed further.

4.2 Power Requirement

LUDLUM MODEL 730 works on power drawn from a USB port. Typical power requirement
is 4.75 V @450 mA. No external power is required.
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5.0 OPERATION

5.1 Requirements

Spectrum Acquisition and Analysis Software (SAAS) works on Windows operating system.
Following configuration is necessary for SAAS package.
e PC with at least 2 GB RAM and 80 GB hard disk. Memory requirement of the
package is maximum 11 MB.
e Windows XP or higher operating system
e .NET version 3.5 or 4.0 (Available on installation CD). While installing the software,
click on Setup.exe file. This setup file checks the availability of the .NET platform on
the PC and installs the .NET package if not available on the PC.
e Microsoft Office 2007 (Excel application for nuclear library) or higher
e USB port version 2.0
e Display resolution of at least 1024 x 780 pixels for better view

5.2 Software installation

The LUDLUM MODEL 730 is a PC-based MCA. Before we go to the normal operation of the
system, it is necessary to load the software package. The software package is provided on a
CD supplied along with the LUDLUM MODEL 730. Insert the CD into the CD drive and run
the set-up file. There are three directories on the CD. Double-click on SETUP directory and
again on SETUP file to start installation as mentioned below.

Typical screens, as shown below, will appear on the monitor.
; = B ) -

Organize v Include in library Share with ¥ Burn New folder

b ¢ RECOVERY (D:) o Name & Date modified
b 43 DVD RW Drive (E:)
>ca VS (F)
! ‘3]" 'S

/cj Network

4 @ Control Panel

[Z8 All Control Panel Iter

» By, Appearance and Per:'

Application 18-01-2010 15:12 File folder
Setup 18-01-2010 15:11 File folder
USB Driver 18-01-201015:11 File folder

b @ Clock, Language, an
b @' Ease of Access

> ) Hardware and Sount
b ? Network andlnterne‘

>[5 Programs L
» ¥a System and Security’
M, User Accounts and F

& Recycle Bin
4 |, GSPEC
. data

J Driver
4 | GSPEC Setup
.. Application

3 items
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i |

Organize Open » Share with + Burn Mew folder

I = VS (F) Date modified Type
> 9 vs
1 € Network
4[58 Control Panel
[ @ All Control Panel Ite
I By, Appearance and Per
I 9 Clock, Language, an
D@ Ease of Access
1 5 Hardware and Soun( |
3 ‘E" Metwork and Interne
l> Programs
D% System and Security
1> B, User Accounts and F
£ Recycle Bin
4 |} GSPEC
|| data
. Driver
4 || GSPEC Setup
. Application
. Setup
. USB Driver -

15-01-2010 15:08 Windows Installer ...
15-01-2010 15:08 Application

Application Sizes 456 KB

:ié setup Date modified: 15-01-2010 15:08 Date created: 18-01-2010 15:11

' ﬁ! Spectrum Acquisriiion‘& Analysis "

Welcome to the Spectrum Acquisition & Analysis
Setup Wizard

The installer will quide you through the steps required to install Spectrum Acquisition & Analysis on
your computer.

WARNING: This computer program is protected by copyright law and international treaties.
Unauthorized duplication or distribution of this program, or any portion of it, may result in severe civil
or criminal penalties, and will be prosecuted to the maximum extent possible under the law.
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Click on Next button to proceed.

I8 Spectrum Acgquisition & Analysis

Select Installation Folder

The installer will install Spectrum Acquisition & Analysis to the following folder.

Tuoinstall in this folder. click "MNext". To install to a different folder, enter it below or click ""Browse"'.

Eolder:
CAProgram Files'Ludlum Measurements, InchSpectrum Acquisition & [ Browse.. ]

| Disk Cost.. ]

Install Spectrum Acquisition & Analysis for yourself, or for anyone who uses this computer:

(@) Everyone
) Justme

[ Cancel ] [ < Back ] I Mext > ]

Select the folder path in which the software will be installed. The default path appears in
the text box as shown in the picture. To change the path, click on Browse button and select
the path. Click Next button to proceed.

IJ3-UIL-ZUIU L1107 HHPIILGLIUH
—

ﬁ] Spectrum Acquisition & Analysis

Confirm Installation

The installer is ready to install Spectrum Acquisition & Analysis on your computer.

Click "Mext" to start the installation.

Cancel

10
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Click on Next Button

@ Spectrum Acquisition & Analysis

Installing Spectrum Acquisition & Analysis

Spectrum Acquisition & Analysis is being installed.

Please wait...

|
|

Cancel

Set up starts copying the file on PC.

Tpm——

Installation Complete

Spectum Acquizition & Analysis has been successully installed,

Click "Cloze" to exit.

Cahcel

11
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After completion, click on Close button.

This completes the installation of Spectrum Acquisition and Analysis Software. Please note
that the SAAS package requires .NET v3.5 for its operation. If the version is not available on
the PC, setup program installs .NET package before starting the installation of SAAS
package.

The Short Cut Icon can be created as follows :

Press Start Button and go to Programs / All Programs. In the list of programs under
“Ludlum Measurements, Inc” > “Spectrum Acquisition and Analysis Software” will be seen.
Right Click on “Spectrum Acquisition and Analysis Software.” Select Send to create an acon
on the desktop.

When LUDLUM MODEL 730 is connected to the USB Port of PC/laptop for the first time,
the driver software required for the functioning of LUDLUM MODEL 730 will not be
available on PC. Hence, it is necessary to install this driver when LUDLUM MODEL 730 is
connected. As soon as the PC/laptop detects the connection of LUDLUM MODEL 730 on
the USB port, it will prompt a message that the driver is not found and would install the
driver. Use the BROWSE option to select the Driver sub-directory and click OK. This will
start installation of the driver software. Follow the instructions to complete it.

5.2.1  USB Driver Installation
The drivers are located in the USB Driver folder. For Windows 10 or higher, before the
drivers can be installed, it is necessary to disable driver signatures. To do this, perform the
following steps.
1. Connect the Model 730 to the computer using an available USB port.
2. Open Windows Device Manager and verify that the Model 730 is shown as USB
API.

&=y

mOlie TQislldIkdl

- ¥
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3. Restart Windows by holding down the SHIFT key while clicking Restart. This will
restart Windows in advanced startup mode.
4. The following menu will be displayed. Select Troubleshoot.

Choose an option

Continue

->

|

b

Troubleshoot

Turn off your PC

5. Select Advanced options.

© Troubleshoot

Advanced options

© Advanced options

13
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7. Click Restart.

© Startup Settings

8. When Windows restarts, a new menu option is displayed. Type 7 to select
“Disable driver signature enforcement.”

Startup Settings

9. Windows will now boot. Log in and proceed back to Device Manager.
10. Right click on USB API and select Update driver.

{3 Device Manager - u x
Fle Acion View Help
ke MmO HEHm B EXS
v % DESKTOP-93HUIFE
§ Audio inputs and outputs
» & Batueries
B Computer

wn Disk drives
W Display adaptess
« DVO/CD-ROM diives
A% Human intecface Devices
“B IDE ATAVATAR controllers
2 Keyboords
@ Mice and other ponting devices
B8 Monitors
@ Network adapters
K’ Other devices
§a uss s~
# resico Update driver
= Pint que Dusable device:
0 Processon Uninstall device
1 softwere
4§ Soundwi Scan for hardwere changes
Lu Storage ¢
B2 Systemn deere Poopertes
§ Uneversal Serial Bus controliers

<

by b | b P Wit fins b sl e o
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11. Click on “Browse my computer for drivers.”

fle Aon View Help
ke M O EHmE EXE

v & DESKTC X
A

@ bt 1 update Drivers - USB AP
W Cor
- Dig
Hog
& oa
M
5 I0E =?* Search automatically for drivers

How do you want to search for drivers?

= Key
@ mic
- Mo
& Nat
v § o

2 Browse my computer for drivers
@ Poe
= Pir
| = 28
| B4
§ so
£ S0
B Sys
§ uni

12. Click on Browse... and navigate to the USB Driver folder.

-
file Action WView MHelp

ke om0 B B EXE

v & DESKTC x

& ] Upcate Drivers - USB AP

Browse for drivers on your computer

e Search for drivers in thes locaton

[N Cancel

9 Windows Security X

Windows can't verify the publisher of this driver software

=> Don't install this driver software

=2 Install this driver software anyway

See details

15
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14. Once completed, you will see the following.

x

15. In Device Manager, there will be a USBXpress Device in the Universal Serial
Bus controllers group.

5.2.2  Running Software for the First Time

When LUDLUM MODEL 730 software is run for the first time, the configuration file is not
found. Ignore any error message. Click OK to continue. This will start the software properly.

5.3 File functions
File functions are similar to standard Windows user interface.

Click on File and then open menu. A standard Windows dialogue box opens up, as shown
below.

16
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##% Open

6@9' J. » Computer » LENOVO (D:) » vaish

v | f} ' | Search

Favorite Links
Documents

Desktop

= N ®

Recent Places

More »

Folders v
. Program Files -
. Protel Files
/. Rudu
. Shreepad
.. SiLabs
.. Song Drive

(]

L Temp
| vaish
L2 VN RW Nirive (F

1

. || SPE_05Aug2010_04-12PM_CH1.51000

| || SPE_05Aug2010_04-20PM_CH1.51000

. awo .
‘ Organize v g22 Views ~ W New Folder

Name Date modified
|_|filel,51000

|| file2.51000

|| LaBr.51000

|_| SPE_040ct2010_03-25PM.S1000 _—
|| SPE_040ct2010_05-07PM.51000

|| SPE_05Aug2010_04-09PM_CH1.51000

Type 35 S

m

|| SPE_05Aug2010_04-16PM_CH1.51000
|| SPE_05Aug2010_04-17PM_CH1.51000
|| SPE_05Aug2010_04-18PM_CH1.51000
|| SPE_05Aug2010_04-19PM_CH1.51000

|| SPE_05Aug2010_04-21PM_CH1.51000
| SPE_05Aug2010_04-33PM_CH17.51000

-

File name:

v [ SAAS Fies(".51000) -
[ Oeen | [ Concel |

Select the re-
quired file and
click on Open
button. File o-
pens up.

To save the file as Spectrum, click on File and Save menu. The File Save dialogue box opens

up.
#i) Save As g
) [J » Computer » LENOVO (@) » N42 =5l s

By Organize ~ 585 Views

Favorite Links
lE| Documents
Desktop

Recent Places

i

More »

Folders

. Movies =
MSOCache

. My Installatic
MYDESKTOP

. MyProjects
Na2

= e

-~

~ BB New Folder

GS1006.51000

o |

Artists Album = Genre >>

i File name: |

Save as type: [ SAAS Files(*.51000)

= Hide Folders
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The package supports the saving of spectrum data in ANSI N42 format. Select N42 file type
while saving the spectrum as shown below.

#) Save As

QU | » Computer » LENOVO (D:) » N42

SA

= vl‘y | l Search L

Album

a3

gs1007

USB-1005

a9 3

GS-01000 labr_pks

v

3)

Favorite Links Name
| Documents IS
El .ﬂ
Bl Desktop
% Recent Places filel
More »
Folders v N
.. Movies - "j
3 MSOCache_ N42Sample...
. My Installatic__
|, MYDESKTOP—
.. MyProjects
1 N42 .
File name:
Save as type:_[ N42 Format(*.N42)
— | '~ Hide Folders

LSaveJ[ Cancel ]

Channel counts, calibration data, system settings and other details will be saved in the file.
This file can be opened in other standard packages like Quantum software of PGT, which

supports N42 file format.

The Print Spectrum option available in the File menu prints the spectrum on the selected

printer.
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5.4 Setting the parameters

After setup, the first step is to set the different parameters of the system. The basic
parameters to be set for acquisition are:

1. HV supply to the detector —up to 1200 V ( in 256 Steps)
2. Acquisition time : 1-10,000 seconds
3. Real time or live time

HV supply to the detector is set as follows:

1. Select Acquisition on menu bar
2. Drop-down menu will indicate

B Specrum Acquiion B amarr e S

File [Acquis'rtion] Spectrurn  ROI  Math Functions Report View Help
Start
~Chz Stgp

0 Pause = 400 File Name : —
-4310

Resume

—Col Set Parameters

0

—Acquisition —

Acq. Off
Real Time

3. Select Set Parameters . Following Menu will be seen.

MCA Settings S5

- High Voltage

Enter the HV value to be set and press SET button. |750|
HV Range is 0 to 1200 Volts  Resolution : 5 Volts SetHV |

~Gain

1 1 1 1 1 1 I| 1 g
_III 1 1 1 ' 1 1 1
.—]. . . . . . . SetLLD

-Real/Live Time

-LLD

& Real Time Acquisition " Live Time Acquisition

Close

4. Enter HV value, up to 1200 V and press SET Key.
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o

8.

Use slide bar to adjust the gain. Then click on Set Gain button.

Use slide bar to adjust the LLD. Then click on Set LLD button.

Real Time or Live Time Selection is also done in the menu. Click on the option as
desired.

Press Close to close this Menu.

Setting of acquisition time is done as follows:

1.

2.

On Controls menu select Acquisition panel as below. Enter desired value of Preset
Time. In the example below 100 Seconds value is selected.
Select Active Buffer as 1.

2|

s L

“ File Acquisition ISpedrum I ROI I

Active Buffer : |1 vl ™ Display Al
Pr.Time(Sec) |100

Start
Acquisition

'_:.tl:ll:l
Acquisition

| Pause | Resume |

3.

This completes the set-up parameters for the LUDLUM MODEL 730.

5.5 Acquisition of Spectrum Data

1.

In the Controls menu, select Acquisition panel. After setting the Preset Time, press
Start Acquisition button. This will start acquisition of spectrum data.

— y

oo . ©

File  Acquisition | spectrum | ROI |

; Active Buffer : |1 v| I” Display Al

Pr.Time(Sec) | 100

Start
Acquisition

'__:.tljp
Acquisition

l Pause | Resume |

As soon as acquisition is started, if there is sufficient input count rate, a build of
spectrum will be seen, and the Controls menu will make the Stop Acquisition button
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active. Acquisition will continue until the Acquisition Time matches the Preset Time. It
can be stopped by pressing Stop Acquisition on Acquisition panel.

LE]

| Fie  Acquisition | spectrum | ROT |

Active Buffer : |1 ~| I Display Al

Pr.Time(Sec) | 100

) S Stop Pause Resume
Acquisition | Acquisition

3. Asthe datais acquired, spectrum will start building up. Typical spectrum for Cesium
and Cobalt is shown below.

Spectrum Acquisition & Analysis Software - SAA
File Acquisition Spectrum ROI Math Functions Report View Help

~Channel ——
Full Scale = 800 File Name : —

Fie  Acquisiton | spectrum | RO

Active Buffer : [1 <] T Display A}
Pr.Time(Sec) | 100

oy

eeeee

| um [ |

i N 3N A D) 1226

4. On Controls menu, select Spectrum panel, as shown on the following screen shot, to
get access to Spectrum Display Control functions like Expand and Contract (Horizontal)
and Scale Up and Scale Down (Vertical). While the spectrum is being built up, Expand
and Contract functions can be availed by pressing the “E” (Expand) or “C” (Contract)
key on the keyboard. Similarly, Scale Up and Scale Down functions can be used by
pressing the up arrow or down arrow keys on the keyboard. These key functions are
always available to the user. Use left and right arrow keys to move the cursor.
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oo

| Fie | Acquisiton Spectrum |ror |

Active Buffer : |1 vI I” Display Al

Expand | Contract | Scale Up |

5. The cursor can be activated by putting the mouse pointer on the desired channel on
the spectrum and clicking the left mouse key. This is indicated in the following screen
shot.

oI J4 O , qu hl ",S." i 51 50 wWalc SARD
ile  Acquisition | Spectrum l ROI Math Functions Report View Help
Expand
IChannel Contract
b09 Scale Up File Name : C:\Users\YS-PEMD\Desktop\GSPEC Setup\co-cs spectrum.S10|
p52.73 KeV Scale Down
ICounts Scroll
1054 Clear
— Cursor Left
IAcquisition—
Cursor Right
Acq. Off
Real Time Cursor Home
Cursor Max
RO Stabilisation
D.00 KHz
Dead Time —
.00 %
p.000 Sec
0 [Channels] 255 511
1

It can be seen that the cursor is at channel no. 209. It is indicated by a small vertical line on
the spectrum display. The cursor can be moved to the left or right by clicking the
appropriate selection or by again clicking the mouse pointer at the desired position on the
spectrum. The following options are available.

22



LUDLUM MODEL 730, 732 & 733 Manual

Cursor Left — Moves cursor to the left by 1 channel

Cursor Right — Moves cursor to the right by 1 channel

Cursor Home — Brings cursor to the first channel on the displayed spectrum

Cursor End — Takes cursor to the last channel on the displayed spectrum

Cursor Max — Moves the cursor to the first channel (on right from existing position ), which
has maximum counts

Similarly, the following options are available to control the display of spectrum or data of
the spectrum in the Spectrum drop-down menu.

Expand — Expand the scale by a factor of 2 on the right side of the cursor
Contract — Contract the spectrum by a factor of 2 on the right of the cursor
Scale Up — Vertical scale up by a factor of 2

Scale Down — Vertical scale down by a factor of 2

Clear Spectrum — Clicking on this option will clear the spectrum data in the selected buffer.
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While the spectrum data is being acquired, the information related to the input count rate,
dead time, acquisition time, elapsed time, cursor channel number and counts in cursor
channel is provided on the left side of the spectrum as shown below.

[l St Eeaaiion & Soeere S I

File Acquisition Spectrum ROl Math Functions Report View Help

Channel
Full Scale = 1600 File Name : C:\Users\YS-PEMD\Desktop\GSPEC Setup\co-cs spectrum.51000

338
594.01 KeV

Counts
848

Acquisition
T=15 Sec
Real Time
CountRate
891 KHz

Dead Time

485 %
0729 Sec

0 [Channels] 255 511 767

iy cpectrum Acqui

File Acquisition

Ch : Cursor Channel Mumber
anne Equivalent energy

338
594 01 KeV

)

Counts

8458
Cursor Channel Counts

Acquisition
T=15 Sec

Real Time Acquisition Status

Count Rate
591 KHz i

Incident Pulse Count Rate
Dead Time
4 85 % Calculated value of Dead Time
0. 729 Sec

¢ 440
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Spectrum Stabilization — This is a special function that can be activated by clicking on the
Spectrum Stabilization in the Spectrum drop down menu. Before activating this function, it
is necessary to understand the meaning of this utility.

Due to internal heating, external temperature variations and due to the internal drifts in
the detector, pulse processing electronics and HV supply circuit, there could a small shift in
the output of spectroscopy amplifier. This drift may be continuous initially and random
once the system stabilizes. In order to get the stability in the spectrum, i.e. minimum
variation in the channel number for given energy of incident gamma rays, it is necessary to
get back to the original channel setting for a particular energy pulse input. This is normally
done by either adjusting the HV applied to the detector or by adjusting the gain of the
spectroscopy amplifier. This stabilization can also be achieved by storing the energy
calibration and applying the conversion factors at a fixed time interval. This is done
automatically as the spectrum is being acquired. The Spectrum Stabilization menu prompts
the user to enter the value of energy and also to enter the value of time interval. However,
it is necessary to have the energy calibration done prior to spectrum stabilization.

e S ol Ty
Spectrum Stahilisation_ lﬂ

Selectthe centroid from the list. This centroid value will be
used for stabilisation.

[ Spectrum Stabilisation On

Centroid For
Stabilisation |374.60 (66200 KeV)  ~|

Stabilisation Time 10
(Sec) |

Cancel

If spectrum stabilization is required to be turned ON, enter the centroid value of the peak
and also the time interval at which the stabilization action is to be performed. Check the
Spectrum Stabilization ON and this will turn ON the spectrum stabilization. Spectrum
Stabilization can be turned OFF by unselecting the Spectrum Stabilization On and closing
this menu window.

Peak Search : Use the peak search option to automatically detect the valid peaks. ROls will
be marked after peak search. If the counts inside ROl are less, then peak search will give
wrong results. Try spectrum smoothing before applying the peak search option.
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5.6 Spectrum Analysis
5.6.1  ROI Setting

Spectrum analysis is the most important function of the SAAS. However, before the
analysis is done, it is necessary to select the peak regions. This is done by selecting the
Region of Interest or ROI. For setting up ROIs on the spectrum, select Control Menu and
select ROI panel as shown below.

—

conots . [E
| File | Acquisition | Spectrum ROI l |
Active Buffer : I 1 - I I~ Display Al

Set Start
Channel

Channel

Delete ROI | Analysis

Click the mouse on the desired channel. In the example below, it is the left side of the
peak. Now click the Set Start Channel button on the Controls menu.

2, Spectrum Acquisition & Analysiz Saftware - SAA
File Acquisiton Spectrum ROl Math Functions Report View Help

309 Full Scale = 6400 File Name : C:\U: 1VS-PEMD\D PEC Setupico-cs 51000

767 1023
1]

[ conts T =]

Fle | Acqusition | spectrum  ROI

actveBuffer:[T ] [ Display Al

SetStart | SetStop | {BelEE
Channel| Channel | Analyss

3
ROL ]

| num |
g

~ 3 G w2
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Click on the next Channel as end of ROl as shown below.

Full Scale = 6400 File Name : C:\Users\¥S-PEMD\Desktop\GSPEC Setup\co-cs spectrum.S1000

0

{Channels) 255 ’ 511 767

10
i |
&

Controls i

Fie | Acquisition | Spectrum ROI |

Active Buffer : {1 v| | Display All

Set Start
Channel

Analysis

Press Set Stop Channel Button on Controls Menu.

ROI will be selected between the Start and Stop channels as desired. This will be indicated
by turning ON the two parallel cursor lines and turning the spectrum display to black.
Many ROIs can be set and these will be displayed in similar manner.

The purpose of selecting ROl is to perform energy calibration and to carry out peak
analysis.

5.6.2 Energy Calibration

Energy calibration is done by selecting two or three peaks of known radioisotopes. The

following example provides details on energy calibration using

137 . .
37Cs and *°Co radioactive

sources.

Acquire the spectrum for *’Cs and ®°Co gamma radiation sources. With **’Cs being a

mono-energetic source, it will generate a single peak, whereas ®°Co will indicate two
peaks. The energies of these radioisotopes are:

137cs — One peak — 662 keV

®0Co — First peak — 1173 keV
Second peak — 1332 keV
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2. Select three ROIs as shown below.

~Channel

Full Scale = 12800 File Name : —

689
123760 KeV'

Counts
275

Acq. OF
Real Time

Count Rate
000 KHz

~Dead Time —

483 %
6197 Sec

0 [Channels)

255

ROl Analysis

Start Channel =308
Stop Channel = 358

Integral =201622.000
Background= 57834.000

Centroid =589.21 KeV Area =143788.000
FWHM =6821% Error =0672 CPS

<

m

[ [TECPEC Manual [Com

767 1023

2|

o I &

File Acquisition | Spectrum  ROI
Active Buffer : |1 ~| T isplay all

Set Start
Channel

Set stop
Channel

Delete |
= Analysis

[ [Nov[ |
.

3. Next step is to select the calibration menu. This is done by selecting the Math Functions

option from the menu bar, as shown below.

7 Spectrum Acquisition & Analysis Software - SAAS
File Acquisiton Spectrum ROl [Math Functions | Report View Help

~Channel

Full Scale

689
1237.60 KeV

Smoothing
Mormalization

Stripping

Calibration H

Counts
275
~Acquisition——

Acq. Off
Real Time

Count Rate
000 KHz

~Dead Time—

483 %
6197 Sec

0 [Channels]

|R0\Ana\ys\s

Start Channel = 308 Integral = 201622.000
Stop Channel =358 Background=57834.000
Centroid ~ =589.21 KeV  Area =143788.000
FWHM -6821% Error -0672 CPS

<

i ]

[ [T CEPEC Manual [Com |

511

Fle | Acquisiton | specrum ROT |

Active Buffer : [1 ~| T Display Al

Delete
vt | Analysis

Set Start
Channel

Sek Stop
Charnne|

[ o
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4.

Energy Calibration menu will be displayed, as shown below.

5.

6.

Calibration

Data Valid Peaks

Centroid 1 Energy Centroid1 -

=Channel

Centroid 2 Energy 58340

661.25

Centroid 3 Energy

Type |3 Point Calibration j Calibrate Spectrum | Accept

Result

The first ROl is indicated by the highlighted number as shown above. Click the Accept
button on the Centroid 1 Data Field. Enter energy value in keV (662). Next, select the
second channel number and press Accept. Enter the value of the second peak’s energy.
(In this case 1173.) Similarly, enter 1332 for the third channel number. Press Calibrate
Spectrum button to perform energy calibration. Close this window by clicking Close.

This will revert back to spectrum display. However, all the channels are now calibrated
with their energy numbers. Click on the Cs peak, and then the channel number and
energy are displayed. This completes the calibration procedure.

When the spectrum stabilization function is to be used, enter the peak value in the
Spectrum Stabilization Options menu. The digital mapping will stabilize the spectrum at
the time intervals as selected in the Spectrum Stabilization Options menu.

5.6.3 Peak Analysis

Energy calibration is followed by peak analysis. This is done by locating the cursor in the
desired ROl peak and pressing Analysis button on Controls menu.

This will generate a detailed report in the Report window. It will contain information of
the selected peak.

Select the next peak, and its analysis will be displayed as shown below.
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ROI Analysis

Start Channel = 308 Integral =201622.000

Stop Channel = 358 Background= 57834.000

Centroid =662.01 KeVArea =143788.000

FWHM =6.821%  Error =0.672 CPS

Channel Counts

308 1058 1051 1202 1280 1294 1399 1560 1745
316 1876 2011 2259 2431 2615 3008 3269 3570
324 3932 4284 4465 4983 5314 5689 6026 6331
332 6619 6893 7167 7271 7261 7333 7231 7187
340 6953 6690 6295 5986 5631 5119 4759 4327
348 3936 3599 3148 2775 2564 2275 2038 1756
356 1568 1373 1216

This information can be printed on System Printer if need be.
5.6.4 Spectrum Smoothing

Spectrum Smoothing function offers 3-point or 5-point smoothing of entire spectrum. The
formulae for smoothing are as follows:

SCX(i) = CX(i-1) + CX(i) + CX (i+1)
for 3-point smoothing
3
SCX(i) = -3CX(i-2) + 12 CX(i-1 ) + 17 CX (i) + 12CX(i+1) — 3CX(i-2)

for 5-point smoothing
35

Spectrum Smoothing can be done as follows:

1. From the menu bar select Math Function option.

cilons) Report Help

[1% Spectrum Acquisition & Analysis Software -

0000 Sec

Report [& Controls
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2. Select Smoothing option in the drop-down menu.

@, Spectrum Acquisition & Analysis Software - SAAS

File Acquisition Spectrum ROI [ Math Functioa Report View Help
Smoothing

- Channel 1 Normalization

0 Full Scale Stripping AUsers\NP

0.00 KeV : Calibration

~Counts —

0

3. The menu for selection of 3 or 5-point smoothing will appear. Select appropriate type
of smoothing and press Perform Smoothing. This will smooth the spectrum as desired.

r B
Smoothing ﬂ

Smoothing Type 3 Point Smoothing j

3 Point Smoaothing
5 Point Smoothing

Description For each channel, takes average of current channel, previous channel
and next channel and puts it in current channel.

( Counts[x-1] + Counts[x] + Counts[x+1] )

Counts[x] =
30

= Perform Smoothing Cancel |

5.6.5 Spectrum Stripping
This function provides spectrum stripping by applying the following formula:
Ss =S'—F*S

Where S and S’ are two spectra are stored in two different storage buffers, the strip factor
F can be any user specified value in the range of 0.00 to 999.999.

The processed spectrum Ss is transferred instead of spectrum S’. The memory buffers can

be selected from the Control menu. Spectrum stripping can be done as shown on the
following screen shot:
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1. Get the spectrum to be stripped in Memory Buffer 1 as shown below.

[ Spectrum Acquisition & Analysis Software - SAAS . . P =
| File| Acquisiton Spectrum  ROI Math Functions Report View Help

Ghannel

9 Full Scale = 12800 File Name : C:jUsers\NP-PEMD}Desktop|GSPEC Setupico-cs spectrum.S1000

000 KeV

Counts
Q
A

cquisition
Acq. Off
Live Time

CountRate
000 KHz
Dead Time
000 %
0000 Sec
0 (Channels) 255 511 767 1023
Ki| ]
Eepor] = Controls 5]
File Acquisition | Spectrum | ROI
Save Actve Buffer: [N <] I~ Disploy A1
Print
[ ] o | e 0] o |

2. Get the spectrum that is being subtracted in Memory Buffer 2, as shown below:

1 & Analysis Softare - SARS. . N P E==raN s
Spectrum ROI Math Functions Report View Help
Channel
0 Full Scale = 12800 File Name : C:\Users\NP-PEMD\Deskiop\GSPEC Setupico-cs spectrum.$1000
000 Kev
E
0
Acaquisition
Acq. OF
Live Time
Count Rate
000 KHz
Dead Time
000 %
0000 Sec
0 (Channels] 255 511 767 1023
-« 2l
Fepor =) Controls [E
Fie | Acquisition | Spectrum | ROT
Save Active Buffer : [N _~| [ Display All
Print
_I T I iy e

3. From the menu bar, select Math Function option and then Stripping option from the
drop-down menu.
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Stripping &]

Stripping (Background) Buffer Buffer 2 h
Stripping Factor 10

Description This function is useful for background subtraction.
For each channel, performs stripping by following equation.

Counts[x] = Counts[x] - (Stripping Factor * Buffer[x])

- ‘ Perform Stripping | Cancel —

4. Select Background buffer (in the example Memory Buffer 2).
5. Set Stripping factor F = 1. The stripping equation will now be:
51 = S1- F * 52

6. Click Perform Stripping. This will subtract spectrum in Memory Buffer 2 from spectrum
in Memory Buffer 1 and place the resultant spectrum in Memory Buffer 1.

5.6.6 Spectrum Normalization

1. The normalization function allows the user to create a new spectrum by multiplying by a
certain factor and adding a certain factor. Normalization will be performed by the
following formula :

S'=S*F+K

Where S’ is the resultant spectrum, S is the original spectrum, F is the multiplicative
constant and K is the additive constant.

2. Normalization can be done as follows. Select Math Function option from the menu bar.

3. Select Normalization option from the drop-down menu.
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Spectrum Acquisition & Analysis Software - SAAS

File Acquisition Spectrum ROI

- Channel

Full Scale s \UsersiNP-PEMD\De sktoplGSPEC Setupico-cs spectrum.S1000

M
000 KeV

Counts.
7373
- Acquisifon |

Acq, Off
Live Time

CountRate
000 KHz
~Dead Time—

000 %
0000 Sec

0 (Channcls) 255 511 767 1023
« |

Report =]

Controls =]
File | acquistton | spectrum | Ror

Save Active Buffer : 1 ~| T Display Al
Print
Open | Sa

Exit

Print
ol |

=

- @B D 0o

4. The normalization window will appear. Set the multiplication and addition factors and
press Perform Normalization button to normalize the spectrum as desired.

-

Mormalization u

Addion Factor Iﬂl'{]|

Multiplication Factor IH]|

For each channel, performs normalization by following equation.
Description
Counts[x] = { Counts[x] * Multiplication Factor) + Addion Factor

L Perform Normalization I Cancel | I

5. Normalized spectrum will replace the original spectrum.
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6.0 Utilities

_ Click on Channel Counts Report menu item in

[ Utilities | View Help Utilities menu to observe the channel counts in a
Channel Counts Report text mode. Channel counts will be displayed in

Samiile Anahres Report Report window at the bottom of the screen.

—l X Axis Scale P
Gamma Library
Report 3
Channel Counts A
0 0 L4
1 0 Save
2 0
3 0 )
4 0 Print
5 0 H

Click on Save button to save the report in a text format. Click on Print button to print the
report. Channel number and counts are displayed in a column format so that the text file
can be imported easily in Excel application if required.

To get the report of the entire spectrum for selected ROIls, click on Sample Analysis. The
report will be displayed in a new window as shown here.

[ Sample Report &
Sample
Identification Acquisition

User ; Started 3 = Identification

Detector - Nal(TI) Stopped :

Channels  :1024 On Time :33 Sec

Sample : 28 October 2010 PresetTime  :1000 Sec. Dated 28-10-2010 v
Gross Count  :453450

Gross Rate 11374091 CPS

Sample Quantity (ml)

Sample |dentification:

Sample Quantity :ml 1
Net count rate information with FWHM On Time (Sec) [33
ROl  Centroid FWHM Integral Net Count Rate
#) KeV KeV = Flag CPS
1 661.97 4587 128756.00 3375.60 Update Details
2 1172.89 58.97 16783.00 34991
3 1332.02 65.27 13502.00 335,52 £

< m | »

Print Report Save Report
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Enter the sample details like Sample ID, quantity, etc. and click on Update Details. Use
Save or Print options to save or print the report.

Gamma Library gives the energy details of all gamma radioisotopes with their half life.

i Gamma Library &J‘
Next l Previous v Identify Isotope Close Library
Nuclide | Symbol I Half Life | Intensity I Energy (KeV) I
Beryllium Be7 53.3d 104% 478.00
|

Click on Utilities — Gamma Library menu to open the library. The gamma library is stored in
an Excel 97-2003 format (.xls) file. The Windows installer stores the library file in
Application Data folder of the user.

In the Gamma Library, select “Isotopes of Interest” by clicking on the check box, and then
perform an energy calibration (see Section 5.6.2). After the energy calibration is complete,
by moving the cursor slowly through the peaks on the screen, the software checks for the
possible isotopes near the energy of the cursor channel and displays the isotopes on the
screen. It is not necessary to set regions of interest (ROI) to do this. For wide peaks, align
the cursor with the top Gaussian portion of the peak. A £5% variation of energy is
considered when the S/W identifies the isotope. For example, for B37¢s (662 KeV), peak
energy from 630 to 690 KeV is considered as B37¢s.

In the isotope library, “Next” and “Previous” buttons are used to browse the other

isotopes. Since one isotope is displayed at a time, next/previous buttons help to go to the
next or previous isotope in the library.
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Iﬂ Spectrum Acquisition & Analysis Software - SAAS
File Acquisition Spectrum ROI Math Functions ' View Help

Channel Counts Report ‘

Channel Sample Analysis Report l

550 A Full Scale = 6400 Fi

1324.24 KeV = ‘ { X Axis Scale » Channel - :

Co60 v Energy
™ 7

Gamma Library

-~

Counts :
455 '

Acquisition —— E : E ) :
T=33 Sec : ; '

Acg. Off :
Live Time \

Count Rate
0.00 KHz

Dead Time

0.00 %
0000 Sec

Sample Details '

‘Sample D .
[sample Qty -27.88  [KeV) 603.64
' [l

1229.59

Horizontal scale (Channel/Energy selection) — After calibration of MCA, X axis can be
configured to show energy instead of channel number. Click on Utilities = X axis scale 2
Energy, as shown in the picture above.
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7.0 LEAD-SHIELDED WELL COUNTER OPTION (MODEL 243-3)

7.1

The Model 243-3 is an option that includes lead shielding. It is a well detector
used for gamma ray assay and wipe test analysis. It is shielded with 1.3 cm (0.5
in.) of lead to improve sensitivity by reducing background and other external
radiation. The detector is an integrated 4.4 x 5.1 cm (1.75 x 2 in.) (Dia x thickness)
Nal (TI) scintillator.

Specifications
Well: 1.7 x3.9cm (0.7 x 1.6 in.) (Dia x L)
Detector: 4.4 x 5.1 cm (1.75 x 2 in.) Nal (Tl) well scintillator

Sensitivity: will detect 0.005 pCi gamma or 200 dpm removable contamination for
99mTC, 131|’ 201T|, lllln, 125|' 137CS, and 67Ga

Efficiency (4m): 80% for **°| (**| efficiency is based on '*I efficiency of 65%), 90%
for *™Tc, 33% for **’Cs, 43% for *°Co

Background: 1000 cpm
Operating Voltage: 500-1200 volts
Lead Shielding: 1.3 cm (0.5 in.) thick painted lead wall and removable cap
Size:
Base: 20.3x20.3cm (8 x 8in.) (L x W)

Body: 11.4 x 41.9 cm (4.5 x 16.5 in.) (Dia x H)

Weight: 24.9 kg (55 Ib)
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